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Preface 

In the European Union, about 25 new chem­
ical preparations are approved annually for 
distribution as pharmaceutical products, 
approximately 10 of which are "innovative" 
drugs with a novel molecular mechanism of 
action. "New" is not always "better," thus new 
drugs undergo evaluation of their beneficial 

effects to establish whether new substances 
reflect an actual therapeutic improvement 
compared to existing structures, therefore 
justifying a possible increase in costs to the 
collective of insured persons. 

The innovative strength of pharmaceuti­
cal manufacturers. licensing procedures, and 
the assessment of benefits, together form 
the basis for successful drug treatment, but 
the decisive factor is ultimately ensuring that 
individual patients have access to optimal 
"customized" treatment. This "therapeutic 
art" requires that pharmacological principles 
be understood, and not just memorized. 

The Color Atlas ofl'hannaco/ogy is intended 
to provide students of medicine, dental med­

icine, and pharmaceutics, as well as anyone 
with an interest in pharmaceuticals, with an 

overview of all the available information on 
pharmacological structures and their methods 
of action. Special emphasis is placed upon pro­
viding the information necessary to enable the 

reader to understand the principles of pharma­
cology. Purely factual information, fOr example, 
ondosages,caneasilybefoundwithanintemet 
search. However, in order to make sense of the 
facts. connections are explained in graphics, 
mechanisms of action are dearly depicted, and 
new drug substances are listed together with 
existing ones. Many plates and text passages 
have been fundamentally revised in this new 
edition, and three completely new double-page 
spreads have been added Modern specialized 
medications such as antibodies that fight 
malignant diseases and harmful infections, as 
well as kinase inhibitors. have been integrated 
into tabular overviews. 

The concept of Luellmann's Color Atlos of 

Pharmacology recently celebrated its 25th 
anniversary. The Atlas was founded by Pro­
fessor Heinz Luellmann in cooperation with 
Albrecht Ziegler, Klaus Mohr, and juergen 
Wirth. Professor Luellrnann passed away 
shortly before work on this new English 

edition was started. This edition is dedicated 
posthumously to his memory. 

Klaus Mohr 
LutzHein 

]uergm Wirth 

Disclosure: The authors of the Color lltltu of Pltannacology ha\11! no financial interests or other reLationships 
that would influence the content of this book. 
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1.1 History of Pharmacology 

History of Phannacology 
Since time immemorial, medicaments have 
been used for treating disease in humans and 
animals. The herbals of antiquity describe the 
therapeutic powers of certain plants and min­
erals. Belief in the curative powers of plants 
and certain substances rested exclusively upon 
traditional knowledge, that is, empirical infor­
mation not subjected ID critical examination. 

The Idea 
Claudius Galen (AD 129-200) frrst attempted 
ID consider the theoretical background of 
pharmacology. Both theory and practical 
experience were ID contribute equally ID the 
rational use of medicines through interpreta­
tion of the observed and the experienced 
results: 

'11le empiricist! say that all is found by experi­
ence. We, however; mainltlin that it is found in 
part by ~ in part by lheoly. Neither 
experierrce nor theory alolle is apt to disawer aiL • 

The Impetus 

Theophrastus wn Hohenheim (1493-1541), 
called Paracelsus, began ID question doctrines 
handed down from antiquity, demanding 
knowledge of the active ingredients in pre­
scribed remedies, while rejecting the irrational 
concoctions and mixtures of medieval medi­
dne. He prescribed chemically defined sub­
stances with such success that professional 
enemies had him prosecuted as a poisoner. 
Against such accusations, he defended himself 
with the thesis that has become an axiom of 
pharmacology: 

"If you want ro explain any poison properly, 
what t:hen is not a poison? AH t:hin&s are poison, 
nothing is without poison; the dose alone CIIUSeS 

a thing not ro be poison." 

Early Beginnings 

jobann Jakob Wepfer (1620-1695) was the 
fU"St ID verifY by animal experimentation assert­
ions about pharmacological or toxicological 
actions. 

"I pondered at length. Fina/Jy I resolved ro 
clarify t:he matter by experiments." 
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Foundation 

RudoH Buchheim (1820-1879) founded the 
frrst institute of pharmacology at the Univer­
sity of Dorpat (Tartu), Estonia in 1847, usher­
ing in pharmacology as an independent 
sctentific disdpline. In addition to a descrip­
tion of effects, he strove ID explain the chemi­
cal properties of drugs. 

'11le science of medicines is a t:heoretica~ i.e. 
explanatory, one. It is to provide us wit:h knowl­
edge by which our judgment about the utility of 
medicines can be validated at the bedside." 

Consolidation-General Recognition 

Oswald Scbmiedeberg (1838-1921), together 
with his many disciples (12 of whom were 
appointed ID chairs of pharmacology), helped 
to establish the high reputation of pharmacol­
ogy. Fundamental concepts such as structure­
activity relationships, drug receptors, and 
selective toxicity emerged from the work of, 
respectively, T. Frazer (1840-1920) in Scotland, 
J. Langley (1852-1925) in England, and P. 
Ehrlich (1854-1915) in Germany. Alexander 
J. Clarke (1885-1941) in England first formalized 
receptor theory in the early 1920s by applying 
the Law of Mass Action to drug-receptor inter­
actions. Together with the internist Bernhard 
Naunyn (1839-1925), Schmiedeberg founded 
the first journal of pharmacology, which has 
been published since without inll!rruption. The 
"Father of American Pharmacology," john J. Abel 
(1857-1938) was among the first Americans 
ID train in Schmiedeberg's laboratory and was 
founder of the Journal of Pharmacology and 
Experimento/ Jhempeulics (published from 1909 
until the present). 

StiltusQuo 

After 1920, pharmacologicallalx>ratories sprang 
up in the pharmaceutical industry outside 
established university institull!s. After 1960, 
departments of clinical pharmacology were set 
up at many universities and in industry. 
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2.1 Drug and Active Principle 

Drug and Artlve Prtnclple 
Until the end of the 19th century, medicines 
were natural organic or inorganic products, 
mostly dried, but also fresh. plants or plant 
parts. These might contain substances possess­
ing healing (therapeutic) properties, or sub­
stances exerting a toxic eft'ect. 

In order to secure a supply of medically use­
ful products not merely at the time of harvest 
but all year round, plants were preserved by 
drying or soaking them in vegetable oils or 
alcohol Drying the plant. vegetable, or animal 
product yielded a drug (from French "drogue" 
- dried herb). Colloquially, this term nowadays 
often refers to chemical substances with high 
potential for physical dependence and a~se. 
Used scientifically, this term implies nothing 
about the quality of action, if any. In its origi­
nal wider sense, drug could refer equally well 
to ihe dried leaves of peppermint dried lime 
blossoms, dried flowers and leaves of the 
female cannabis plant (hashish, marijuana), or 
the dried milky exudate obtained by slashing 
the unripe seed capsules of PopaW!r somn!,li!­
rum (raw opium). 

Soaking plants or plant parts in alcohol 
(ethanol) creates a tincture. In this process, 
pharmacologically active constituents of the 
plant are extracted by the alcohol. Tinctures do 
not contain the complete spectrum of substan­
ces that exist in the plant or crude drug, but 
only those that are soluble in alcohol. In the 
case of opium tincture, these ingredien~ ~ 
alkaloids (i.e., basic substances of plant ongm) 
includina morphine, codeine, narcotine • nosca­
pine, papaverine, narceine, and others. 

Using a natural product or extract to treat a 
disease thus usually entails the administration 
of a number of subst.mces possibly possessing 
very different activities. Moreover, the dose of 
an individual constituent contained within a 
&iven amount of the natural product is subject 
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to large variations, depending upon the prod­
uct's geographical origin (biotope). time of har­
vesting. or conditions and length of storage. 
For the same reasons, the relative proportions 
of individual constituents may vary consider­
ably. Starting with the extraction of morphine 
from opium in 1804 by F.W. SertUmer {1783-
1841). the active prindples of many other nat­
ural products were subsequently isolated in 
chemically pure form by pharmaceutical 
laboratories. 

The Alms of Isolating Active Principles 
1. Identification of the active ingredient(s). 
2. Analysis of the biological effects (pharma­

codynamics) of individual ingredients and 
of their fate in the body (pharmacokinetics). 

3. Ensuring a precise and constant dosage in 
the therapeutic use of chemically pure 
constituents. 

4. The possibility of chemical synthesis, which 
would afford independence from limited 
natural supplies and create conditions for 
the analysis of structure-activity 
relationships. 

Fmally, derivatives of the original constitu~nt 
may be synthesized in an effort to optimiZe 
pharmacological properties. Thus, derivatives 
of the original constituent with improved ther­
apeutic usefulness may be developed. 

Modification of the chemical structure of 
natural substances has frequently led to phar­
maceuticals with enhanced potency. An illus­
trative exantple is fentanyl, which acts like 
morphine but requires a dose 10 to 20 t~s 
less than that of the parent substance. Denva­
tilll!s of fentanyl such as carfentanyl (employed 
in veterinary anesthesia of large animals) 
are actu~ly 5000 times more potent than 
morphine. 
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2.2 Plants as Sources of Effective Medicines 

Plants as Sources of Effective Meclldnes 
Since prehistoric times, humans 11iM! attmlpll!d 
lD alleviall! ailments or injuries with the aid of 
plant parts or herbal preparations. Ancient civi­
lizations have recorded various presaiptions of 
this kind. In the herbal formularies of medieval 
times numerous plants were promoll!d as 
remedies. In modern medicine, where each 
drug Is required to satisfy objecti111! oiteria of 
efficacy, few of the hundreds of repull!dly cura­
ti111! plant species have survived as drugs with 
documented effecti111!ness. Presented below 
are some examples from local old-world floras 
that were already used in prescientific times 
and that contlin substances that to this day are 
employed as important drugs. 
a) A group of local plants used since the mid­

dle ages to treat "dropsy" comprises 
foxglove (digitalis sp.~ lily of the valley 
(ConVGUaria majalis). Christmas rose (Hellt­
borus n~). and spindletree (Euonymus 
europaeus). At the end of the 18th century 
~ Scottish physician William Withering 
mtroduced digitilis leaves as a tea into the 
treatment of "cardiac dropsy" (edema of 
congesti111! heart failure) and described the 
result The acti111! principles in these plants 
are steroids with one or more sugar mole­
cules attached at a (seep. 1<48). Proven 
clinically to be the most useful among all 
available cardiac gl:yrosides, dlgaxin contin­
ues to be obtained from the plants Di,gimlis 
pwpurea or D. lmwtu because its chemical 
synthesis is too difficult and expensive. 

b) The cleadlymptsbade of Central Europe 
(AITOpa belladoMa, a solanaceous herb) 1 

contains the albloids atropine, in all its 
parts, and scopolamine, in smaller 
amounts. The effects of this drug were 
already known in antiquity; e.g., pupillary 

1 1bls name reflecls rM poisonous property or the 
plant: Atropos was the one ol the three Fairs 
(moirai) wbo rut the thread of life. 
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dilation resulting from the cosmetic use of 
exl:r3cts as eye drops to enhance female 
attracti111!Dess. In the 19th century, the 
alkaloids were isolated, their structures 
elucidall!d, and their specific mechanism of 
action reCO&Jlized. Atropine is the proto­
type of a competitive antagonist at the 
acetylcholine receptor of the muscarinic 
type (cf. p. 124). 

c) The common white willow and basket 
willow (Salix alba, S. viminalis) contain 
salicylic acid derivatives in their bark. Pre­
parations of willow bark have been used 
sin~e antiquity; in the 19th century, sail· 
cylic add was isolated as the acti111! princi­
ple of this folk remedy. This simple acid still 
enjoys use as an exll!rn.al agent (la!ratolytic 
action) but is no longer taken orally for the 
trea~ent of pain, fever, and inflammatory 
reactions. Acetylation of salicylic acid 
(in~duced around 1900) to yield acetyl­
saltcyllc add (ASA, Aspirin~) improved oral 
tolerability. 

d) The autumn crorus (Colchicum autumnale) 
belongs to the lily family and flowers on 
meadows in Jail! summer and fall· leaves 
and fruit capsules appear in the rOIIowing 
spring. All parts of the plant contain the 
alkaloid colchicine. This substince inhibits 
the polymerization oftubulin to microtu­
bules, which are responsible for intracellu­
lar movement processes. Thus, under the 
influence of colchicine, macrophages and 
neutrophils lose their capacity for intracel­
lular transport of cell organelles. This action 
underlies the beneficial effect during an 
acute attack or gout ( ct: p. 350~ Further­
more, col~cine prevl!nts mitosis, causing 
an arrest m metaphase (spindle poison). 
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2.3 Human Proteins as Medicines 

Human Proteins as Medldnes 
Proreins that are used as medidnes should 
matdt the "human remplab!" so as to avoid 
immune-mediated intolerability reactions. 
Produdnf human proteins by means of classic 
organic chemistry synthesis would be very 
complex: whereas only 20 atoms haYe to be 
joined correctly to rorm the low-moiecular­
weight analgesic acetaminophen (pariiCl!tilmol), 
an antibody i!Mllves roughly 25 000 atoms. 

Genetic Engineering 

The prob!in-coding eDNA is integrated in an 
expression plasmid and this is inserted into 
suitable host cells (1> Fig. 2.3A). The chosen cel­
lular expression system and ceU culture condi­
tions have a major influence on the product. 
• Mammalian ceUs such as CHO (Chinese ham­

ster ovary) cells can link carbohydrate resi­
dues to proteins; bacteria such as E. coli are 
unsuitable for production of glycoproteins 
but do allow production of nonglycosylated 
proreins. 

• The spatial (3D) structure of the product 
depends In part on whether disulfide 
bridges occur and if so. which ones. 

• The amiM acid sequmce and chtuJe can be 
alrered by subsequent deimidation of the 
amino acids asparagine and glutamine to 
aspartare and glutamare. 

Metirulous atll!ntion to every detail of the pro­
duction process and sophisdcab!d analytical 
tests are needed to ensure that the product's 
properties remain consistent 

~acernentTherapy 

The number of human-Identical or human­
analogue proreins available for replacement 
therapy is iiiCI'NSing (1> Fig. 238). These 
include native or genetically modified human 
insulin (see p. 256) and erythropoietin ( epoe-­
tin). which is used to treat severe anemia (see 
p. 154). When these proteins are injected, they 
readily reach their receptors in the cell mem­
brane. Introduction of polyethylene glycol 
(PEG) chains to certain proteins can delay their 
elimination from the drculation, thereby pro­
longing their duration of action. Metabolic dis­
eases resulting from a lysosomal enzyme 
deficiency require intracellular protein deliv­
ery. Genetically engineered enzymes with a 
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mannose-6-phosphate residue are suitable. This 
acts as the "key" for getting into the cell by 
receptor-mediared endocytnsis and then into 
the inrerior of the lysosomes. 

.,.. Protein constructs to interrupt slpaliiJI' 
pathways (~> Fig. 2.3C). This is possible on 
both the messenger compound (C1-C3) and on 
the receptor side (C4-C6). The inhibitors can 
be classified as dilferent •types." The expres­
sion sysrem is given in braclcets. 

.,.. Cl-0. Vascular endothelial growth factor, 
VEGF (see p. 377) acts through its receptors to 
promore the proliferation of blood vessels in 
the wet form of macular degeneration (the 
macula is the part of the retina where visual 
acuity is maximal ... risk of blindness). 

VEGF can be inactivated by: 
• bevacizumab, a complete artitidal antibody 

(see p. 376); mab: monodonal antibody 
(unlicensed indication) 

• the Fab antibody fragment ranibizumab 
• the fusion protein aflibera:pt, consisting of 

the binding area of the VEGF receptor and 
an antibody Fe segment 

.,.. C4-C6. C4-C6 show ways of interrupting 
the signaling pathway by receptor blockade: 
• complete antibody, e.g.. basiliximab (see 

p. 304). which counteracts interleuldn 2-
mediab!d rejection of an organ transplant 

• Fab antibody fragment, e.g~ abdximab, 
which inhibits fibrinogen-mediatrd platelet 
aggregation (seep. 166) 

• Genetically engineered replication of an 
endogeMus inactivator, e.a~ interleuldn1 
receptor antagonist, IL-1 RA. in rheumatoid 
arthritis (seep. 360). 

.,.. Analogue products. Imitators of the "bio­
logics" are also keen to share in the commer­
da1 success of a product. Unlilce small organic 
drugs, however, an exact copy of the original 
substance is often not possible on account of 
the complexity of the genetically engineered 
production process (cell line, nutrient medium, 
temperature, pressure, etx:. ). A structurally 
similar imitation is called a "biosimilar." Its 
benefit and risk profile must be confirmed by 
separare clinical trials. 
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2.4 Drug Development 

Drug Development 
The drug dl!llelopment process starts with the 
synthesis of novel chemical compounds. Sub­
stances with complex structures may be 
obtained from various sources, e.J., plants (car­
dlac glycosides), animal tissues (heparin), 
microbial cultures (penicillin G) or cultures of 
human cells (urokinase), or by means of gene 
tec;tmolo~ (human insulin). As more insight is 
gamed mto structure-activity relationships, 
the search for new agents becomes more 
clearly focused. 

Preclinical testing yields Information on 
the biological effects of new substances. Initial 
screening may employ biochtrnirol- phannaco­
logical investigations (e.g., ~ Fig. 8.3) or experi­
ments on cell cultures, isolated cells and 
isolated organs. Since these models invarlably 
fall short of replicating complex biological 
processes in the intact organism. any potential 
~ must be tested in the whole animal. Only 
aruma! experiments can reveal whether the 
desired effects will actually occur at dosages 
that produce little or no toxicity. TOidcologicul 
invest(gutioru serve to evaluate the potential 
for: (1) toxicity associated with acute or 
chronic administration; (2) genetic damage 
(genotoxicity, mutagenicity); (3) production of 
tumors (oncogenicity or carcinogenicity)· and 
( 4) causation of birth defects (teratogenldty). 
In animals, compounds under investigation 
also hi!Vl! to be studled with respect to their 
absorption, distribution, metabolism. and 
elimination (pharmacokinetics). Evm at the 
level of preclinical testing. only a very small 
fraction of new compounds will prove poten­
tially suitable for use in humans. 

Pharmaceutical tedmology provides the 
methods for drug fOrmulation. 

Olnlc.al testing starts with Phase I studles 
on healthy subjects to determine whether 
effects observed in animals also occur in 
humans. Dose-response relationships are deter­
mined. In Pbase n. potential drugs are first 
tested on selected patients for therapeutic effi­
cacy in the illness for which they are intended. 
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If a beneflcial action is evident, and the incidence 
of adve12 effects is ii!Xl!ptlbly small, Pha!e m is 
entered, involving a larger group of patients in 
wbom the new drug is compared with conyen­
tional treatments in terms of therapeutic out­
come. As a fonn of human experimentation, 
these clinical trials are subject to review and 
approval by Institutional ethics committees 
ilC!Iliding to international codes of conduct (Dec­
~ of.Helsinki, Thlq.tl, and Venice). During 
clinical testing, many drugs are ~ to be 
un~ Ultimately, only ooe new drug typically 
remams from some 10000 newly syMhesiml 
.stDstances. 

The decision to appnM! a ._ drus is 
made by a national regulatory body (Food and 
Drug Administration in the United States· the 
Health Protection Branch Drugs Directorate in 
~da; the EU Commission in conjunction 
Wlth the E~ropean Medicines Agency [EMA], 
London, Uruted Kingdom) to which manufac­
turers are required to submit their applica­
tions. Applicants must document by means of 
appropriate test data (from preclinical and 
clinical trials) that the criteria of efficacy and 
safety have been met and that product forms 
(tablet, capsule, etc.) satisfY general standards 
of quality controL 

Following approval, the new drug (p. 26) 
may be marketed under a trade name (p. 380) 
and so be available for prescription by physi­
cians and dispensing by pharmacists. At this 
time regulatory surveillance continues in the 
form ~f postlicensing studies (Piwe IV of clini­
cal trials). ~lance is the name 
given to activities intended to identify and 
guard against drug risks during dinical trials 
and stilsequent marla!ting. This includes report­
ing of suspected cases of adverse drug effects 
(ADEs) to the national regulatory i!Uthorities. 
Only on the basis of long-term experience will 
the risk-benefit ratio be properly assessed anc1, 
thus, the therapeutic value of the new drug be 
determined If the new drug offers hardly any 
advantage CM!I" existing ones, the cost-benefit 
relationship needs to be kept in mind. 
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2.5 Drug Benefit Assessment 

Drug Benefit Assessment 

Legal Assessment of the Benefit of New 
Drugs 

After lllilrkleting authorization for a new drug. 
countries have different procedures to .assess 
the thenpeutic benefit of the new COI11'0Wld 
and to adjust the drug prices accordingly. 
Unlikle the (partially) hiumonized procedures 
for drug approv.al in the US and in Europe 
(p. 22), the benefit assessment and price regu­
lations difkr from country to country. Due to 
the limited space here, we briefly iUustrate the 
current reaulations in Germany. A statutory 
procedure for assessing the benefit of new 
drugs was introduced in GeCIIIilny in 2011 
with a view to containing rising healthcare 
costs (.,. Fig. 2.5A). This procedure is spedfied 
in the Act for Restructuring the Pharmaceutic.al 
Market (GeCIIIiln AMNOG). Immediately after 
the lllillioet launch of a new drug, the manufac­
turer must submit to the joint Feder.al Com­
mittee (G-BA) documentation (the "dossier") 
showing the potential additional benefit com­
pared with previous standard therapy. The 
Federal Committee receives expert advice from 
the Institute for Quality and Economy in 
He.althcare (IQWIG). Other organizations (e.g., 
the Medicines COmmlttee of the German Med­
ic.al Council) can comment on the submitted 
dossier. After three months, the G-BA decides 
whether the new medicine has any addition.al 
benefit and what this comprises. If there is an 
additional benefit co~ with the previous 
comparative therapy, the manufacturer and 
N.ation.al Association of Statutory He.alth Insur­
ance Funds negotiate the price for the new 
medicine. A fixed price Is specified for medi­
dnes without additional benefit. 

Until December 2015, this assessment of 
benefit had been initiated or completed for 
262 new drugs or drug combinations. No addi­
tional benefit was found in approximately 501 
of the new medldnes. A substantial addition.al 
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benefit was confumed for 10% and a small 
additional benefit for 22~. The latest informa­
tion about the procedure and assessment 
results can be obtained on the internet on the 
website of the joint Feder.al COmmlttee: www. 
g-ba.de. 

Assessment of Benefit-Number Needed to 
Treat 
Many medidnes are given to prevent later dis­
ease. Treatment of high blood pressure is an 
example: in itself, high blood pressure usu.aliy 
does not cause any symptoms, but it increases 
the risk for serious conditions such as myocar­
dial infarction and stroke. Preventive drug 
treatment in tum is associated with a risk of 
adverse drug effects. The "number needed to 
treat" is used to quantify the expected level of 
benefit of a preventive measure. This states the 
number of persons that must be treated pro­
phylactic.ally for one person to derive benefit 
The c.alculation is based on the results of clini­
cal studies. This parameter must be strictly dis­
tinguished from the percentage risk reduction. 
.,. Fig. 2.58 illustrates the results of a study of 
vertebr.al fracture prevention. Treatment over 
a number of years reduced the relative fracture 
risk by about 701 relative 1D the fracture risk in 
the placebo-treated control group. This ratio, 
however, does not identify the benefit that an 
individu.al patient can expect in statistic.al 
terms. Since the fracture event itself is rela­
tively rare (only about one person in ten is 
affected in the observation period), the NNT 
result is 13. The re11101!ning 12 treated persons 
would derive no benefit statistically-either 
because they would not have suffered a verte­
bral fracture anyway or because the medidne 
would not have been benefid.alln the individ­
u.al case. The ph.armaco-economist can now 
calculate how much one prevented event (a 
fracture in this case) would cost the commun­
ity of insured persons. 
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2.6 Congeneric Drugs and Name Diversity 

Congeneric Drugs and Name Diversity 
The preceding pagi!S outline the route leading 
to approval of a new drug. The pharmaceutical 
receives an lntemiltioiW Nonproprletuy 
Name (INN) and a brand or ttade name chosen 
by the plwmaceutical company. Patent pro­
tection enables the patent holder to market 
the new substance for a specified period of 
time. As soon as the patent protection expires, 
the drug concerned can be put on the market 
as a generic under a nonpropriel:ilry name or 
as a successor preparation under other brand 
names. When successor preparations of bio­
pharmaceuticals (such as epoetin or somato­
tropin) are put on the market, they are called 
biosimlJMs. These products must meet partic­
ularly high requirements with regard to bio­
equivalence and side effects. Since patent 
protection is generally already sought during 
the development phase, sale of the drug may 
be pro~d only for a few years. 

The value of a new drug depends on 
whether it involves a novel active prindple or 
merely an analogue (or congeneric) prepara­
tion with a slightly changed chemical struc­
ture. It is of course much more arduous to 
develop a substance that possesses a novel 
mechanism of action and thereby expands 
therapeutic possibilities. Examples of such fun­
damental innovations from recent years 
include the kinase inhibitors (e.g., imatinib, 
p. 300~ HN adsorption and lntegrase inhibi­
tors (p. 288), and incretin mimetics (p. 262). 

Much more frequently, "new drugs" are 
analoaue substances that imitate the chemical 
structure of a successful pharmaceuticaL These 
compounds contain the requisite features in 
their molecule but differ from the parent mol­
ecule by structural alterations that are biologi­
cally irreleVilllt. Such ;malope suhst<mces or 
"me--too" products, do not add anything ~ew 
regarding the mechanism of action. The JJ­
blockers are an example of the overabundance 
of analogue substances: about 20 Individual 
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substances with the same pharmacophoric 
groups differing only in the substituents at the 
phenoxy residue. This entails small differences 
in plwmacokinetic behavior and relative affin­
ity for jJ-receptor subtypes (examples shown 
in A). A small fraction of these substances 
would suffice for therapeutic use. The WHO 
Model Ust of Essential Medidnes names only 
three jJ-blockers (bisoprolol, propranolol, tbn­
olol) from the existing profusion (11> Fig. 2.6A~ 
The corresponding phenomenon is evident 
~~various other drug groups (e.g~ benzo­
diazetxnes. nonsteroidal anti-inflammatory 
agents, and cephalosporins~ Most analogue 
substances can be neglected. 

After patent protection expires, competing 
drug co~es will at once market successful 
(i.e~ profitable) pharmaceuticals as second­
submis~on sua:asor (or "follow-on") prepara­
tions. Since no research expenses are involved 
at this point, sua:essor drugs can be offered at a 
cheaper price, either as Jl!nerics (INN + phar­
maceutical company name) or under new fancy 
names. Thus some common drugs circulab! 
under many different trade names. An extreme 
example is presented in B lOr the analgesic 
ibuprofen. 

The eXI:ess of analogue preparations and the 
unnecessary diversity of trade names for one 
and the same drug make the pharmaceutical 
markets of some countries (e.g., Germany) 
rather perplexing. A critical listing of essential 
drup is a prerequisite for optimal plwmaco­
therapy and would be of great value for medi­
cal practice. 

Another sales strategy of the pharmaceuti­
cal Industry can complicab! matters for the 
prescribing physician, by combining a neces­
sary drug with an indifferent or low~ose 
second substance. for instance, analgesics are 
co~blned with a little caffeine (about as much 
~ m a cup of coffee) or vitamin c (as much as 
m one tomato), a new trade name is invented 
and the price is raised. ' 
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The nebivolol and carvedilol molecules are more complicated. 

Ibuprofen under different trade names, introduced as Bnuten• {no longer iiVailable in some 
countries): 259 products from 36 companies {in Germany) 

F"og.2.6 

27 



3.1 Oral Dosage Forms 

Oral Dosage Fonns 
The aJiJl'ed tilblet contains a drug within a 
core that is CO\'I!red by a shel~ e.g., wax coatin& 
that serves (1) to protect perishable drugs 
from decomposing. (2) to mask a disalreeable 
taste or odor, (3) to facilitate passage on swal­
lowing, or ( 4) to permit color coding. 

Capsules usually consist of an oblong casing 
-generally made of gelatin-that contains the 
drug In powder or granulated form. 

In the matrix-type tablet, the drug is 
embedded in an inert meshwork. from which 
it is released by dilfusion upon being mois­
t«;ned. In cont;rast to solutions, which permit 
direct absorption of drug(~> Fig. 3.1A, track 3). 
the use of solid dosage fonns initially requires 
tablets to break up and capsules to open ( disin­
tegr;adon), before the drug can be dissolved 
(dissolution) and pass through the gastroin­
testinal mucosal lining (absorption). Because 
disintegration of the tablet and dissolution of 
the drug tala:! time, absorption will occur 
mainly In the intestine (1> Fig. 3.1A, track 2).1n 
the case of a solution, absorption already starts 
in the stomach(~> Fig. 3.1A, track 3). 

For acid-labile drugs, a coating of wax or of 
a cellulose acetate polymer is used to prevent 
disintegration of solid dosage fonns in the 
stomach. Accordingly, disintegration and dis­
solution will take place in the duodenum at 
normal rate (1> Fig. 3.1A, track 1) and drug lib­
eration per se is not retarded. 

The Uberation of drug. and hence the site 
and time-course of absorption, are subject 
to modification by appropriate production 
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methods for matrix-type tablets, coated tab­
lets, and capsules. In the case of the matrix 
!-blet, this . is done by incorporating the drug 
mto a lattice from which it can be slowly 
leached out by gasttointestinal fiuids. As the 
~atrix. tablet undergoes enteral transit. drug 
liberation and absorption proceed en route 
(1> Fig. 3.1A, trade 4~ In the case of coated tab­
lets, coat thickness can be designed such that 
release and absorption of drug occur either in 
the proximal (1> Fig. 3.1A, track 1) or distal 
(~> Fig. 3.1A, trade 5) bowel Thus, by matching 
dissolution time with small-bovolel transit time 
drug release can be timed to occur in the colon.' 

Drug liberation and, hence, absorption can 
~so be spread out when the drug is presented 
m the form of granules consisting of pellets 
coated ~th a waxy film of graded thickness. 
Dependmg on film thickness, gradual dissolu­
tion occurs during enteral transit. releasing 
drug at variable rates for absorption. The 
principle Illustrated for a capsule can also be 
applied to tablets. In this case, either drug pel­
lets coated with films of various thicknesses 
are compressed into a tablet or the drug is 
incorporated into a matrix-type tablet In con­
trast to timed-release capsules slow-release 
~ets have the advantage of being divisible ad 
hbttum; thus fractions of the dose contained 
within the entire tablet may be administered 

This kind of rewded drug release "ts 
employed when a rapid rise in blood levels of 
drug is undesirable, or when absorption is 
being slowed in order to prolong the action of 
drugs that have a short sojourn in the body. 
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3.2 Drug Administration by Inhalation 

Drug AdrNnlstraUon by Inhalation 
~man in the form of an aerosol, a gas, or a 
miSt pennits dJUgS to be delilll!l'l!d to the bron­
chial mucosa and, to a lesser extent, to the 
alveolar membranes. This route is chosen for 
drugs intended to affect bronchial smooth 
muscle or the consistency of bronchial mucus. 
Furthermore, gaseous or volatile agents can be 
adminisll!red by inhalation with the goal of 
:UVI!olar absorption and systemic effects (e.g., 
1nhalational anesthetics, p. 218). Aerosols are 
formed when a drug solution or micronized 
powder is converted into a mist or dust, 
respectively. 

In conlll!ntional sprays (e.g., nebulizer) the 
air jet required for the aerosol furmati~n is 
~enerated by the stroke of a pump. Alterna­
tiw:ly, the drug is delivered from a solution or 
powder packaged in a pressurized canister 
equipped with a valve through which a 
!'letered dose is disdtarged. During use, the 
Inhaler (spray dispenser) is held directly in 
front of the mouth and actuated at the start 
of inspiration. The effectilll!ness of delivery 
depends on the position of the device in front 
of the mouth. the size of the aerosol particles 
and the coordination between opening th~ 
spray valve and inspiration. The size of the ae­
rosol particles detennines the speed at which 
they are swept along by inhaled alr, and hence 
the depth of penetration into the respiratory 
tract. Particles > 100 J1111 in diameter are 
trapped in the oropharyngeal cavity· those 
~ng diarne~ between 10 and 6o Jllll 
Wlll be deposited on the epithelium of the 
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bronchial tract. Particles <2 prn in diameter 
can reach the alwoli, but they will be exhaled 
again unless they settle out 

Drug deposited on the mucous lininJ of the 
bronchial epithelium is partly absorbed and 
partly transported with bronchial mucus 
toward the larynx. Bronchial mucus travels 
upward owing to the orally directed undula­
to!'Y beat of ~e epithelial cilia. Physiologically, 
thiS mucoaliary transport functions to remove 
inspired dust particles. 

Thus, only a portion of the drug aerosol 
( -t 0%) gains access to the respiratory tract and 
just a fraction of this amount penetrates the 
mucosa, whereas the remainder of the aerosol 
undergoes mucociliary transport to the laryng­
?P~ ~ Is sw~lowed. The advant;~ge of 
Inhalation (1.e, localiZed administration with­
out systemic load) is fully exploited by using 
drugs that are poorly absorbed from the intes­
tine (tiotroplum, cromolyn) or are subject to 
frrst-p~ss. elimination (p. 60); fur example, glu­
cocorticolds such as bedomethasone dipropio­
n~te, ~desonide, flunisolide, and fluticasone 
d1prop1onate or Jl-agonists such as salbut:amol 
and fenoterol. 

Even when the swallowed portion of an 
inhaled drug is absorbed in un~ form 
administration by this route has the advan~ 
that drug concentrations at the bronchi will be 
higher than in other organs. 

The efficiency of mucociliary transport 
depends on the force of ldnociliary motion and 
the viscosity of bronchial mucus. Both factors 
can be altel'l!d pathologically (e.g., by smoker's 
cough or chronic bronchitis). 
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3.3 Dermatological Agents 

Dermatological Agents 
Phannaceutic.al preparations applied to the 
outer skin are intended either to provide skin 
care and protection from noxious influences 
(~ Fig. 33A) or to serve as a vehicle for drugs 
that are to be absorbed into the skin or, 
if appropriate. into the general circulation 
c~ Fig. 3.3BJ. 

Skin ProtecUon 
Protective agents (~ Fig. 33A) are of several 
kinds to meet different requirements accord­
ing to skin condition (dry, low in oil, chapped 
vs. moist, oily, elastic). and the type of noxious 
stimuli (prolonged exposure to water, regular 
use of alcohol-containing disinfectants, intense 
solar irradiation). Distinctions among protec­
tive agents are based upon consistency, physi­
cochemical properties (lipophilic, hydrophilic), 
and the presence of additives. 

~ Dusting powders. Dusting powders are 
sprinkled onto the intact skin and consist of 
talc, magnesium stearate, silicon dioxide 
(silica), or starch. They adhere to the skin, 
forming a low-friction film that attenuates 
mechanical irritation. Powders exert a drying 
(evaporative) effect. 

~ UpophlHc ointment (oil ointment). lipo­
philic ointment consists of a lipophilic base 
(paraffin oil, petroleum jelly, lanolin) and may 
contain up to 10% powder materials, such as 
zinc oxide, titanium oxide, starch, or a mixture 
of these. Emulsifying ointments are made of 
paraffins and an emulsifying wax, and are mis­
cible with water. 

~ Paste (oil paste). Paste is an ointment con­
taining more than 10% pulverized constituents. 

~ Upophilic (oily) cream. llpophilic cream 
is an emulsion of water in oil, easier to spread 
than oil paste or oil ointment. 
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~ Hydrogel and water-soluble ointment. 
These substances achieve their consistency by 
means of different gel-forming agents (gelatin, 
methylcellulose, polyethylene glyml). Lotions 
are aqueous suspensions of water-insoluble 
and solid constituents. 

~ Hydrophlllc (aqueous) cream. Hydrophilic 
cream is an oil-in-water emulsion formed with 
the aid of an emulsifier; it may also be consid­
ered an oil-in-water emulsion of an emulsifying 
ointment. 

All dermatologic.al agents having a lipophilic 
base adhere to the skin as a water-repellent 
coating. They do not wash off and they also 
prevent {occlude) outward passage of water 
from the skin. The skin is protected from dry­
ing, and its hydration and elasticity increase. 

Diminished evaporation of water results in 
warming of the occluded skin. Hydrophilic 
agents wash off easily and do not impede 
transcutaneous output of water. Evaporation of 
water is felt as a cooling effect. 

Dermatological Agents as Vehicles 
In order to reach its site of action, a drug 
must leave its pharmaceutical preparation 
c~ Fig. 338) and enter the skin if a local effect 
is desired (e.g.. glucocorticoid ointment), or 
be able to penetrate it if a systemic action 
is intended (transdermal delivery system, e.g., 
nitroglycerin patch, p. 138). The tendency for 
the drug to leave the drug vehicle is higher the 
more the drug and vehicle differ in lipophilic­
ity (high tendency: hydrophilic drug and lipo­
philic vehicle; and vice versa). Because the skin 
represents a closed lipophilic barrier (p. 38), 
only lipophilic drugs are absorbed. Hydrophilic 
drugs fail to penetrate the outer skin even 
when applied in a lipophilic vehicle. This for­
mulation can be useful when high drug con­
centrations are required at the skin surface 
(e.g., neomycin ointment for bacterial skin 
infections). 
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3.4 Distribution in the Body 

From Administration to Distribution In 
the Body 
As a rule, drugs reach their tar&et organs via 
the blood. Therefore, they must first enter the 
blood, usually in the Vl!nous limb of the drcu­
lation. There are se'VI!ral possible sites of entry. 

The drug may be injectl!d or infused intra­
Yenously, in which case it is introduced 
dim:tly into the bloodstream. In subcutmeous 
or intr.unusculilr injection, the drug has to dif­
fuse from its site of administration into the 
blood. Because these procedures entail injury 
to the outer skin, strict requirements must be 
met concerning technique. For this reason, the 
oral route (Le., simple administration by 
mouth) involving subsequent uptake of drug 
across the gastrointestinal mucosa into the 
blood is chosen much more frequently. The 
disadvantage of this route Is that the drug 
must pass through the liver on its way into the 
general drculation. In all of the above modes 
of administration, this fact assumes practical 
significance for any drug that may be rapidly 
transformed or possibly inactivated in the 
liver (first-pass effect. presystemic elimination, 
p. 60; bioavailability). Furthermore, a drug has 
to tra'VI!rse the lungs before entering the gen­
eral circulation. Pulmonary tissues may trap 
hydrophobic substances. The lungs may then 
act as a buffer and thus prevent a rapid rise in 
drug levels in peripheral blood after i.v. injec­
tion (importmt, for elWllp!e, with i.v. anes­
thetics). Even with rectal administration. at 
least a fraction of the drui enters the general 
drculatlon via the portal Vl!in, because only 
blood from the shon terminal segment of the 
rectum drains directly into the inferior vena 
cava. Hepatic passage is drcumvented when 
absorption occurs buccally or sublingually, 
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because venous blood from the oral cavity 
drains into the superior vena cava. The same 
would apply to administration by in~tion 
(p. 30). However, with this route, a.local ~If~ 
is usually intended, and a systenuc action IS 
intended only in exceptional cases. Under cer­
tain conditions, drug can also be applied per­
cutaneously in the fOrm of a tr.msdermal 
deliVI!r)' system. In this case, drug is released 
from the reservoir at constant rate over many 
hours, and then penetrates the epidermis an~ 
subepidermal connective tissue where It 
enters blood capillaries. Only a 1/l!ry few drugs 
can be applied transdermally. The feasibility of 
this route is deb!rmined by both the physicD­
chemical properties of the drug and the thera­
peutic requirements (acute vs. long-term 
effect). 

Speed of absorption is determined by the 
route and method of administration. It is fast­
est with intravenous flljection, less fast with 
intrnmuscu/ar injection, and slowest with sub­
cu!Dneous injection. When the drug is applied 
to the oral mucosa (~. subUngual routes), 
plasma levels rise faster than with conven­
tional oral administration because the drug 
preparation is deposited at its actual site of 
absorption and very high concentrations in 
saliva oa:ur upon the dissolution of a single 
dose. Thus, uptake across the oral epithelium 
is accelerated. Furthermore, drug absorption 
from the oral mucosa avoids passage through 
the liver and, hence, presystemic elimination. 
The bua:al or sublingual route is not suitable 
for poorly water-soluble or poorly absorbable 
drugs. Such agents should be gi'VI!n orally 
because both the volume of nuid for dissolu­
tion and the absorbing surface are much larger 
in the small intestine than in the oral cavity. 
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4.1 Targets of Drug Action 

Potential Targets of Drug Action 
Drugs are designed to exert a selective influ­
ence on vital pi'DO!Sses in order to alleviatl! or 
eliminate symptoms of disease. The smallest 
basic unit of an organism is the cdl. The outer 
cell membrane, or plasmalemma, effectively 
demarcates the cell from its surroundings 
thus permitting a large degree of intemai 
autonomy. Embedded in the plasmalemma are 
ttanspon proteins that serve to mediate 
controlled metuboli£ exchange with the cellular 
environment These include energy-<011suming 
pumps (e.g., Na•fK•-All'ase, p. 148), carriers 
(e.g., for Na•fg!ucose cotransport), and ion 
channels (e.g., for sodium (p. 150) or caldum 
(p. 140)) ,.,. rtg.4.tA 1). 

Functional coordination between single cells 
Is a prerequisite for the viability of the organ­
ism. hence also the survival of individual cells. 
Cell functions are coordinated by means of 
cytosc;>lic ~ntacts ~tween neighboring cells 
(gap JUnctions, e.g., m the myocardium) and 
messenger substances for the transfer of infor­
mation. Included among these are transmitters 
released from nerves, which the cell is able to 
remgniz.e with the help of specialized mem­
brane binding sites or receptors. Hormones 
secreted by endocrine glands into the blood 
then into the extracellular fluid. represent 
another class of chemical signals. Finally, sig­
naling substances can originate from neighbor­
Ing cells: paracrine regulation, for Instance by 
the prostlg!andins (p. 198) and cytokines. 

The effect of a drug frequently results from 
interference with cellular functioiL Receptors 
for the recognition of endogenous transmitters 
are obvious sites of drug action (receptor ago­
nists and antagonists, p. 78). Altered activity 
of membrane transport systems affects cell 
f~ncti~ (e.g., cardiac glyrosides, p. 148; loop 
diuretics, p. 178; caldum antagonists, p. 140). 
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Drugs may also directly interfere with intra­
cellular metabolic processes, for instance 
by inhibiting (phosphodiestl!rase inhibitors, 
p. 136) or activating (organic nitrates, p. 138) 
an enzyme (.,. Fig. 4.1A 2); even processes in 
the cell nucleus can be affected (e.g., DNA dam­
age by certain cytostatics ). 

In contrast to drugs acting from the outside 
on cell membrane constituents, agents acting 
in the cell's interior need to penettate the cell 
membrane. 

The cell membrane basically consists of a 
phosphctipld bilaya' (50 A • 5 nm in thick­
ness). embedded in which are proteins (inte­
gral membrane proceins, such as receptors and 
transport molecules). Phospholipid molecules 
contain two long-chain fatty acids in ester link­
age with two of the three hydroxyl groups of 
gtyceroL Bound to the third hydroxyl group is 
phosphorlt add, which, in turn. carries a fur­
ther ~ue. e.g., choline (phosphatidylcholine 
= leothin), the amino add serine (phosphatl­
dylserine). or the cydic polyhydric alcohol 
inositol (phosphatidylinositol). In terms of sol­
ubi~ty. pbos~h.olipids are amphiphilic: the tail 
regxm CODtainlllg the apolar fatty add chains 
is lipophilic; the remainder-the polar head-is 
hydrophilic. By virtue of these properties 
p~ph~ipids aggregate spontaneously into a 
bilayer m an aqueous medium. their polar 
he~ being directed outward into the aqueous 
medium, the fatty add chains facing each other 
and projecting Into the inside of the mem­
brane(.,. Fig. 4.1A 3). 

The hydrophobic Interior of the phospholi­
pid membrane constitutes a diffusion barrier 
virtually impermeable to charged partides. 
Apolar particles. h~r. are better able to 
penetrate the membrane. This is of major 
Importance with respect to the absorption, dis­
tribution. and elimination of drQgS. 
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5.1 External Barriers of the Body 

External Barriers of the Body 
Prior to its uptakr into the blood (i.e~ during 
absorption), the drug has to OYI!rcome barriers 
that demarcate the body from its surroundings, 
that is, that separate the internal from the 
external milieu. These boundaries are formed 
by the skin and mucous membranes. 

When absorption takrs place In the gut 
~enteral absorption), the intestinal epithelium 
IS the barrier. This single-layered epithelium is 
made up of enterocytes, with a brush border 
(miaovilli) to increase surface area and 
mucus-producing goblet cells. On their luminal 
side, these cells are joined together by zonulae 
ocdudmtes (indicatEd by black dots in the 
Inset, bottom left). A zonula occludens, or tight 
junction, is a region in which the phospholipid 
membranes of two cells establish close contact 
and become joined via integral membrane 
proteins (semicircular inset, left center). The 
region of fusion surrounds each cell like a ring 
such that neighboring cells are welded 
together in a continuous belt. In this manner, 
an unbrolcl!n phospholipid layer Is formed (yel­
low area in the schematic drawing. bottom 
left) and acts as a continuous barrier between 
the two spaces separatEd by the cell layer-in 
the case of the gut-the intestinal lumen (dark 
blue) and interstitial space (light blue). The 
efficiency with which such a barrier restricts 
exchange of substances can be increased by 
arranging these occluding junctions in multi­
ple arrays, as for instance in the endothelium 
of cerebral blood vessels. The connecting pro­
teins ( connexins) furthermore serve to restrict 
mixing of other functional membrane proteins 
(carrier molecules, ion pumps, ion channels) 
that occupy specific apical or basolateral areas 
of the cell membrane. 
. This phospholipid bilayer represents the 
Intestinal mucosa-blood barrier that a drug 
must cross during enteral absorption. Eligible 
drugs are those whose physicochemical prop­
erties allow permeation through the lipophilic 
membrane interior (yellow) or that are subject 
to a special inwardly directEd carrier transport 
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mechanism. Conversely, drugs can undergo 
backtr.msport into the gut by means of efflux 
pumps (P-glyooprotein) located in the luminal 
membr~ne of the intestinal epithelium. 
Absorption of such drugs proceeds rapidly 
because the absorbing surface is greatly 
~nlarged owing to the formation of the epithe­
lial brush border (submicroscopic foldings of 
!he plasmal~rna). The absorbability of a drug 
IS char01ctenzed by the absorption quotient; 
that is, the 01mount absorbed divided by the 
amount in the gut 01vailable tor absorption. 

I~ the respiratory tract. cilia-bearing epi­
thelial cells are also joined on the luminal side 
by zonulae ocdudentes, so that the bronchial 
sp~ and the interstitium are separated by a 
cononuous phospholipid barrier. 

With sublingual or buccal administr01tion 
the drug encounters the nonkeratinized, multi~ 
layered squamous epithelium of the oral 
mucosa. Here, the cells establish punctate con­
tacts with each other in the form of desmo­
somes (not shown); hDWI!Ver these do not seal 
the intera!llular clefts. lnsre,;d, the cells have 
the property of sequestering polar lipids th01t 
assemble into layers within the extracellular 
space (semicircular inset, center right). In this 
m~ner, a. c~ntinuous phospholipid barrier 
ariSes also ms1de squamous epithelia, although 
at an extracellular location, unlilcl! that of 
intestinal epithelia. A similar barrier principle 
operates in the multilayered keratinized squa­
mous epithelium of the skilL 

The p~sence of a continuous phospholipid 
layer aaam means that only lipophilic druas 
can enter the body via squamous epithelia. Epi­
thelial thidcness, which in turn depends on the 
depth of the stratum corneum, determines the 
extent and speed of 01bsorption. Examples of 
drugs that can be conveyed via the skin into the 
blood include scopolamine (p. 126}, nitrogly­
cerin (p. 138), fentanyl (p. 214}. and the gonadal 
honmnes (p. 246). Toxic substances that are 
sufficiently lipophilic can also be absorbed 
through the skin ID cause pen:utilneous poison­
ing. Examples include benzene, chlorinated 
dibenzodioxins, and organophosphates. 
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5.2 Blood-Tissue Barriers 

Blood-llssue Barriers 
Drugs are transportl!d in the blood to different 
tissues of the body. In order to reach thl!ir sites 
of action, they must leave the bloodstream. 
Drua permeation occurs largely in the capillary 
bed, where both surface area and time avail­
able for exchange are maximal (ex~nsive vas­
cular branching, low velocity of flow). The 
capillary wall forms the blood-tissue barrier. 
Basically, this consists of an endothelial cell 
layer and a basement membrane enveloping 
the latter (solid black line in the schematic 
drawings). The endothelial cells are "riveted" 
to each other by tight junctions or ocduding 
zonulae (labeled z in the electron micrograph. 
upper left) such that no clefts, gaps, or pores 
remain that would permit drugs to pass unim­
peded from the blood into the in~rstitial fluid. 

The blood-tissue barrier is developed differ­
ently in the various capillary beds. Permeabil­
ity of the capillary wall to drugs Is de~rmined 
by the structural and functional characteristics 
of the endothelial ~ells. In many capillary beds, 
e.g., those of cardiac muscle, endothelial cells 
are characterized by pronounced endocytotk: 
and transcytotic activity, as evidenced by 
numerous invaginations and vesicles (arrows 
in the electron micrograph, upper right). 
Transcytotic activity entails transport of fluid 
or macromolecules from the blood into the 
ln~rstitiwn and vice versa. Any solutes 
trapped In the fluid, including drugs, may tra­
verse the blood-tissue barrier. In this form of 
transport, the physicochemical properties of 
clruas are of little importance. 
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In some capiUary beds (e.g. in the pan­
cr-ms ~ endothelial cells exhibit fenestratioos. 
Although the cells are tightly connemd by 
continuous junctions, they possess pores 
(arrows in electron micrograph. lower left) 
~at are dosed only by diaphragms. Both the 
diaphragm and basement membrane can be 
readily penetrated by substances of low molec­
ular weight-the majority of drugs-but less so 
by macromolecules, e.g., pro~ins such as insu­
lin (G: insulin storage granule~ Penetrability of 
macromolecules is de~rmined by molecular 
size and electric charge. Fenestrated endothelia 
are found in the capillaries of the gut and endo­
crine glands. 

In the central neiVous system (brain and 
spinal cord), capillary endothelia lack pores 
and there is little transcytotic activity. In order 
t~ cross the blood-brain barrier, drugs must 
diffuse transcellularly, i.e., penetra~ the lumi­
nal and basal membrane of endothelial cells. 
Dru~ movement along this path (p. 42) 
reqwres specific physicochemical properties 
or the presence of a transport mechanism. e.g. 
L-dopa (p. 334~ Thus, the blood-brain barrier 
is permeable only to certain types of drugs. 

Drugs exchange freely between blood and 
in~rstitiwn in the liver, where endothelial 
cells exhibit large fenestrations (100 nm in 
diameter) fadng Disse spaces (D) and where 
neither diaphragms nor basement membranes 
impede drug movement. 

Diffusion barriers are also present beyond 
the capillary wall; e.g., placmtal barrier of 
fused syncytiotrophoblast cells; blood-tndcle 
barrier, junctions interconnecting Sertoll cells· 
brain choroid plexus-blood barrier, occludioi 
junctions between ependymal cells. 

(Vertical bars In the electron micrographs 
represent 1 pm; E, cross-sectioned erythro­
cyte; AM, acto~sin; G, insulin-containing 
granules.) 
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5.3 Membrane Permeation 

Membrane Permeation 
The ability to penetrate lipid bilayer.; is a pre­
requisite for the absorption of drugs, their 
entry into cells or cellular 011anelles, and pas­
sage aaoss the blood-brain and placental 
barriers. OWing to their amphiphilic ~ture, 
phospholipids form bilayers ~~mg. a 
hydrophilic surface and a hydrophobic mtenor 
(p. 36). Substances may traverse this mem­
brane in three dilferent ways. 

"' Difl'usion ("' Fig. 5.3A). Depending on haw 
lipophilic they are, substances can diffuse 
directly through the lipid bilayer down the 
concentration gradient across the membrane 
(red dots). However, the m~mbran~ represents 
an almost insuperable hamer for h~ghly hydro­
philic substances (e.g., norepinephrine). 

"' Passiw traruport ("' Fig. S.3A). Many tis­
sues possess transport systems to enable 
substances that cannot pass through the mem­
brane to enter the cells and cell compartments 
where they are required These transport sys­
tems are located in the membranes and are 
more or less specific for a particular group of 
substances. No energy is required for passive 
transport aaoss the membrane. Channels or 
carrier proteins enable hydrophilic substances 
to pass through membranes. Examples include 
voltage- or llpnd-controlled ion channels 
(p. 150), e.g., voltage-gated Na• channels and 
(a2+ channels (p. 204). and aquaporins. Aqua­
poriJU (p. 176) are specialized transport pro­
teins that enable water to pass through 
the hydrophobic cell membrane in numerous 
tissues of the body. 

"' Active transport ("' Fig. S.3A). Numero'!s 
transport processes in the body use energy m 
the form of ATP directly or indirectly. This 
applies particularly when the substances to be 
transported have to be transported through 
the cell membrane against a concentration 
gradient, i.e., "uphill." Primary active trans­
port involves proteins that can themselves 
hydrolyze AlP (ATPase) and thus transport 
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substances. Na•fK•·ATPase or H+fK•-ATPase in 
the gastric parietal cells are examples. Some 
primary active transport proteins act as 
targets for drugs: di&italis slycosides inhibit 
Na•/K'-ATPases (p. 148). Proton pump inhib­
itors reduce acid production in the stomach 
by inhibiting WfK•-ATPilse (p. 184). 

Secondary active tran5p01t processes 
require functional coupling of a cotraruporter 
to a primary ATP-dependent transporter 
("' Fig. 53A). In this case, the energy needed 
for the transport of the substance is obtai~d 
from a downhill shift of ions. The Na• gradtent 
("' Fig. 53A. yellow triangles) is usually the 
energy donor. To maintain this ion gradient, a 
Na•fK•·ATPilse may In tum be responsible. 
Many neurotransmitter and anion or cation 
transporters use cellular Na• gradients as an 
energy source (see SLC transporters, p. 44). 

"' 'lranscytosls (vesicular transport, "' PI(. 
S.3B). When new vesicles are pinched ~· 
substanoes dissolved in the extracellular fiwd 
are engulfed and then ferried through the 
cytoplasm, unless the wsicles (phagosomes) 
undergo fusion with lysosomes to form phago­
lysosomes and the transported substance is 
metabolized. 

... lll!cepiDI'-Illl!ldim!cl endocytosis ("' Ag. 5.31). 
The drug first binds to membrane surfilce recep­
tors (1, 2) whose cytosolic domains contact 
special proteins (adaptins, 3). Drui-receptm 
~ rnisrate laterally in the membrane 
and aggregate with other complexes by a da­
thrin-dependent process to form coated pits ( 4). 
The alfected membrane region lnvaginates and 
eventually pinches off tn form a detached vesicle 
(5). The dathrin and adaptin coats are shed (6), 
resulting in formation of the •early" endosome 
(7). Inside this, proton concentration rises and 
causes the drug-receptor complex to dissociate. 
Next, the receptor-bearing membrane portions 
separate from the endosome (8). These mem­
brane sections recirculate to the plasmalemma 
(9). while the endosome Is delivered to the 
target organelles (10). 
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5.4 Drug Transporters 

Drug Transporters 
Only a few molecules can pass cell mi!IT!branes 
without the aid of spedalized proteins for 
transportation. At least 5% of all human genes 
code for proteins inwlved in transport These 
transport proteins are very important in phar­
mac:ology, as they are involved in the distribu­
tion, action, and elimination of drugs. 

The ABC transpomr family (11> Fig. 5.4A) 
mediates active transport of substances from 
the interior of functionally polarized cells into 
the extracellular space ("efflux transportas"). 
These transport proteins contain "ATP-binding 
cassettes,• which are protein domains that use 
ATP as an energy carrier for the transport 
process. The first member of this protEin fam­
ily '? be disCIM!red was P-glyroprotein ( abbre­
VIiltions: P-gp, MDRt, ABC Bl), which can 
transport cytostatic agents out of cultured 
tumor cells, thus rendering the tumor cells less 
sensitive to the cytostatic effect (p. 302). How­
ever, P-glyroprotein and other members of this 
family are expressed not only in tumor cells 
but also throughout the body (11> Fig. 5.4C). In 
!he brush border of the intestinal epithelia, for 
Instance, it ensW'eS elimination of drugs and 
red~ tJ.te bioavailability of digoxin. In the 
lwrunal side of the endothelial cells of the 
brain capillaries P-glycoprotein can transport 
drugs (e.g., the opiate-like antidiarrheal agent 
loperamide, p. 188) into the blood compartment, 
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thereby limiting their access to the brain. In the 
bile canaliculi of the liY\!1' (see p. 50) and in the 
apical ~ membranes of the kidney, P-gly­
co_proteill and other "IWitidrug resistance pro­
teins" (MRP2, -3) promote the elimination of 
ci_rugs and c:oqjugates. Numerous clrullnlenc­
tiOns occur due to modulation of P-glyc:oprotein 
and ABC transporters. Inhibitors of P-glyc:opro­
rein such as itrac:onazole or aiDrVastltin can 
increase the bioavailability of the transported 
drugs. Inducers such as rifampicin or St. jolm's 
wort induce expression of P-gl)oalprotein and 
other biotransformation proteins. e.g., CYP450 
enzymes (p. 54) and glliCIIf011YI transi!rases 
(p.56). 

Various transport processes are mediated by 
SLC ("solute carrier") transport proteins (11> Fig. 
5;4B). These proteins transport their substrates 
e1~er by facilitated diffusion or by secondary 
~ve processes, exploiting the substance gra­
dients generated by ATPases. For instance, the 
Na•jea2• exchangers in the heart can use the 
Na• gradient built up by the Na•JK•-A'Jl'ase for 
outward transport of Ca2• (see p. 146). SI.Cs are 
strongly involved in the permeation of drugs 
and their metabolites through polarized cells 
(II> F~g. 5.4C). More<Mr, these carriers are also 
si~ of drug action; for example, in neurons 
antidepressants inhibit serotonin and/or n~ 
repinephrine transport carriers, which belong 
to the SLC family. 
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5.5 Distribution of Drugs 

Possible Modes of Drug Distribution 
Follawinl its uptake inm the body, the dnJ8 is 
dlstrlbul2d (.,. Fig. S.M) In the blood (1) and 
through it m the vmous tissues of the body. 
Distribution may be n!ltrlc12d to the exttacel­
lular space {plasma vohm'! plus interstitial 
spKe) (2) or may also e:xtmd into the iniDcel­
lular space (3}. Certain drup nuy bind 
strongly to dssue strw:1lln!l so that pLuma 
concentratloos fall stcniflcan~ - befOre 
elimination Jw bquo (4}. 

A1rer beillf distribut2d in blood, maaomo­
leaJlar mbsl3ru:eS n!mah\ l.trJely mnflnecl to 
the vascular space, becauJe their pennration 
thJOIIIh the blood-tissue barrier, or endothe­
fium, Is Impeded, !Veil where capillaries are 
renestmed. This property is exploited thera­
peutiGlly when loa of blood nec!SS!taes 
rdillinJ of the vasculir bed. lbr inst.ana by 
Infusion or dextran solutions (p. 168). 11te 
vascular s~ is, moreova:, predo~Ilini.ndy 
occupied by substancrs bound with high afftn­
ity m plasma promios (p. 48; detmuination of 
the plasma volume with protein-bound d)"!S). 
Unbound, free drur may !em the blood­
stream, albeit with varying we, because the 
blood-tissue bmier (p. 40) Is differently devd­
oped In different segments of the vascular tree. 
lhese regional di~s are not illustrated in 
.. Fig. 5.6. 

Distribution in the body Is detmuined by 
the abiUty to penetr~~r membranous barrlen. 
Hydrophilic substances (e.g., inulin) are nei­
ther !Ben up Into cells nor bound to cell 
surface structures and can thus be used m 
determine the extracellular Ouid volume (2). 
Upopbilic substances ~ throulb the cell 
membrane and, as a rrsult. ad!ieve a unlform 
distribution In body fiuld.t (3). 

Body ~ may be brolr2n down as iDU5-
t:ra!M In the ple<lwt ( .. PI(. 5.5}. Pwther sui). 
divisions are shown in .,. fi&. 5.6. 
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The volume ratio of Interstitial: lntraa!llular 
water varies with • and body ~ On a 
percentage basis, lntmtltial fluid volume ls 
large in Jmmatlln: or normal neonates (up to 
sox of body water). and smaller In the obHe 
and the aged. 

1be concentration (c) of a solution corre­
sponds m the amount (D) or substance dis­
solved In a wlume (V); thus, c - D/V. If die 
dose of drur (D) iiild its plasma amcentr.llion 
(c) are known, a volume of distribution (V) can 
be calculall!d from V • IJ!r;. ~r. this rep­
resena an appat'l!llt (notional) volume of dis­
tribution {V..,~ because an eYell distribution 
In the body ls asswned In Its calculation.. 
Homogeneous distribution will not DCaJr if 
drugs an! bound to cell tlll!mbranes (S) or to 
membranes or intracellular organelle.s (6) or 
are stored within orpnelles (7}. In these cases, 
plasma amcentDtion c becomes small iiild ·V"' 
can exa!ed du! actual size of the available filfk1 
wl~ COilftDely, if a ~r fraction of dnlf 
molecules is bound to plasma proteins, c 
becomes large md the calculaed valuefilr_V"" 
may then be smaller than that at1a1nec1 
biologkally. 
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5.6 Binding of Drugs to Plasma Proteins 

Blnclng of Drugs to Plasma Proteins 
Having enb!red the blood, drugs llliiY bind to 
the protein molecules that are present in 
abundance, resulting in the fOrmation of drug­
protein complexes. 

Protein binding involves primarily albumin 
and, to a lesser extent, ,P-globulins and addic 
glycoproteins. Other plasma proteins (e.g., 
~cortin, trilnSferrin, thyroxine-binding glob­
ulin) seJW specialized functions in ronnection 
~th specific substances. The degree of binding 
1s goyemed by the roncentration of the reac­
tants and the affinity of a drug tor a given 
protein. Albumin concentration in plasma 
amounts to 4.6 g/100 mi., or 0.6 mM, and thus 
provides a very high binding capacity (two sites 
per molecule). As a rule, drugs exhibit much 
I~ affinity (Ko -1()"5-1Q-lM) ft:Jr plasma pro­
teins than ft:Jr their specific binding sites (recep­
tors). In the range of therapeutically relevant 
~ncentrati?Jls. prote.in binding of most drugs 
mcreases linearly With concentration ( excep­
tions: salicylare and certain sulft:Jnamides). 

The albumin molecule has different binding 
sites ft:Jr anionic and cationic ligands, but wm 
der Waals fOrces also contribute (p. 76). The 
extent of binding correlates with drug hydro­
phobidty (repulsion of drug by water). 

Binding to plasma proteins is instantaneous 
and reversible, ie., any change in the concen­
tration of unbound drug Is Immediately fol­
lowed by a corresponding change in the 
~ncentration of bound drug. Protein binding 
IS of great importance because it is the roncen­
tration of free drug that determines the inten­
sity of the effect. At a given total plasma 
concentration (e.g. 100 ngfml) the ejfmive 
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roncentration will be 90 ngfmL for a drug t 0% 
bound to prote.in, but 1 ngfml tor a drug 99% 
bound to protein. The reduction in concentn­
tion of free drug resulting from protein binding 
affects not only the intensity of the effect but 
al~o .bi~ansformation (e.g., in the liver) and 
elimmation from the kidney, because only free 
drug will enter hepatic sites of metabolism or 
undergo glomerular filtration. When concen­
tration~ of ~ drug fall, drug is resupplied 
from bmdmg s1tes on plasma proteins. Binding 
to plasma protein is equivalent to a depot in 
prolonging the duration of the effect by retard­
ing elimination, whereas the intensity of the 
effect is reduced. If two substances have affin­
ity for the same binding site on the albumin 
molecule, they may compete for that site. 
One drug may displace another from its bind­
ing site and thereby elevate the free ( effec­
tive) concentration of the displaced drug 
{a form of drug Interaction). Elevation of 
the free concentration of the displaced drug 
means increased effectiveness and accelerated 
elimination. 

A decrease in the concentration of albumin 
('m liver disease, nephrotic syndrome poor 
general condition) leads to altered ph~ 
kinetics of drugs that are highly bound to 
albumin. 

Plasma protein-bound drugs that are sub­
strall:s for transport carriers can be cleared 
from blood at high velodty; e.g., p-aminohip­
purate by the renal tubule and sulfobromo­
phthalein by the liver. Clearance rates of these 
substances can be used to determine renal or 
hepatic blood flow. 
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6.1 The Liver as an Excretory Organ 

The Uver as an Excretory Organ 
As the major organ of drug biotransformation, 
the liv.!r is richly supplied with blood, of which 
1100 mL is receiv.!d each minute from the 
intestines through the portal vein and 350 m1 
through the hepatic artery, comprising nearly 
lS of cardiac output. The blood content of hep­
atic vessels and sinusoids amounts to 500 mL 
Owing to the widening of the portal lumen, 
intrahepalic blood flaw decelerall!s (.,.. flg. 6.1A). 
Moi'eow:r, the endothelial lining of hepatic 
sinusoids (p. 40) contains pores 1arae enough to 
permit rapid exit of plasma pi'OCeins. 1hls, blood 
and hepatic parenchyma are able to maintain 
intimall! contact and intensille exchange of sib­
stances, whidt is further facilitall!d by microvilli 
covering the hepatocyll! surfal:es abutting Disse 
spaces. 

The hepatocyte secretes biliary fluid into 
the bile canaliculi (dark green), tubular inter­
cellular clefts that are sealed o!'f from the blood 
spaces by tight junctions. Secretory activity in 
the hepatocytes results in ITlCM!ment of fluid 
toward the canalicular space(.,.. Fig. 6.1A). 

The hepatocyre is ~ with numerous 
metabolically in1>ortant enzymes that are 
localized in part in mitochondria and in part 
on membranes of the rough (rER) and smooth 
(sER) endoplasmic reticulum. Enzymes of the 
sER play a most important role in drug bio­
transformation. At this site, direct consump­
tion of molecular oxygen (02) takes place in 
oxidative reactions. Because these enzymes 
can catalyze either hydroxylation or oxidative 
deavaae of -N-C- or -0-C- bonds, they are 
relerred to as "mixed-function• 01ddases or 
hylfruqfases. The inll!gral component of this 
enzyme system is the iron-containing cyto­
chrome P450 (p. 54). Many P450 lsozymes are 
known and they exhibit different patll!ms of 
substrate specifidty. lnterindividual genetic 
differences in isozyme make-up (e.g., CYP2D6) 
underlie subject-to-subject variations in drug 
biotrans!brmation. The same holds !br other 
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enzyme systems; hence, the phenomenon Is 
generally refe.rred to as genetic polymorphism 
of bio!Tansfonnation. 
Com~red with hydrophilic drugs not 

underaot~ transport. lipophilic cJruas are 
more raptdly taken up from the blood into 
hepatocytes and more readily gain access to 
mixed-function oxidases embedded in sER 
m~I?~anes. ~or instance, a drug having Upo­
phihaty by Virtue of an aromatic substituent 
(phenyl ring) (.,.. flg. 6.18) can be hydroxylated 
and thus become more hydrophilir. in what is 
~ as a phase I reaction (p. 52). Besides 
OXJdases, sER also contains reductases and 
glucuronyl transferases. The latter conjugall! 
glucuronic acid with hydroxyl. carboxyl, amine 
and amide groups and hence also phenotk 
p~ucts of phase I metabolism (phase II COI1iu­
gation~ Phase I and phase II metabolites an 
~ ~ back into the blood-probably 
via a gradient-dependent carrier-or actively 
~~d into bile via the ABC transporter (ATP­
binding cassette transporter). Different trans­
port proteins are available: for instlnee, MRP2 
(the multi drug rt!Sistance-associab!d prote.ln 
2) transports aniooic cmjugates into the bile 
canaliruli, whereas MRP3 can roUil! these via 
the basolateral membrane of the hepatocyte 
toward the general circulation. 

Prolonged exposure to substrates of one of 
the membrane-bound enzymes results in a 
proliferation of sER membranes in the liwr ( cf. 
~ Fig. 6.1C and .,.. Fig. 6.10). The moiecul.; 
mechanism of this sER "hypertrophy" has been 
elucidated for some drugs: thus. phenobarbital 
binds to a nuclear ll!O.'!ptor ( c:onstitutiv.! 
androstane receptor) that regulates the expres­
sion of cytochromes CYP2C9 and C't'P2D6. 
Enzyme induction leads to acrelerali!d biotrans­
formation, not only of the inducing agent but 
als.o of ~r drugs (a form of drug interaction). 
Wtth continued exposure, it develops in a few 
days, resulting in an increase in reaction veloc­
ity, maximally 2- 3-fold, that disappears after 
removal of the Inducing agent 
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6.2 Blotransfonnation of Drugs 

Biotransformation of Drugs 
Many drugs undergo chemical modification in 
the body (biotransformation). Most often this 
process entails a loss of bioJoaical activity and 
an increase in hydrophilidty (water solubility), 
thereby promoting elimination via the renal 
and hepatic route. 

Hydrolytic cleavages, along with oxidations. 
reductions, a/kylations, and dealkylalions, con­
stitute ph3e I reactions of drug metabolism. 
These reactions subsume all metabolic proc­
esses apt to alter drug molecules chemically 
and take place chiefly in the liver. In plyse II 
(synthetic) ructions, conjugation products of 
either the drug itself or its phase I metabolites 
are formed, for instance, with glucuronic or 
sulfuric add (p. 56). 

Oxld.ltion reactions (1> Fig. 6.2A) can be div­
ided into two kinds: those in which oxygen is 
incorporated into the drug molecule, and those 
in which primary oxidation causes part of the 
molecule to be lost. The former indude hydralt· 
ylations, eplllddaticms, and sulbdd.ll:iom. 
Hydrmylaiions may inwlve alkyl substituents 
or ill'Omatic ring sysll=s (e.g., propranolol~ In 
both cases. products are fOrmed that are conju­
gated to an organic acid residue, e.g. glucuronic 
add. in a subsequent phase D reaction. 

Hydroxylation may also take place at 
nitrogens, resulting in hydroxylamines (e.g., 
acetaminophen). 

The second type of oxidative biotransforma­
tion comprises dealky~ons. In the case of 
primary or secondary amines, dealkylation of 
an alkyl eroup starts at the carbon adjacent to 
the nitrogen; in the case of tertiary amines, 
with hydroxylation of the nitrogen (e.g., lido­
caine). The intermediary products are labile 
and break up into the dealkylated amine and 
aldehyde of the alkyl group removed. 0-deal­
kylation and S-dearylation proceed via an 
analogous mechanism (e.g., phenacetin and 
azathioprine, respectively). 
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Reduction 1'9ctions (I> F~g. 6.28) may occur 
at oxygen or nitrogen atoms. Keto oxygens are 
ronverted into a hydroxyl group, as in the 
~uction of the prodrugs cortisone and pred­
niSOne to the active glucocorticoids cortisol 
and prednisolone, respectively. N-reductions 
occur in azo or nitro compounds (e.g., nitra­
zepam). Nitro groups can be reduced to 
amine groups via nitroso and hydroxyl­
amino intermediates. 

.,. Hydrolysis (1> Fig. 62C). The special case of 
the endogenous transmitter acetylcholine 
illustrates well the high speed of ester hydroly­
sis. Acetylcholine is broken doown so rapidly by 
specific acetylcholinesterase (p. 120) and non­
specific serum cholinesterase that it cannot be 
used therapeutically. 

Ester hydrolysis does not invariably lead to 
ina.cti~ metabolites, as exemplified by acetyl­
sahcyhc acid. The cleavage product, salicylic 
~d. retains pharmacological activity. In cer­
tam cases, drugs are administered in the form 
of esters in order to facilitate uptake into the 
body ( ena~pril-enalaprilate, testosterone­
decanoate-testosterone). In these cases, the 
ester itself is not active but its hydrolytic prod­
uct is. Thus, an inactive precursor or prodrug is 
administered, and formation of the active mol­
ecule occurs only after hydrolysis in the blood. 

Peptidases are also important in pharmacol­
ogy as they produce highly reactive cleavage 
products, for example, fibrin (p. 164), or highly 
active ollgopeptides such as angiotensin D 
(p. 142), bradykinin, and enkephalins (p. 210) 
from biologically inactive peptides. Peptidases 
exhibit some substrate selectivity and can be 
selectively inhibited, as exemplified by the for­
mation of angiotensin D, whose actions include 
vasoconstriction. Angiotensin II is formed from 
angiotensin I by cleilllilgl! of the C-termlnal 
amino adds leucine and histidine. Hydrolysis 
is catalyzed by "angiote:nsin~rting enzyme• 
(ACE~ Peptide analogues such as captopril or 
enalapril block this enzyme. 
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6.3 Drug Metabolism by CYP 

Drug Metabolism by cytochrome P450 

"' Cytochrome P4SO enzyme. Drug metabo­
lism can be divided into two phases: Phase I 
reactions and phase II reactions (p. 52}. A 
major part of phase I reactions is catalyzed by 
hemoproteins, the so-called cytochrome P450 
(CYP) enzymes ("' fi&. 63A). To date about 40 
genes for cytochrome P450 proteins have been 
identified in humans; among these, the pro­
tein families CYPl, CYP2, and CYP3 are impor­
tant in drug metabolism ("' Fig. 638). The bulk 
of CYP enzymes are located in the liver and the 
intestinal wall, which explains ~hy these 
organs are responsible for the major part of 
drug metabolism. 

.. SUbstrates, inhibitors, and Inducers. Cyto­
chromes are enzymes with broad substrate 
spedlidties. Accordingly, pharmaceuticals of 
diverse chemical structure can be metabolized 
by a given enzyme proll!in. When several 
drugs are metabolized by the same isozyme, 
clinically important inll!ractions may result. In 
these, substrates (drugs metabolized by CYP) 
can be distinguished from lnbJbitors (drugs 
that are bound to CYP with high affinity, inter­
fere with the breakdown of substrates, and are 
themselves metabolized slowly) ("' Fig. 63A}. 
The amount of hepatic CYP enzymes is a major 
determinant of metabolk capacity. An increase 
in enzyme concentration usually leads to 
accelented drug metabolism. Numerous 
endogenous and exogenous .substances. such 
as drugs, can augment the expression of CYP 
enzymes and thus act as CYP inducers (p. 68). 
Many of these inducers activall! specifiC tran­
scription factors in the nucleus of hepatocytes, 
leading to activation of mRNA synthesis and 
subsequent production of CYP isozyme pro­
tein. Some inducers also increase the expres­
sion of P..glycoprotein transporters: as a result, 
enhanced metabolism by CYP and increased 
membrane transport by P-glycoprotein can act 
in concert to render a drug ineffective. 
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The table in "' Fig. 638 provides an over­
view of different CYP isozymes along with 
their substrates, inhibitors, and inducers. Obvi­
ously, when a patient is ID be .exposed ~ poJr­
pharmaceutic regimens ( espedally multimOrbid 
.subjects). it would be imprudent to start ~­
apy without chedcing whether the drugs being 
contemplated include CYP inducers or inhibi­
tors, some of which may dnmatically altEr 
pharmamkinetics. 

.. Drug interaction due to CYP induction or 
inhibition. l.ift!-threatening interactions have 
been observed in patients takini inducers of 
CYP3M isazyme during treatment with ddo­
sporin for the p~tion of kidney and heart 
transplant rejection. Rifampicin (rifampin) and 
also St. John's wort preparations (available with­
out prescription) may increase expression of 
CYP3M to such an extent as to lower plasma 
levels of ddosporin below the thel'ilpeutic range 
("' Fig. 63C). As immwtosuppressio!' ~~ 
inadequate, the risk of transplant rejection will 
be enhanced. In the presence of rifampicin. 
other drugs that are substrates of CYP3M may 
bem!III! ineffectilll!. For this reason, the use of 
miunpicin is contraindicated in HlV patients 
being treared with prorease inhibiiDrs. As a rule. 
inhibitors r1 CYP enzymes elevate plasma levels 
of drugs that are substrates of ~ ~ CYP 
enzymes; in this manner, theY ra1se the nsk of 
undesirable IDXic effects. The anlifungal agent 
itraconazole enhances the nephrotllldcity of 
ciclosporin by sud! a medlanism ("' Fig. 6.3C}. 

"' Increase in dr1JI etrect due to CYP 
inhibition. Cobicistat is an inhibitor of CYP3A 
enzymes (and of various drug transporters), 
which can be given to inhibit biotransforma­
tion of elvitegravir, an HIV integrase inhibitor 
(p. 288) and thus increase its effect. Cobidstat 
acts as a "phannacokinetic booster" and has 
no intrinsic pharmacodynamic effect. 
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6.4 Enterohepatic arculation 

Enterohepatk Circulation 
Drugs administered orally (.,.. Fig. 6.4Al) and 
absorbed from the inll!Stine (.,.. Fig. 6.4A2) 
reach the liver via the portal vein. where they 
may be conjugated with &)ucuronic acid 
(.,.. Fig. 6.48, salicylic acid), with sulfuric add 
(.,.. Fig. 6.41, the deacylated form of the laxative 
bisacodyl), or with other polar molecules (3). 
The hydrophilic conjugates can pass from the 
hepatocyte into the bile by means of transport 
mechanisms (4) so that they are returned to 
the intestine: that is. they are eliminated in the 
bile (5). The hydrophilic conjugation products 
cannot cross the intestinal epithelium. How­
ever, O~ucuronides can be cleaved by the 
Jl-glucuronidases of colon bacteria (6) and the 
released substances can be 10bsorbed. This 
gives rise to an enterohepatlc circulation, 
which would appear to trap the drug in the 
body. However, the conjugated products exit 
the liver cells not only into the bile but also 
into the blood {7). Glucuronides with a molec­
ular weight <300 pass mainly into the blood, 
while glucumnides with a molecular weight 
>300 pass into the bile to a greater extent The 
glucuronides secreted into the blood from 
the liver cells undergo glomerular filtration in 
the kidney but. because of their hydrophilicity, 
they are not reabsorbed lilce the original sub­
stance but are excreted in the urine (8). 

Drugs that undergo enterohepatic circula­
tion are thus eX!:reted slowly. The drugs that 
undergo enterohepatic circulation include dig­
itaxin and nonsteroidal anti-inflammatory 
;aaents. 
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Conjugation Reactions 
The most important conjugation reactions 
(.,.. F~g. 6.48) or phase II reactions consist of 
conjugation of a drug or its metabolite to glu­
ruronic add. At the pH of body fluids, the car­
boxyl group of glururonic acid is almost 
completely dissociated, and the negative 
charge gives a glucuronidated molecule high 
polarity and thus low membrane penetrability. 

The conjugation reaction does not take 
place spontaneously but only when the glucur­
onic acid is present in its activated fo1111, that 
is, bound to uridine diphosphate. Microsomal 
glucuronyl transferases transfer glucuronic 
acid from this complex to the acceptor mole­
cule. If the acceptor molecule is a phenol or an 
alcoho~ a glucuronide ether is produced, but if 
it is transferred to a carboxyl group, the result 
is a glucuronide ester. In both cases, these are 
0-glucuronldes. N-Glucuronides can be formed 
with amines. which, unlike 0-glururonides. can­
not be cleaved by bacterialjl-glucuronidases. 

Sulfotransferases dissolved in the cytoplasm 
transfer activated sulfuric add (3'-phosphoa­
denine-5'-phosphosulfate) to alcohols and 
phenols. As in the case of the glucuronides. the 
conjugation product is an acid. 

This differs from the conjugation product 
formed from activated acetic add (acetyl coen­
zyme A) with the mediation of an acyl transfer­
ase and an alcohol or phenol This conjugation 
product is not add in character. 

Acyl transferases are involved in the transfer 
of the amino adds glycine and glutamine to 
carboxyl acids. in these cases. an amide bond is 
formed between the carboxyl group of the 
ao:eptor molecule and the amino group of the 
transferred amino add. The acid function of 
glycine or glutamine remains free in the col\iu­
gation product. 
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6.5 The Kidney as an Excretory Organ 

The Kidney as an Exaetory Organ 
Most drugs are eliminated in urin~ ~ither 
chemically unchanged or as metabolites. The 
kidney permits ~limination because the vascu­
lar wall st~cture ~ th~ region of~ &Jomeru­
lar caplll~~s c~ ~18· 6.5A,B) allows unimpeded 
passage mto unne of blood solutes having 
molt=CU!ar weights (MW) < 5000. Filtration is 
restricred at MW < 50 000 and ceases at MW 
> 70 000. With rew exceptions, therap~utically 
used drugs and their metabolires have much 
smaller molecular weights and can ~refore 
unde.rgo Jlomerular filtration. i.e~ pass from 
blood into primary urine. Separating the upii­
IMy endodtelium from the tubulu epithe-­
tium, the basal membrane contains negatively 
charged macromolecules and acts as a flltra­
tion barrier for high-molecular-weight sub­
stances. The relative density of this barrier 
depends on the electric charge of molecules 
that attempt to permeate it. In addition, the 
diaphragmatic slits between podoc:yte proc­
esses play a part in glomerular f1Jtration. 

Apart from glomeruW- filtration (~ F'Jg. 
6.~8), drugs present in blood may pass into 
unne by ac:tlft secretion ( ~ rig. 6.5C). Certain 
c;ations and ani~s are secreted by the epithe­
llum of the pl'OXImal tubules into the tubular 
fluid via special energy-consuming transport 
systems. These transport systems have a lim­
ited capacity. When several substrares are 
present simultaneously, competition for the 
carri~ may occur. 

Duri~ passage down the renal tubule, pri­
mary unnary volume shrinks to about t%· 
aaordingly, there is a corresponding co~n~ 
tratlon of filtered drug or drug metabolites 
(~ F'Jg. 6.5A~ The resulting co~tration gra­
dient between urine and inrerstitial fluid is 
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prese~ In the use of drugs incapable of 
permeating the tubular epithelium. Howevt!r 
with lipophilic drugs the concentration ~ 
dient will favor rubsorption of ~ filtered 
molt=CU!es. In this case, reabsorption is not 
based on an active process but results instead 
from passive dilfusion. Accordingly, for proto­
nared substances, the extent of reabsorption Is 
dependent upon urinary pH or the degree of 
dissociation. The degree of dissociation varies 
as ~ function of the urinary pH and the pK.. 
which represents the pH value at which half of 
the substance exists in protonated (or unproto­
nated) form. This relationship is illustrated 
graphically c~ Fig. 6.50) with the example of a 
protonated amine having a piC. of 7. In this 
case, at urinary pH 7, 50% of the amine wiD be 
presen~ in the protonated, hydrophilic, mem­
brane-lmpermeant form (blue dots), whereas 
the other half, representing the uncharged 
amine (red dots), can leave the tubular lumen 
in accordance with the resulting concentration 
gradient If the piC. of an amine is higher (piC. • 
7.5) or lower (p:K. = 6.5), a correspondingly 
smaUer or larger proportion of the amine will 
be present in the uncharged. reabsorbable 
form. Lo\Yering or raising urinary pH by half a 
pH unit would result in analogous changes. 

The same considerations hold for addic 
molecules, with the important difference that 
alkalinization of the urine (increased pH) will 
promote the deprotonization of -COOH groups 
and thus impede reabsorption. lnrentional 
alteration of urinary pH can be used in intoxi­
cations with proton-acceptor substances in 
orde~ t;<> hasten elimination of the toxin (e.g., 
allallnization -+ phenobarbital; acidification .... 
methamphetamine). 
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6.6 Presystemic Elimination 

Presystemlc Elmlnatlon 
!he morphologiCill barriers of the body are 
Illustrated on pp. 38-41. Depending on the 
physicochemical properties of dnJas, intended 
tarsets on the surface or the inside of cells or 
of bacterial organisms, may be reached' to 
varying degrees or not at alL Whenever a drug 
cannot be applied locally but must be given by 
the systemic route, its pharmacokinetics will 
be subjea to yet another process. This 
becomes very obvious if we follow the route 
of an orally administered drui from its site of 
absorption to the general circulation. Any of 
the following may occur: 
1. The drug permeates through the epithelial 

barrier of the gut into the enterocyte; how­
ever, a P-gl:ymprotein transports it back 
into the intestillilllumen. As a result, the 
amount actually absorbed can be greatly 
diminished. This counter-transport can 
vary inter!ndividually for an identical sub­
stance and moreover may be altered by 
other drugs. 

2. En route from the intestinal lumen to the 
~ner.ll circulation, the ingested substance 
IS broken down enzymatically, e.g.. by cyto­
chrome P4SO oxidases. 
a) Degradation may start already in the 

intestinal mucosa. Other drugs or agents 
may inhibit or stimulate the activity of 
enteral cytochrome oxldases. A peculiar 
example is grapefruitjulce, which inhib­
its CYP3A4 oxidase in the gut wall and 
thereby causes blood concentrations of 
other important drugs to rise to toxic 
levels. 

b) Metabolism in the liver, through which 
the drug must pass, plays the biggest 
role. Here, many enzymes are at wort to 
alter endogenous and exogenous 

substances chemically so as to promote 
their elimination. Examples of different 
metabolic reactions are presented in the 
section "Biotransforrlliltion of druas" 
(p. 52). Depending on the quantity of 
drug being taken up and metabolized by 
the hepatocytes, only a fraction of the 
amount absorbed may reach the blood 
in the hepatic vein. Importantly, an 
increase in enzyme activity (increase in 
smooth endoplasmic reticulum) can be 
induced by other drugs. 

The processes referred to in 2a and b 
above are subsumed under the term "pre­
systemic elimination. • 

3. Parenteral administration of a drug of 
course circumvents presysll!mic elimina­
tion. After i v., s.c., or i.m injection, the drug 
travels via the vellil cava, the right heart 
ventride, and the lungs to the left ventride 
and, thence, to the systEmic circulation and 
the corollilry system As a lipid-rich organ 
~th a large surface, the lungs can take up 
lipophilic or amphiphllic agents to a consid­
erable extent and release them slowly ilfu:r 
blood levels fall igain. During fast delivery 
of drug. the lungs aa as a buffer and protect 
the heart against excessive concentrations 
after rapid I. v. injection. 

In c~rtai.n ~erapeutic situations, rapid presys­
teimc el111UIIiltion may be desirable. An impor­
tant example is the use of glucomrticoids in 
the treatment of asthma. Because a significant 
portion of inhaled drug is swallowed gluco­
corticoids with completE presystemic ~limina­
tion entail only a minimal systemic load for 
the organism {p. 356). The use of dopidogrel 
for inhibition of platelet aggregation provides 
an example of a desirable presystemic aaiva­
tion (p. 166~ 
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7.1 Drug Concentration in ttte Body 

Drug Concentration In the Body as a 
Function of Time-first Order 
(Exponential) Rate Processes 
Processes such as drug absorption and elimi­
nation display exponential characteristics. For 
absorption, this fOllows from the simple fa~ 
that the amount of drug beinJ moved per untt 
of time depends on the concentration differ­
ence (gradient) bet\1/een two body compart­
ments (Fick's law).ln drug absorption from the 
alimentary tract, the intestinal content and 
blood would represent the cmnpartments ~n­
taining initially high and low concentrations, 
respectivdy. In drug elimination via the kidney, 
excretion often depends on glomerular flltra­
tion, i.e., the filtered amount of drug present in 
primary urine. As the blood concentration falls, 
the amount of drug flltered per unit of time 
diminishes. The resulting exponential decline 
is illustrated in • Fig. 7 .lA. The exponential 
time course implies constancy of the interval 
during which the concentration decreases !JY 
one-half. This interval represents the half-life 
(t112) and is related to the elimination rate con­
stant k by the equation tt/2 • (In 2)/lc. The two 
parameters, together with the initial co~n­
tration co. describe a fii'St-order (exponential) 
rate process. 

The constancy of the process permits calcu­
lation of the plasma volume that would be 
cleared of drug, if the remaininJ drug were not 
to assume a homogeneous distribution in the 
total volume (a condition not met in reality). 
The notioll.ll pl.lsma volume freed or drug 
per unit of time is termed the clear;mce. 
Depending on whether plasma concentration 
falls as a result of urinary excretion or of meta­
bolic alteration, clearance is considered to be 
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renal or hepatic. Renal and hepatic clearances 
add up to total clearance (Cimr) in the case of 
drugs that are eliminated unchanged via the 
kidney and biotranslOrmed in the liver. 0,. 
represents the sum of all processes contrib.u­
ting to elimination; it is related to the half-life 
(t112) and the apparent volume of distribution 
Vapp (p. 46) by the equation; 

~ t112 = In 2 x Cltot (7.1) 

The smaller the volume of distribution or the 
larger the total clearance, the shorter is the 
half-life. 

In the case of drugs renally eliminated In 
unchanged form, the half-life of elimination 
can be calculated from the cumulative excre­
tion in urine; the ftnal total amount eliminated 
corresponds to the amount absorbed. 

Hepatic ellminatlon obeys exponential 
kinetics because metabolizing enzymes operate 
in the quasi-linear region of their concentration­
activity CIIJVI!, and hence the amount of q 
metilbolized per unit time diminishes with 
decreasing blood concentration 

The best-known exception to exponential 
kinetics is the elimination of alcohol (ethanol). 
which obeys a linear time course (zero-o!'der 
kinetics), at least at blood concentrations 
>0.02%. It does so because the rate-limiting 
enzyme, alcohol dehydrogenase, achieves half­
saturation at very low substrate concentrations, 
i.e.. at about 80 mg/L (0.008%~ Thus, reaction 
velocity reaches a plateau at blood ethanol con­
centrations of about 0.02%, and the amount of 
drug eliminated per unit time remains constant 
at concentratlons above this leveL 
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7.2 Time Course of Drug Concentration 

Time Course of Drug Concentration 
In Plasma 

"' 11me coune of drug c:oocentratloo ("' fl&. 
7 .2A). Drugs are taken up into and eliminated 
from the body by various routes. The body thus 
represents an open system wherein the actual 
drug concentration reflects the Interplay of 
intake (ingestion) and egress (elimination). 
When orally administered drug is absorbed 
from the stomach and intestine, speed of 
uptake depends on many factors, including the 
speed of drug dissolution (in the case of solid 
dosage forms) and of gastrointestinal transit; 
the memb~e penetrability of the drug; its 
concentratiOn gradient across the mucosa­
blood barrier; and mucosal blood flow. 
Ab5orptlon from the Intestine causes the drug 
concentration in blood to increase. Transport 
in blood conveys the drug to different organs 
(distribution), Into which it is taken up to a 
degree compatible with its chemical properties 
~d rate of blood flow through the organ. For 
Instance, well-perfused organs such as the 
brain receive a greater proportion than do less 
well-perfused ones. Uptae into tissue causes 
the blood concentration to falL Absorption 
from the gut diminishes as the muoosa-blood 
gradient decreases. Plasma concentration 
reaches a peak when the amount of drug leav­
ing the blood per unit of time equals that being 
absorbed. 

Drug entry into hepatic and renal tissue 
constitutes movement into the orpns of eUm­
ln.ltloo. The characteristic phasic time course 
of drug concentration In plasma represents the 
sum of the constituent processes of absorp­
tloo, dlstributioo, and elimination, which 
o:ve~lap In time. When distribution takes place 
5lgillficantly faster than elimination, there is 
an initial rapid and then a greatly retarded 
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fall in the plasma level, the former being desig­
nated the a-phase (distribution phase). the lat­
ter th~ Jl-p~ (elimination phase). When the 
drug IS distributed faster than it is absorbed 
the time course of the plasma level can ~ 
described in mathematically simplified form 
by the Bateman function (k1 and k~ represent 
the rate constants for absorption and elimina­
tion, respectively). 

"'Appliation and time course of drug 
concentration ("' Fig. 7.28). The velocity of 
absorption depends on the route of adminis­
tration. The more rapid the absorption, the 
shorter will be the time (t....) required to 
re~ch the peale plasma level ( c,.J, the higher 
will be the c,.,.. and the earlier will the plasma 
level begin to fall again. 

The area under the plasma level-time CIJI"W! 

(AUC) is independent of the roure of administra­
tion, provided the doses and bioavailability are 
the same (law of oorresponding areas). The 
AlJC can thus be used to determine the l*lav.dl­
ablllty F of a drug. The ratio of AUC values 
deternjned aftrr oral and int:raYenous adminis­
tr.IDons of a gjYI!n dose of a particular drug oar­
responds to the proportion of drug entering the 
systrmic ~ after oral administration. 
Thus, 

F = A UC oraladmint.nration 
AUC i.tl. adminiltration (7.2) 

The determination of plasma levels aft'ords a 
c~mparison of dilferent proprietary prepara­
tions containing the same drug in the same 
dosage. Identical plasma level-time curves 
of different manuf.acturers' products with 
reference to a standard preparation indica~ 
bloequJvalence with the standard of the pre­
paration under investigation. 
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7.3 Time Course during Repeated Dosing 

Time Course of Drug Plasma Lewis 
during Repeated Dosing 
When a drug is administered at regular inter­
vals over a prolonged period (.,. Fig. 7 .3A), the 
rise and fall of drug concentration in blood will 
be determined by the relationship between 
the half-life of elimination and the time inter­
val between doses. If the amount of drug 
administered in each dose has been eliminated 
before the next dose is given. repeated intake 
at constant intervals wiD result in similar 
plasma levels. If Intake occurs before the pre­
ceding dose is eliminated completely, the next 
dose will add to the residual amount still 
present in the body, i.e., the drug accumul.;ates. 
The shorter the dosing Interval relative to the 
elimination half-life, the larger wiD be the 
residual amount of drug to which the next 
dose is added and the more extensively will 
the drug accumulate In the body. However, at a 
given dosing frequency, the drug does not 
aa:umul.ate Infinitely and a steady state con­
centration (c.,) or accumulation equilibrium 
is eventually reached. This is so because the 
activity of elimination processes is concentra­
tion-dependent The higher the drug concen­
tration rises, the greater is the amount 
eliminated per unit of time. After several 
doses, the concentration will have dlmbed to a 
level at which the amounts eliminated and 
taken in per unit of time become equal, i.e~ a 
steady stair is reached. Within this concentra­
tion range, the plasma level wiD continue to 
rise (peak) and faD (trou&h) as dosing is con­
tinued at regular intrrvals. The height of the 
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steady state (c.,) depends upon the amount (D) 
administered per dosing interval (-r) and the 
dearance (Cl): 

D 
css=.,.xa (7.3) 

The speed at which the steady state is reached 
corresponds to the speed of elimination of the 
drug. The time needed to reach 90X of the con­
centration plateau is about 3 times the t1/l of 
elimination. 

Time Course of Drug Plasma Levels 
during Irregular Intake 
In practice, it proves diflicult to achieve a 
plasma level that undul.ates evenly ~und the 
desired effective concentration. For mstance, 
if two sucressive doses are omitted ("?" in 
.,. Fig. 7 .38), the plasma level will drop below 
the therapeutic range and a longer period will 
be required to regain the desired plasma level. 
In everyday life, patients wiD be apt to neglect 
to take drugs at the scheduled time. Patient 
compli.mce means strict adherence to the pre­
scribed regimen. Apart from poor compliance, 
the same problem may occur when the total 
daily dose is divided into three individual 
doses ( ti.d.) and the flfSt dose is taken at 
breakfast, the second at lunch, and the third at 
supper. Under these conditions, the nocturnal 
dosing Interval wiD be twice the diurnal one. 
Consequently, plasma levels during the early 
morning hours may have fallen far below the 
desired, or possibly urgently needed, range. 
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7.4 Accumulation 

Acx:umulatlon: Dose, Dose Interval, and 
Plasma Lewl Fluduat:lon 
Sua:essful druf therapy in many ilbtesses is 
acwmplished only If the drug concentration is 
maintained at a stNdY high level ("' Fig. 7.4A). 
This requirement necessitates regular drug 
intake and a dosage schedule that ensurt!li 
that the plasma concentration neither falls 
below the therapeutically effectiye r;mge nor 
emeeds the minimal toxic concentration. A con­
stant plasma level would, llcJwoeover, be undesir­
able if it accelerated a loss of effectiveness 
(development of tolerance~ or if the drug 'l\ll!re 
required to be present at SPecified times only. 

A stNdy plasma level can be achii!VI!d by 
giving the drug in a constant intravenous infu­
sion, the height of the steady state plasma level 
being determined by the Infusion rate. This 
procedure is routinely used in hospital set­
tings, but Is generally impracticable. _With oral 
administration, dividing the total da.~ly dosage 
into seVI!ral Individual doses, e.g., four, three, 
or two, offers a practical compromise. When 
the daily dose is given in several divided doses, 
the mean plasma leVI!! shows little fluctuation. 

In practice, it is fowtd that a regimen of fre­
quent regular drug ingestion is not well 
adhered to by patients (unreliability or lade: of 
•compliance• by patients). The degree of fluc­
tuation in plasma level over a given dosing 
interval can be reduced by a dosage form per­
mitting slow (sustained) release (p. 28). 
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The time required to reach steady state 
accumulation during multiple constant dosing 
depends on the rate of elimination. As a rule of 
thumb, a plateau is reached after approxi­
mately three elimination half-lives ( t tp). 

For slowly eliminated c:lruaS. which tend to 
accumulate extensiV'ely (phenprocoumon. digi­
to:xin, methadone). the optimal plasma level is 
attained only after a long period. Here, Increas­
ing the initial doses (loading dose) will speed 
up the attainment of equilibrium, which is 
subsequently maintained with a lower dose 
(maintenance dose). For slowly eliminated 
substances, single daily dosing may suffice to 
maintain a steady plasma level 

Change in Elimination Characteristics 
during Drug Therapy 
With any drug taken regularly and accumulat­
ing to the desired plasma level, It is Important 
to consider that conditions for biotransforma­
tion and excretion do not necessarily remain 
constant("' Fig. 7.48). Elimination may be has­
tened due to enzyme Induction (p. 50), e.g., 
CYP induction (p. 54), or due to a change in 
urinary pH (p. 58). Consequently, the steady 
state plasma level declines to a new value 
corresponding to the new rate of elimination. 
The drug effect may diminish or disappear. 
Conversely, when elimin.ation is impaired (e.g. 
in pr~ive renal insufficiency), the mean 
plasma lev\!1 of renally eliminated drugs rises 
and may enter a toxic concentration range. 
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8.1 Dose-Response Relationship 

Dose-Response Relationship 
The effect of a substance depends on the 
amount administl!n!d, Le., the dose. If the dose 
chosen is below the critical threshold (sublimi­
nal dosing), an effect will be absent. Depending 
on the nature of the effect to be measured 
Increasing doses may cause the effect ~ 
increase in intensity. Thus, the eft'ect of an 
antipyretic or hypotensive drug can be quanti­
fied in a graded fashion, in that the extent of 
f.all in body temperature or blood pressure is 
belni measured. 

The dose-effect relationship may vary 
depending on the sensitivity of the individual 
person receiving the drug: i.e., for the same 
effect, different doses may be required in dif­
ferent individuals. The interindividual varia­
tion in sensitivity is especially obvious with 
effects of the ".all-or-none" kind. 

To illustrate this point, we consider an 
experiment in whith the subjects individually 
respond in aD-or-none fashion. as in the Straub 
tail phenomenon (11> F~g. 8.1A). Mice react to 
morphine with exdtation, evident in the form 
of an abnormal posture of the tail and limbs. 
The dose dependence of this phenomenon is 
observed in groups of animals (e.g. 10 mice 
per group) injected with increasing doses of 
morphine. At the low dose only the most sen­
sitive, at increasing doses a growing propor­
tion, and at the highest dose all of the animals 
are affected (11> Fig. 8.18). There is a relation­
ship between the frequency of responding ani­
mals and the dose given. At 2 mgfkg 1 out of 
10 animals reacts; at 10 llli/ki. 5 ~ut of 1 o 
respond. The dose-frequency relationship 
results from the dilferent sensitivity of individ­
uals, whith, as a rule, exhibits a log-normal 
distribution (11> F~g. 8.1 C, graph at right, linear 
scale). If the cumulative frequency (total 
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!lumber of anlr_nals responding at a given dose) 
IS plotted agamst the logarithm of the dose 
(abscissa~ a sigmoid curve results (11> Fig. 8.1C, 
Faph . at le~ semi-logarithmic scale). The 
mftect1on pomt of the curve lies at the dose at 
which one half of the group has responded. 
The dose range encompassing the dose­
frequency relationship reflects the variation In 
individual sensitivity to the drug. Although 
similar in shape, a dose-frequency relationship 
has, thus, a meaning different from that of a 
dose-e~ ~lioaship. The latter can be 
evaluated in one individual and results from 
an intraindividual dependency of the effect on 
drug concentration. 

. ~e evaluation of a dose-effect relat ionship 
Within a group of human subjects is made 
more difficult by interindividual differences in 
s~nsitivity. To account for the biological varia­
tion, measurements have to be carried out on a 
representative sample and the results aver­
~· Thus, recommended therapeutic doses 
Will be appropriate for the majority of patients, 
but not necessarily for each individual 

The variation in sensitivity may be based 
o~ pharmacokinetic differences (same dose .... 
different plasma levels) or on differences in 
target organ sensitivity (same plasma level ... 
dift'erent eft'ects ). 

To enhance therapeutic safety, clinical phar­
macology has led efforts to discover the causes 
'7sponsi~le for interindividual drug respon­
Siveness m patients. This field of research Is 
called pharmacogmetics. Often the underlying 
rea~n is a d~erence in enzyme property or 
actiVIty. Ethnic variations are additionally 
observt;<~. Prudent physicians will attempt to 
determme the metabolic status of a patient 
before prescribing a particular drug. 
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8.2 Concentration-Effect Relationship 

Concentration-Effect RelaUonshlp 
As a rule, the therapeutic effect or toxic action 
of a drug depends critically on the response of 
a sil'llle organ or a limited number of organs; 
for example, blood flow is affected by a ch~e 
in vascular luminal width (,.. Fig. 82A). By ISO­
lating critical organs or tissues from a Larger 
functional system, these actions can be studied 
with more accuracy; fur instance, vasoconstric­
tor agents can be examined in isolated prepa­
rations from different regions of the vascular 
tree. e .J ., the portal or saphenous veins, or the 
mesenteric, coronary, or basilar arteries. In 
many cases, isolated organs or organ parts can 
be kept viable for hours in iln appropriilte 
nutrient medium sufficiently supplied with 
oxygen and held at a suitable temperature. 
Responses of the preparation to a physiological 
or pharmacological stimulus can be deter­
mined by a suitable recording apparatus. Thus, 
narrowing of a blood vessel Is recorded with 
the help of two wire loops by which the vessel 
is suspended under tension. 

Experimentation on isolated organs offers 
several advantll,ges: 
1. The drug concentration in the tissue is 

usually known. 
2. Reduced complexity and e01se of relating 

stimulus and effect. 
3. It Is possible to circumvent compensatory 

responses that may partially cancel the pri­
mary effect in the intact organism; fur 
example, the heart rate-increasing action .of 
norepinephrine cannot be demonstrated m 
the intact organism because a simultaneous 
rise in blood pressure elidts a counter regu­
latory reflex that slows cardiilc rate. 

4. The ability to examine a drug effect aver its 
full range of intensities; fur example, it . 
would be impossible in the intact organiSm 
to li:Jilow negative chronotropic effects to 
the point of cardiac arrest. 
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Disadvantoges are: 
1. Unavoidable tissue injury during dissection. 
2. lDss of physiological regulation of function 

in the isolated tissue. 
3. The ilrtifidal milieu imposed on the tissue. 
These drawbacks are less important if isola.ted 
organ systems are used merely for comparing 
the potency of different substances. The use of 
isolated cells offers a further simplification of 
the test system. Thus, qua.ntitation of certain 
drug effects can be achieved with particular 
ease in cell cultures. A more marked "reduc­
tion• consists In the use of isolated subcellular 
structures, such as plasma membranes, endo­
plasmic reticulum, or lysosomes. With increas­
ing reduction, extrapolation to the intatt 
organism becomes more difficult and less 
certain. 

Concentration-Effect Curves 
As the concentration is raised by a constant 
factor, the incmnnat in ejfect diminishes stead­
ily and tends asymptotically toward zero the 
closer one comes to the maximally effective 
concentration (• Fig. 8.2B). The concentration 
at which a maximal effect occurs cannot be 
measured accurately; h~. that elidling a 
half-maximal effect (ECso) is readily deter­
mined. This typically corresponds to the inflec­
tion point of the concentration-response curve 
in a semi-logarithmic plot Qog concentration 
on abscissa). Full characterization of a concen­
tration-effect relationship requires determina­
tion of the E~ the maximally possible effect 
(Emu). and the slope at the point of inflection. 
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8.3 Concentration-Binding Curves 

Concentration-Binding Curws 
In order to elicit their effect, drug molecules 
must be bound to the cells of the effector 
O!ian. Binding commonly occurs at specific cell 
structures, namely, the receptors. The analysis 
of drug binding to receptors alms to detennine 
the affinity of ligands, the kinetics of interac­
tion, and the characteristics of the binding site 
itself. 

In studying the affinity and number of such 
binding sites, use is made of membrane sus­
pensions of different tissues. This approach is 
based on the expectation that binding sites 
will retain their characteristic properties dur­
ing cell homogenization. 

Provided that binding sites are freely acces­
sible in the medium in which membrane frag­
ments are suspended, drug concentration at 
the "site of action" will equal that in the me­
dium. The drug under study is radiolabeled 
(enabling low concentrations to be measured 
quantitatively), added to the membrane sus­
pension. and allowed to bind to receptors. 
Membrane fragments and medium are then 
separated, e.g., by filtration. and the amount of 
bound drug (ligand) is m~ured. Binding 
increases in proportion to concentration as 
long as there is a negligible reduction in the 
number of free binding sites (c • 1 and B .. 10% 
of maximum binding; c • 2 and B • 20%). As 
binding sites approach saturation. the number 
of free sites decreases and the increment in 
binding is no longer proponional to the 
increase in concentration (in the example illus­
trated, an increase in concentration by 1 is 
needed to increase binding from 10% to 20%; 
however, an increase by 20 is needed to raise it 
from 70% to 80%}. 
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The law of mass action describes the hyper­
bolic relationship between binding (B) and 
ligand concentration (c~ This relationship is 
characterized by the drug's affinity (1/ K0 ) and 
the maximum binding (Bmax). i.e., the total 
number of bindin& sites per unit of weiaht of 
membrane homogenate. 

B=Bmax x - c­
c+Ko 

(8.1) 

KD is the equilibrium dissociation constant and 
corresponds to that ligand concentration at 
which SOl of binding sites are occupied. The 
values given in " Fig. 83A and used for 
plotting the concentration-binding graph 
(" Fig. 8.3B) result when KD = 10. 

The differing affinity of different ligands for 
a binding site can be demonstrated elegantly 
by binding assays. Although simple to perform, 
these binding assays pose the difficulty of cor­
relating unequivocally the binding sites con­
cerned with the pharmacological effect; this is 
particularly difficult when more than one pop­
ulation of binding sites is present Therefore, 
receptor binding must not be assumed until it 
can be shown that: 
1. Binding is saturable (saturability). 
2. The only substances bound are those pos­

sessing the same pharmacological mecha­
nism of action (specificity). 

3. Binding affinity of different substances is 
correlated with their pharmacological 
potency. 

Binding assays provide information about the 
affinity of ligands, but they do not give any 
due as to whether a ligand is an agonist or 
antagonist (p. 78~ 

Radiolabeled drugs bound to their recepiDrs 
may be of help in purifying and analyzing fur­
ther the receptor protein. 
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9.1 Types of Binding Forces 

Types of Binding Forces 
Unless a drug comes into contact with intrinsic 
structures of the body, it cannot affect body 
function. 

Covalent Bonding 

1\vo atoms enter a covalent bond if each 
donates an electron to a shared electron pair 
(cloud). This stare is depicted in structural for­
mulas by a dash. The covalent bond Is "finn; 
that is, not reversible or poorly so. Few drugs 
are covalently bound to biological structures. 
The bond, and possibly the effect. persist for a 
long time after in~ of a drug has been dis­
continued, making therapy difficult to control. 
Examples include alkylating cytostatic agents 
(p. 298) or organophosphates (p. 310). Conju­
gation reactions occurring in biotransforma­
tion (p. 56) also represent covalent linkages 
(e.g., to glucuronic add). 

Noncovalent Bonding 

In noncavalent bonding there is no formation 
of a shared electron pair. The bond is reversible 
and is typic.al of most drug-receptor interac­
tions. Since a drug usually attaches to its site of 
action by multiple contacts, several IX the types 
of bonds described below may participate. 

..,. ElectrosQtic attraction (..,. Fig. 9.1A). A posi­
tive and a negative charge attract each other. 

Ionic Interaction: An ion is a particle charged 
either positively (cation) or negatively (anion), 
i.e~ the atom is defiCient in electrons or 
has surplus electrons, respectively. Attraction 
between ions of opposite charge is inversely 
proportional to the square of the distance 
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between them: it is the initial force drawing a 
charged drug to its binding site. Ionic bonds 
have a relatively high stability. 

Dipole-ion intmletion: When bonding elec­
trons are asymmetrically distributed over the 
atomic nuclei involved, one atom will bear a 
negative (!)-) and its partner a positive (6•) 
partial charge. lbe molecule thus presents a 
positive and a negative pole, i.e., it has polarity 
or is a dipole. A partial charge can interact 
electrostatically with an ion of opposite 
charge. 
Dipo~ipolt interaction is the electrostatic 

attraction between opposite partial charges. 
When a hydrogen atom bearing a partial posi­
tive charge bridges two atoms bearing partial 
negative charges, a hydrogen bond is created. 

van der waals bonds (..,. FJg. 9.1B) are 
formed between apolar molecular groups that 
have come into dose proximity. Spontaneous 
transient distortion of electron clouds (momen­
tary faint dipole, 66) may induce an opposite 
dipole in the neighboring molecule. The van 
der Waals bond, therefore, is also a fOrm of 
electrostatic attraction, abeit of very low 
strength (inversely proportiooalto 7th power of 
distance). 

..,. Hydrophobic interaction(..,. Fig. 9.1C). 1be 
attraction between the water dipoles is strong 
enough to hinder intercalation of any apolar 
(uncharged) molecules. By tending toward 
each other, H10 molecules squeeze apolar 
particles from their midst. Accordingly, in the 
organism, apolar particles such as fatty add 
chains of cell membranes or apolar regions of 
a receptor have an increased probability of 
remaininr in nonaqueous, apolar surroundinaS-
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9.2 Agonists-Ant.agonists 

Agonlsts-Antagonlsts 

An aaunist ("' Fig. 9.2A) has affinity (tendency 
lD adhere) for a receptor and affects the recep­
tor protein in such a manner as to chan&e it tD 
an active conformation-"inttlnsic activity." 
The biological effect of the agonist (i.e., the 
change in cell function) depends on the effec­
tiven~ss of signal transduction steps (p. 82) 
assoaated with receptDr activation. The maxi­
mal effect of an agonist may already occur 
when only a fraction of the aVilibble receptDrs 
is occupied ("' Fig. 9.28, agonist A); this is 
described as the system's rec:eptor reserve. 
Another agonist (agonist B~ possessing equal 
affinity but less ability tD actiVilte the recepror 
and the associated signal transduction steps 
(i.e~ less intrinsic activity, reduced coupling 
efficiency), will produce a smaller maximal 
effect even if all receptDrs are occupied­
smaller efllcacy. Agonist B is a partial agonist. 
The potrncy of an agonist is characterized bY 
the concentration (ECso) at which a half-maxi­
mal effect is attained. 

Antagonists ("' F~g. 9.28) attenuate the 
effect of agonists: they act "antiagonistically." 
Compedtiw anta&Onists possess affinity for 
the receptors, but their binding does not elicit 
a change in cell function. In other words, they 
are devoid of intrinsic activity. When present 
simultaneously, an agonist and a competitive 
antagonist vie for occupancy of the receptor. 
The affinities and concentrations of both com­
petitors determine whether binding of agonist 
or antagonist predominates. By increasing the 
concentration of the agonist, blockade induced 
by ~ antagonist can be Sllli'IOtlltM ("' ~ 9.2C): 
th.it15, the ~ctJnle a the ago­
nist is shifted ~-to higher c:oncrrmtions­
with preservation of the maximal elfect 

Models of the Molecular Mechanism of 
Agonist/Antagonist Action 
"' Agonist induces an active conformation. 
The agonist binds to the inactive receptor and 
thereby causes the resting conformation to 
change into the active state. The antagonist 
attaches to the inactive receptor without alter­
ing its conformation. 
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.. ApJist stablliza spontaneously occurrin1 
active roobmation. The receptor may 
sponlilneoUsly "flip" inlD the active conbrma­
tion. Usually, howeftr, the statistical probabil­
ity of such an event is so small that a 
spontaneous excitation of the cells remains 
undetectable. Selective binding of the agonist 
can occur only to the active conformation and 
thus favors the existence of this state. The 
antagonist shows affinity only for the inactive 
state, promoting existl!nce of the latter. If the 
system has little spontaneous activity no 
measurable effect will result from addioi an 
~tagonist. However, if the system displays 
high spontaneous activity, the antagonist is 
liable to produce an effect opposite to that of 
an agonist: inverse agonist. A "true" antagonist 
~t:J.!ou~ intrinsic activity ("neutral antago­
mst ) displays equal affinity for the active and 
inactive conformations of the receptor and 
does not interfere with the basal activity of the 
cell A l;lUdal aaonist generates a receptor con­
formation between the "active" and "inactive" 
states, or it can occupy the receptor in two 
positions, an activating and a non-activating. 
with a certain statistical probability. 

Other Fonns of Antagonism 

"' Alloseric antagonism. The antagonist is 
bound outside the agonist's sill! of attachment 
a~ the ~ptor and ind~17s a decrease In ago­
rust affiruty. The latter IS mcreased in the case 
of allosteric 5ynerlism. 

"' Function.11 antaguoism. Two agonists act­
ing via different receptors affect the same vari­
able (e.g., _lwn!naJ diaJ;neter of bronchi) in 
opposite dlrections ( epmephrine ... dilation· 
histamine ... constriction). ' 
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9.3 Enantioselectivity of Drug Action 

EnanUoselectfvlty of Drug Action 
Many drugs are r.ICI!Illatrs, including jl-bloclcrrs, 
~roidal anti-inflammalmy agents, as Wl!l1 
as the a~ptor agonist mcdt:tumidine 
(• Fig. 9.3A~ A Ree!ml2 amslsts of a molecule 
and il5 corresponding mirror image which, lilce 
the left am right hands, cannot be superim­
posed. Such dliral ("handed") pairs of molecules 
are reft!ITI!d ID as enantiomers. 'JYplcally, chiral­
Ity Is due ID a single Ci!Ibon (C) a!Dm bonded ID 
four differmt substituents (asymmetric CJilbon 
aloin). Enantimnerism Is a special case of stereo­
isomerism Noncbiral stereoisomers are called 
~(e.g.. quinidine/qui!l~M~ 

Bond lengths in enantiomers, but not netes­
sarily dlastereomers, are the same. Therefore, 
enantiomers possess similar physlmc:hemical 
properties (e.g., solubility, melting point) and 
both fonns are usually obtained in equal 
amounts by chemical synthesis. As a result of 
enzymatic activity, however, only one of the 
enantiomers is usually found in nature. 

In solution, enantiomers route the plme of 
osdlbtion of linemy poWized lllbt in oppo­
site dlrecdoos; hena! they are referred ID as 
"dextro-rotutory• or "'evo-rotutory, • designated 
by the prefixes d- or ( + )- and l~r (- h respec­
tively. The direction of rotation gives no due 
concerning the spatial structure of enantiom­
ers. The absolute ronflglll'3tion, as determined 
by certain rules, is described by the pref=s 
(S)- and (R)-. In some rompounds, designation 
as the D-and L-fonns is possible by reference 
to the structure of D-and I.-glyceraldehyde. 

For drugs ID exert biological actions, rontact 
with reaction partners in the body Is required. 
When the reaction favors one of the enantiom­
ers, enantio.selectMty is observed. 

• Enandose:lectivity of aflinlty. If a receptor 
has sites for three of the substituents (symbol­
Ized In • Fig. 9.3B by a rone, sphere, and cube) 
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on the asymmetric carbon to attach to, only 
one of the enantiomers will have optimal fit 
Its affinity wUI then be higher. Thus, de:xmede­
tornidine displays an affinity at the a~ 
cepiDrS (p. 114) almost 40 times that of 
levornedetomidine. The dexmedetomidine enan­
tiomer is used in humans as a hypnotic (p. 344), 
whereas the racemate medetomidine Is used In 
Vl!tertnary medicine. Propranolol Is another 
example of a drug enantiomer with di!fl!rent 
receptor affinity: (S)-(-)-propranolol has an 
affinity 100 times that of the (R}{+) fOrm 

• EnmtioselectMty of intrinsic activity. 
The mode of attachment at the receptor also 
determines whether an effect is elidted; and 
whether or not a substance has intrinsic activ­
ity, i.e., acl5 as an agonist or antagonist. For 
instance, (- )-dobutamine Is an agonist at 
Jl-adrenoceptors, whereas the ( + )-enantiomer 
is an antagonist 

• Invene enantloselectivity at another 
receptor. An enantiomer may possess an 
unfavorable configuration at one receptor that 
may, however, be optimal for interaction with 
another receptor. In the case of dobutomine. 
the ( + )-enantiomer has affinity at ~adreno­
ceptors that Is 1 0 times higher than t hat of the 
(-)-enantiomer, both having agonist activity. 
However, the a-adrenoceptor stimulant action 
is due to the (-)-form (see above). 

As described for receptor Interactions, 
enantioselectivity may also be manifested in 
drug interactions with enzymes and transport 
proteins. Enantiomers may display different 
affinities and reaction velocities. 

• Conclusion. The enantiomers of a race­
mate can differ suffidently in their pharmaco­
dynamic and pharmacokinetic properties to 
constitute two distinct drugs. 
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9.4 Receptor Types 

Receptor Types 
R2a!plors are macromolecules that operate to 
bind mediator substances and tr.msdiiCI! this 
bindinl into an effect, i.e~ a chanae in cell 
function. Receptors differ in terms of their 
structure and the manner in which they trans­
late occupancy by a ligand into a cellular res­
ponse (signal transduction). 

C-Proteln-ooupled receptors (• Fig. 9.4A) 
consist of an amino add chain that wea~s in 
and out of the membrane in serpentine fash­
ion. The extramembranal loop regions of the 
molecule may possess sugar residues at dilfer­
ent N-glytosylation sites. Tbe seven a-helical 
membrane-spanning domains form a cirde 
ar01md a central pocket that carries the attach­
ment sites for the mediator substanre. Binding 
of the mediator molecule or of a structur.illy 
related agonist molecule induces a change in 
the confonnation of the receptor protein. ena­
bling the latter to interact with a G-protein 
(• guanyl nudeotide-binding protein). G-pro­
teins lie at the inner leaf of the plasmalemma 
and consist of three. subunits designated a, ~. 
and y. There are vanous C-proteins that differ 
mainly with regard to their a-unit Association 
with the receptor activates the G-protein,le»­
ing in tum to activation of another protein 
(enzyme, ion channel). A large number of 
mediator substanres act via G-protein-coupled 
receptors. 

An example of a Iig;md-pted ion channel 
(1Jo Fig. 9.48) is the nicotinic cholinoreptor of 
the motor end plate. The receptor complex 
consists of five subunits, each of which con­
tains four transmembrane domains. Simulta­
neous binding of two acetylcholine (ACh) 
molecules to the two a-subunits results in 
opening of the ion channel with entry of Na• 
(and exit of some K•), membrane depolariza­
tion, and triggering of an action potential 
(p. 192 ). The neuronal N-cholinoceptors appa­
rently consist only of a- and JJ-subunits. Some 
of the receptors for the transmitter y-amino­
bu~ic add (GABA) belong to this receptor 
family; the GABAA subtype is a chloride chan­
nel (and also contains a benzodiazepine bind­
ing site, see p. 222). Glutamate and gl)'rine 
both act via ligand-gated ion channels. 
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The insulin receptor protein represents a 
~repdaed enzyme (1Jo FJ.g. 9.4C), a cata­
lytic receptor. When insulin binds to the 
extracellular attachment site, a tyrosine kinase 
activity is "switched on" at the intracellul;u­
portion. Protein phosphorylation leads to 
altered cell function via the assembly of other 
signal proteins. Receptors for growth hor­
mones also belong to the catalytic receptor 
dass. 

Protein synthesis-regul.;lting recepturs 
(1Jo Fig. 9.4D) for steroids and thyroid hormone 
are found in the cytosol and in the cell nucleus 
respectively. The receptor proteins are located 
intracellularly; depending on the hormone 
either in the cytosol (e.g., glucocorticoids, min~ 
eralocorticoids, androgens, and gestagens) or 
in the cell nudeus (e.g., estrogens, thyroid hor­
mone). Binding of hormone exposes a nor­
mally hidden .d~main of the receptor protein, 
thereby penrutting the latter to bind to a par­
ticular DNA nucleotide sequence on a gene and 
to regulate Its transcription. The ligand-recep­
tor co~plexi!S thus function as transcription 
regulating factors. 'lranscription is usually ini­
tiated or enhanced, rarely blocked. 

The hormone-receptor romplexes interact 
pairwise with DNA. These pairs (dimers) may 
consist of two identical hormone-receptor 
co~lexes (homodimeric form. e.g., with adre­
nal or gonadal hormones). The thyroid hor­
mone-reCI!ptor romplex occurs in heterodimeric 
form and combines with a cis-retinoic add­
receptor complex. 

.,. Thpograpby of ligand binding. The recep­
tor site through which an endogenous messen­
ger elicits activation of the receptor prot~:in 
is called orthosteric. Most pharmacoloJical 
receptor agonists and antagonists use the 
o~osteric area. Ugands that act by docking to 
a different receptor region are dassified as 
allosteric. If the two binding sites are adjacent, 
they can be occupied at the same time by suit­
able ligands; this is known as dualsteric or 
bitopical binding. 
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9.5 G-Protein-coupled Receptors 

Mode of Operation of G-Proteln­
coupled Receptors 
Signal transduction at G-protein-coupled 
receptors uses essentially the same basic 
mechanism ("' Fig. 9.5A). Agonist binding to 
the receptor leads to a change in receptor pro­
tein conformation. This change propagates to 
the G-protein: the a-subunit l!lC.Changes GOP 
for GTP then dissociates from the two other 
subuniu, usociates with an effector protein 
and alters its functional state. In principle, the 
JJ- andy-subunits are also able to interact with 
effector proteins. The a-subunit slowly hydro­
lyses bound GTP to GOP. G,.-GDP has no affin­
ity for the effector protein and re-associates 
with the P- and y-subunits ("' Fig. 9.5A). G­
proteins can undergo lateral diffusion in the 
membrane; they are not assigned to individual 
receptor proteins. However, a relation exists 
between receptor types and G-protein types 
("' Fig. 9.58). Furthermore, the a-subunits of 
individual G-protelns are distinct in terms of 
their affinity for different effector proteins, as 
well as the kind of influence exerted on the 
effector protein. G..-GTP of the G,-protein 
stimulates adenylyl cyclase, while G..-GTP of 
the ~-protein is inhibitory. The G-protein­
coupled receptor family includes muscarinic 
cholinoceptors, adrenoceptors for norepi­
nephrine and epinephrine, as wcll as recepiDrs 
for dopamine, histamine, serotonin, glutamate, 
GABA, morphine, prostaglandins, leukotrienes, 
and many ather media!Drs and hormones. 

Major effector proteins tor G-protein­
coupled receptors Include adenylyl cyclase 
(ATP -+ intracellular messenger cAMP), phos­
pholipase C (phosphal:idylinositol -+ intracel­
lular messengers Inositol ttisphosphate and 
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diacylglyurol), as well as ion channel proteins 
("' Fig. 9.58). Numerous cell functions are regu­
lated by cellular cAMP concentration, because 
cAMP enhances activity of protein kinase A. 
which catalyzes the t ransfer of phosphate 
groups oniD functional proteins. Elevation of 
cAMP levels leads to relantion of smooth 
muscle tonus, enhanced contractility of cardiac 
muscle, as well as increased glycogenosis and 
lipolysis (p. 1 08~ PhosphoryLar:ion of cardiac 
calcium channel proteins increases the proba­
bility of channel opening during membrane 
depolarization. It should be noted that cAMP is 
inactivated by phosphodiesterase. Inhibitors of 
this enzyme elevate intracellular cAMP con­
centration and elidt effects resembling those 
of epinephrine. 

The receptor protein Itself may undergo 
phosphorylation, with a resultant loss of !ts 
ability to activate the associated G-protem. 
This is one of the mechanisms that contribute 
to a decrease in sensitivity of a cell during 
prolonged receptor stimulation by an agonist 
(desensitization). 

Gq-mediated activation of phospholipase C 
leads to cleavage of the membrane phospho­
lipid phosphatidylinositol 4,5-bisphosphate into 
inositol tl'ispbosplliR (1P3) and ~rol 
(DA.G~ II'] promotes release of (a2• from storage 
organelles, whereby contraction of smooth 
muscle cells, breakdown of glymgen. or exocy­
tnsis may be initiated. IlAG stimulates protein 
kinase C, which phosphorylalrs certain serine­
or threonine-containing enzymes. 

Certain G-proteins can induce opening of 
cbaDnel protml.s. In this way, potassium chan­
nels can be activated, e.g., acetylcholine effect 
on sinus node (p. 120); opioid effect on neural 
impulse transmission (p. 210). 
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9.6 Plasma Concentration and Effect 

Time Course of Plasma Concentration 
and Effect 
After the administration of a dnJi. its concen­
tration in plasma rises, reaches a peak, and 
then declines gradually to the starting level, 
owing to the processes of distribution and 
elimination (p. 64). Plasma concentration at a 
given point in time depends on the dose 
administered. Many drugs exhibit a linear rela­
tionship between plasma concentration and 
dose within the therapeutic range ( dose-UneM 
ldnetks ,.,.. Fig. 9.6AJ; note dilferent scales on 
ordinate). However, the same does not apply to 
drugs whose elimination processes are already 
sufficiently activated at therapeutic plasma 
levels so as to preclude further proportional 
increases in the rate of elimination when the 
concentration is increased further. Under these 
conditions, a smaller proportion of the dose 
administered is eliminated per unit time. 

A model example of this behavior is the 
elimination of ethanol (p. 62 ). Because the 
metabolizing enzyme, alcohol dehydrogenase, 
is already saturated at low ethanol concentra­
tions, only the same amount per unit time is 
brolclen down despite rising concentrations. 

The time courses of the ejfect and of the 
concentrotion in plasma are not identical, 
because the concentration-effect relationship 
is complex (e.g., with a threshold phenom­
enon) and often obeys a hyperbolic function 
(.,.. Fig. 9.68). This means that the time course of 
the effect exhibits dose dependence also in the 
presence of dose-linear kinetics (.,.. Fi&. 9.6C). 

In the lower dose range (example 1), the 
plasma 11!\11!1 passes through a concentration 
range (0-0.9) in which the change in colla!n­
tration still correlates quasi-linearly with the 
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change in effect The time courses of the con­
centration in plasma and the effect(.,.. Fig. 9.6A 
and .,.. Fig. 9.6C, left graphs) are very similar. 
However, after a hi&h dose (100), the plasma 
level will remain in a concentration range 
(between 90 and 20) where changes in con­
centration do not evoke significant changes in 
effect 

Accordingly, the time-effect curve displays a 
kind of plateau after high doses (100). The 
effect only begins to wane after the plasma 
level has fallen to a range (below 20) in which 
changes in plasma level are reflected in the 
intensity of the effect 

The dose dependence of the time course of 
the drug effect is exploited when the duration 
of the effect is to be prolonged by administra­
tion of a dose in excess of that required for the 
effect This is done in the case of penidllin G 
(p. 268), when a dosing interval of 8 hours Is 
recommended although the drug is eliminated 
with a half-life of 30 minutes. This procedure 
is, of course, feasible only if supramaximal dos­
ing is not associated with toxic effects. 

It follows that a nearly constant effect can 
be achieved. although the plasma level may 
fluctuate ~tly during the interval between 
doses. 

The hyperbolic relationship between plasma 
concentration and effect explains why the time 
course of the effect, unlike that of the plasma 
concentration, cannot be described in terms of 
a simple exponential function. A half-life can 
only be given for the processes of drug abso111-
tion and elimination, bella! the chanae tn 
plasma levels, but generally not for the onset 
or decline of the effect 
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1 0.1 Adve~ Drug Effects: Causes 

Adverse Drug Effeds. Side Effects 
The desired (or intended) principal effect of 
any drug is to modify body function in such a 
manner as to alleviate syrnptoln5 caused by 
the patienfs illness. bt addition. a dru& may 
also elicit unwanted effects that In tum may 
cause complaints, provoke illness, or even lead 
to death. 

~ C.uses of Adverse meets: OYerdo,. 
(~ F1J. 10.1A). The drug is administered in a 
higher dose than is required for the principal 
effect; this directly or indirectly affects other 
body functions. 

For instance. morphlne (p. 210), given in 
the appropriate dose, affords excellent pain 
relief by influencing nociceptive pathways in 
the CNS.In excessive doses, it inhibits the res­
piratory center and makes apnea Imminent. 
The dose dependence of both effects can be 
graphed in the form of dose-response Cllnles 
(ORCs). The distance between the two ORCs 
i~cates the. difference between the therapeu­
tic and toxic doses. This ma!Jin of safrty 
("therapeutic index") indicates the risk of tm­
icity when standard doses are exaeded. 

It should be noted that, apart from the 
~unt administered, the rate of drug delivery 
IS Important. The faster blood levels rise the 
higher concentrations will climb (see ; Fig. 
7 2B). Rather than being required therapeuti­
cally, the initial concentration peak following 
1.~. injection of morphine-like agents causes 
stde effects, e.g., intmication (p. 210) and res­
piratory depression. 

'"The dose alone makes the poison" (Paracel­
sus~ This holds true for both medicines and 
environmental poisons. No subst4nce as such is 
tOJdcl bt order to assess the risk of tmicity 
knowledge is required of: (1) the effective dos~ 
during exposure; (2) the dose level at which 
damage Is likely to occur. 
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~ InCI'HSI!d sensitivity (~ Fig. tO.lB). If cer­
tain body functions develop hyperreactivity, 
unwanted effects can occur even at normal 
dose levels. Increased sensitivity of the respira­
tory center to morphine is found in patients 
with chronic lung disease, in neonates, or dur­
ing concurrent exposure to other respiratory 
depressant agents. The DRC is shifted to the left 
and a smaller dose of morphine is sufficient to 
paralyze respiration. Genetic anomalies of 
mmbollsm may also lead to hypersensitivity· 
cf. pharmaco&enetics (p. 96}. The above fOrms 
of hypersensitivity must be distinguished from 
allergies involving the immune system (p. 90). 

~ Lldl: of selectivity (~ fll. 10.1C). Despite 
appropriate dosing and normal sensitivity 
undesired effects can occur because the dru!i 
does not spedfically act on the targeted 
(diseased) tissue or organ. For instance, the 
antic~u?linergic atropine is bound only to ace­
tylcholine receptors of the muscarinic type; 
however. these are present in many different 
organs. Moreover, the neuroleptic chlorproma­
zine is able to interact with several different 
receptor types. Thus, its action is neither 
organ-5pedfic nor receptor-specific. 

The consequences of lack of selectivity can 
often be avoided if the drug does not require 
~e. blood route. to reach the target organ but 
ts, tnstead, applied locally, as in the adminis­
tration of parasyrnpatholytics in the form of 
eye drops or in an aerosol for inhalation, 

Side effects that arise as a consequence of a 
known mechanism of action are plausible and 
the connection with drug ingestion is simple 
to recognize. It is more difficult to detect 
unwanted effects that arise from an unknown 
~ction. SOme compelling exa111>les of these 
mdu.de fetal damage after taking a hypnotk 
(thalidomide). pulmonary hypertension after 
appetite depressants, and fibrosis after antimi­
graine drugs. 

With every drug use, unwanted effects must 
be taken into account. Before prescribing a 
drug. the physician should therefore do a risk­
benefit aJY)ysb. 
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1 0.2 Drug Allergy 

DrugAiergy 
The immune systrm normally functions to 
inactivate and rel'llOVI! high-molecular-wright 
•forei&n" matter taken up by the OJ13Di.sm. 
Immune responses can, however, occur with­
out appropriate cause or with exaggerated 
Intensity and may harm the organism; for 
Instance, when allergic reactions are caused by 
drugs (active ingredient or pharmaceutical 
exdpients). Only a few drugs, e.g., (heterolo­
gous) proteins, have a molecular weight large 
enough to act as elfective anttaens or lmmu­
oogeus, capable by themselves of initiating an 
immune response. Most drugs or their metab­
olites (so~ed hapems) must first be con­
verted to an antigen by linkage to a body 
proll!in. In the case of penicillin G, a cleavage 
product (penidlloyl residue) probably under­
goes covalent binding to protein. 

During Initial conuct with the drug, the 
immune system is sensitized: antigen-specific 
lymphocyll!s of the T -type and B-type (anti­
body formation) proliferate in lymphatic tissue 
and some of them remain as so-called memory 
cdls. Usually, these processes remain clinically 
silent. 

During the second contact. antibodies are 
already present and memo!}' celLs proliferate 
rapidly. A detectable immune response­
the allergic reaction-oa:urs. This can be of 5e'.ll!ll! 

intensity, even at a law dose of the antigl!n. Four 
types Df reactions can be distinguished: 

.,.. ~e 1, ampby~ctic ~on. Drug-spe­
cific antibodies of the lgE-type combine via 
their Fe moiety with recepiDrs on the surface 
of mast ails. Binding of the drug provides the 
stimulus for the release of histamine (p. 130) 
and other mediators. In the most severe form, 
a life-threatening anaphylactic shock develops, 
accompanied by hypotension, bronchospasm 
(asthma attack), laryngeal edema, urticaria, 
stimulation of gut musculature, and spontane­
ous bowel movements. 
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.,.. ~ 2, cytotoxic l'Nrtion. Drug-antibody 
(IgG) compms adhere to the surface of blood 
crUs, wbere either circulating drug molecules 
or complelU!s already formed in blood accumu­
late. These compleJU!s mediate the activation of 
complement, a family of proteins that drculate 
in the blood in an inactive form, but can be 
activall!d in a cascadelike succession by an 
appropriate stimulus. Activall!d complement, 
normally direcll!d against microorganisms, can 
destroy the ceU membrunes and thereby cause 
cell death; it also promotes phagocytosis, 
attracts neutrophil granulocytes (chemotaxis), 
and stimulates other inflanmaiDry responses. 
Activation of complement on blood Cl!lls resuh 
in their destruction, evidenced by hemolytic 
anemia, av.mulocytDsis, and thrombocytopenia. 

.,.. ~e 3, immune-complex vasculitis (serum 
sickness, Arthus reaction). Drug-antibody 
complexes precipitate on vascular walls, com­
Pienu;nt .is ~ivated, and an inflammatory 
reaction lS triggered Attracll!d neutrophils, in 
a futile attempt to phagocytose the complexes 
liberate lysosomal enzymes that damag~ 
the vascular walLs (inflammation, vasculitis~ 
Symptoms may include fever, exanthema, 
swelling of lymph nodes, arthritis, nephritis, 
and neuropathy. 

.,.. 'JYpe 4, contact dermatitis. A cutaneously 
applied drug i.s bound to the surface of T-lym­
phocytes directed specifically against it. The 
lymphOcyll!s release signal molecules (lympho­
kines) into their vicinity that activate maao­
phages and provoke an inflammatory reaction. 

Remarkably, virtually no drug group is com­
plerely free of allergic side effects. However 
some chemical structures are prone to ca~ 
allergic reactions. 
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1 0.3 Cutaneous Readions 

Cutaneous Reactions 
Upon systemic distribution, many drugs evoke 
skin reactions that are caused on an immuno­
loaical basis. Moreover, cutaneous injury can 
also arise from nonimmunolozjcal mecha­
nisms. Cutaneous side efferu vary in severity 
from harmless to lethaL Cutaneous reactions 
are a common form of drug adverse reaction. 
Nearly half of them are attributed to antibiot­
ics or sulfonamides, and one-third to nonster­
oidal anti-inflammatory ap:nts, with many 
other pharmaceuticals joining the list 

The following clinical conditions are noted: 
• 1bldc aytbema with a maculopapular rash 

similar to that of measles and scarlet fever 
(.,.. Flg. 10.3B,Ieft; the most common clinical 
condition). 

• Urticaria with itchy wheals as part of a "IYPe 
1 reaction including anaphylactic shock. 

• Flxederuptions(drugexanthems)with 
mostly a few demarcated, painful lesions, 
that may also be located in intertriginous 
skin regions (genital area, mucous mem­
branes). With repeated exposure, these typi­
cally recur at the same sites. 

• Steven-johnson syndrome (SJS, erythema 
multiforme) and toxic epidel'ltW necrolysis 
(TEN or ~I syndrome) with apoptosis of 
keratinocytes and bullous detachment of the 
epidermis from the dennis. When more 
than 30% of the body surface is affected, TEN 
Is present Its course is dramatic: and the out­
come not rarely fatal. 

!he aforementione~ reactions are thought to 
u:~olve the followmg pathogenetic mecha­
msms. With penicillins, openina' of the P,.lac­
tam bond is possible. The resulting penicilloyl 
group binds as a hapten to a protein. This may 
lead to an Ig-E-mediated tm.1pbyli1Ctic reie­
tion, manifested on the skin as urticaria. 
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Biotranstormation via cytochrome oxidase 
~yield reactive products. Presumably lcera­
nnocytes are capable of such metabolic reac­
tions. In this way, the para-amino group of 
sulfonamides can be converted into a hydroxyl 
:mDne group, which then aru as a hapten to 
mduce a "IYPe 4 reaction in the skin. Fixed 
maculopapular lesions are thought to arise on 
this basis. 
• PempbJiw-Uke manifestations with forma­

tion of blisters. The development of cutane­
ous manifestations is not as ominous as in 
SJS or TEN, the blisters being located intra­
epidermally. This condition involves the for­
mation of autoantibodies directed against 
adhesion proteins (desmoglein) of des­
mosornes, which link keratinocytes to each 
?rher. D-penlcillamine and rifampicin are 
mducers of the rare drug-associated pem­
phigw (p. 308). 

• Photosensitivity reactions result from expo­
sure to sunlight, in particular the UVA com­
ponent In pbototDxk reactions, drug 
molecules absorb photic energy and tum 
into reactive compounds that damage skin 
cells at their site of production. Plant constit­
uents can also trigger phototoxic reactions. 
A large number of species from various plant 
families contain substances that can cause 
cell damap: in the skin under the influence 
of sunlight. These include Herodeum species 
(e.g., Herodeum sphondylium, common hog­
weed) and St.John's wort (Hypericum perfo­
rutum). The latter is a well-known herbal 
medi~ine. In photoallergic reactions, photo­
re~on products bind covalently to pro­
terns as haptens and trigger~ 4 anergic 
responses. The type and localization are dif­
ficult to predict. 
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1 0.4 Pregnancy and La dation 

Drug Toxldty In Pregnancy and Lacta­
tion: Effects on the fetus or the neonab! 
Druas uken by the mother can be passed on 
transplacenully or via breast milk and can 
adversely affect the unborn or the neonate. 

.,. Pre~Jtancy ("" Fig. t0.4A). Umb malforma­
tions induced by the hypnotic thalidomide 
( Contergan) first focused attention on the 
potential of drugs to cause malformations 
(tmlto~JMicity). Drug effects on the unborn fall 
into two basic categories: 
1. Predictable effects that derive from the 

known pharmacological drug properties. 
Examples indude masculinization of the 
female fetus by androgenic hormones; 
brain hemorrhage due to oral anticoagu­
lants; bradyt:ardia due to Jl-blockers. 

2. Effects that specifically affect the develop­
ing organism and that cannot be predicted 
on the basis of the known pharmacological 
activity profile. 

In assessing the risks attending drug use dur­
ing pregnancy, the following points have to be 
considered: 
a) nme of drug use. The possible sequelae of 

exposure to a drug depend on the sure of 
feu! development, as shown in .,. Fig. 10.4A. 
Thus, the hazard posed by a drug with a 
specific action is limited in time, as iUus­
trated by the tetracyclines, which produce 
effects on teeth and bones only after the 
third month of gestation, when mineraliza­
tion begins. 

b) DuruplaCEiltal ~ Most drugs can pass 
in the placenu from the maternal into the 
feu! circulation. The syncytiotrophoblast 
formed by the fusion of cytotrophoblast 
cells represents the major diffusion barrier. 
It possesses a higher permeability to drugs 
than suggested by the term "placental bar­
rier. • Accordingly, all centrally acting drugs 
administered to a pregnant woman can 
easily reach the fetal organism. Relevant 
examples indude antiepileptics, anxio­
lytics, hypnotics, antidepressants, and 
neuroleptics. 
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c) Teratogmicity. Sutistical risk estimates are 
iiVailable for familiar, frequently used drugs. 
For many drugs. teratogenic potency cannot 
be demonstrated; however, in the case of 
novel drugs it is usually not yet possible to 
define their teratogenic hazard. To give an 
example: lf It can be suted that a certain 
drug increases the risk of malformation by 
a factor of 5, what this means should be 
understood (and possibly explained to the 
mother-to-be): in healthy women, about 
one malformation occurs in 1000 births. 
that is, 999 children are born without a 
malformation. The increase by a factor of 5 
means that In our example 995 chlldren 
will be born healthy despite the risk due to 
the drug. 

Drugs with esublished human teratogenicity 
indude derivatives of viUmin A (etretinate, 
isotretinoic add). A peculiar type of damage 
results from the synthetic estrogenic agent 
diethylstilbestrol following its use during preg­
nancy: daughters of treated mothers have an 
increased incidence of cervical and vaginal car­
cinoma at the age of about 20 years. Use of this 
substance in p~cy was banned in the 
United States in 1971. 

In assessing the risk-benefit ratio, it is also 
necessarY to consider the benefit for the child 
resulting from adequate therapeutic treatment 
of its mother. For insUnce, therapy with 
antiepileptic drugs is indispensable, because 
untreated epilepsy endangers the unborn chlld 
at least as much as does administration of 
anticonwlsants. 

Drug withdrawal reactions may occur in 
neonates whose mothers use drugs of abuse or 
antidepressants of the SSRI type. 

.,. Lactation ("" Fig. 10.48). Drugs present In 
the maternal organism can be secreted In 
breast milk and thus be ingl!sted by the Infant 
Evaluation of risks should be based on factors 
listed in .,. Fig. 10.48. in case of doubt, potential 
danger to the infant can be averted only by 
weaning. 
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1 0.5 Genetic Variation of Drug Effects 

Pharmamgenetks 
l'biumacogenetics is concerned with the 
genetic variability of drug effects. Differell0!5 
in genetic sequences that occur at a frequency 
of at least 1% are designated as polymor­
phisms. Rare variants are observed in less 
than 1% of a population. Polymorphisms may 
either Influence the pharmacokinetics of a 
drug or occur in the genes that code the pro­
teins fur drug binding and drug action. Genetic 
variants c;m arise in the gennline (genes) and 
therefore be present in all cells in the body 
(~ Fig. 1 O.SA). They can also occur selectivoely, 
however, as "somatic mutations• in individual 
cells, fur instance contributing to the develop­
ment of tumors (~ Fig. 10.SA). Body cells or 
tumor mall!rial must be tested genetkally 
depending on whether gennline or somatic 
mutations are present 

~ Genetic vmmts of phaJnycoJdnetics. 
Polymorphisms can occur in all genes that 
~dpate in the absorption. distribution. 
btotransformation. and elimination of drugs. 
Subjects who break down a drug more slowly 
owing to a genetic defect are classified as "slaw 
metabolizers• or "poor metabollzers" in con­
n:ast to "no~ metabolizers." When delayed 
biotransformation causes an excessive rise in 
plasma levels. the incidence of toxic effects 
increases. as e'Videnced by the example of the 
immunosuppressants azathioprine and mer­
captopurine. Both substances are converted to 
inactive methylthiopurines by the enzyme thi­
opwioe methyltransferase (TMPT). About 10% 
of patients carry a genetic polymorphism that 
leads to reduced TMPT activity and in < u; 
enzyme activity is undetectable. As a result of 
the diminished purine methylation. the plasma 
level of active drug rises and. hence, the risk of 
toxic bone marrow damage rises. To avoid 
unwanted toxic effects, TMPT activity can be 
determined in erythrocytes befure therapy 
with mercaptopurine is started. ht patients 
with compl~ TMPT deftciency, the dose of 
azathioprine should be reduced by 90%. 

Other genetic variants of drug metabolism 
may have a similar impact: a defect of N-~ 
tyltransferase 2 impedes the N-acetylation of 
diverse d~, including isoniazid, hydralazine, 
sulfonamtdes, donazepam, and nitrazepam. 
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"Slaw acetylators" (SG--60% of the population} 
are more likely than "fast acetylators" to 
develop toxic reactions and neuropathy. A 
genetic defect of the cytochrome P450 1~ 
zyme CYP2D6 (originally described as debrlso­
quine-spart.eine polymorphism) occurs in -B% 
of Europeans and results in delayed elimina­
tion of various drugs, including metoprolol, 
flecainide, nortriptyline, dl!sipramine, and 
amitriptyline. CYP2D6 variants influence not 
only drug inactivation but also activation. For 
instance, the plasma level of endoxifen. the 
active metabolite of tamaxifen, depends on 
the activity of the CYP2D6 enzyme (p. 50). 

~ Genetic vmmts or ptwmacoclylwnlcs. 
Genetic polymorphisms can also involve genes 
that mediate the elfects of drugs and, hence, 
alter pharmacodynamics. In these cases, the 
biological effects of a drug are changed, rather 
than its plasma levels. Jvacaftor, which is 
licensed for treatment of mucoviscidosis 
(cystic fibrosis) patients with a certain genetic 
variant of the CFrR chloride channel ( CFrR­
G44tD) provides an example. In this CFrR mu­
tation. ivacaftor improves the defective open­
ing of the chloride channel. Genetic variants 
can also be associated with an increased risk 
of adverse drug effects. For instance, severe 
hypersensitivity reactions to abacavir occur 
much more often in HIV patients with HIJ\-
8"5701 genotype than in patients without 
this HIJ\ variant, so they must not be given 
abaca vir. 

~ Genetic vmants of pharrrYcodynamlcs In 
tumor cells. Mutations in somatic genes can 
be very important for the response to rumor 
therapy. The kinase inhibitor imatinib (p. 302) 
works particularly well in cells in which the 
fusion protein Bcr-Abl has occurred due to 
genetic translocation. By cont rast, panitumu­
rnab, an antibody directed against the EGF 
receptor ( • HERl ), is ineffectiVI! in such tumor 
cells, where activating mutations occur in the 
KRAS gene and promote rell proliferation 
(p. 300 and tf. Table 47.1 ~ 

A summary of the drugs for which genetic 
tests are useful or necessary can be found at 
www.pharmgkb.org. 
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11.1 Placebo Therapy 

Placebos and the Placebo Effect 
A placebo (.,.. Fig. tt.tA) is a d~ fonn 
devoid of an activt! ingredient-a dummy med­
ication. Administration of a placebo may elicit 
the desired effect (relief of symptoms) or 
undesired e!Iects that reflect a change in the 
patient's psychological situation brought about 
by the therapeutic setting. 

Therapists may consciously or uncon­
sdously communicate to the patient whether 
or not they are concerned about the patient's 
problem. or are certain about the diagnosis 
and about the value of prescribed therapeutic 
measures. In the care of a physidan who proj­
ects personal warmth, competence, and confi­
dence, the patient in tum feels comfort and 
less anxiety and optimistically anticipates 
recOvt!ry. The physical condition determines 
the psychic disposition and vice versa. con­
sider gravt!ly wounded combatants in war, 
o~livious to their injuries while fighting to sur­
VIlle, only to experience sevt!re pain in the 
safety of the f~eld hospital; or the patient with 
a peptic ulcer caused by emotional stress. 

.,.. Clinical trials. In the individual case, it 
may be impossible to decide whether thera­
peutic SIICCI!ss is attributable to the drug or to 
the therapeutic situation. What is therefore 
required is a comparison of the effects of a 
drua and of a placebo in matched ifOUps of 
patients by means of statistical procedures, i.e., 
a placebo-controlled trial. For serious diseases 
the comparison group has to be treated with 
the best therapy known to dab!, rather than a 
placebo. To be acceptable, the test group 
receiving the new medicine must show a result 
superior to that of the coJ:'l1)arison aroup. 

A prospectivt! trial is planned in advance. A 
retrospective (case-control) study follows 
patients backward in time, the decision to ana­
lyze being made only after completion of ther­
apy. Palients are randomly allotted to two 
groups, namely, the placebo and the active or 
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test drug group. In a double-blind trial, neither 
the patients nor the treating physidans tmow 
whkh patient is givt!n drug and which placebo. 
Finally, a switch from drug to placebo and vice 
versa can be made in a siiCCI!ssive phase of 
treatment, the crossOvt!r trial. In this fashion. 
drug vs. placebo comparisons can be made not 
only between two patient groups but also 
within either group. 

.,.. Homeop;tthy (.,.. Fig. 11.1B}. Homeopathy 
is an alternative method of therapy, developed 
at the beginning of the tgd> century by Samuel 
Hahnernann, which has taken no notice of the 
advances in medicine and sdence of the last 
200 years. His idea was this: when given in 
nonnal (allopathic) dosage, a drug (in the 
sense of medicament) will produce a constella­
t ion of symptoms; howevt!r, in a patient whose 
disease symptoms resemble just this mosaic of 
symptoms, the same drug (simile principle) 
would effect a cure when given in a very low 
dosage ("potn~tiotion"). The body's self-healing 
powers were to be properly activated only by 
minimal doses of the medicinal substance. The 
homeopath's task is not to diagnose the causes 
of morbidity, but to find the drug with a 
"symptom profile" most closely resembling 
that of the patient's illness. This requires in­
depth probing into the patient's complaints. 
With the accompaniment of a prescribed ("rit­
ualized") shaking procedure, the drug Is then 
highly dilull!d (in tO-fold or tOO-fold series). 

No direct action or effect on body functions 
can be demonstrated for homeopathic medi­
cines. The suggestive power of a convinced 
homeopath undoubtedly contributes to the 
"therapeutic success" but also entails the dan­
g.er that diseases that are curable by convt!n­
tlonal (allopathic} medicine will not recelvt! 
this treatment or that it will be employed too 
late. A salutary example that may be dted is 
the treatment of breast cancer with highly 
diluted mistletoe extract. 
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12.1 Function of the Sympathetic System 

Sympathetic Nerwus System 

In the course of phylogeny an efficient control 
system ewlwd that enabled the fwtctions of 
individual organs to be orchestrated in increas­
inaJy CO!ll'lex life forms and permitted rapid 
adaptation to changing environmental condi­
tions. This regulatory SYStem corusists of the 
central nervous system (CNS) (brain plus spi­
nal cord) and two separate pathways for two­
way communicati~n with peripheral organs, 
namely, the somatic and the autonomic nerv­
ous s~~erns. The so~ nervous system, 
compnsmg exteroceptiVe and interoceptive 
afrerents, spedal sense organs, and motor 
efferents, serves to perceive external states and 
to target appropriate body movement (sensory 
perception: threat ... response: flight or attack). 
The autonomic (vegetatiw) nervous system 
(ANS) together with the endocrine system con­
trols the milieu interleur. It adjusts internal 
organ functions to the changing needs of the 
organism. Neural control permits very quick 
adaptation, whereas the endocrine system 
provides for long-term regulation of functional 
states. The ANS operates lazgely beyond volun­
tary control: it functiorus autonomously. Its 
central components reside in the hypothala­
mus, brainstem. and spinal cord. The ANS 
also participates in the regulation of endocrine 
functions. 

The ANS has sympathetic and parasympa­
thetic (p. 118) branches. Both are made up of 
centrifugal (efferent) and centripetal (afferent) 
nerves. In many organs innervated by both 
br~ches, respective activation of the sympa­
thetic and parasympathetic input eYOkes 
opposing responses. 

In various disease states (organ malfwtc­
tions~ drugs are emplll)"!<< with the intention 
of normalizing susceptible organ fwtctions. 1b 
understand the biological effects of substances 
capable of inhibiting or excitint sympathetic 
or parasympathetic nerves, one must firSt 
envisage the functions subserved by the 
sympathetic and parasympathetic divisions 
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(~ Fig. t2.1A. Response to sympathetic activa­
tion). In simplistic terms, activation of the 
sympathetic division can be considered a 
me~s by which the body achieves a state of 
miiXlmal work capadty as required in fight-or­
flight situations. 

In both cases, there is a need for vigorous 
activity of skeletal musculature. To ensure ad­
equate supply of oxygen and nutrients, blood 
flow in skeletal muscle is increased; cardiac 
~ate and contractility are enhanced, resulting 
m a larger blood volume being pumped into 
the circulation. Narrowing of splanchnic blood 
vessels diverts blood into vascular beds In 
muscle. 

Because digestion of food in the intestinal 
tract is dispensable and essentially counter­
productive, the propulsion of intestinal con­
tents is slowed to the extent that peristalsis 
diminishes and sphincters are naJTO\'IIed How­
ever, in order to increase nutrient supply to 
heart and musculature, glucose from the liver 
and free fatty adds from adipose tissue must 
be released into the blood. The bronchi are 
dilated, enabling tidal volume and alveolar 
oxygen uptake to be increased. 
~at glands are also innervated by sympa­

thetic fibers (wet palms due to excitement)· 
however, these are exceptional as regards the~ 
neurotransmitter (ACh) (p. 126). 

The lifestyles of modem humans are differ­
ent from those of our hominid ancestors 
but biological functions have remained th~ 
same: a "stress"-induced state of maximal 
~rk capadty, albeit without energy-consum­
Ing ~usde activity. The various bioioglai 
functions of the sympathetic nervous system 
are mediated by different receptors in the 
plasma membrane of the target cells into the 
interior of the cell These receptors will be pre­
s~ted in detail in the following pages. To sim­
plify the subsequent overview. the receptor 
subtypes involved in sympathetic responses 
are listed in ~ Fig. 12.1A (a1, a2, jl1, 132, Jl3 ). 
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12.2 Strucb.Jre of the Sympathetic Nervous System 

Structure of the Sympathetk Nerwus 
SysUm 
The sympathetic preganglionic neurons (first 
neurons) project from the intermediolateral 
column of the spinal gray matter to the paired 
paravertebral ganglionic chain lying along.side 
the vertebral column and to unpaired preverte­
bral ganglia. These ganglia represent s ites of 
synaptic contact between preaanalionic axons 
(1st neurons) and nene ceUs (2nd neurons or 
sympathoeytes, .,. Fig. 12.2A) that emit axons 
terminating at post(aJ1gl1ook synapses (or 
contacts) on CElls in various end organs. In 
addition, there are preganglionic neurons that 
project either to peripheral ganglia in end 
organs or to the adrenal medulla. 

11> Sympathetic tr.msmitter substances. 
Whereas acetylcholine (seep. 120) serves as 
the chemical transmitter at ganglionic synap­
ses between first and second neurons. nore­
pinephrine (noradrenaline) is the mediator at 
synapses of the second neuron (11> Fig. t2.2A). 
This second neuron does not synapse with 
only a single cell in the effector organ; rather it 
branches out. each branch making en passant 
contacts with several cells. At these junctions 
the nerve axons form enlargements (varicos­
ities) resembling beads on a string. Thus, exci­
tation of the neuron leads to activation of a 
larger aggregate of effector cells, although the 
action of released norepinephrine may be con­
fmed to the region of each jWlction. Excita­
tion of preganglionic neurons innervating the 
adrenal medulla causes liberation of acetyl­
choline. This. in turn, elicits secretion of 
epinephrine (adrenaline) into the blood, by 
which it is distributed to body tissues as a 
hormone ( 11> Fig. 12.2A). 

Adrenergic Synapse 
Within the varicosities, norepinephrine is 
stored in small membrane-enclosed vesicles 
( 11> fig. 12.28) (granules, 0.05-0.2 pm in dia­
meter). In the axoplasm, norepinephrine is 
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formed by stepwise enzymatic SYRthesis from 
L-tyroSine, which is converted by tyrosine 
hydroxylase (111) to L-dopa (see Parkinson 
chaptl!r, p. 334~ IA!opa in tum is decarboxy­
lated by aromatic amino acid decarboxylase 
(AADC) to dopamine, which is taken up into 
storage vesicles by the vesicular monoamine 
transporter (VMAT~ In the veside, dopamine is 
converted to norepinephrine by dopamine 
Jl-ltydraltylase (DBH). In the adrenal medulla, 
the major portion of norepinephrine undergoes 
enzymatic methylation to epinephrine by pbe­
nylethanolamne N-methyltransferase, PNMT. 

When stimulated electrically, the sympa­
thetic nerve discharges the contents of part of 
its vesicles, induding norepinephrine, into the 
extracellular space. liberated norepinephrine 
reacts with adn!noceptors located postjWlc­
tionally on the membrane of effector cells or 
prejunctionally on the membrane of varicos­
ities. .Activation of presynaptic ttz-receptors 
inhibits norepinephrine release. Through this 
negative feedback, release can be regulated. 

The effect of released norepinephrine wanes 
quickly, because -!1m is transported back into 
the axoplasm by a specific transport mecha­
nism (norepinephrine transportet; NET) and 
then into storage vesicles by the vesicular 
transporter (neuronal reuptake). The NET 
can be inhibited by tricydic antidepressants, 
selective norepinephrine reuptake inhibitors 
(SNRis), and cocaine. Moreover, norepinephr­
ine is takrn up by transporters into the effector 
cells ( extraneuronal monoamine transporter, 
EMf). Part of the norepinephrine undergoing 
reupt:ae is enzymatically inactivated to norme­
tanephrine via catechol O..methyltranslerase 
(COMT, present in the cytoplasm of posljWIC­
tional cells) and ID dihydraJlYiliOI.ndelic add via 
monoamine oxidase (MAO, present in mito­
chondria of nerve cells and postjunctional 
cells~ 

Apart from the sympathetic nervous sys­
tem. norepinephrine, epinephrine, and their 
receptors are also present in CNS neurons, e.g., 
in the locus ceruleus. 
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12.3 Adrenoceptor Subtypes and Catecholamine Actions 

Aclrenoceptor SUbtypes and 
Catecholamme Actions 
The bioJolical effects of epinephrine and 
norepinephrine are mediated by nine different 
adrenoceptors («tA,B,D• cx2A.B.C, Pt. 131, !Jl). To 
date, only the dassification into CXt. CXz, Pt. Pz, 
and P3-receptors has therapeutic relevance. 
Adrenoceptor agonists are used for various 
indications. 

Smooth Muscle Effects 
The effects on smooth musde (11> Fig. t2.3A) of 
ex- and jJ-adrenoceptor activation ire due to 
differences in signal transduction. a 1-Receptor 
stimulation leads to activation of phospholi­
pase C via Gq,r11 proteins with subsequent pro­
duction of the intracellular messenger inositol 
triphosphate (IP3) and increased intracellular 
release of caldum ions. In concert with the 
protein calmodulin, Ca2• can activate myosin 
light chain kinase. leading to a rise In smooth 
musde tone via phosphorylation of the con­
tractile protein myosin -+ vasoconstriction~ 
a2-Adrenoceptors can also elicit a contraction 
of smooth musde cells by activating phospho­
lipase C (PLC) via the py-subunlts of G; 
proteins. 

cAMP inhibits activation of myosin light 
chain kinase. Via stimulatory G-proteins (G,), 
131-receptors mediate an increase In cAMP 
production (-+ vasodilation). Subsequent inhi­
bition of myosin light chain kinase leads to 
relaxation of smooth muscle cells. 

.,. Vasoconstriction md vasocUlatadon. Vas­
oconstriction induced by local administration 
of a-sympathomimetics can be employed in 
infiltration anesthesia or for nasal deconges­
tion (naphazoline, tetrahydrozoline, xylorneta­
zol!ne). Systemically administered epinephrine 
is important to increase blood pressure in 
the treatment of anaphylactic shock and car­
diac iiiTest. arAdrenoceptor antaJOnists are 
employed in the treatment of essential hyper­
tension and benign prostatic hypertrophy. 

... Bronchndlbdro. IJTAdrenocep!Dr-mediated 
bronchodiiation (e.g.. ~ fenoteroL salbutamol. 
and l:elbutaline) plays an essential part in the 
treatment of bronchial asthma and chronic 
obstructive lung disease (p. 358~ For this pur­
pose, 131-agunists are IISIIa!ly given by inhalation; 
preferred agents being those with low or.tl 
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bioavailability and low risk of systemic unwanted 
effects (e.g.. i!noterol, salbutamo~ l:elbutaline} 
Ri!pid- and short-acting substances such as sal­
butamol or fenoterol are used to treat awte 
bronchospasm Long-acting inhaled JJrmimetic 
agents are available for prevention. for instance, 
salmeterol and formoterol (each with a duration 
of action of about 12 h), and indacaterol, olaterol 
and vilaterol {duration of action roughly 24 h~ 

.,. 'Jbcolysis. The uterine relaxant effect of P2-

adrenoceptnr agonists, such as fenoterol, can 
be used to prevent premature labor. 131-Vasodi­
latation in the mother with an imminent drop 
in systemic blood pressure results in reflex 
tachyardia, which is also due in part to the 
Pt·Stimulant action of these drugs. More pro­
longed 131-receptor stimulation by tocolytic 
agents leads to a drop in efficacy, necessitating 
an increase in dose (see Receptor desensitiza­
tion. p. 1 08). 

.,. Overactive bladder. The relaxant effect of 
IJJ-receptm activation can be used to reduce 
ca:essive bladder wall tone and urge inconti­
nence with the Pragonist mirabegron. 

Cardiostimulation 

By stimulating P-receptors, and hence cAMP 
production, catecholamines augment all heart 
functions including systolic force (positive ino­
tropic effect), velocity of myocyte shortening, 
sinoatrial rate {positive chronotropic effect), 
conduction velocity (dromotropic effect). and 
excitability {bathmotropic effect). In pace­
maker fibers, cAM~gated channels {"pace­
maker channels") are activated, whereby 
diastolic depolarization is hastened and the fir­
ing threshold for the action potential is 
reached sooner (11> Fig. 1231). cAMP activates 
protein kinase A. which phosphorylates differ­
ent Cal+ transport proteins. In this way, con­
traction of heart musde cells is accelerated, as 
more Cal+ enters the cell from the extracellular 
space via J.,.type Ca2• channels and release of 
Ca2• from the sarcoplasmic reticulum {via rya­
nodine receptors, RyR) is augmented. Faster 
relaxation of heart musde cells is effected by 
phosphorylation of troponin and phospholam­
ban {reduced inhibition ofCa2•-ATPase). 

In acute heart failure or cardiac arrest, IJ­
mimetics are used as a short-term emergency 
measure; in chronic failure they are not 
indicated. 
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12.3 Adrenoceptor Subtypes and Catecholamine Actions 

Metabolic Effects 
Jlt-Reaptors via cAMP and a 1-receptms via 
Gcvt t signaling pathways mediall! Increased 
COIM'I'Sion of glycogen to glucose (glyrogmoly­
sis) (.,. Fig. 12.4A) in both liver and skeletal 
musde. From the liver, glucose is released into 
the blood. In adipose tissue. triglycerides are 
hydrolyzed to fatty adds (lipolysis mediated by 
.P:z- and Ill-receptors), which then enter the 
blood. 

Receptor Desensitization 

Prolonged agonist stimulation activall!s cellu­
lar processes that lead to partial switching off 
("desensitization") of the receptor signal 
(ll- Fig. 12.48). Within seconds after receptor 
activation, kinases (e.g., protein kinase A. G­
proll!in-coupled receptor kinases, GRK) are 
stimulated; these phosphorylate intracellular 
receptor domains, thereby decoupling the 
receptor and G-proll!in. PhosphorylatEd recep­
tors are recognized by the adapter protEin 
arrestin. which initiates endocytosis of the 
receptors within minutes. Rl!ceptors can also 
activate intracellular signaling pathways via 
arrestin independent of G-protein stimulation. 
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Individual receptor ligands and drugs that 
switch on G-proll!ins or arrestins selectively 
("biased signaling") have been identified but 
the therapeutic significance of this effect is still 
unknown. Receptors on the cell surface are 
removed by endocytosis and taken up into 
endosomes. From here the receptors can either 
be transported onward to lysosomes to be bro­
ken down or they can return to the plasma 
membrane ("recyding"), where they are ready 
for further signal transmission. Prolonged 
receptor activation (hDUJ"S) also reduces syn­
thesis of new receptor proteins by influencing 
transcription, RNA stability, and translation. 
Overall, these processes protEct the cell against 
<M!rstimulation. but they also reduce the effect 
of agonists employed as drugs. When an ago­
nist is given continuously or repeall!dly, the 
effects achieved diminish (tachyphylaxis). 
When Prmimetics are infused to inhibit pre­
mature labor, the tocolytic effect falls stEadily. 
This process can usually be counll!racll!d by 
increasing the drug dose for only a short time 
until the increasing tachycardia due to activa­
tion of cmliac jkeceptors limits further dose 
increases. 
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12.4 Sympathomlmetics 

StNcture-ActMty Relationships of 
Sympathomlmetk:s 
~ "Jhree..dime:nslo!W structure of tbe adreno­
cepeors c~ flr. 12.SA). Adrenoceptors beloog 
to the C-procrin-roupled recrptor class. These 
have seYen transmembrane helia!s and are 
lOGlb!d in the plasma llll!mbrane. With the puri­
fiCation and crystallization of Jb-adre!IIXl!ptDrs, 
the three-dimensional structure of these rea:p­
tors was first decoded in 2007 (~ Fig. 12.5A~ 
Brian K. Kobilb and Robert j. Lefkowitz (USA) 
were awarded the Nobel Prize in Chemistty in 
2012 lOr discovering adre!IIXl!ptor structure 
and function. Similarly to rhodopsin, the trans­
membrane domains of the receptDr (light 
brown) are arranged in a circle to pnxluce a 
binding poclcrl lbr ligands (epinephrine, white) 
in the center. Epinephrine causes a confonna­
tional change in the rea:ptor, which is trans­
mitted to a C-protein on the inside of the 
membrane. 

Epinephrine is specifically recognized by 
the receptDr through several interaction sites 
(catechol OH groups, a-OH group, amino 
group, aromatic ring) (~ Fig. 12.58). If these 
interaction groups are absent, affinity for the 
receptor diminishes. but a few substances can 
still be recognized and transportl!d by the 
transporters of the adrenergic system so that 
"indirect sympathomimetics" are produced, 
e.g~amphetamine(p.112~ 

Owing to its equally high affinity fur all a­
and ~-receptors. epinephrine does not permit 
selective activation of a particular receptor 
subtype. Ute most catecholamines, it is also 
unsuitable fur oral administration (catechol is 
a common name for o-hydroxyphenol). No­
repinephrine differs from epinephrine by its 
high affinity for a-receptors and low affinity 
for Ill-receptors. The converse holds true for 
the synthetic substance, isoproterenol (isopre­
naline)(~ F~g. 12.5A). 

Norepinephrine-+ a,, ~~ 
Epinephrine -+ cr. ~~. Ill 
Isoproterenol -+ ~, ~2 
Knowledge of structure-activity relation­

ships has permitted the synthesis of sympa­
thomimetics that display a high degree of 
selectivity at adrenoceptor subtypes. 

Diftct-acting sympathomimetics (C) (i.e., 
adrenoceptor agonists) typically share a phene­
thylamine structure. The side chain fl-hydrwcyl 
group confers affinity fi:Jr a- and jl-receptors. 
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Subslitution on the amino group reduces affin­
ity for a-receptors, but increases it for I)-recep­
tors (exception: a-agonist phenylephrine), 
with optimal affinity being seen after the 
introduction of only one isopropyl &roUP· 
Inaeasing the bulk of imino substituents 
favors affinity for Jll-rea:ptors (e.g., fenoterol, 
salbuldmol~ Both hydroxyl groups on the aro­
matic nucleus contribute to affinity; high activ­
ity at a-receptors is associated with hydroxyl 
groups at the 3 and 4 positions. Affinity .for 
~-receptors is preserved in CO!lieners beanng 
hydroxyl groups at positions 3 and 5 ( orcipre­
naline, terbutaline, fenoterol). 

The hydroxyl groups of catecholamines are 
responsible for the very low lipophilidty of 
these substances. Polarity Is Increased at phys­
iological pH owing to protonation of the amino 
group. Deletion of one or all hyd~l groups 
improves the membrane penetrability at the 
intestinal mucosa-blood barrier and the 
blood-brain barrier. Accordingly, these noncat­
echolamine congeners can be given orally and 
can exert CNS actions; however, this structural 
change entilils a loss in affinity. 

Absence of one or both hydroxyl groups 
is associated with an increase in Indirect sym­
patbamimd:lc activity (p. 112), denoti!li the 
ability of a substance to release noreptneph­
rine from its neuronal stores without exerting 
an agonist action at the adrenoc:eptor. 

A change in position of the hydroxyl groups 
(e.~ in ort:iprenaline, fenoteroL or terbutaline) 
or their substitution (e.g., salbutamol) protects 
against inactfwtion by COMT. Introduction of a 
smaU alkyl residue at the carbon atom adjacent 
to the amino group (ephedrine, methamphet­
amine) confers resistance to degradation by 
MAO; replacement on the amino groups of the 
methyl residue with larger substituents (e.g., 
ethyl in etilefrine) impedes deamination by 
MAO. 

Since structural requirements for high affin­
ity on the one hand and oral applicability on 
the other do not match, choosing a sympatho­
mimetic is a matter of compromise. If the 
high affinity of epinephrine Is to be exploited, 
absorbability from the intestine must be fi:!re­
gone (epinephrine, isoprenaline). If good btoa­
vailability with oral administration is desired, 
losses in receptor affinity must be accepted 
( etilefrine). 



12.4 Sympatflomlmettcs 

A. lntaa~ between e!*Jephrlne i111d the IJradreiiOQ!ptor ---------, 

IJrAdrenoceptor 

B. 51rudllre-acllvlty relltlonslllp Gf eplneplnle ---------------, 

Lade; of pa~eb"abtTd.y 
'lhrougfl membrane 
ban1ers 

(poor entEral absorbability 
and CNS penet~bility) 

C~tedlol~mine 
O.methyltlansferase 
(COMT} 

Monoamine oxidase 
(MAO) 

Meblbolic 
re.act:lon sites 

C. Dlrect~~Yn~plthomlmetks-----------------~ 

Receptor subtype selectMty at clrect sympathamlmetlcs 

Phenylephrine 

Ag.125 

Ill 

Epinephrine 

Norepinephrine 

Dobutamine 

Clonidine 
Brimonidine 
Nt~phazoline 

Oxymetazoline 
Xytometazoline 

---
Fenoterol 

Salbutamol 
Terbutaline 
Salmeterol 
Formoterol 
lndacaterol 

111 



12.5 Indirect Sympathomimetlcs 

Indirect Sympathomlrnetlcs 
The concentration of nort!pinephrine in the 
synaptic space Gill be increased by: 
• promoting the synaptic release of norepi­

nephrine ("' Fig. 12.6A) 
• inhibiting the reuptake of norepinephrine 

into the nerve ending("' Fig. 12.6A) 
• inhibiting breakdown by monoamine oxi­

dase (MAO) or call!chol 0-methyltransferase 
(roMT) ("' Fig. t2.6B). 

Congeners of norepinephrine without cali!chol 
and hydroxyl OH groups Jose their affinity lOr 
the adrenergic receptors but are still recog­
nized as substrates by the transporters in the 
plasma membrane (NET) and vesicles (VMAT). 
These substances are called lndiR:ct sympa­
tbomimetics (iSM) in the narrawt!r sense as 
they promote the release of nort!pinephrine 
over a nonexocytotic mechanism and thus 
trigger postsynaptic effects "indirectly" via 
adre~oce~tors ("' Fig. 12.6A). Indirect sympa­
tho1111met1CS are taken up into the iiXDplasm 
through presynaptic NETs. There they increase 
the concentration of norepinephrine in the 
cytosol by competing with norepinepluine lOr 
uptake into storage vesicles and breakdown by 
MAO. Phosphorylation at the amino terminal 
of NET appears to be the precondition tor 
reversal of the transporter and none.xocytotic 
norepinephrine release. The effectiveness of 
the Indirect sympathomimetics can diminish 
rapidly (tachyphylaxis). 

Ephedrine is both a direct and an indirect 
sympathomimetic that is now used only in 
"cold remedies• ("' Fig. 12.6C). Indirect sympa­
thomimetics such as ampbetamJne can cross 
the blood-brain barrier and produce a feeling 
of well-being, enhanced physical activity, and 
elevated mood (euphoria); hunger and physi­
cal fatigue are lessened. Subsequent tiredness 
and depression are partly responsible lOr the 
urse to re-a~Sii!r the drug (high abuse 
potential). The mcreased release of dopamine in 
the CNS is held responsible tor the addictive 
effect of the amphetamines. In order to prell\'!nt 
misuse, these drugs are subject to ~mmen­
tal regulations. 
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The mentally stimulating effects are partic­
ularly marked in the case of the "designer 
~· ecstasy, which contains methylene 
dioxymethamphemnine (MDMA). This deriva­
ti~ inh.ibits the reuptake not only of nore­
pmephrine and dopamine but also of 
serotonin. Deaths are observed with overdose, 
and are due to extreme hyperthermia, seiz­
ures, and circulatory and renal failure. 

Inhibitors of the norepinephrine trans­
JJCJ~Ur, which do not enter the iiXDplasm but 
only block norepinephrine reuptalce, are 
employed as antidepressants, e.g., desipramine 
and reboxetlne. Methylpbenidate, which 
bloclcs the reuptake of norepinephrine and 
dopamine, causes effects similar to those of 
amphetamine. It is used in children to treat 
attention defidt hyperactivity disorder 
(ADHD). There has been much criticism of this 
use. Alternatives available tor the treatment 
of ADHD are modafinil and atomoetine (a 
di~ NET inhibitor) as well as dexamphet­
anune and lisdexamfetamlne. 
~· the first local anesthetic, was long 

used m ophthabnology. It inhibits norepi­
nephrine, dopamine, and serotonin tr.lnsport­
e~. The local ~esthetic effect occurs only at 
high concentrations due to a blocking action 
on the Na• channel. Because of the high risk of 
addi~tion, it is used rarely in medicine today 
but It is highly popular in the "recreational 
drug scene.• 

Monoandne oxidase inhibitors block the 
MAO contained in the mitochondria which 
mps the norepinephrine concentraoo'n in the 
iiXDplasm low. MAO inhibition in the CNS 
affects the storage of dopamine and serotonin 
as well as of norepinephrine. This produces 
general activation and increased drive. Modo­
bemide is a reversible MAOA inhibitor and is 
used as an antidepressant. The MAOa inhibitor 
seleglllne i~ used as an ant iparkinsonian dllli. 
The COMT inhibitor entacapone is also used In 
the treatment or Parkinson disease (p. 334). 



12.5 Indirect Sympathomimetics 

A. Medlanlsm ofadion-------..., 
of Indirect sympathiiiMMtks 

B. lnadfvi1tlon lnhlbitDIS-------. 

Substrates 
"Indirect 
mimetic'" 
(promote 
release) 

Inhibitors 
(inhibit 
reuptake) 

Flg.12.6 

Eohedrfne 
l'yrc~mlne 

Amphetamine 

Dopamine f 
Adivitv f 
ortvet· 
Risk of dependency 

Methylene diwty.~mphetamine (MDMA, "Ecstisy") 

Atomoxetine 
Desipramine 
RebOxetlne 

Methylphenidate 

Cocaine 

113 



12.6 a-Sympathomimetics, a-Sympatholytics 

a-Sympathomlmetks, a -Sympatholytfcs 
Epinephrine and norepinephrine cause vaso­
constriction and thus prolong the action of 
local anesthetics injected at the same time. 
Vaso~striction induced by a-sympathomi­
metics IS greater than the vasodilatation that 
can be produced by fJ-receptor activation. 
Drugs that nimulate only the a-receptors but 
not P-receptors are presented below. 

a-Sympathomlmetlcs 

Oonidine is an aragonist. which crosses 
the blood-brain barrier readily because of its 
high lipophilicity (dichlorophenyl ring) (.,. F~g. 
12.7A). In the brainsll!m, donidine modulates 
signals arriving from carotid artery and aortic 
arch baroreceptors so that when there is a rise 
in arterial blood pressure, the parasympathetic 
system is activated more and sympathetic 
tone falls .. In addition, activation of peripheral 
presynaptic a2-receptors leads to decreased 
release of norepinephrine from sympathetic 
nerves in the heart and blood ~Is Coni­
dine can thus effectively reduce blood pressure 
and heart rail!. Apart from its prindpal use as 
an "!!tihypertensive agent (especially in hyper­
tens1ve crisis). clonidine can also be used in 
the treatment of opioid addiction to alleviate 
autonomic withdrawal symptoms. In addition, 
donidlne has a marked analgesic and sedative 
effect, which can be exploited In postoperative 
care. However, the sedation reduces donidine's 
usefulness in the treatment of hypertension. 
The less sedating a2·a&anist moxonidine 
can be used in the treatment of hilh blood 
pressure. Oonidine derivatives (apradonidine 
brimonidine) reduce eleva lEd intraocular preS.: 
sure In glaucoma (seep. 346). 
. ~mmlidine (.,. Fig. 12.7A) is a spedfic, 

lipophilic a2-sympathomimetic that pene­
!f~tes. the CNS well following intravenous 
IDJection. It can be used for sedation in the 
intensive care unit and during diagnostic pro­
cedures when walcing the patient by verbal sti­
mulation is permissible. Dexmedetomidine 
can cause hypoll!nsion and bradycardia by cen­
tral sympathetic inhibition. 
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a-Sympathomimetlcs that penetrate the 
CNS less readily can be used as topical vaso­
constrictors to reduce swelling of the nasal 
!Ducosa in coryza and to treat allergic or 
mflammatory conjunctivitis (.,. Fig. 12.78); 
~ese include phenylephrine (a1), xylometazo­
lme (a1, a2). and oxymetazoline (a1o a 2). ~ a 
result of the tissue hypoxia in the nasal 
mucosa, reactive hyperemia can occur after 
the vasoconstrictor effect subsides so that the 
patien~ applies the nasal drops repeatedly. 
Chronic use can lead to irreversible darn,ase to 
the nasal mucosa. The use of decongestant 
nasal drops should be limited to 7-t 4 clays at 
the most. 

a-Sympatholytlcs 

Activation of a-adrenoceptors by norepinephr­
in~ can be inhibited by a-adrenoceptor antag­
omsts (a-sympatholytics) (.,. Fig. 12.7C). This 
can be put to therapeutic use in the manage­
ment of hypertension and benign prostatic 
hypertrophy. The first a-sympatholytics blocked 
the action a norepinephrine not only at the 
~ptic a 1-receptors but also at the presy­
naptic arrecepiOrS {nonspecific a-bloclaers, e.g 
phenoxybenz.amne, phentolamine). ~ 

. Prazosln a~d the longer-acting a 1-antago­
n1Sts doxazostn and terazosin are used as 
agents of second choice in hyperll!nsion {they 
do not reduce ~iovascular mortality, see 
p. 322). In patients with benjgn pi'OSUtit 
bypertrophy, they can reduce symptoms such 
as urgency and frequency by inhibiting a 1-

receptors in the bladder nec1c and prostate. 
Alfuzos~. tamsulos~ and the structurally 
related silodos!n, which have a higher affinity 
f?r the alA-receptors in the prostall!. are 
hce';JSed only for use in prostatic hypertrophy . 
Theil' hypotensive effects are said to be lower 
than those of doxazosin and terazosin. a 1-

Blockers improve the symptoms of the disease 
but do not prevent further growth of the pros­
tall!. S-a-Reductase inhibitors {e.g., fmasteride, 
see p. 246) should be used to halt progression 
of the hypertrophy. 
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12.7 ~Sympatholytics (~blockers) 

~Sympatholytks 
~Sympatholytics (jl-blockers) are antagonists 
of norepinephrine and epinephrine at ~adre­
noceptors and have no affinity for a-receptors. 
~Bloc.kers all share the basic chemical struc­
ture of the p-sympathomimetic side-chain (see 
p. 110) along with an aromatic substituent 
(.,. Fig. t2.8A). Propranolol was the fll'St JJ­
blodcer to be used therapeutically in 1965 and 
about 25 chemically different P-blockers (ana­
logue preparations) have been brought to mar­
ket Depending on their receptor affinity, the 
JJ-blocla!rs can be classified as nonselective 
blockers (blocking both Pt- and Pl-receptors, 
e.g., propranolol) and selective P1-antagonists 
(e.g., metoprolol, bisoprolol, nebivolol, all!no­
lol). The P1:P2 selectivity factor is about 30 
( -60) for most selective fJ1-antagonists. This 
means that Pt-mediated effects are inhibited 
at a 30-60 times lower concentration (or dose) 
(green curve in B) than !Jl-mediated elfects 
(red curve). To give an example, .,. f'J.g. t2.8B 
shows that when the plasma level range of a 
jJ, .antagonist is in the therapeutic range, 
between SOX and 90% of the jJ, -receptors have 
to be blocked in order, for example, to reduce 
the heart rate in a patient with CHD. At 3D-fold 
selectivity, however, 3-25% of the Prreceptors 
are occupied at the same plasma Levels, and 
this can lead to side elfects (see below). 

The majority of the therapeutic effects of 
the P-blodcers can be achieved by p1 -receptor 
blockade. Some P-blockers have other proper­
ties. Canedllol also inhibits a 1-receptors and 
Deblvolol is thought to have a vasodilating 
elfect by causing NO release. Particular impor­
tance was formerly attributed to partial antag­
onists with intrinsic sympathomimetic activity 
(ISA). Today, ISA is regarded as a negative prop­
erty of a P-blocker, at least in the treaonent of 
heart failure. 
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.,. 1berapeutic etrects (.,. Ag. 12.8C). IJ-Bloclcrrs 
prorect the heart against the oxygen-consuming 
effects of syiqliltbetic stimulation by blocking 
JJ,-recepiDrs; thus, only a partial increase in car­
diac worlc is possible (the heart is "coasting"~ 
This elfect is utilized in coronary heart cllseiue 
in order to prevent stress on the heart that 
might trigger an angina attadc:. ~Blockers also 
serve to reduce the heart rate in ~nbyth­
mlas and protect the f;ailing heart against 
excessive sympathetic drive. Jl-Biocla:rs help to 
reduce blood pressure in essential bypemn­
slon: in addition to reducing tbe heart rate and 
cardiac contractility, they reduce central sympa­
thetic tone and diminish J11-receptor-mediated 
release of renin in tbe kidney. 

JI-Blockers are also used in the management 
of glaliCOIIY (e.g., tirnolol, which reduces pro­
duction of aqueous humor), prevention of 
mjgraine, and severe hyperthyroidism (sensi­
tization of the myocardium to norepinephrine 
and epinephrine). Most of these pharmacologi­
cal elfects are achieved via ~1-receptors. In 
contrast, Jlrblockers may play an important 
part in the treatment of essential tremor. 

.,. A1M!rse elfects (.,. Y~g. 128C). Side elfects 
are due mainly to !Jl-blocker effects. In 
patients with bronchial asthma or COPD, Pr 
receptor blockade can cause bronchospasm 
with severe and life-threatening dyspnea (con­
traindication). In diabetics taking J!-blockers, 
the warning symptoms of hypoglycemia 
(tachycardia, tremor) may be masked and the 
release of glucose from the liver induced by 
epinephrine is delayed. In addition. vascular P­
receptor block leads to vasoconstriction with 
cold hands and feet and chronic circulatory 
disorders. Undesirable effects due to inhibition 
of llt-receptors are brad}'QI'dia, hypotension, 
and AV block. In addition, P-blockers can cause 
headaches, depressed mood, and impotence. 



12.7 p..5ympatholytics (P-blockers) 

A.ltec:epCxlr selectivity of selected 1'-bloc:kers--------------, 

I Receptar subtype 

0? ~ ?i• 
O~N)H 

Propanolol OH Oi, 
_.,('o-Oi, 

y ~~ 
OYf"/N-1jH 

Metoprolol OH Oi, 

Propranolol 

Carvedilol 

Metoprolol 
Blsoprolol 
Atenolol 

Nebtvolol 

B.JO thu greater selectfVtty------------------, 
100 

g 80 

1 60 
:;;; 

140 
B 20 

3[)..fold 
selectivity 
IJ,>P, 

10 

Therapeutic 
pl~$1'1"1;1ievel 

100 1000 
Cancentrlll:lon 

10000 100000 

50-90% 
~.oloc:kade 
(desirable) 

3-25% 
fl,.bloc:kade 
{undesirable) 

Example: receptor block<!de wlth 30 times greater selective p,-blodcer 

C.lndlcllfoftS •d .,_ted elfects ofthe IJ-IIIacken------------, 
11Mnpeutlc 1M 

Migraine 
(prophylaxis) 

Glaucoma 

Hyperthyroidism 

Chron lc heart 
failure 

CHD 
Tach)-: 
armythmias 

Essential 
hypertension 

Tremor 

Flg.12.8 

Pz 

P1 
lSI 

P2 

~efl'ecD 

Headache 
Depression 

Bronchoconstr1ctjon 

Braraarclea 
A.Vbock 
Hypotension 

Hypoglycemia 
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13.1 Parasympathetic Functions 

Parasympathetic Nenlous System 

"' R2sponses tu activation of the para.sympa­
tbetic ~ Parasympathetic DeJ'YI!S regulatl! 
proc:r.sses connected with eneiiY assimlation 
(fOod intake, digestion. absorption) and storage. 
These processes operate when the body is at rest, 
allowing a decreased tidal wlume (increased 
bronchomotor tone) and decreased cardiac activ­
ity. Secretion of saliva and intestinal fluids pro­
motes the digl!stion of food; transport of 
intestinal mntmts is speeded up because of 
enhanced peristahic activity and lowered tone of 
the sphincter muscles. To empty the urinary blad­
der (micturition~ Mlltmsion is increased by de­
trusor activation with a concurrent relaxation of 
sphincnr tooe. 

Activation of ocular parasympathetic fibers 
(see below) results in narrowing of the pupil 
and increased curvature of the lens. enabling 
near objects to be brought into focus 
(accommodation). 

1> Anatomy of the parasympathetic system. 
The cell bodies of parasympathetic pregan­
glionic neurons are located in the brainstem 
and the S<ICrill spinal rord. Parasympathetic 
outflow is channeled from the brainstem 
• through the third cranial nerve (oculomotor 

n.) via the ciliary ganglion to the eye; 
• through the seventh cranial nerve (facial n.) 

via the pterygopalatine and submaxillary 
ganglia to lachrymal glands and salivary 
glands (sublingua~ submandibular), 
respectively; 

Target tissues of 2nd 
p.arasympathetlc neurons; 
e.g., smocrth muscle. ~ds 
Sympllhetlc & parasympa· 
thetlc gangllocytes 

t.loiDr end plm in sRieUI 
mLJKle 
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ACh MU!Clloine 

• through the ninth cranial nerve (glossophar­
YD~Ni n.) via the otic ganglion to the parotid 
gland; and 

• yia the tenth cranial nerve (vagus n.) to 
mtramuralaanalia in thoracic and abdomi­
nal viscera. 

Approximately 75% of all parasympathetic fibers 
are rontained within the vagus nerve. The neu­
rons of the sacral division innervate the distal 
rolon, rectum, bladder, the distal ureters, and 
the external genitalia. 

I> Aa!tylc:holine (ACh) as .a transmitter. ACh 
~ as media!Dr at tenninals of all postgan­
glioruc parasympathetic fibers, in addition 
to fulfilling its transmitter role at ganglionic 
S)'llapses within both the sympathetic and 
parasympathetic divisions and the motor end 
plates on striated muscle (p. 190). However, 
different types of receptors are present at 
these synaptic junctions (see table). The exis­
tence of distinct cholinoceptors at different 
cholinergic synapses allows selective pharma­
cological interventions. 

Muscarinic acetylcholine receptors can be 
divided into five subtypes (M1-M5~ though so 
far it has not been possible to infll.ll!nce these 
selectively by pharmamlogical means. 
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13.2 Cholinergic Synapse 

Chollnergk Synapse 
~~line (ACb) is the transmitter at post­
ganglioruc synapses of parasympathetic nerve 
endinis. It !s highly concentrated in synaptic 
storaae "Yestdes densely present in the axo­
plasm of the presynaptic tenninal. ACh is 
formed from choline and activated acetate 
(acetyl coenzyme A), a reaction catalyzed by 
the cytosolic enzyme choline acetyltnnsfer­
ase. The highly polar choline is taken up into 
the axoplasm by the specific choline-trans­
porter (CHT) localized to membranes of choli­
nergic axon tenninals and a subset of storage 
vesicles. During persistent or intensive stimu­
lation, the OIT ensures that AOt synthesis and 
release are sustained. The newly formed ACh is 
loaded into storage "W!sides by the vesicular 
ACh transporter (VAChT). The mechanism of 
transmitter release has been unCO"Yered in 
great detail The vesicles are anchored via the 
protein synapsin to the cytoslceletal network 
This arrangement permits clustering of vesicles 
near the presynaptic membrane while pre­
venting fusion with it. During activation of the 
nerve membrane, Cal• enters the axoplasm 
through vol~gated channels and activates 
protein kinases that phosphorylate synapsin 
and other vesicle proteins. As a result, vesicles 
dose to the membrane are detached from their 
anchoring and allowed to fuse with the presy­
naptic membrane. During fusion, vesicles dis­
~their con~nts into the synaptic gap and 
SliiluJtaneously Insert Off into the plasma 
memJn:ane. ACh quickly diffuses through the 
synaptiC gap (the acetylcholine molecule is a 
little longer than 0.5 nm; the synaptic gap as 
narrow as 20-30 nm). At the postsynaptic 
effector cell membrane, AOt reacts with its 
receptors. As these receptors can also be acti­
vated by the allcaloid muscarine, they are 
referred to as m115G.rinic (M-) ACh n!c:eptors. 
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In contrast. at ganglionic and motor end plate 
(p.190) ACh receptors, the action of ACh is 
mimicked by nlrotine and, hence, mediall!d by 
nicotinic: ACh l1!a!ptOr5. 

Released ACh is rapidly hydrolyzed and 
inact.ivated by a specific acetylcholinesm"ase, 
localized to the basal lamina of motor end 
plates and other postsynaptic membranes. It 
ts also cleaved by a less specific serum choli­
nesterase (butyrylcholinesterase), a soluble 
enzyme present in serum and interstitial fluid 

M-ACh recepiDn can be divided into five 
subtypes according to their molecular struc­
ture, signal transduction. and ligand affinity. 
Here, the Mto M2, and M3 receptor subtypes 
are considered. M1 receptors are present on 
nerve cells, especiaUy in the brain. M2 recep­
tors mediate acetylcholine effects on the heart· 
ope!Jing of K• chaMels leads to slowing of dia~ 
stohc depolarization in sinoatrial pacemaker 
cells and a decrease in heart rate. M3 receptors 
play a role In the regulation of smooth muscle 
tone, e.g., in the gut and bronchi, where their 
activation causes stimulation of phospholipase 
C. membrane depolarization, and increase in 
muscle tone. M, receptors are also found in 
g~ndular . epithelia. which similarly respond 
~th act1vation of phospholipase c and 
mcreased secretory activity. In the CNS, where 
~~ subtypes are present. ACh receptors seM 
d1verse functions ranging from regulation of 
co~ical excltabUity, memory and learning, 
pam processing. and brainstem motor control. 

In blood vessels, the relaxant action of ACh 
on muscle tone is indirect, because it involves 
stimulation of M3-cholinoceptors on endothe­
lial cells that respond by liberating NO (nitrous 
oxide • endothelium-derived relaxing factor~ 
The latter diffuses into the subjacent smooth 
musculature, where it causes a relaxation of 
active tone (p. 138). 
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13.3 Parasympathomimetics 

Parasyrnpathomlmetlcs 
Acrtylcholine (ACh) is too rapidly hydrolyzed 
and inactivatl!d by acetykholin~ (~) 
to be of any therapeutic use; however. Its action 
can be replicated by other subs~~ namely. 
direct or indirect parasympathotrumetiCS. 

~ Direct parasympathomimetla. The _chol­
ine ester of carbamic add, cartxJcho~ activates 
M-cholinoceptors, but is not hydrolyzed by 
AChE. Carbachol can thus be effectively 
employed for local application to the eye ~tau­
coma~ lt is no longer used systerrucally 
because of its lack of organ specifiCity. The 
alkaloids pilocarpine (from Plloalrpus jabor­
andi) and arecoline (from Areca cat«"!~; b~tel 
nut) also act as direct parasympathomnnettcs. 
As tertiary amines, they moreover exert cen­
tral effects. The central effect of muscarine-like 
substances consists in an enlivening, mild sti­
mulation that is probably the effect desired in 
betel chewing. a widespread habit in South 
Asia. Of this group, only pilocarpine e~jays 
therapeutic use, which is almost exclusively 
by local application to the eye In glaucoma 
(p.346~ 

~ Indirect parasympathomimetics. Indirect 
parasympathomimetics inhibit local AChE and 
raise the concentration of ACh at receptors of 
cholinergic synapses. This action Is evident at 
all synapses where ACh is the mediator. 
Chemically, these ~nts include esters of car­
bamic acid (arbamatrs such as physostigmine, 
neostigmine) and of phosphoric add (orpno­
phosphatrs such as paraoxon • E600, and 
nitrostigmine = parathion - EGOS, Its prodrug). 

Members of both groups react like ACh 
with AChE. The esll!rs are hydrolyzed upon for­
mation of a complex with the enzyme. The 

122 

rate-limiting step in ACh hydrolysis is deacety­
lation of the enzyme, which takes only milli­
seconds, thus pennitting a high turnover rate 
and activity «AChE. Dearbatlylatioo follow­
ing hydrolysis or a carbamall! takes hours to 
days, the enzyme remaining inhibited as long 
as it is carboxylated Oeavage of the phosphate 
residue, I.e~ dephosphorylation, Is practically 
impossible; enzyme inhibition is irreversible. 

~Uses. The quaternary carbamate neostig­
mine is used to overcome the relativt! ACh defi­
dency at the motor end plate in myasthenia 
gravis or to reverse the neuromuscular blo­
ckade (p. 194) caused by nondepolarizing 
muscle relaxants (decurarization before dl.r 
continuation of anesthesia). Pyridostigmine 
has a similar use. The tertiary carbamate phys­
ostigmine can be used as an antidote in poison­
ing with parasympatholytic drug!. because It 
has access to AChE in the brain. Carbamates 
and organophosphates also .serve as insecti­
ddes. Although they possess high acute toxic­
ity in humans, they are more rapidly degraded 
than is DDT following their release into the 
environment 

In the early stages of Alzheimer disease, 
administration of centrally acting AO!E inhibi­
tors can bring about transient improve!flen~ in 
cognitive function or slow down detenoratton 
in some patients. Suitable drugs indude riva­
stlgrnine, donepezil, and galantamlne, which 
require slowly increasing dosage. Peripheral 
side effects (inhibition of ACh breakdown) 
limit therapy. Donepezil and galantamine 
are not eSII!rs of carbamic acid and act by a 
different molecular action. Galantamine is 
also thought to promote the action of AC_h 
at nicotinic cholinoceptors by an allostenc 
mechanism. 
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13.4 Parasympatholytics 

Parasyrnpatholytlcs 
Excitation of the parasympathetic division 
causes release of acetylcholine at neuroeffector 
junctions in different taraet organs. The major 
effects are summarized in "' Fig. 13.4 (blue 
arrows). Some of these effects have therapeu­
tic applications, as indicated by the dinical 
uses of parasympathomlmetics (p.122}. 

Substances acting antagonistically at the 
M-cholinoceptor are designated parasympa­
tbolytics or musarlnk receptor anuaomsts 
(prototype: the allWoid atropine; actions 
marked red in "' Fig. 13.4). Therapeutic use of 
these agents is complicated by their low organ 
selectivity. Possibilities ror a targeted action 
in dude: 
• Local application 
• Selection of dlllis with favorable membrane 

penetrability 
• Administration of drugs possessing receptor 

subtype selectivity. 
Parasympatholytics are employed ror the 
following purposes: 

"' 1. Inhibition of glanduW' secretion. Bron­
cllial .seaetion. Premedication with atropine 
before inhalation anesthesia pre~~e~~ts a possi­
ble hypersecretion of bronchial mucus, which 
cannot be expectorated by coughing during 
anesthesia. 

Gastric semtion. Attopine displays about 
equally high aftinity for all muscarinic cho~ 
ceptOr subtypes and thus lacks organ speaftc­
ity. Plrenzepine has preferential affinity for the 
M1 subtype and was used to inhibit production 
of HO in the gastric mucosa. This approach has 
proved inadequall: because the required dos­
age produced too many atropine-like side 
effects. Also, more effective pharmacological 
means are available to lower HQ production, 
e.g., H2-antihistamines, proton pump inhibi­
tors (p. 184). 

"' 2. Relaxiltion of smooth muscle. As a rule, 
administration of a parasympatholytic agent 
by inhalation Is quite effective in chronic 
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obstructive pulmonary disease. Ipratropium 
has a relatively short-lasting effect; rour aero­
sol puffs usually being required per day. Tio­
tropium, aclidinium, and umeciidinium have 
high affinity ror muscarinergic receptors; they 
bind for a particularly Ions time to the MJ 
receptors so they need to ~ .admlnistez:ect 
only once (tiotropium, umeclidtruum) or twice 
(aclidinium) daily because of their "adh~i~ 
ness.• They are used in COPD but are not mdl­
cated in the treatment of bronchial asthma, 
though they may be useful 

Spcumolysis by N-butylscopolamine in bili­
MY or renal colic (p. 144 ). Because of its qua­
ternary nitrogen atom, this dllli does ~ot 
enter the brain and requires parenteral admin­
istration. Its spasmolytic action is especially 
marked because of additional ganglionic block­
ing and direct musde-relaxant actions. 

Lowering of pupillary sphincter tone and 
pupillary dilation by !~cal administrati.on. or 
homatropine or t rop1camide (mydnatics) 
allows observation of the ocular fundus. For 
diagnostic use, only short-term pupillary dila­
tion is needed The effect of both agents sub­
sides quickly in comparison with that of 
atropine (duration of~ral days) (seep. 346~ 

Muscarinic receptor antagonists with a cer­
tain selectivity for M3 receptors can be helpful 
in urge incontinertce (spasm of the detrusor 
muscle) and increased urgency. Detrusor 
muscle tone is mediated by ACh and can be 
reduced by tolrmxline, darifenadn, solifonadn, 
and jesotm1dine. Because of !}leir p~renc;e 
for M3 receptors, their undesirable anticholi­
nergic effects are thought to be less th~ tho~ 
of the nonselective antagonists. Stress mc:onti­
nence must be distinguished; in this condition, 
the bladder-dosing mechanism is insufficient, 
which becomes evident when intra-abdominal 
pressure is increased, tor instance with 
sneezing or coushing. DuiOKetine is I?eli~d to 
increase sphincter tone via an action m the 
sacral spinal cord. It Is an inhibitor of norepi­
nephrine and serotonin reuptal<e, and Is also 
used as an antidepressant (p. 228). 
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13.4 Parasympatholytjcs 

~ 3. Cardioaa:eleration. lpratropium is some­
times used in bradyt:ardia and AV-block, respec­
tively, to raise heart rare and to facilitate Cilltliac 
impulse conductiOIL As a quaternary substance, 
it does not penetrate into the brain. which 
greatly reduces the risk of CNS disturbances but 
not of peripheral side e!fects. This is why a car­
diac pacemaker is preferred. 

Atropine may be given to prevent cardiac 
arrest resulting from vagal reflex activation, 
incidental to anesthetic induction, gastric lav­
age, or endoscopic procedures. 

~ 4. CNS damping effects. Scopolamine is 
elfective in the prophylaxis of kinetosis (motion 
sidmess, sea sidmess, see p. 342); it is mostly 
applied by a transdermal patch. Scopolamine 
(p~ • 7.2) penetrates the blood-brain barrier 
faster than does atropine (pK. = 9), because at 
physiological pH a larger proportion is present 
in the neutral, membrane-permeant form. 

In psychotic excitement (agitation), sedation 
can be achieved with scopolamine. Unlike 
atropine, scopolamine exerts a calming and 
amnesiogenic action that can also be used to 
advantage in anesthetic premedication. 

Symptomatic treatment in Parldnsonism 
for the purpose of restoring a dopaminergic­
cholinergic balance in the corpus striatum. 
Antiparkinsonian agents, such as biperiden 
(p. 334) readily penetrate the blood-brain bar­
rier. At centrally equielfective dosages, their 
peripheral elfects are less marked than those 
of atropine, though they are still considerable. 

~ Contraindicadons for par;uympatholytics. 
Closed angle gtaucoma. Since drainage of aque­
ous humor is impeded during relaxation of the 
pupillary sphincter, intraocular pressure rises. 
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Prostatic hyperplasia with impaired micturi­
tion: loss of parasympathetic control of the 
detrusor muscle exacerbates difficulties in 
voiding urine. 

~ Atropine poisoning. Rarely life-threaten­
ing, poisoning with atropine is characterized 
by the following peripheral and central elfects. 

PeriphtraL Tacbycantia, dry mouth. byper­
thermia secondary to the inhibition of sweat­
ing. Although sweat glands are innervated by 
sympathetic fibers, these are cholinergic in 
nature. When sweat secretion is inhibited, the 
body loses the ability to dissipate metabolic 
heat by evaporation of sweat There is a com­
pensatory vasodilatation in the skin, allowing 
increased heat exchange through increased 
cutaneous blood flow. Decreased peristaltic 
activity of the intestines leads to constipation. 

CentroL Motor restlessness, progressing to 
maniacal agitation, psychic disturbances, IUs­
orientation and halluc:lnadons. 

Elderly subjects have an enhanced sensitiv­
ity, particularly toward the CNS toxic manifes­
tations. In this context, the diversity of drugs 
producing atropine-like side elfects should be 
borne in mind: e.g., tricyclic antidepressants, 
neuroleptics, antihistamines, antiarrhythmics, 
anti parkinsonian agents. 

Apart from symptomatic. general measures 
(gastric lavage, cooling with ice water), ther­
ilpy of severe atropine intoKicadon indudes 
the administration of the indirect parasympa­
thomimetic physostigmine (p.122). The most 
common instances of "atropine" intoxication 
are observed after ingestion of the berrylike 
fruits of belladonna (in children). A similar pic­
ture may be seen after intentional overdosage 
with tricyclic antidepressants in attempted 
suicide. 
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14.1 Dopamine 

Dopamine 
As a biogenic amine, dopamine belongs to a 
group of substanres produced in the organism 
by decarboltyliltion of amino ildds. Besides 
dopamine and norepinephrine funned from it. 
this group indudes many other messenger 
molecules such as histamine, serotonin. and 
y-aminobutyric acid 

~ Dopamine idlons md p!wmKO!ogiw 
~p11Wions(~ Pig.14.1A). IntheCNS,dopa­
nune Sl!fVI!S as a neurotransmitter. Dopamine 
receptors are also present in the periphery. 
Dopamine released from neurons c:an interact 
with various receptor subtypes, all of which 
are coupled toG-proteins: the family of Ddike 
receptors (comprising subtypes D1 and Ds) and 
the family of D:z-like receptors (comprising 
subtypes Dz, ~. and D~). The subtypes differ in 
their signal transduction pathways. Thus, syn­
thesis of cAMP is stimulated by D1-like recep­
tors but inhibited by D2-like receptors. 

Released dopamine can be reutilized by 
neuronal reuptake (spec:itlc dopamine trans­
porter, DAT) and re-stnrage in vesicles (non­
specific vesicular monoamine transporter, 
VMAT) or c:an be catabolized like other endog­
enous catecholamines by the enzymes MAO 
and COMT(p.t04). 

Various drugs are employed therapeutically 
to influence dopaminergic sjznal transmission. 

~ Antipmdnsoobn apots. In Parkinson 
disease, nigrostriatal dopamine neurons 
de&enerate. 10 co1.1l)e11sate tor the lack of dop­
amine, use is made of L-dopa as the dopamine 
precursor and of D2 receptor agonists (tor fur­
ther details, seep. 334~ 

~ Protlctin inhibitors. Dopamine released 
from hypothalamic neurosecretory neJVe cells 
inhibits the secretion of prolactin from the 
adenohypophysis (p. 236). Prolactin promotes 
production of breast milk during the lactation 
period; moreover, it inhibits the secretion of 
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gonadorelln. Oz receptm agonists prevent pro­
lactin secretion and can be used tor weaning 
and the treatment of female infertility result­
ing from hyperprolac:tinemia. 

The Oz a&Onists differ in their duration of 
action and, hence, their dosing interval; e.,., 
bromocriptine 3 times daily, quinagoiide once 
daily, and cabergoline once to twice weekly. 

~ Antiemetics. Stimulation of dopamine 
receptors in the area postrema can elicit vom­
iting. The area postrema is located in the floor 
of the 4th ventricle; its c:aplnaries do not torm 
part of the blood-brain barrier. D2 receptor 
antagonists such as metoclopramide and dom­
peridone are used as antiemetics (p. 342 ). In 
addition. they promote gastric emptying. 

~ Neuroleptic... Various CNS-penneant drugs 
that exert a therapeutic action in schizophrenia 
disPlay antagonist properties at 02 receptors; 
e.g., the phenothiazines and butyrophenone 
neun»eptics (p. 232~ 

~ Dopamine as a tbecapeutic asent c~ Ffl. 
14.18). When given by infusion, dopamine 
causes a dilation of renal and splanchnic 
arteries that results from stimulation of D1 
receptors. This lowers cardiac afterload and 
augments renal blood flow, effects that are 
exploited in the treatment of c:ardlogenic 
shock. At progressively higher doses, dopa­
mine is capable of activating )31-adrenoceptors 
and fmally a 1-receptors. In particular, a-medi­
ated vasoconstriction would be therapeutically 
undesirable (symbolized by red warning sign). 

Apomorphlnt is a dopamine agonist with a 
variegated pattern of usage. Given parenterally 
as an emetic agent to aid elimination of orally 
ingested poisons, it is not without hazards 
(hyporension, respiratory depression). In aki­
netic mo!Dr disturbances, it is a back-up drug. 
Taken orally, It was available for a time tor the 
management of erectile dysfunction. 
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14.2 Histamine 

Histamine 

Histamine Effects and Their 
Phannacological Properties 

~ functions. In the CNS histamine serves as 
a neurotransmitter/modulator. promoting Inter 
alia wakefulness. In the gastric mucosa, it acts 
as a mediamr substance that is released from 
enterochromaffin-like (ECL) cells to stimulate 
gastric acid secretion in neighboring parietll 
cells (p. 184). Histamine stored in blood baso­
phils and tissue IlliiSt cells plays a mediator 
role in lgE-mediated allergic reactions (p. 90). 
By increasing the tone of bronchial smooth 
muscle, histamine may trigger an asthma 
attack. In the intestines, it promotes peristalsis, 
which is evidenced in food allergies by the 
occurrence of <llilrrhea. In blood vessels, hista­
mine increases permeability by inducing the 
fonnation of gaps between endothellill cells of 
postcapillary venules. allowing passage of fluid 
into the surrounding, tissue (e.g., wheal fonna­
tion). Blood YI!SSels are dilated because hista­
mine induces release of nitric oxide from the 
endothelium (p. 138) and because of a direct 
vasoreiaxant action. By stimulating sensory 
nerve endings in the skin, histamine can evoke 
itching. 

.,. Receptors. Histamine receptors are 
coupled to G-proteins. The Ht and H2 recepmrs 
are targets for substances with antagonistic 
actions. The H3 receptor is localized on nerve 
cells and may inhibit release of various trans­
mitter substances, including histamine itself. A 
furthe.r subtype, the H4 receptor, was discov­
ered subsequently; this is located on certain 
inflammatory cells. 

~ Metaboli5DL Histamine-storing cells fonn 
histamine by decarboxylation of the amino 
acid histidine. Released histamine is degraded; 
no reuptake system exists as for norepinephr­
ine, dopamine, and serotDnin. 

It should be mentioned that histamine c.m 
be used therapeutically in acute myeloid leu­
kemia; it is given parenterally together with 
interleukin 2. 
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~ AnhiOIJ,ists. The H1 and H2 recepiDrs c.m 
be blocked by selective antagonists. 

~ Hl antihistamines. Older substances in 
this group (first generation) are rather nonspe­
cific and also block other receptors (e.g., mus­
carinic cholinoceptors ). These agents are used 
for the symptomatic relief of allergies (e.g., 
bamlpine, demastine, dimetindene, mebhy­
droline, pheniramine); as antiemetics (p. 342), 
e.g., mecllz!ne, dimenhydrinate; and as pre-­
scription-free sedatives/hypnotics (seep. 344). 
Promethazine represents the transition to psy­
chopharmaceuticals of the type of neuroleptic 
phenothlazines (p. 232). 

Unwanted effects of most H1 antihistamines 
are lassitude (impaired driving skills) and atro­
pine-like reactions (e.g~ dry mouth, constipa­
tion). Newer substances (second-generation H1 
antihistamines) do not penetrate into the CNS 
and are therefore practically devoid of sedative 
effects. Presumably they are transported back 
into the blood by a P-glycoprotein located in 
the endothelium of the blood-brain barrier. 
Furthermore, they hardly have any anticholi­
nergic activity. Members of this group are: 
cetirizine (a racemate) and its active enan­
tiomer levocetirizine; loratadine and its active 
metabolite desloratadine; terfellildine and its 
active metabolite fexofellildine. Bilastine, ebas­
tine, mizolastine, and rupatadlne are other 
new agents. 

~ Hz-blochrs. H2-blockers (p. 184) (cimeti­
dine, ranitidine, famotidine, nizatidine) inhibit 
gastric acid secretion, and thus are useful In 
the treatment of peptic ulcers. Cimetidine may 
lead to drug interactions because it inhibits 
hepatic cytochrome oxidases. The successor 
drugs (e.g., ranitidine) are of less concern in 
this respect. 

.,. Mast cell stabilizers. Cromoglicate ( cro­
molyn) and nedocromil decrease, by an as yet 
unknown mechanis111, the capacity of mast 
cells to release histamine and other mediators 
during allergic reactions. Both agents are 
applied topically (p. 354). 
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14.3 Serotonin 

Serotonin 

Occurrence and Functions 

Serotonin (5-bydroxytryptamine, 5-HT) is syn­
thesized from L-tryptophan. Serotonin is 
involved as a neurotransmitter in a variety of 
functions in the CNS. In addition, it acts as a 
mes.senaer in the periphery. In the intestine, 
It (a) acts as a neurotransmitter In the myen­
teric plexus and (b) is released from entero­
chromaffin cells (EC cells) of the intestinal 
epithelium to act locally as a hormone. It 
enhances the propulsive activity of the intes­
tine. The EC cells can also influence the centr.ll 
nervous system and circulatory function indi­
rectly. When stimulated by the presence of 
toxic substances in the intestine (e.g., cyto­
statics for cancer chemotherapy), they can 
induce vomiting by releasing serotonin to 
stimulate the afferent nerve endings of vagal 
nerve fibers. Moreover, they act as a "serotonin 
fuel station· for platelets as platelets cannot 
manufacture serotonin themselves. Platelet se­
rotonin is involved in thrombus t'orlnition and 
blood clotting. Vascular smooth muscle can be 
influenced by serotonin in two opposite ways. 
On intact endothelial cells, it promotes the 
release of vasodilator messeqers (NO, prosta­
cydin), but it has a vasoconstrictor effect by a 
direct action on vascular smooth muscle. 

.,.. Serotonin receptors. The body has an 
impressive number of different serotonin 
receptor subtypes. The important ones in phar­
macological therapy are 5-HTl, 5-HT2 (both 
with subtypes~ 5-HT3, and 5-HT4• Most of the 
receptor types are roupled to G-proCl!ins. The 
5-IIT3 subtype is a nonselective cation channel, 
a ligand-gated ion channel (p. 82). 

.,.. Inactivation. Uke the biogenic amines nor­
epinephrine and dopamine, serotonin released 
from neurons is inactivated mainly by neuro­
nal reuptake via a specific plasmalemma sero­
tonin transporter (SEIIT). Nonspecific vesicular 
monoamine transporter (VMAT) mediates 
uptake into storage vesicles. Alternatively, 
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serownin can be broken down within the ails 
by monoamine oxidases. 

Promoters of Serotonin Effects 
.,.. "Tr:iptilns• for mipaine attacks. SUmatrip­
tan was the first agent used to treat migraine 
(p. 340); it acts as an agonist on 5-IIT 10 recep­
tors and also on 5-Hfla receptors. It produces 
constriction of aanial vessels, possibly by 
inhibiting release of neuropeptides, which 
induce "neurogenic inflammation," or by a 
direct action on blood vessels. A sensation of 
chest tightness may occur and be indiative of 
coronary vasospasm. The mode of action has 
proven very useful and many other triptans 
are now on the market 

.,.. Antidepressants. Many representatives of 
this group of substances inhibit neuronal reup­
take of 5-HT; cr. norepinephrine-dopamine 
reuptake inhibitors (p. 228). Fluaxetine is the 
leading drug in the selective serotonin reup­
take inhibitor subgroup (SSRI, .,.. Fig. 28.7). 

.,.. Miscellaneous. Dulo.lcetine, which inhibits 
neuronal reuptake of norepinephrine and se­
rotonin. was introduced as a treatment for 
stress incontinence in women and later also 
as an antidepressant Prucalopride selectively 
stimulates the 5-HT4 subtype, promoting gut 
peristalsis and acting as a laxative . 

Serotonin Inhibitors 

.,.. "Setron5• for cytostatic-Induced emesis. 
Ondansetron has an impressive protective 
action against vomiting following administra­
tion of cytostatic drugs. It is an antagonist at 
the 5-HT3 receptor, which is located on affer­
ent vagal nerve fibers in the intestinal mucosa 
and also in the brain, including the area post­
rema. Cytotoxic substances can be detected at 
both sites to initiate the process of emesis. 
Granisetron and the long-acting palonosetron 
produce analogous effects. 



14.3 Serotonin 

A. 5erotiDnfn ldtons as Influenced by drugs---------------, 
Serotoni~~ergic neuron 

LSD 
Lysergic add dledlylamlde 

Psychedelic 

Fluoxetine 
Selecllw 5-HT;euptllcie 
lnhlblb:lr 

Antidepressant 

Fig. 14.3 

Sumatriptan 

Antlmigralne 

Ondansetron 

Antiemetic 

133 



14.4 Substance P and Amino Acids 

SUbstanceP 
Subs1ana! P (SP) is a tachylcinln iUld is a pep­
tide ronsisting of 11 amino acids, stored in 
vesicles In nerve endings. When released. SP 
binds to special receptors called neurokinin 
(NK) receptors. There are three subtypeS, all of 
which are coupled to G-protelns. 

SP occurs In different sites In the body 
("' Fig. 14.4A): 
1. Peptidergic neurons are present in the 

lntestinil wall. Released SP increases intes­
tinal muscle tone and stimulates mucosal 
secretion. 

2. In the visceral sensory system. Peptidergic 
neurons extend from the intestinal wall to 
the nucleus of the tractus soliwius, and in­
furmation arriving there is transmitted to 
various parts of the brain. such as the cor­
pus striatum. hypothalamus, and vomiting 
center. 

3. In nociceptive neurons of sensory ganglia. 
On stimulation, SP is released (a) as a trans­
mitter from the axon endings in the poste­
rior hom of the spinal cord causing an 
exrita!Dry effect on the second~rder neu­
rons (anterolateral tract • pain transmis­
sion); (b) at peripheral nociceptive nerve 
endings, resulting In local vasodilatation or 
even neurogenic inflammation. 

Influencing NK receptors with drugs has so far 
had only limited success. The NK1 receptor, 
which triggers emesis by binding SP in the 
vomiting center, can be blocla!d with aprepi­
tant. This antagonist action is effective in eme­
sis caused by cytostatic agents (p. 342). Other 
actions of SP, such as activation of the spino­
thalamic tract, are not inhibited by aprepitant 
(no analgesic action). 

Note: One feature of the somatosensory 
peptidergic nerve endings (not to be confused 
with the afurementioned viscerosensory nerves) 
should be mentioned briefly. They contain 
peripheral ion channel receptors of transient 
receptor potential (TRP) type. The TRPV1 (vanil­
lo!d receptor 1 ) subtype is activated by heat and 
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also by constituents of pepper and paprilca. This 
is why intensely flavored spices can elicit a 
sensation of heat. 

Amino Acids 
1'wo amino adds influence neuron-to-neuron 
impulse transmission in the CNS: (1) excitation 
of the postsynaptic membrane is triggered by 
glutamic idd (glutamate) and (2) impulse 
transmission is inhibited by y-arninobutyric 
acid (GADA). 

Glutamate has various receptor types at its 
disposal !or binding(.,. Fig. 14.48). Three typeS 
are ion channels. They are known as NMDA. 
lcainate, and AMPA receptors.1 The attachment 
of glutamate is very brief effect (in the milli­
second range). Following release, glutamate is 
immediately taken up by the presynaptic neu­
ron and especially by the closely adjacent 
astrocytes, which convert glutamate to gluta­
mine, thereby Inactivating it A fourth gluta­
mate receptor (metabotropic receptor) is 
coupled toG-proteins; when it is occupied, the 
intracellular inositol ttiphosphate concentra­
tion Increases (long-lasting action). 

y-AmJnobutyrlc add (GABA) inhibits neu­
ronal impulse transmission (.,. Fig. 14.4C). 1'wo 
GADA receptor types can be distinguished: the 
GAllA,. receptor, with an ion pore fur chloride, 
and the GABAe receptor, which is coupled to 
G-protein and Inhibits cAMP production, 
increases K• conduction (hyperpolarization), 
and reduces (a2• permeability. Released GABA 
is removed rapidly from the synaptic cleft by 
reuptake. In the spinal cord, GADA uptake is 
partially replaced by the amino acid gl)'Cine. 
The action of tetanus toxin iUld the convulsant 
action of strychnine are due to disturbance of 
this system. The GAllA,. receptor is important 
for drug therapy as benzodi.azepines (p. 222) 
specifically influence this receptor, thus acting 
as allosteric reinfurcers of GADA action. 

The GABAe receptor is stimulated by bac!o­
fen. a muscle relaxant (p. 190). 

1 NMDA • N-metbyl-D-aspartate, 
lcainic acid • a cyclic glutamic add analogue, 
AMPA • a-arnino-3-hydroxy-5-methyl-4-
isoxazole propionic add. 
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1 5.1 Vasodilators-Overview 

Vasodilators-Overview 
The distribution of blood within the circulation 
is a function of vascular caliber. Venous tone 
regulates the wlume of blood returned to the 
heart and, hence, stroke wlume and cardiac 
output The luminal diameter of the arterial 
Viilsculature determines peripheral resistance. 
Cardiac output and peripheral resistance are 
prime determinants of arterial blood pressure 
(p. 322). 

The clinically most important viiSOdilators 
are presented in .,. f'il. 15.1A. some of these 
agents possess different efficacy in atrecting 
the venous and arterial limbs of the 
drculation. 

.,. Possible uses. Artmolar vasodilators are 
given to lower blood pressure in hypertension 
{p. 322), to reduce cardiac work in angina pec­
toris (p. 324), and to reduce ventricular after­
load (pressure load) in cardiac failure (p. 330). 
venous vasodilator! are used to reduce venous 
filling pressure (preload) in angina pectoris 
(p. 324) or congestive heart failure (p. 330~ 
Practical uses are indicated for each drug group. 

.,. Coun~tion In acute hypotension 
due tXJ V4150di.1i11ors (.,. fir. 15.11). Increased 
sympathetic drive raises heart rate (reflex 
tachycardia) and cardiac output and thus helps 
to elevate blood pressure. The patients experi­
ence palpitations. ActiViiltion of the renin­
angiotensin-aldosterone (RAA) systml serves to 
increase blood volume, hence cardiac output 
Fluid retention leads to an increase in body 
weight and, possibly, edemas. 

These counter-regulatory processes are 
susceptible to pharmacological inhibition 
(jl-blockl!rs, renin inhibitor, ACE inhibitors, 
diuretics). 

.,. Meclwlisms of action. The tone of vascu­
lar smooth muscle can be decreased by various 
means. 

Protection Q&Dinst vasoconstricling media­
ton. Renin and AC.E inhibitors and angiotensin 
receptor antagonists protect against angioten­
sin II (p. 142); a-adrenoceptor antagonists 
interfere with (nor-) epinephrine (p. 114). 
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Antagonists acting on endothelin (E1) recep­
tors can abolish its ViilSOCOnstrictor effect: 
bosentan and nwcitmtun block ETA and !ITa 
receptors, whereas sitDMntun and ambrisentan 
block liT A receptorS selectively. 

SUbstltution of vasorelaxant mtdUitors. Ana­
logues of prostacydin (from ViilScular end~the­
lium). such as iloprost, or of prostaglandm E,, 
such as alprostadil, stimulate the correspond­
ing receptors; organic nitrates (p. 138) substi­
tute for endothelial NO. 

Direct action on vascular smooth muscle 
cells. ca2• channel blockl!rs (p. 140) and K> 
channel openers ( diazoxide, minoxidil) act at 
the level of channel proteins to inhibit mem­
brane depolarization and exdtation of vascular 
smooth muscle cells. Phosphodiesterase (POE) 
inhibitors retard the degradation of intracellu­
lar cGMP. which lowers contractile tonus. Sev­
eral POE' isozymes with different localization 
and function are known. Ci/ostazol is a PDE-3 
inhibitor that is believed to increase the walk­
ing distance of patients with peripheral arte­
rial disease. 

The following sections deal with special 
aspects: 

.,. Erectile dysfunction. SUdenafi~ Viilrdenafil, 
tadalafi~ and aViilnafil are inhibitors of PDE-5 
and are used to promote erection. During ~x­
ual arousal NO is released from nerve endmgs 
in the corpus cavemosum of the penis, which 
stimulates the formation of cGMP in vascular 
smooth muscle. PDE-5, which is important in 
this tissue breaks down cGMP, thus counter­
acting eredion. Blockers of PDE--5 "conserve" 
cGMP. Sildenafil is now used in the treatment 
of pubnonary hypertension also. 

.,. Pulmonary hypertension. This condition 
involves a narrowing of the pubnonary vascu­
lar bed resulting mostly from unknown causes. 
The disease often is progressive, associated with 
right ventricular overload, and all but resistant 
to treatment with conventional vasodilators. 
Endothelin receptor antagonists, sildenafi~ ilo­
prost by inhalation, or riodguat (p. 138) may 
produce a mariced dinical i~q~rovement 
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15.2 Organic Nitrates 

Organk Nitrates 
Various esll!rs of nitric acid (HN03) and poly­
valent alcohols relax vascular smooth muscle, 
e.J ., nitroglycerin (glyceryl trinitrall!) and iso­
sorbide dinitrall!. The effect Is more pronounced 
in venous than in arterial beds. 

These vasodilator effects produce hemody­
namic consequences that can be put to thera­
peutic use. Owing to a decrease in both venous 
return (preload) and arterial afterload, cardiac 
work is decreased (p. 324). As a result, the car­
diac oxygen balance improves. Spasmodic con­
striction of larger coronary vessels (coronary 
spasm) is prevenred. . . 

Uses. Organic nitrates are used chiefly m 
angina pectoris (p. 324), less frequently in 
severe fonns of chronic and acute congestive 
heart failure. Continuous intake of higher 
doses with maintenance of steady plasma lev­
els leads to loss of efficacy, inasmuch as the 
organism becomes refractory (tachyphylactic). 
This "nitrate tolerance" can be avoided if a 
dally "nitrate-free interval" is maintained, e.g., 
overnight. 

At the start of therapy, a rucdon occurs ~ 
quently in the fonn of a throbbing headache. 
probably caused by dilation of cephalic vessels. 
This effect also exhibits tolerance. even with 
daily "nitrate pauses." Excessive dosages gi~ 
rise to hypoll!nsion, reflex tach;yQrdfa, and ar­
culaiDry collapse. 

11> Meclwtism of ~on. The reduction in 
vascular smooth muscle tone is due to activa­
tion of guanylate cyclase and elevation of cell~ 
lar cyclic GMP levels. The causative agent 1s 
nitric oxide (NO) generated from the organic 
nitrate. NO is a physioloaical messenger 
molecule that endothelial cells release onto 
subjacent smooth muscle cells ("endothelium­
derived relaxant factor," EDRF). Organic 
nltrall!s thus utilize a physiological pathway; 
hence their high efficacy. The enzymatically 
mediated generation of NO from organic 
nitrates (via a mitochondrial aldehyde dehy­
drogenase) within the smooth muscle cell 
depends on a supply of free sulfhydryl ( -SH) 
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groups; "nitrate-tolerance• is attributed to a 
cellular exhaustion of SH donors. 

Glycerol trinitrat2 (GIN; ~).is 
distinguished by a high membrane penetrabil­
ity and very low stability. It is the drug of 
choice in the treatment of angina pectoris 
attacks. For thls purpose, it is administered as 
a spray or In sublingual or buccal tablets for 
transm~cosai delivery. The onset of action is 
between 1 and 3 minutes. Due to a nearly com­
plell! presystemic elimination, it is poorly 
suited for oral administration. Transdertnal 
delivery (nitroglycerin patch) also avoids pre­
sysll!mic elimination. 

Isosorbide dinltnte (ISDN) penetrates well 
through membranes, is more stable than N'J'G, 
and is partly degraded into the 'M!iJlcer, but 
much longer-acting, 5-isosorbide mononitrate. 
ISDN can also be applied sublingually; how­
ever, it is mainly administered orally in order 
to achieve a prolonged effect. 

Isosorbide mononitrate (ISMN) is not suit­
able for sublingual use because of its higher 
polarity and slower rate of absorption. Taken 
orally, it is absorbed and is not subject to first­
pass elimination. 

Molsldomine itself is inactive. After oral 
intake, it is slowly converted into an active 
metabolite, linsidomine. The differential effec­
tivenl!ss in arterial vs. venous beds is less evi­
dent compared to the drugs mentioned above. 
Moreover development of "nitrate tolerance" 
is of less ~cern. These differences in activity 
profile appear to reflect a differe_nt mechan}sm 
of NO release. The same applies to sodium 
nitroprusside. 

Sodium nitropru.ssicle contains a nitroso 
(-NO) group, but is not an ester. It dilates 
venous and arterial beds equally. It is adminis­
tered by infusion ID adli~ controlled hypo­
lmsion under continuous dose monitoring. 
Cyanide ions liberated from nitroprusside can 
be inactivated with sodium thiosulfate (p. 310). 

Riodguat can promote cGMP synthesis by 
direct stimulation of soluble guanylate cyclase, 
reducing vascular smooth muscle tone In pul­
monary hypertension (p. 136). 
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1 5.3 Calcium Antagonists 

Calcium Antagonists 
During electrical excitation of the cell mem­
brillle of heart or smooth muscle, diffl!ll!nt 
ionic currents are activated. including an 
inward ca2• current. The term ca2• antagonist 
is applied to drugs that inhibit the influx of 
ca2• Ions without affecting inward Na• or out­
ward K• currents to a signifiCilllt degree. Other 
labels are calcium entry blocker or ~ channel 
blocker. Ca2• illltagunists used therapeutically 
can be divided into two groups acx:ording to 
their e!Iects on heart illld vasculature. 

.,.. L DibydropyrlcHne Derivatives. The dihy­
dropyridines. e.g~ nffediplne, are uncharged 
hydrophobk substilllces. They particularly 
induce a relmcation of vascular smooth musde 
in arm-ia/ beds. An effect on cardiac function is 
practically absent at therapeutic dosage. They 
are thus regarded as vasoselect:ive Ca-l' antago­
nists. Because of the dilation of resistance ves­
sels, blood pressure falls. Cardiac afterload is 
diminished (p. 324) and. therefore. also oxygen 
demand. Spasms of coronary arteries are 
prevented. 

.,.. Indkatioos. Slow-release forms of nifedi­
pine CiiJl be used in chronic angina pectoris 
illld essential hypertension. Rapidly released 
forms of nifedipine should be used only in 
hypertensive emergencies because of the 
reflex tachycardia they produce. Adverse 
elfects are tachycardia (due to hypotension, 
whkh may increase the risk of myocardial 
infarction). heaclache. illld pretibial edema. 

The successor substances principally exert 
the same effects. but have different kinetic 
properties (slaw elimination and, hence, 
steady plasma levels). 

Nitrendipine, isradipine, illld fo/odipine are 
used to treat hypertension. Nisoldipine is also 
used in angina pectoris. Nimcdipine is given 
prophylactically after subarachnoid hemor­
rhage to prevent vasospasrns. On Its dihydro­
pyridine ring, CIJII/odipine possesses a side 
chain with a protonatable nitrogen and hence 
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CiiJl exist in a positively charged state. This 
influences its pharmacokinetics, as evidenced 
by the very long half-lire of elimination ( -40 
hours). The "ultra-short-acting" devidipine is 
given i.v. for acute blood pressure reduction 
during surgery. 

.,.. n. veraJWDil and other catamphlphllic ca2• 
antagonists. Verapamil contains a nitrogen 
atom bearing a positive charge at physiological 
pH illld represents a mtionir amphiphilic mole­
cule. It l!la!rts inhibitory effects on arterial 
smooth muscle, illld also on heart muscle. In the 
heart, Cal' inward currents are important in 
generating depolarization of sinoatrial node 
cells (impulse generation). in impulse propaga­
tion through the AV junction (atrioventrkular 
conduction), illld in electromechanical cou­
pling in ventricular cardiomyocytes. Verapamil 
thus produces negative chronotropic, dromo­
tropic, and inotropic effects. 

.,.. Indications. Verapamil is used as an anti­
arrhytlunir dn(g in supravent:riaJiar t.u:hyar­
rhythrnias. In atrial flutter ar fibrillation, it Is 
etfective in reducing ventricular rate by virtue 
of Inhibiting AV conduction. Verapamil is also 
employed In the prophylaxis of angina pectoris 
attadcs (p. 326) illld the treatment of hyperten­
sion (p. 322). 

.,.. Adverse elfects. Because of verapamll's 
etfects on the sinus node, a drop in blood pres­
sure fails to evola! a reflex tachycardia. Heart 
rate hardly changes; bradycardia may even 
develop. AV block illld myocardial insufficiency 
can occur. Patients frequently complain of con­
stipation, because verapamil also inhibits 
intestinal musculature. In contrast to the dihy­
dropyridines, verapamil must not be given In 
combination with JJ-blockers because of the 
risk of AV block. 

Diltiazem is a catamphiphilic benzothiaz~ 
pine derivative with illl activity profile resem­
bling that ofverapamiL 
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16.1 ACE Inhibitors 

Inhibitors of the ReM1-Anglotensln­
Aidosterone System 
The renin-angiotensin-aldosterone system 
regulates blood pressure along with sodium 
and water homeostasis(~ Fig. 16. tA). 

Renin is produced by spedalized smooth 
muscle cells in the wall of the afferent arteriole 
of the renal glomerulus (juxtaglomerular 
apparatus). Stimuli eliciting release of renin 
are: a drop in renal perfusion pressure and 
sympathetic activation of IJ-adrenoceptors in 
juxtaglomerular cells. As soon as renin is 
secreted into the blood, it deaw!S the decapep­
tide angiotensin I from angiotensinogen. which 
is produced in the liver. The enzyme AU, in 
turn, produces biologically active angiotensin 
II from angiotensin I. 

ACE circulates in the plasma and is located 
on the surface of endothelial cells. It is a non­
specific peptidase that can deave C-terminal 
dlpeptides from various peptides ( dipeptidyl 
carboxypeptidase). In this way, ACE helps to 
inactivate kinins, e.g~ bradykiniiL 

Aollotemin n can activate two different 
receptors, Art and AT2, both of which are 
coupled to G-proteins. The most important 
cardiovascular actions of angiotensin D are 
mediated through AT1 receptors(~ Fig. 16.1A). 
Angiotensin D increases blood pressure in vari­
ous ways: (1) vasoconstriction in both the 
arterial and venous limbs of the circulation; (2) 
stimulation of aldosterone secretion leading to 
increased renal reabsorption of NaCl and water 
and therefore increased blood volume; (3) a 
central increase in sympathetic tone and, 
peripherally, enhanced release and effects of 
norepinephrine. Chronically elevated lev\!ls of 
angiotensin D can give rise to hypertrophy of 
muscle cells in the heart and arteries and an 
increase in connective tissue (fibrosis). 

ACE Inhibitors, such as captopril and 
enalaprllate occupy the active center of the 
enzyme so that cleavage of angiotensin I is 
inhibited competitively. Indications are hyper­
tension and chronic cardiac failure. Lowering 
of the elevated blood pressure Is predomi­
nantly brought about by diminished produc­
tion of angiotensin IL Impaired degradation of 
kinins that exert vasodilating actions may con­
tribute to the effect 

In consesti11e heart failure, cardiac output 
rises after administration of an ACE inhibitor 
because ventricular afterload diminishes 
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owing to a fall In peripheral resistance. Venous 
congestion (preload) abates and there is a 
reduction in aldosterone secretion and in the 
tone of the venous capacitance vessels. 

~ Adverse elfecu. When the RAA system is 
activated by loss of electrolytes and water, 
(e.g., as a result of treatment with diuretic 
drugs, cardiac failure, or renal artery stenosis), 
administration of ACE inhibitors may Initially 
cause an excessive faD in blood pressure. Dry 
cough is a fairly frequent side effect (10%), pas.. 
sibly caused by reduced inactivation of kinins 
in the bronchial mucosa. Combination of ACE 
inhibitors with potassium-sparin& diuretics 
can lead to hyperkalemia. In most cases. ACE 
inhibitors are well tolerated and effective. 

Newer analogues include lislnopril ramipril, 
quinapril fosinopril, benazepril, and zofenopril 

~ Antagonists at AT 1 angioteruin II receptors 
("SM~;tns"). Blocking of the AT1 receptor by 
an antagonist suppresses the action of angio­
tensin D. I..oYrtln was the first drug in the 
sartan group, and analogues were soon devel­
oped. These inducle azilsartan, candesartan, 
eprosartan. lrbesartan. olmesartan, telmisar­
tan. and valsartan. The main ( antiltyperten­
sive) effects and side effects resemble those of 
ACE inhibitors. However, because they do not 
inhibit degradation of kinins, they do not cause 
dry cough. 

~ Rmin Inhibitor. A direct renin inhibitor, 
which can be used for the treatment of hyper­
tension, has been available since 2007 ( allsld­
reo). This d!'U& is itbsorbed poorly after oral 
administration (biOilVailability 3:¥) and is elim­
inated very slowly, with a half-life of 40 hours. 
Its spectrum of action is similar to that of AT 1 
receptor antagonists. 

~ Neprllysin Inhibitor. Recently, the combi­
nation of the neprilysin inhibitor sacubitril 
with the AT 1 receptor antagonist valsartan was 
approved for treatment of chronic heart fail­
ure. Neprilysin catalyzes breakdown of natriu­
retic peptides (ANP. BNP) and degradation of 
angiotensin IL sacubitril increases levels of 
natriuretic peptides which stimulate vasodila­
tation and natriuresis and inhibit cardiac 
remodeling. Valsartan is added to prevent det­
rimental effects of increased angiotensin II. 
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17.1 Drugs Acting on Smooth Muscle 

Drugs Used to Influence Smooth Muscle 
Organs 

""' Bronchoclllators. Narrowing of bronchioles 
raises airway resi.stan<r, e.g., in bronchial or 
bronchitic asthma. Several substan<rs that are 
employed as bronchodilat.ors are described 
elsewhere in more detail: P1-s~mimet­
ics (p. 110; aiven by pulmonary, parenteraL or 
oral route), the methylnnthine theophylline 
(p. 354: gilll!n parenterally or orally), and the 
parasympatholytics (p. 124) iprotropium and 
tiotropium. 

""' Spasmolytics. N-Butylscopolaminl! (p. 124) 
is used for the relief of painful spasms of the 
bile ducts or ureters. Its poor absorption (N.B.: 
quall!mary N; absorption rate < 10%) necessi­
tates parenteral administration. Because the 
therapeutic effect is usually weak. a potent 
analgesic is given concurrently, e.g~ the opioid 
meperidine. Note that some spasms of intesti­
nal musculature can be effectively relieved by 
organic nitrall!s (in biliary colic) or by nifedi­
pine (achalasia: esophageal spasm). 

""'Myometi'W reluants (tomlytics). Pr 
Sympathomimma such as fenoterol, given 
orally or parenterally, can prevent threall!ned 
abortion or intenupt labor in progress when 
dangerous complications necessitate caesarean 
section. Tachycardia is a side effect produced 
reflexly because of ~-mediated vasodilation 
or a direct stimulation of cardiac P1-receptors. 
Atosiban. a structurally altered oxytocin 
derivative, has become available. It acts as an 
antagonist at oxytocin receptors, is given 
parenterally, and lacks the cardiovascular side 
effects of ~-sympathornimetics, but often 
causes nausea and vomiting. 

""' MyometJW stimulants. The neurohypo­
physeal hormone OJG!IOcin (p. 236) is given 
parenterally (or by the nasal or buccal route) 
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before, during, or after labor in order to 
prompt uterine contr.lctlons or to enhance 
them. Qzrberocin is a long--acting analogue, 
which is used to increase uterine tone follow­
ing caesarean section. Certain prostaglandins 
or analogues of them (p. 198), e.J. dinopro­
stone, sulprostone, are capable of inducing 
rbythrnic uterine contractions and cervical 
relaxation at any time. They are mostly 
employed as abortifacients (local or parenteral 
administration). 

Ergot alblokls are obtained from Smile 
comutum (ergot), the sclerotium of a fungus 
(Qaviceps purpurea) parasitizing rye. Con­
sumption of flour from contaminated grain 
was once the cause of epidemic poisonings 
(ergotism) characterized by gangrene of the 
extremities (St. Anthony's fire) and CNS distur­
bances (hallucinations). 

The ergot alkaloids are derivatives of lyser­
gic add (see ergotamine formula in A). The 
therapeutic importance of the native alkaloids 
has diminished greatly. Ergometrine, which 
has a predominantly stimulating effect on 
the myometrium, Is no longer used to increase 
contractions during labor, as it induces uterine 
tetany too readily, acutely endangering the 
fetus. Methylation of this alkaloid to give 
methylergometrine produces a drug that can 
be used to stimulate the uterus to contract 
aftl!l" delivery. Apart from ergometrine, ergot 
also contains ergotamine and various ergo­
toxin alkaloids. The only native ergot allcaloid 
in use is ergotamine, which Is administered in 
the short term in treatment -resistant migraine 
attacks (p. 340). 

A few semisynthetic lysergic add deriva­
tives have specific receptor affinities and can 
be used therapeutically; an example is the 
dopamine agonist bromocriptine (p. 128). 

Lysergic acid diethylamide (I.SD) has a par­
ticular significance as it can produce •model 
psychosis" in oral doses of only 0.02-0.4 mg 
(see p. 312). 
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18.1 Cardiac Drugs-Overview 

Cardiac D111gs 

~ Possible ways of influencing heart func­
tion. The pumping capacity of the heart 
depends on different factors (~ Fig. 18.1A): 
with increasing heart rate, the force of contrac­
tion increases ("positive staircase"); the degree 
of diastolic filling regulates contraction ampli­
tude (Starling's law of the heart). The sympa­
thetic innervation with its transmitter 
norepinephrine and the honnone epinepluine 
promote contractile force generation (but also 
oxygen consumption), and raise the heart rate 
and excitability (p. 106). The parasympathetic 
innervation lowers the rate because acetylcho­
line inhibits pacelllilker cells (p. 120). 

From the influence of the autonomic nerv­
ous system it follows that all sympatholytic 
or sympathomimetic and parasympatholytic 
or parasympathomimetic drugs can produce 
corresponding effects on cardiac performance. 
These possibilities are exploited thera­
peutically: for instance, P..blockers (p. 11 6) for 
suppressing excessive sympathetic drive; ipra­
tropium for treating sinus bradycardia (p. 1 26). 
An unwanted activation of the sympathetic 
system can result from anxiety, pain, and other 
emotional stress. In these cases, the heart can 
be protected from hannful stimulation by psy­
chopharmaceuticals such as benzodiazepines 
(diazepam and others; important in myocar­
dial infarction). 

Cardiac work furthermore depends strongly 
on the state of the circulation system: physical 
rest or work demand appropriate cardiac per­
formance; the level of mean blood pressure is 
an additional dedsive factor. Chronic elevation 
of afterload leads to myocardial insuffidency. 
Therefore, all blood pressure-lowering drugs 
can have an important therapeutic influence 
on the myocardium Vasodilator substances 
(e.g., nitrates) lower the venous return and/or 
peripheral resistance and, hence, exert a favor­
able effect in angina pectoris or heart failure. 
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The heart musde cells can also be reached 
directly. Thus, cardiac glycosides bind to the 
Na•JK•-ATPases, (p. 148), the ea2• antagonists 
to (a2• channels (p. 1 40), and antiarrhythmics 
of the local anesthetic type to Na• channels 
{p. 150) in the plasmalemma. 

Levosimendan is a "calcium sensitizer· that 
can be used in acute heart failure to promote 
binding of Ca1• to the myofllaments, thus 
increasing contractility. In addition, it has a 
vasodilating action and reduces p~ and 
afterload. 

~ E\'ents underlying contraction and relax.a­
tion of m;)'OCa11Ual cells. The signal-triggering 
colttRCtion is a propagated action potential 
(AP) generated in the sinoatrial node (~ Fig. 
18.1B). Depolarization of the plasmalemma 
leads tn opening of the L-type (a2+ channels and 
then of the ryanodine receptnrs, (a2+ channels 
in the sarCDplasmic reticulum (a2+ in the cyto­
sol diffuses into the myofilaments In produce 
contraction of the cardiomyocyte (eledrome­
cbaoical coupllog). During the action potentiaL 
the Na•JCa2+ exchanger moves more (a2• intn 
the cell The direction depends on the mem­
brane potential as the Na•Jea2• exchanger trans­
ports three Na• ions for one Cal• ion. When the 
membrane is depolarized, this exchange moves 
Ci2• intn the cell and moves it out again when 
the membrane is repolari2ed. The level of Ci2• 
concentration attained in the cytnsol deter­
mines the degree of shortening, i.e., the force of 
contraction. 

The trigger signal for relax.ation is the 
return of the membrane poll!ntial tn its resting 
level During repolarization ea2• levels fall 
below the threshold for activation of the myo­
filaments {3" 1o-7 M): ca2+ ions are pumped 
back into the SR lumen by the sarcoplasmic 
Ca2+-ATPase (SERCA). A smaller proportion of 
the Ca1• is extruded from the cell by the 
plasmalemma Ccz2+-ATI'ases and the Na•JCa2+ 
exchanger. 
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18.2 Cardiac Glycosides 

Cardiac Glyc:osldes 
Digoxin and Digitoxin 
Diverse plants are sources of sugar-containing 
compounds (glycosides; see • Fig. 18.2A for 
structural formulae) that augment the contrac­
tile force of heart muscle: cardiotonic glyco­
sides, cardiosteroids, "digitalis. • Digoxin and 
digitoxin are the most important cardiac glyco­
sides; digoxin differs from digitoxin by an 
additional OH group (.,. Fig. 18.2A), which 
affects its pharmacokinetic properties. Enteral 
absorption of digoxin is variable and elimina­
tion is mainly rena~ so there is a risk of accu­
mulation with renal failure. Digitoxin is 
metabolized in the liver, conjugated with sul­
fate or glucuronate, and secreted into the bile. 
In the bowel it is deconjugated and reabsorbed. 
This enteroheprttic circulation and the high 
plasma protein binding (>95%) are the reasons 
for digitoxin's very long plasma half-life (5-7 
days). Treatment may start with an initial load­
ing dose, followed by a lower oral maintenance 
dose. 

Mechanism of Cardiac Glycoside Action 
The cardiosteroids possess a small therapeutic 
margin; signs of intoxication are arrhythmia 
and contracture(.,. Fig. 18.2B). 

cardiac glycosides (CG) bind to the extrac­
ellular domain of Na•fK• -ATPases and exclude 
this enzyme molecule for a time from further 
ion transport activity. The ATPases maintain 
the transmembrane concentration gradients of 
Na•f K• and the negative resting potential and 
normal electrical excitability of the cell mem­
brane. When some of the Na•fK+-ATPases are 
occupied and blocked by CG, the intracellular 
eaz• concentration rises, with an increase in 
contractile force. 

The positive inotropic effect of the cardiac 
glyrosides is explained by means of the follow­
ing model (• Fig. 18.28): inhibition of Na•fK•­
ATPase leads initially to a slight rise in the 
intracellular Na• concentration in the vicinity 
of the cell membrane. This reduces the Na• 
gradient across the cell membrane, which acts 
as the driving force for the Na• f Ca1• exchange 
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transporter, and fewer Ca1• ions are moved out 
of the cardiac muscle cell. The contractile force 
increases as a direct result 

Mobilization of edema (weight loss) and 
lowering of heart rate are simple but decisive 
criteria for achieving optimal dosing. If ATPase 
activity is inhibited too much, K' and Na• 
homeostasis is disturbed: the membrane 
potential declines, and extrasystoles and other 
arrhythmias occur due to late depolarization 
(• Fig. 18.28). Intracellular flooding with eaz· 
prevents relaxation during diastole: contracture. 

The CNS elfects of CGs (.,. Fig. 18.2C) are also 
due to binding to Na•fK•-ATPases. Enhanced 
vagal nerve activity causes a decrease in sino­
atrial beating rate and velocity of atrioventric­
ular conduction. In patients with heart failure, 
improved circulation also contributes to the 
reduction in heart rate. Stimulation of the 
area postrema leads to nausea and vomiting 
(.,. Fig. 18.2C). 

Indications for CGs are: 
t. chronic c:ongl!stive heart failure; 
2. alrialfibrillation or flutter, where inhibition 

of AV conduction protects the ventricles 
from excessive atrial impulse activity and 
thereby improves cardiac performance 
, ... Fig. 18.20). 
Signs of intoxication are: 

1. Carcfiac arrhythmias, which under certain 
circumstances are life-threatening, e.g., 
sinus bradycardia, AV block, ventricular 
extrasystoles, ventricular fibrillation (ECG); 

2. CNS disturlxmces: characteristically, altered 
color vision (xanthopsia), and also fatigue, 
disorientation, halludnations; 

3. anorexia, nausea, vomiting. diarrhea; 
4. renal: loss of electrolytes and water; this 

must be differentiated from mobilization of 
edema fluid accumulated in front of the 
heart during congestive failure, an effect 
expected with therapeutic dosage. 

Therapy of intoxication: administration of K'", 
which reduces binding of CG but may impair 
AV conduction; administration of antiarrhyth­
mics (p. 150). The most important measure is 
injection of antibody (Fab) frogrnents that bind 
and inactivate digitoxin and digoxin. 
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18.3 Antlarrhytflmlc Drugs 

Antiarrhythmic Drugs 

Cardiac Impulse Generll:lon and CondutUon 

The electrical impulse fur cardiac contraction 
(propagated action potential; p. 136) originates 
in paa:maker czlls of the sinoatrial node (.,. Fig. 
18.3Al) and spreads tllrou&h the atria (2). 
atrioventricular (AV) node (3), and adjoining 
parts of the His- Purlcinje fiber system ( 4) to 
the ventricles (5). Irregularities of heart 
rhythm can have a dangerous effect on cardiac 
pumping function. Arrhythmias are IDiiDilgl!(i 
by ant:ianbythmic drugs and increasingly by 
pacemakers and invasive electrophysiologic 
procedures. Antiarrhythmic agents are tradi­
tionally grouped according to the Vaughan 
Williams classification: 
• dass I: Na• channel blockers 
• dass II: ~bloclcers (p. 116), the only antiar-

rhythmic agents that prolong life 
• dass In: K• channel bloclcers 
• dass N: cal+ channel blockers (p. 140). 

.,. Action potential In the sinus illld AV node 
("' fl&. 18.38, C). The pacemaker cells in the 
sinus and AV nodes are characterized by slow 
depolarization in diastole, which is mediated 
by hyperpolarization-activated cyclic nucleo­
tide-gated (HCN) channels. When the mem­
brane potential reaches its threshold. an action 
potential is tl'iggered, followed by the next 
heart beat lwbrodine is a specific HCN channel 
blocker that can be used to treat tiichycardia. 
Autonomic regulation of heart rate is also via 
HCN channels, with readiness to open con­
trolled by cAMP. Adrenergic stimulation of 
cardiac ~receptors increases the pacemaker 
current via c .-protein. adenylyl cyclase, and 
cAMP ("' Fig. 18.38, C; green arrow, positive 
chronotropism~ Acztylcholine reduces the 
heart rate through Gvo-protein-coupled M2 
receptors, which inhibit adenylyl cyclase and 
open ~ channels ("' Fig. 1 8.38, C; red arrow, 
negative chronotropism). {J-Biockers can be 
given to treat sinus tachycardia, while alnlpine 
can be used for brad:ycardla. Adenosine can be 
injected intravenously in sup~ntricul.ar 
tach:ycardia; it reduces the rate and diminishes 
AV conduction. 
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The action potential of the pacemaker cells 
is mediated by voltage-gated can channels, 
which can be inhibited by cationic amphiphilic 
caz• antagonists (p. 140). e.g.. verapamil and 
diltiazem. Both are used to reduce rapid AV 
conduction in atrial fibrillation and flutter 
(p. 150). 

.,. Action potmtlal In the woddnl myocar­
dium ("' Fig. 18.30). Unlilce the pacemaker 
cells, those of the working atrial and ventricu­
lar myocardium and the rest of the conducting 
tissue (blue in .,. Fig. 18.3A) have a stable mem­
brane potential in diastole. Action potentials 
are triggered via voltage-aated Na• channels 
and conducted to the neighboring myocardial 
cells through connexins in gop junctions. Depo­
larization is followed by a plateau phase, in 
which extracellular ca1• flows into the cell and 
triggers contraction (p. 146~ Repolarization is 
initiated by opening of different K+ channels. 
Na• and K• channels are important target pro­
teins for antiarrhythmic drugs . 

Antiarrhythmic Drugs 

.,. Na• channel blockers ("' Fig. 18.30). Na+ 
channel bloclcers reduce the velocity of the 
increase of the action potential, thereby reduc­
ing the speed of conduction. This can interrupt 
reentry impulses in the atrium and ventricle. 
These antiarrhythmics are divided into three 
groups: 
• dass lA (action potential prolonged): quini­

dine (no longer on the market) 
• dass IB (AP shortened): lidocaine; also used 

as a local anesthetic (p. 204) 
• dass IC (AP unchanied): flecainide, 

propafenone. 
lidocaine binds only briefly to the Na• channel 
and therefore works especially at high heart 
rates ("use dependence"). Because of its low 
oral bioavailability, it is given intravenously to 
treat ventricular tachyarrhythmias. Class IC 
antiarrhythmics block Na• channels for much 
longer than lidocaine and can therefore also 
work at rest They are used in atrial fibrillation 
to convert this to sinus rhythm and maintain it 
(p. 152). In principle, all class I antiarrhythmics 
can also have a proarrhythmic action. 
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18.3 Antiarrhythmic Drugs 

"" K' clwlnel blodcl!rs ("" Fig. 183C). K• 
clwlnel bloclr.el'5 delay n:polarization of the 
action potential, thereby prolonging the rd'r.lc­
tory period until the ~io~ can be 
excitrd again. This group includes anuodarone, 
dronedarone, sotalol, and ~makalant. Sotnlol 
blocks jJ-adn:nergic receptol'5 in addition to K' 
channels. Vemakalant reduces the K• I KUR cur­
rent in the atrium and can be used intrave­
nously for ronvel'5ion of atrial fibrillation 
pn:sent less than 7 days. 

Amlodarone ("" Fig. 18.4A) is the main anti­
arrhythmic IC' channel blodaer, though it can 
block a range of other channels and receptol'5 
(including adrenoceptors). It is an amphiphilic 
benzofurane derivative with two iodine aiDms 
and its chemical properties result in phanna­
rological peculiarities that must be noted i~ 
tn:atment. Then: is pronounced tissue depost­
tion so amiodarone is eliminated extremely 
slowly from the body (tta 30-50 days). in 
unprotonatrd form amiodarone is highly lipo­
phllic and accumulates .in adill!lse tissue. 
Amiodarone is protonated m the aad pH of the 
lysosomes and forms stable complexes with 
membr01ne phospholipids. On electron micro­
sropy, these rompieJies are visible in many 
cells u onion-lite inclusion bodies; in the cor­
nea. for example, they are held responsible 
for visual disturbances. The iodine moiety can 
interfere with thyroid function, giving rise to 
both hyper- and hypothyroidism. Other 
adverse effects are photosensitization and, 
very rarely, pulmonary fibrosis. DronedafV!Ze is 
an iodine-free derivative of amiodarone With a 
shorter half-life (25-30 h) and without the 
problems of tissue deposition and thyroi.d 
interference. HD'NI!III!r, its antiarrhythmic 
action is less than that of amiodarone. Because 
they prolong repolarization, class Ill an~­
rhythmics can produce lbnude-de-pomtes 
arrhythmias. which can prosress to life-threat­
ening ~ntricular fibrillation. For safetr, the 
Qfc interval in the ECG must be momtored 
regularly. 
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Treatment of Atrial Abrtlliiltlon 
Atrial fibrillation is the most common cardiac 
arrhythmia. It can result fl:lm ~al ~ 
age to the atri.ll myocardium m vanous dLS­
eases ("" Fig. 18.48). Arrhythmogenic triggel'5 
in the pulmonary ~ins can trigger transient, 
more prolonged. or even permanent fibrilla­
tion due to reentry mechanisms in the atria. 
Electrical isolation of these triggers in the pul­
monary veins by catheter ablation is a causal 
treatment Since the fibrlllating atrium no 
longer rontr;acts in a coordinated manner, 
thrombi can form and the risk of embolism to 
the cerebral arteries causing stroke increases. 
The aims of atrial fibrillation treatment are as 
follows: 
• Reduction of stroke risk 
• Rate rontrol 
• Conve1'5ion to sinus rhythm (rhythm 

rontrol). . . . 
The most important aJm 1s pre~ntion of 
stroke by giving anticoagulants (p. 160). Secon­
dary aims are control of heart rate and rhythm. 
By acting iiS a fllll!r, the AV node prevents atrial 
fibrillation from spreading ID the ventricles, 
but ventricular pump function may be irregu­
lar ("absolute arrhythmia," no P wave in the 
Eai). Periods offi!St AV ronduction can lead to 
~ntricular tachycardia with reduced ~ntricu­
lar fllling and impaired pump function. Drugs 
that slow AV conduction (Jl-bloclcers, digitalis 
gt,yrosides, verapamil) can help to limit the ~n­
tricular rate (target < 110/min). Measures to 
restnre sinus rhythm ("rhythm rontrol") are 
effect!~ when the atrial fibrillation has not 
been present for long. Electrical ron~rsion can 
be performed with a defibrillator under brief 
anesthesia. Alternatively, the following drugs 
can be used for con~rsion and for mainte­
nance of sinus rhythm: vemakalant (Lv.), 
flecainide, propcifmone, somlo~ dronedarone, or 
amiodarone (p.o.). Because of the poten~l 
proarrhythmic effects of the class I and Ill anli­
arrhythmics. the benefit and risk should be con­
sidered carefully, especially in the case of 
structural heart disease. Innovative pacemakers 
and invi!Sive catheter procedures may support 
or replaa! prolOIJil!(i phannarotherapy. 
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19.1 Treatment of Anemias 

Drugs for the Treatment of Anemias 
Anemia denotes a reduction In red blood cell 
roWlt or hemoglobin rontent, or both. 

.,. Erythropoiesis ("' Fig. 19.1A). Red blood 
cells (erythrocytes) develop from stem cells 
through several cell divisions (n •171). Hemo­
globin is then synthesized and the cell nucleus 
is extruded Erythropoiesis is stimulated by 
the hormone erythropoietin (a glycoprotein), 
which is released from the kidneys when renal 
oxygen tension declines. Nephrogenic anemia 
can be ameliorated by parenteral administra­
tion of remmbinant erythropoietin ( epoetin 
alfa) or hyperglycosylated erythropoietin (dar­
bepoetin: longer half-life than epoetin). For 
further information about the epoetins and 
other activators of blood cell formation, see 
Stimulation of blood cell formation (p. 168). 

Even in healthy humans, formation of red 
blood cells and, hence, the oxygen transport 
capacity of blood, is augmented by erythro­
poietin. This effect is equivalent to high­
altitude training and is employed as a doping 
method by high-performance athletes. Eryth­
ropoietin is inactivated by cleavage of sugar 
residues with a biological half-life of - 5 hours 
after intravenous injection and a t112 >20 hours 
after subcutaneous injection. 

Given adequate production of erythropoie­
tin. a cUsturbance of erythropoiesis is due to 
two principal causes. (1) Cell multipHcation is 
Inhibited because DNA synthesis Is Insuffi­
cient This occurs in defJ.ciencies of vitamin B12 
or folic add (macrocytic hyper-chromic ane­
mia). (2) Hemoglobin synthesis Is impaired. 
This situation arises in iron cleftdency, since 
Pel• is a constituent of heJJlOilobin (microcytic 
hypochromic anemia). 

VItamin Bn 
Vitamin Bu (cyanocobaJamln, .,. Fig. 19.1B) is 
produced by bacteria; vitlmin Bu generated in 
the colon, however, is unavailable for absorp­
tion. Uver, meat, fish, and milk: products are 
rich sources of the vitlmin. The mJnimal 
requirement is about 1 pgfday. Enteral 
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absorption of vitamin B12 requires the so­
called "intrlnsk factor" from parietal cells of 
the stomach. The romplex formed with this 
glycoprotein undergoes endocytosis in the ile­
um. BoWld to its transport protein, transcoba­
lamin, vitamin Bn is destined for storage in 
the liver or uptaloe into tissues. 

A frequent cause of vitilmin ~z deficiency 
is atrophic gastritis leading to a lack of intrinsic 
factor. Besides megaloblastic anemia, damage 
to murosallinings and degeneration of myelin 
sheaths with neurological sequelae will occur 
(pemldous anemia). The dlerapy ronsists in 
parenteral administration of cyanocobilamln 
or bydroxymbalarnin (vitlmin Bt:~.t: exchange 
of -CN for - OH group). 

Folic Acid 

Leafy vegetables and liver are rich in folic acid 
{FA) ("' Fig. 19.18). The minimal requirement 
is -so J.ll/day. Polyglutamine-FA in food Is 
hydrolyzed to monoglutamlne-FA prior to 
being absorbed. Causes of defidency include 
insufficient intaloe, malabsorption (a side effect 
of many drugs). and increased requirement 
during pregnancy. In the first weeks of preg­
nancy, FA deficiency can cause neural tube 
defects in the embryo. For this reason, FA pro­
phylaxis should begin prior to ronception If 
possible. At lall!r stages, such defects can no 
longer be rorrected by taking FA. Symptoms of 
deficiency otherwise are megaloblastic anemia 
and murosal damage. Therapy ronsists in oral 
illdminlstration of FA. 

Administration of FA can mask a vitamin Btl 
deficiency. Vitlmin Btl is required for the ron­
VI!rsion of methyltetrahydro-F.\ to tetrahydro­
FA, which is Important for DNA synthesis 
("' Fig. 19.1B). lnhibition of this reaction due to 
vitamin Bu deficiency can be rompensated 
by increased FA intaloe. The anemia is readily 
corrected; however, nerve degeneration pro­
gresses unchecked and its cause Is made 
more difficult to diagnose by the absence of 
hematological changes. Indiscriminall! use of 
FA-contlining multivitlmin preparations can, 
therefore, be harmful. 
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19.2 Iron Compounds 

Iron Defkfency Anemia 

Dietary Iron is ingested in different forms: as 
triVillent Fe(DI), which cannot be absorbed by 
the small intestinal mucosa; as divalent Fe(ll) 
which is absorbable; and finaUy as bound 
heme iJ'?n .. This Iron complex (hemoglobin, 
myoglobin) 1s absorbed particularly effectively 
from the intestine and probably represents the 
physiological source throughout human his­
txlry before inorganic Iron compounds made 
their way intxl the kitchen in the "Iron age.• 

There is a special transporter protein for 
heme Iron in the apical enterocyte membrane. 
~lowingendocytosis of this complex, Fe{ II) is 
liberated by a heme oxygenase, and this can 
then leave the basolateral part of the cell via 
the transporter ferroportin. 

An apical divalent metal transporter is 
avaUable for the absorption of Fe(ll) ions. This 
m~s Fe(ll) intD the cytDsol and, like the Fe(ll) 
denved from heme, it exits the enterocytes by 
means of ferroportin. On the membrane sur­
face, It is oxidized to Fe(DI) by hephaestin and 
is subsequently bound to transferrin the Iron 
transport protein in the body. ' 
. Enteral absorption of Iron is subject to nega­

tiYe teedback: only as much iron as necessary 
is absorbed. The amount of ferroportin avail­
able to export iron from the enteroc:ytes is the 
controiUng step. This is determined by hepci­
din, which increases or reduces the number of 
avaUable ferroportin units; this results in the 
so-caUed mucosal block (which protects 
against oral iron overload). 

A frequent cause ol Iron deficiency is 
chronic blood loss due ID gastricfintestinal 
ulcers or twnors. One liter of blood contains 
5_00 mg of Iron in healthy condition. Despite a 
s!Jni~cant increase in absorption rate, absorp­
tion IS unable ID keep up with losses and the 
body stxlre of iron falls. Iron defidency results 
in impaired synthesis of hernoalobin and 
anemia. 

The treatment of choice (after the cause 
of bleeding has been found and eliminated) 
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consists in the oral administration of Fe2+ 
compounds, e.g., ferrous sulfate (daily dose 
100 mg of iron, equivalent tD 300 rng of FeS04 
~ivided into multiple doses). Replenishing of 
1ron stores may take several months. Oral 
administration, however, is advantageous in 
~at it is Impossible tD overload the body with 
1ron through an Intact mucosa because of Its 
demand-regulated absorption (mucosal block). 

Adverse e.f/i!cts. The frequent gastrointestinal 
~mplalnts (epigastric pain, diarrhea, constipa­
tion) necessitate intake of iron preparations 
with or after meals, although absorption is 
higher from the empty stDmach. 

IntmJctions. Antacids inhibit iron absorp­
tion. Combination with ascorbic add (vitamin 
C) ID protect Fel• from oxidation tD Pel+ is the­
oretically sound but practically is not needed. 

Parenteral admlnirtration of Fe'+ salts is 
inclica~ only when adequate oral replace­
ment IS not possible. There is a risk of over­
d.osage •. with iron deposition in tissues (hemo­
Siderom). The bindmg capadty of transferrin 
is limited and free Fel• is toxic. Therefore, Fel+ 
complexes are emplO)'Cd that can donate fel+ 
directly to transferrin or can be phagocytnsed 
by ~ages, e~bling iron tD be incorpo­
rated mto the femtin stDre. Possible adverse 
e~ are: with i.m. injection, persistent pain 
at the injection site and skin discoloration· 
with i.v. injection, flushing, hypotension, ana~ 
phylactic shock. 

A practical aspect of treatment of iron defi­
ciency anemia with oral Iron preparations 
aUuded to above should be noted. The required 
daily dosage Is 100-200mg Fe2+. Iron cannot 
be provi~ed as an isolated ion but is always 
present m bound form: as Iron sulfate, Iron 
succinate, iron gluconate, etc. In ferrous sulfate 
and ferrous succinate, Fel• accounts for about 
one-third of the drug weight, but in ferrous 
g~uconate it accounts for only about one­
eighth. Thus, If 100 mg Fel"" is required, 
300 rng ferrous sulfate or BOO rng ferrous glue­
onate must be prescribed. 
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20.1 Thrombosis Therapy 

Prophylaxis and Therapy of Thrombosis 
Upon vascular injury, platelet aggregation and 
the coagulation system are activated (• Fig. 
20.1A): platelets and fibrin molecules coalesce 
into a "plug" that seals the defect and halts 
bleeding (hemostasis). Unnecessacy formation 
of an intravascular dot-a thrombosis- can be 
life-threatening. If the clot forms on an athe­
romatous plaque in a coronacy artery, myocar­
dial infarction is imminent; a thrombus in a 
deep leg vein can be dislodged and carried into 
a lung artery and can cause pulmo!liry embo­
lism; in atrial fibrillation, thrombi can form in 
the atria, which are then carried to cerebral 
arteries, precipitating a stroke. 

Drugs that decrease the coagulability of 
blood, such as COUIIWins and heparin, are 
employed lOr thrombosis propbybxis. Other 
drugs inhibit the aggregation of blood platelets, 
which are prominently involved in intra-arterial 
thrombogenesis (p. 166). For the therapy of 
thrombosis, drugs are used that dissolve the 
fibrin meshwork-fibrinolytks, that is, plasmi­
nogen activators (p. 164~ 

Following endothelial injury, platelets drru­
lating in the blood adhere to the exposed 
~aoellular matrix. w~re they are quiddy 
activated and aggregate mto a still labile dump 
within a few minutes C• Fig. 20.1A). This proc­
ess Is called primary hemostasis. If vascular 
cells or tissue cells that contain tissue factor 
('lr) in their cell membrane are exposed, sec­
ond;uy hemostasis starts. Numerous proteins 
of the plasma dotting system are involved, 
some of which interact with the platelet 
dumps and then dose the vessel il\iury with a 
fibrin thrombus, which is stabilized by factor 
XUia. 
~e cloui~ factors are protein molecules, 

which-apart from fibrin and cofactors Va and 
Vlla-are converted to active proteases by 
deavaae of protein fragments. Some activated 
factors, induding the vitamin K-<lependent 
factors II, VII, IX, and X. require the presence of 
phospholipids (PI) and Ca2+ ions for their pro­
teolytic activity. Activation of the clotting cas­
cade mediated by tissue factor cornplexed with 
factor VIla predominates in the body. This used 
t? be called the "extrinsic system." The "intrin­
SIC syste~ • which is initiated by factor xna. 
can be activated by negatively chaiJed endog­
enous (e.g~ collagen) or exogenous (e.g., glass, 
kaolin) surfaces. 
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Hereditary dotting disorders such as hemo­
philia can be treated by replacement with 
factors derived from human plasma or 
recombinant factors, e.g., octomg alfa, turocto­
cogalfa. 

In vivo, the progression of hemostasis can 
be inhibited as follows ( ., Fig. 20.1A): 
1. Anti-platelet drugs (inhibitors of platelet 

aggregation), e.g~ acetylsalicylic add or 
dopidogrel, pi1!Vt!Ilt the !Ormation of a pla­
telet-rich thrombus. They act especially in 
the arterial system and are used for exam­
ple, in the prevmtion and treatroent of 
myocardial infarction (p. 328~ 

2. llirect inblbitors of the coagulation CCISQde 
inhibit the protease activity of factors Xa 
and Da (thrombin). 

3. Indirect factur Xa/IIa inhibitors act by 
increasing the physiological inhibitor 
antithrombin (see heparins; p. 162), and 
C01JI'!larin derivatives (p. 160) reduce syn­
thesis of they-carboxylated activatable fac­
tors n, vn, IX, and x by inhibiting their 
carboxylation in the liver. 

In the treatment of thrombosis, it is neassacy 
to distinguish between arterial and venous 
thrombosis. Arterial thrmlbi are platelet aggre­
gations on mural defects. whereas venous 
thrombi are fibrin meshes that arise in sites 
where blood flow is slow or stagnant 

.. Direct inhibitors of the coagulation cascade 
(• Fig. 20.18~ llivarax&n, apixaban and 
edoxaban are selective and reversible inhibitors 
of activated factor Xa. Specific thrombin Inhibi­
tion can be obtained with clablpran. which is 
giYI!Il as the inactive ester precursor. These 
inhibitors are used Cor deep vein thrombosis 
prophylaxis after hip and knee joint replace­
ment and lOr stroke prevention in patients with 
atrial fibrillation. Since elimination of dabigaban 
is predominantly via the kidney, renal function 
must be monitored as the plasma levels and 
hence the bleeding risk can rise with renal fail­
ure. The polypeptide hirudin from the saliva of 
the European medicinal leech inhibits dotting 
of the leech's blood meal by blodcade of the 
active center of thrombin. l.epirudin and biva­
lirudin are genetically engineered analogues. 
They can be used in patients with heparin­
induced thrombocytopenia (HIT D; p. 162) or 
arute coronary syndrome. 
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20.2 Vitamin K Antagonists and Vitamin K 

~ Inhibition of synthesis of vitamin x­
dependent dotting fiCtorS. Vlwnin K pro­
mote5 the hepatic y-carboxylation of gluta­
mate residues on the precursors of dotting 
factors II, Vii, IX, and X (~ Fig. 20.2A). Vitamin 
K Is a cofactor of the enzyme y-alutamyl car­
boxylase and is oxidized durilti the reaction to 
vlwnin K epoxide. The carboxyl groups are 
required for Ca2• -mediated binding to phos­
pholipid surfaa!s and for maximal activation 
of blood dotting. Vitamin K epoxide is con­
verted back to vitunin K hydroquinone by 
viQmin K epoxide reducWe in two steps so it 
is a,ain available as cofactor. There are several 
viwnin K derivatives of different origins: K1 
(phytomenadione) from chlorophyllous plants; 
Kz from gut bacteria; and K3 (menadione) syn­
thesized chemically. All are hydrophobic and 
require bile acids for absorption from the gut. 

Oral anticoagu]ants. Structurally related to 
viwnin K. 4-hydi"IIX)'alumarins act as "false" 
viwnin K. They inhibit vitunin K epoxide 
reductase to produa! a deficiency of active 
viQmin K. The hydroxycoumarins include 
phenprocoumon (elimination half-life 2-5 
days) as well as warfilrin (half-life 1-2 days) 
and acenocoumarol (2-6h). 

Coumarins are well absorbed after oral 
administration. Their duration of action varies 
considerably. synthesis of dotting factors 
depends on the intrahepatocytic concentration 
ratio between coumarins and vitamin K. The 
dose required for an adequate anticoagulant 
effect must be determined individually fbr 
each patient. Treatment is monitored by 
measurina the International Normalized 
Ratio, or INR. 

~ Indications. Hydroxycoumarins are used 
for the prophylaxis of thromboembolism as, 
for Instance, in atrial fibrillation or after heart 
valve replacement. 

The most important idverse effect is 
bleeding. With coumarins, this can be COWlter­
acted by giving vitamin K,. However, roagula­
bility of blood returns to normal only after 
hours or days. when the liver has resumed syn­
thesis and restored sufficient blood levels of 
carboxylated dotting factors. In urgent cases, 
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deficient factors must be replenished directly 
(e.g., by transfusion of whole blood or of pro­
thrombin concentrate). 

Other notable adverse effects include: at the 
start of theri!py, hemorrhagic skin necrosis and 
alopecia; with exposure in utero, disturbances 
of fetal cartilage and bone formOJtion and CNS 
injury (due to bleeding); enhanced risk of ret­
roplacenQI bleeding. 

Interaction with Drugs and Foodstuffs 

Adjustina the dosage of a hydroxycoumarin 
calls for a delicate balance between the oppos­
ing risks of bleeding (effect too strong} and of 
thrombosis (effect too weak) c~ Fig. 20.28). 
After the dosage has been titrated suea!ssfully, 
loss of control may occur if certain interferina 
factors are ignored. If the patient changes diet­
~ h.abits and consumes more vegetables, 
v1wnm K may predominate over the vitamin 
K antagonist If viwnin K-producing gut flora 
is damaged in the course of antibiotic therapy, 
the antagonist may prevail. Drugs that Increase 
hepatic biotransformation via enzyme induc­
tion (p. 54) may accelerate elimination of a 
hydroxycoumarin and thus lower its blood 
level Inhibitors of hepatic biotransformation 
(e.g., azote antifwtgal agents) augment the 
action ofhydroxycoumarins. Apart from phar­
macokinetic alterations, pharmacodynamic 
interactions must be taken into accoWlt Thus, 
acetylsalicylic acid is contraindicated because 
(a) it retards hemostasis by inhibiting platelet 
aggregation and (b) it may cause damaae to 
the gastric mucosa with erosion of blood 
vessels. 

V"ttarnin K antapmisb are very effective 
drugs. In chronic atrial fibrillation, they reduce 
the risk of stroke by up to 60%. The correct dos­
age can be monitored using the INR Laboratory 
test Vitamin K and factor concentrate OJre 
available as antidotes in the event of overdose 
or bleeding. Due to the many possible interac­
tions (~ Fig. 20.28), however, only 50-60% of 
patients are on the correct dose. Further clini­
cal studies must demonstrate whether the 
direct thrombin and factor Xa inhibitors have a 
better benefit-risk profile (p. 158). 
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20.3 Heparin 

Hepartn 
"" Occurrence and structure. Heparin ("" Fig. 
20.3A) can be obtained from porcine gut, 
where it is present (together with histamine) 
in storage vesicles of mast cells. Heparin mo~ 
cules are ~ins of amino sugars bearing -COO­
and -50]- ifOUps. Olain length is not constant 
and anticoagulant efficacy varies with chain 
length. The potency of a preparation is stand­
ardized in international units of activity (ru) 
by bioassay and comparison with a reference 
preparation. The molecular weight (MW) fOr 
unfractionated standard heparin l'illlgl5 from 
4000 to 40 000, with a peak around 15 000. 
Low-molecular-weight fractionated heparin can 
be produced by cleavage of native heparin; 
molecular size is less heterogeneous, with a 
mean ~of 5000 (e.g., certoparin, dalteparin, 
enOXilpann). The synthetic ftmdapwinwc (MW 
1728) resembles the basic pentasaccharide 
subunit of heparin, essential fOr activity. The 
numerous negative charges are significant in 
several respects: 
1. they contribute to complex fOrmation with 

antithrombin 10 that underlies the anticoa­
gulant effect; 

2. they permit binding of heparin to its anti­
dote, protamine (a polycatlonic protein 
from salmon sperm); 

3. they confer poor membrane penetrability, 
~~itating administration of heparin by 
IDjeCOOn. 

"" Mechanism af actloo. Antithrombin is a 
d~ting glycoprotein capable of inhibiting 
activated clotting factors by occupation and 
irreversible blockade of the active center. Hep­
arin acts to inhibit clotting by accelerating fOr­
mation of this complex more than 1000-rold. 
To inactivate thrombin, the heparin molecule 
must simultaneously contact the factor and 
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antithrombin. With factor xa, hOYo'IM!r, contact 
between heparin and antithrombin is suffi­
dent for speeding up inactivation. 

"" Indications. Heparin is used fOr the pro­
phylaxis and therapy of thrombosis. For the 
fOrm~, low dosages, given subcutaneously, are 
sulficient Unfractionated heparin must be 
injected about three times dally; fractionated 
heparins and fondaparinux can be adminis­
tered once daily. For treatment of thrombosis, 
heparin must be infused intravenously in an 
increased daily dose. When unfractionated 
het>ari? is used duriJis surgery (e.g., for antico­
agulation when a heart-lung machine is used) 
or during cardiac catheterization, its effect can 
be fully abolished by protamine at the end 
of the procedure. The effect of low-molecular­
weight heparins or fondaparinux Is poorly 
reversible with protamine. 

"" Ad11erse effects. Bleeding events must be 
anticipated during treatment with heparin. 
Heparin-induced thrombocytopenia type n 
(HIT II) is another dangerous complication 
("" Fig. 20.3A). It results from formation of anti­
bodies that predpitate with bound heparin on 
platelets. The platelets aggregate and give rise 
to vascular occlusions. Because of the throm­
bocytopenia, hemorrhage.s may occur. The risk 
of HIT II is about 10 times greater afu!r use of 
unfr.K:tionated heparin than after low-molecu­
lar -weight heparins or rondaparinux. If HIT U 
occurs, heparin must be stopped immediately 
and treatment can be continued with a hirudin 
derivati11e (p. 158). 

The drug danaparoid consists mostly of the 
heparinoid heparan sulfate. Its chains are 
composed of a part of the heparin molecule 
(indicated by blue color underlay). Its effect is 
mediated by antithrombin. 
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20.4 Flbrinolytics 

Rbrtnolytks 
The fibrin meshwork of a blood dot can be 
cleaved by plasmin. As a proll!ase. plasmin can 
break down not only fibrin but also fibrinogen 
and other proll!ins. Plasmin derives from an 
inactive precursor, plasminogen, present in 
blood. Under physiological conditions, specif­
Icity of action for fibrin is achi~ed because, 
among other things, activation takes place on 
the fibrin clot. 

The tissue plasminogen activator (t-PA) is 
released into the blood from endothelial cells 
when blood flow stagnates. Next to its catalytic 
cenll!r, this protease possesses other functional 
domains, including docking sites for fibrin. 
~ring con~ with .fibrin, plasminogen-plas­
!'lln CO~IOn rail! IS S~raJ-fo)d higher than 
m streammg blood. Plasrrunogen also contains 
a binding domain for fibrin. 

PlasmJnogen activaton available for thera­
peutic use are designated as fibrinolytics; they 
are infused intravenously in myocardial infarc­
tion, stroke, deep leg Yl!in thrombosis pulmo­
nary embolism, and other thrombotic'vascular 
occlusions. The earlier treatment is stilrted 
after thrombus formation, the better is the 
chance of achieving patency of the occluded 
vessel. 

The desired elfect carries with it the risk of 
bleeding as the most important adYI!JSe elfect 
because, apart from the intravascular fibrin 
dot forming the thrombus, other fibrin coagula­
sealing derects in the vascular wall are dissolved 
as well Moreover, use of fibrinolytics entails the 
risk that fibrinogen and other clottini factors cir­
culating in blood will undergo cleavage ("sys­
ll!mic lytic stall!"}. 

Streptokinase is the oldest available fibri­
nolytic. By .itst;lf it lacks enzymatic activity; 
?niY after bindmg to a plasminogen molecule 
IS a complex formed that activall!s plasmino­
sen. Strep!X>kinase is .Produced by streptococ­
cal bacteria. Streptokinase antibodies may be 
present as a result of previous streptococcal 
infections and may lead to incompatibility 
reactions. 
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~roldnase is an endogenous plasminogen 
acnvamr that occurs in dilferent organs. Urolci. 
nase used therapeutically is obtained from 
h~n cultured kidney cells. Circulatini anti­
bodies are not expected. The substance is more 
expensive than strepiDkinase and also does 
not depend on fibrin for its action. 
Al~lase Is a recombinant tissue plasmino­

gen activaiDr (rt-PA). As a result of its produc­
tion in eukaryotic Chinese hamsll!r ovary 
( OiO) cells, carbohydrate residues are present 
as in the native substance. At the therapeuti­
cally used dosage, alll!piase loses its "fibrin 
dependence" and thus also activates cimJlat­
ing plasminogen. In fresh IIl)'Otal'llial infarc­
tions, alll!piase appears to produce betll!r 
results than does strepiDkinase. 
Tenectep~ is a variant of alll!plase that 

~as ~een ~tered by six point mutations, result­
mg 1~ a stgniticant prolongation of its plasma 
half-life (tenecteplase t111. • 20 minutes; alll!­
plase tt /1. • 3-4 minull!s~ Tenecteplase is dosed 
according to body weight and given by intrave-­
nous bolus Injection. 

Rm!plase is a deletion variant of t -PA that 
lades both fibrin-binding domains and oligo­
saccharide side chains (manufactured in pro­
karyotic E. coli). It is eliminated more slowly 
~ .aiteplase. Whereas alteplase is given by 
mfuston, reteplase can be adminisll!red in two 
bolus Injections spaced 30 minutes apart. 

A further direct-acting plasmin analogue 
~hould be menti.oned: ocriplasmin is injected 
mto the eye to disrupt harmful proll!in bridges 
between the vitreous and retina (vitrcomacu­
lar traction), which may occur in the elderly. 

.,. PlasmJn Inhibitors. 'Itanexamk add and 
p-aminoi'Mthylbenzolc add (PAMBA) are plas­
min ~hibitors that can be useful in bleeding 
complications. They exert an inhibitory elfect 
by occupying the fibrin binding site of plasmi­
nogen or plasmin. 
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20.5 Inhibitors of Platelet Aggregation 

lnhlblton of Platelet Aggregation 
Platelets can aggregate when a Yl!ssel wall is 
injured or endothelial function is impaired 
( e.a.. because of hypertension. raised plasma 
IDL levels, untreated diabetes mellitus smok­
ing). Interaction with von Willebrand factor 
and collagen causes platelets to adhere to the 
vessel wall and become activated. Activation 
induces a change in platelet shape and triggers 
secretion of substances stored in intratellular 
granules (e.g., ADP, serotonin). In addition, 
cydooxygenase ( COX-1) is stimulated so that 
thromboxane A2 is produced from arachidonic 
add. Released ADP and thromboxane 1Q acti­
vate G-protein-coupled receptors (P2Y12 and 
1P receptors). which ultimately produte a 
change in the conformation of glymprotein GP 
lib/IDa in the platelet membrane. The glyt:o­
protein then has an affinity for fibrinogen 
and can induce the platelets to become cross­
linked. A thrombus forms over an endothelial 
defect, which tan impede blood flow or even 
ocdude the vessel (e.g., in myocardial infarc­
tion or stroke). 

The propensity of platelets to aggregate can 
be inhibited by various pharmacological inter­
YI!ntions (.,.. Fig. 20.5A~ 

AcetyJQlicylic add (ASA) prevents COX-1-
mediated synthesis of thromboxane. Low daily 
doses (75-100 mg) may be suffident. Indica­
tions include prophylaxis of re-infan:tion after 
myocardial infan:tion and prevention of stroke. 
Despite the low dosage, adverse effects sudt as 
gastric mucosal d~ or provocation of 
asthma attacks cannot be ruled out 

Available alternatives to ASA are the ADP 
receptor antil30nists, which inhibit ADP­
mediated platelet aggregation. Clopidrogel and 
the newer prasugrel block P2Y11 ADP receptors 
irreversibly. Consequently, ADP-mediated pla­
telet aggregation is inhibited fur the duration 
of the platelet life cycle ( -7-1 0 days). These 
substances are inactive precursors that are 
converted by hepatic cytochrome P450 to an 
active metabolite that binds covalently to the 
P2Y12 receptor(.,.. Fig. 20.SB). A large part of a 
dopldogrel dose is inactivated by esterases 
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and its bioavailability can be influenced by 
genetic CYP polymorphisms. 1'icagreiM is a 
relll!fSible, competitive P2Y12 antagonist that 
acts immediately and does not require activa­
tion in the liver. cartgmor is a reversible P2Y11 
inhibitor which can be administered intrave­
nously. ADP receptor antagonists are used to pre­
vent stent thrombosis and reinfarction in 
patients with acute coronary syndromes (p. 328~ 

.,.. Anggonlsts at the integrin glymprocein 
llb/DLL Available agents are suitable only for 
parenteral administration and, in clinical set­
tings, are used in percutaneous coronary bal­
loon distension or in unstable angina pectoris. 
They block the fibrinogen cross-linking protein 
and thus decrease fibrinogen-mediated mesh­
ing of platelets independently of the predpitat­
ing cause. Abciximab is a chimeric Fab-antibody 
fragment directed against GPDb/Ina protein Tir­
o~ and eptifibatlde act as competitive antag­
orusts at the fibrinogen binding site. Because 
abciximab adheres to GPDb/ma fur a long time, 
days are required after injection of the drug 
befilre platelet aggregation again becomes pos­
sible. The effects of eptifibatide and tirofiban 
dissipate within a Jew hours. Because GPUb/IDa 
~sts inhibit the common fmal pathway 
in platelet activation, they pose a risk of bleed­
ing during treatment. 

Presystemlc Effect of ASA 
The inhibition of platelet aggregation by ASA 
results from acetylation and blockade of plate-­
let COX-1 (• Fig. 20.SB). The specifidty of this 
reaction is achieved in the following manner: 
irreversible acetylation of the enzyme already 
occurs in the blood of the splanchnic reaion. 
that is, before the liver is reached. Since ASA ls 
subject to extensive presystemic deacetylation, 
cydomcygenases located posthepatic.ally (e.g., 
in endothelial cells) are hardly affected. 
Confmement of COX-1 inhibition to platelets is 
further accentuated because enzyme can be 
re-synthesized in normal cells having a 
nucleus but not in the nonnucleated platelets. 
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21.1 Plasma Volume Expanders 

Plasma Volume Expanders 
Major blood loss entails the danger of lite­
threatening circulatory failun!, le., hypowle­
mic shock. The inunedlate threat results not so 
mu0 from the loss of erythrocytes, i.e~ oxygen 
earners, as from the reduction in volume of 
drculating blood. 

To eliminate the threat of shock. replenish­
ment of the cirrula.tion is essential. With mod­
erate loss of blood, administration of a plasma 
volume expander may be sufficient Blood 
plasma consists basically of water, electrolytes, 
and plasma proteins. However, a plasma 
substitute need not contain plasmoa promns. 
These can be suitably replacec1 with mac:ro­
molec:uJes ("colloids") that, like plasma pro­
teins, (1) do not readily leave the drculation 
and are poorly filterable in the renal glomeru­
lus; and (2) bind water along with its solutes 
owing to their colloid osmotic properties. 
Hydroxyet:hyt starch and cross-linked gelatin 
fragments are now used to correct volume 
losses and are well tolerated. 

Hydraxyt!tbylstan:h is a branched polysac­
charide. Its glumse molecules have a hydrox­
yethyl group in the 2-position. It comes as 
infusion solutions with different average 
molecular weights of 130 000 and 200 000 dal­
tons (Da). In the blood, the molecules are 
slowly broken down into smaller fragments 
that can be eliminated by the kidneys. A partic­
ular adverse effect during prolonged use is 
pruritus, which is difficult to treat and may last 
for months. 

Gelitin polymers are produced by partial 
degradation of gelatin molecules, which are 
then cross-linlced by succinate bridges. These 
polymers haYI! an aVI!rage molecular weight of 
35 000 Da and have an elimination half-life of 
about 4 hours. They occasionally cause an ana­
phylactic reaction. 

In practice. these colloid solutions contain 
electrolytes plus the macromolecules in differ­
ent concentrations. This is usually Isotonic 
sodium chloride, but other ions (K•, lactate) 
or glucose may be present The choice of pre­
paration should be guided by the condition of 
the hypowlemic patient 
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Acute volume depletion can also be 
improved by Infusion of plasma proll!ins in the 
form of human albumin and human serum 
preparations. Freeze-dried plasma products 
have an unrestricted shelf-tile and are 
intended for spedal situations such as protein 
defidency states. 

When blood loss is so severe that the 
oxygen supply to the tissues is insufficient 
because of the loss of erythrocytes along with 
the hypowlemic shock, blood transfusion is 
essential. 

Appendix: Stimulation of Blood Cel 
Fonnation 

It should be mentioned here that pharmaco­
logical . stimulation of endogenous blood cell 
formation is possible in addition to replace­
ment of these cells by transfusion. The stimula­
tor proteins can be produced by genetic 
engineering methods. 

Erythropoietin is a glycoprotein mnsisting 
o.f 165 .amino ac.ids. which is normally synthe­
sized m the kidneys. The genetically engi­
neered analogues epoetin alfa, beta, theta 
and zeta differ only in the structure of ~ 
sugar residues. By contrast, darbepoetin alta 
has been altered so that it contains more gly­
cosyla.tion sites and elimination is therefore 
slower. In the case of methoxy PEG-epoetl.n 
beta a polyethylene glycol (PEG) chain pro­
vides slowed elimination. 

Tbrombopoletin is a glycoprotein consist­
ing or 332 amino acids produced by different 
types of cells. Romlplostim is a fusion protein 
consisting of an antibody Fe fragment and 
essential thrombopoietin residues. A small 
molecule also suffices to activate the receptor, 
however,eltrombopq: is not a protein and is 
suitable for oral administration. 

Gr.Jn~oc:yte colony-stlmulatilli factor 
(G-CSF) 1s a glycoprotein consisting of 175 
~no acids. "G-CSF-mimetics" include fi~ 
tim (not glycosylated), PEG-filgrastim, its pegy­
lated form, and glycosyli!ted lenograstim. 
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22.1 Lipid-lowering Agents 

Upfd-lowerlng Agents 
Triglya!rides and cholesterol are essentialmn­
stituents of the organism. AmDng other things 
trislycerides represent a form of enefl)' s~ 
~ cholesterol is a basic build ins block of bio­
logical membranes. Both lipids are water 
insoluble and require appropriate •packaging'" 
for transport in the aqueous media of lymph 
and blood. To this end, small amounts of 
lipid are m~ted ~th a layer of phospholipids, 
embedded m wh1ch are additio!lill proteins­
the apolipoproteins (~ Fig. 22.1A). Four forms 
are distinguished according to the amount and 
a~mposition of the stored lipids as well as the 
type of apolipoprotein. 

~ Upoproteln metaboHsm. Enterocytes release 
absorbed lipids in the form of triglyceride-rich 
chylomicrons. Bypassing the liver, these enter the 
circulalion mainly via the lymph and are hydro­
~ by ~tic endothelial lipoprotein 
~pases to tiber~ fatty adds. The remnant par­
ticles move on into liver cells and supply these 
with cholesterol of dietary . . 

The liver meets the ~part (GOl) of its 
requirement for cholesterol by de JlQ\10 synthe­
sis from acetylroenzyme A. Synthesis rate is 
regulated at the step leading from hydroxyme­
thylglutaryl-CoA (HMG-CoA) to mevalonic acid 
(~ Fig. 22.2A). with HMG-CoA reductase as the 
rate-limiting enzyme. 

The liver requires cholesterol for synthesiz­
Ing VLDL particles and bile adds. Triglyceride-

Table22.1 ~ 

~ Denlll.y 

Chylomlaon Gut epithelium > 1.006 

VLDL particle I.M!r 0.95-1.006 

rich VLDL partides are released into the blood 
and, lila! the chylomicrons, supply other tis­
s?es with f~tty adds. Le.ft behind are IDL par­
tides that either return mto the liver or supply 
extrahepatic tissues with cholesterol. 

IDL particles carry the apolipoprotein B-1 00 
by which they are bound to receptors that 
mediate up!illce of LDL into the cells, Including 
the hepatocytes (receptor-mediated endocyto­
sis, p.42). 

HDL particles are able to transfer cholesterol 
from tissue cells to LDL particles. In this way, 
cholesterol is transported from tissues to the 
liver. 
. H~papl'llll!inl!m can be cau.sed genet­
Ically .(pnmary hyperlipoproteinemia) or can 
occur m obesity and metabolic disorders (semn­
dary hyperlipoprotrlnemia). EleviJted LD~ 
lesterol serum a~ncentrations ate associated 
with an inC!eilSed risk of atherosclerosis, espe­
cially when there is a CXIOCXImitant decline In 
HDL CDIICI!ntration (increase in LDL : HDL ratio). 

~ Treatment. Various drugs are available 
that have dllferent mechanisms of action and 
efft;tts on LDL (cholesterol) and VLDL (trigly­
cendes). Their use is indicated in the therapy 
of primary hyperlipoproteinemias. In secon­
dary hyperlipoproteinemias. the immediate 
goal should be to lower lipoprotein levels by 
d~etary restriction, treatment of the primary 
diSease, or both. In terms of therapeutic bene­
fit, the "statins" are the outstanding group. 

Man tneln llloGd ....... (nml 
~(I!) 

0.2 500 or 111011! 

3 100-200 

LDL p•rtlcle (Blood) 1 .006-1.063 50 25 

HDL particle I.M!r 1.063-1.210 5-10 
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22.1 Upld-lower1ng Agents 
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22.1 Lipid-lowering Agents 

~ Drugs. Cholestyramine and rolestipol are 
exchange resins that can bind bile acids in the 
gut lumen, thus removing them from entero­
hepatic circulation. This means that cholesterol 
is used to produce further bile acids. The dos­
age is quite high, in the gram range, and can 
cause troublesome gastrointestinal side 
effects. 

Ezelimille inhibits cholesterol absorption 
from the gut by blocking a sterol transporter in 
the brush border of enterocytes. The daily dos­
age is only 10 mg and this reduces the blood 
cholesterol level by about 20%. There is still no 
evidence that ezetemibe is of benefit in athero­
sclerotic disorders. 

The statins lovastatin andfluvastatin inhibit 
HMG-CoA reductase. They contain a molecular 
moiety that chemically resembles the physio­
logical substrate of the enzyme (~ Fig. 22.2A). 
Lovastatin is a lactone that is rapidly absorbed 
by the enteral route, subjected to extensive 
flfSt-pass extraction in the liver, and there 
hydrolyzed to active metabolites. Fluvastatin 
represents the active form and, as an add, is 
actively transported by a specific anion carrier 
(OATP) that moves bile adds from blood into 
liver and also mediates the selective uptake of 
the mycotoxin amanitine (~ Fig. 22.2A). Nor­
mally viewed as presystemic elimination, effi­
cient hepatic extraction serves to confme the 
action of statins to the liver. Despite the inhibi­
tion of HMG-CoA reductase, hepatic choles­
terol content does not fall because hepatocytes 
compensate any drop in cholesterol levels by 
increasing the synthesis of IDL receptor pro­
tein (along with the reductase). Since, in the 
presence of statins, the newly-formed reduc­
tase is inhibited as well, the hepatocyte must 
meet its cholesterol demand entirely by uptake 
of LDL from the blood (~ Fig. 222B). Accord­
ingly, the concentration of circulating LDL 
falls. As LDL remains in blood for a shorter 
time, the likelihood of IDL being oxidized to its 
proatherogenic degradation product decreases 
pari passu. 

Other statins include simvastar.in (also a lac­
tone prodrug), pruvostatin, atorvastatin, rosu­
vostatin and pitavastatin (active form with 
open ring). 
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The statins are the most important thera­
peutics for lowering cholesterol levels. Their 
notable cardiOViiScular protective effect, how­
ever, appears to involve additional actions in 
addition to IDL reduction. 

The combination of a statin with an inhibi­
tor of cholesterol absorption (e.g., ezer.imibe) 
can lower LDL levels even further. 

A rare but dangerous adverse effect of sta­
tins is damage to skeletal muscle (rhabdomyol­
ysis). This risk is increased by combined use of 
fibric acid agents (see below). Cerivastatin has 
proved particularly toxic. Besides musde dam­
age associated with myoglobinuria and renal 
failure, severe hepatoiDXidty has also been 
noted, prompting withdrawal of the drug. 

PCSK9 (Proprotein convertase subtilisin/ 
kexin type 9) binds to LDL receptors in the 
plasma membrane of hepatocytes and facili­
tates IDL receptor endocytosis and lysosomal 
degradation. When PCSK9 is blocla!d, more 
LDL receptors recycle to the cell surface to 
remove LDL particles containing cholesterol 
from the blood The monoclonal antibodies 
inhibiting PCSK9, llliroaanalJ and ewJiommab 
were recently approved for lowering LDL cho­
lesterol when statins were not tolerated or not 
effective. 

Nicotinic acid preparations have not proved 
effective and their use has been abandoned. 

Ooflbrate and derivatives (bezafibrute,feno­
fibrute, and gemfibrnzil) lower concentrations 
ofVLDL (triglycerides) along with LDL (choles­
terol). They may cause damage to liver and 
skeletal muscle (myalgia, myopathy, rhabdo­
myolysis with myoglobinemia and renal fail­
ure). The mechanism of action of fibrates is not 
completely understood. They bind to a peroxi­
some proliferator-activated receptor (PPARa:) 
and thereby influence genes regulating lipid 
metabolism. 

I.omitapfde can be used in combination with 
other treatments in the very rare congenital 
homozygous familial hypercholesterolemia. It 
reduces the blood concentrations of chylomi­
crons, VLDL, and LDL by intracellular inhibition 
of lipid transport processes in the intestinal 
epithelium and liver. 
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23.1 Diuretics-Overview 

DlureUcs-Overvtew 

£?iuretlcs .(saiu~cs~ elidt illCI'NSed produc­
tion of unne (diuresJs).Jn the strict sense the 
tenn is applied to drugs with a direct ienal 
~on. The predominant action of such agents 
ts to augment urine excretion by inhibiting the 
reabsorption ofNaQ and water. 

The most important indications for diu­
retics are the following. 

Moblllzation of edema ("" Fig. 23.1A). In 
edema there is swelling of tissues owing to 
accumulation of fluid. chiefly in the extracellu­
!ar (Interstitial) space. When a diuretic is given, 
tllCI'NSed renal excretion of Na• and H20 
causes a reduction in plasma volume with 
hemoooncentration. As a result, plasma pro­
tein concentration rises along with oncotic 
pressure. As the latter operates to attract 
water, fluid will shift from the interstitium into 
the capillary bed The fluid content of tissues 
thus falls and the edema recedes. The decrease 
in plasma volume and interstitial volume 
means a diminution of the extracellular fluid 
volume (EFV). Depending on the condition use 
is made of thiaz.ides, loop diuretics aldo~­
one antlgonists, and osmotic diuretks. 

Antlbypertensiw therapy. Diuretics haw: 
been used as drugs of first choice for lowering 
elevated blood pressure (p. 32.2.). Even at low 
dosage, they decrease peripheral resistance 
(without significantly redudng EFV) and 
thereby normalize blood pressure. 

Therapy of coogestiw bean failure (p. 
330): By lowering peripheral resistance diu­
~tics aid the hea~ in ejecting blood (red~ction 
m afterload); cardiac output and exercise toler­
ance are increased Owing to the increased 
excretion of fluid. EFV and venous return 
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decrease (reduction in preload). Symptoms of 
w:nous congestion, such as ankle edema and 
hepatic enlargement, subside. The drugs prin­
dpally used are thiazides (possibly combined 
with K"-sparinf diuretics) and loop diuretics. 

. Prophylaxis of mW fallure. In circulatory 
failure (shock), e.g., secondary to massive hem­
orr~e, renal production of urine may cease 
(anuna). By means of diuretics, an attempt Is 
made to maintain urinary flow. Use of either 
osmotic or loop diuretics is indicated. 

Massive use of diuretics entails a hazard of 
ad~~ene efl'ects ( 1Jo Fig. 23.1A): 
1. The decrease In blood volume can lead to 

hypotension and collapse. 
2. mood viscosity rises owing to the Increase 

in erythrocyte and thrombocyte concentra­
tions, bringing an increased risk of intravas­
cular coagulation or thrombosis. 

~en depletion ofNaQ and water (EFV reduc­
tiOn) occurs as a result of diuretic thera~ the 
body can initiate COIUII8'-regulatory ~ 
("" Fig. 23.18), namely, activation of the renin­
angiotensin-aldosterone system (p. 142~ Because 
of ~ ~ blood vohme, renal blood 
flow IS jeopardized 11m leads to release from 
the kidneys of the h<mlc:ne renin, which enzy­
matically ca131yzes the lbnnatioo of angiotensin L 
Angiotensin I is amvened to angiotensin U by 
the action of "angiotensln-<DDverting enzyme• 
(ACE~ AngiotEnsin D stimulales release of aJ.dos.. 
terone. The mineralocorticoid promotes renal 
reabsorption of NaO and water and thus cmm­
teracts the effi:ct of diuretics. ACE inhibitors 
(p. 142) and angiotensin D antagonists a~nt 
the dfectivene.ss of diuretics by preventing this 
comter-regulatory response. 
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23.2 NaCI and Water Reabsorption In the Kidney 

NaCI Reabsorption In the Kidney 
The smallest fimctional unit of the kidney is 
the nephron ("' Fig. 23.2A). In the glomerular 
apillary loops. ulttafiltration of plasma fluid 
into Bowman's capsule yields primary urine. In 
the proximal tubules, -7f1% of the ultrafiltrate 
is retrieved by iso-osmotic reabsorption of 
NaO and water. Downstream, in the thick por­
tion of the ascending limb of the loop of Henle, 
NaO is absorbed llllilCCOmpanied by water. The 
differing properties of the limbs of the loop of 
Henle, tosether with the parallel arrangement 
of vasa recta. are the prerequisites for the hair­
pin COUDten:urrent mecbanism that allows 
build-up of a very high NaO concentration in 
the renal medulla. NaO is again reabsorbed in 
the distal conwluted tubules, the connecting 
segment, and the collecting ducts, accompa­
nied by a compensatory secretion of K• in the 
(cortical) collecting tubules. in the connecting 
tubules and collecting ducts, vasopressin (anti­
diuretic hormone, ADH) increases the epithe­
lial permeability for water by insertion of 
aquaporin molecules into the luminal plasma­
lemma. The driving force for the passage of 
water comes from the hyperosmolar milieu of 
the renal medulla. In this manner, water is 
retained in the body, and concentrated urine 
an I~ the kidney. The effident mechanisms 
of reabsorption permit the production of 
-tliter/day of final urine from 150-180 liters/ 
day of primary urine. 

Na• transport through the tubular cells 
basially occurs in similar fashion in all seg­
ments of the nephron. The intracellular con­
centration of Na.. is signifKantly below that 
in primary urine because the Na•fK•-ATPase 
of the basolateral membrane continuously 
pumps Na• from the cell into the interstitium. 
Along the resulting luminal-intracellular con­
centration gradient, mOYI!It\ent of sodium ions 
across the membrane proceeds by a carrier 
mechanism. All diuretics inhibit Na• reabsorp­
tion. This effect is based on two mechanisms: 
either the inward movement is diminished or 
the outward transport impaired. 
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Aquaporfns (AQP) 
By virtue of their structure, cell membranes 
are water-impermeable. Therefore, spedal 
pores are built into the membrane to allow 
permeation of water. These consist of proteins 
called aq~Yporins that, of necessity, occur 
widely and with many variations in both the 
plant and animal kingdoms. In the human kid­
ney, the following types exist: 
• AQ.P-1 localized in the proximal tubule and 

the descending limb of the loop of Henle. 
• NJf-2localized in the ronnecting tubules 

and collecting ducts; its density in the lumi­
nal plasmalemma is regulated by vasopressin. 

• NJf-3 and AQJ'-4 present in the basolateral 
membrane region to allow passage of water 
into the interstitium("' Fig. 23.28). 

The renal action of aldostenme may be 
described here. This adrenocortical hormone 
stimulates synthesis of Na•JK+ -ATPases and of 
Na• and K• channels. The result is increased 
reabsorption of water and Na•. Accordingly. an 
antagonist such as spironolactone or eplere­
none will have a diuretic elfect. 

Osmotic Diuretics 
These include mannitol and sorbitol which act 
mainly in the proximal tubules to prevent 
reabsorption of water. These polyhydric alco­
hols annot be absorbed and therefore bind a 
corresponding volume of water. Since body 
cells lack transport mechanisms for these sub­
stances they also cannot be absorbed through 
the intestinal epithelium and thus need to be 
giVI!Il by intravenous infusion. The result of 
osmotic diuresis is a large volume of dilute 
urine. as in decompensated diabetes mellitus. 
To achieve effective osmotic: diuresis, an intra­
venous infusion of0.5-2liters oflfJ% mannitol 
may be needed. This is a severe load on the 
heart and drculation (pulmonary edema). and 
may result In hyperinfusion syndrome. 
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23.3 Diuretics of the Sulfonamide Type 

Diuretics of the SUlfonamide Type 
These drugs contain the sullonamide group­
~NH2 and are suitable for oral administra­
tion. In addition to being fllteml at the ~;lo­
merulus. they are subject to tubular secretio!l. 
Their concentration in urine is higher than m 
blood. They act on the tubule cells fro~ the 
luminal side. Loop diuretics have the highest 
efficacy. Thiazides are most frequently used. 
The carbonic anhydrase inhibitors no longer 
serve as diuretics but have important other 
therapeutic uses (seep. 346); accordingly, their 
mode of action is considered here. 

Acetazolamide is a carbonic: anbydrase 
(CAH) Inhibitor that acts pmlominantly In the 
proximal COIMIIuted tubules. Its mechanism of 
action can be summarized as follows. Reab­
sorption of Na• is decreased because fewer H+ 
ions are available for the Na•tw antiporter. As 
a result. excretion of Na• and H20 increases. 
CAH accelerates attainment of equilibrium of 
eG.J hydration/dehydration reactions: 

H+ + HCO] ;:t H2C03 ;:t H20 + C02 (23.1) 

Cytnplasmic enzyme is used in tubule c.ells to 
generate H• [reaction 1). which is secreted into 
the tubular fluid in exchange ~r Na•. There, W 
captures He~-. CAH localized In the luminal 
membrane catalyzes reaction 2 (dehydration) 
to yield again H20 and (G.J, which can easily 
permeate through the cell membrane. In the 
tubule cell, w and HC01- are reaene~ted. 
When the enzyme is inhibited, these reactions 
occur too slowly, so that Less Na•, He~-. and 
water are reabsorbed from the fast-flowing 
tubular fluid. Loss of HC~- leads to addosis. 
The diuretic effectiveness of CAH Inhibitors 
dearases with prolonged use. CAH is also 
involved in the production of ocular aqueous 
humor. Present indications for drup in this 
class include: acute glaucoma, acute mountain 
sickness, and epilepsy. 

Dorzo/amide can be applied topically to the 
eye to lower intraocular pressure in glaucoma 
(p. 346). 
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Loop diuretics include furosemide (fruse­
mide). piretanide, torusemide, and others. After 
oral administration of furosemide, a strong 
diuresis oa:urs within 1 hour but persists for 
only about 4 hours. The site of action of these 
agents is the thick ascending limb of the loop 
of Henle, where they inhibit Na•[K•f2a­
cotransport. As a result, these electrolytes, 
together with water, are excreted in larger 
amounts. Excretion of Ca2• and Mr• also 
increases. Special culvrrse effects includ.e 
(reversible) hearing loss and enhanced sensi­
tivity to nephrotnxk agents. ln4icalions: 
pulmonary edema (added advantage of Lv. 
injection In left lll!ntricular failure: immedlate 
dilation of venous capacitance vessels -+ pre­
load reduction); refractoriness to thiazide 
diuretics; e.g., in renal failure with creatinine 
dearance mtuction ( < 30 mi./min); prophy­
laxis of acute renal hypovolemic failure. 

Thiaide diuretics (benzothiadiazines) 
include hydrochlorothiazide, xipamide, and 
indapamide. Chlorthalidone is a long-acting 
analogue. These drugs affect the distll convo­
luted tubules, where they inhibit Na•ta­
cotransport in the luminal membrane of 
tubule cells. Thus, reabsorption of NaC and 
water is inhibited. Renal excretion of Ca2> 
decreases. that of Mgl• increases. Indications 
are hypertension, congestive heart failure, and 
mobilization of edema. Frequently, they are 
combined with the K• -sparing diuretics trlam­
terene or amiloride (p. 1 80). 

Unwanted effects of sulfonamide-type diu­
retics: (a) hypokalemia is a consequence of an 
increased secretion of K• In the connecting 
tubule and the collecting duct because more 
Na• becomes available for exchange against K•; 
(b) hyperglyamia; (c) increase In serum urate 
Ievm (hypmnimnia). which may predpitate 
gout in predisposed patients as sulfonamide di~­
retics compete with urate for the tubular OfiillllC 
anion secretory system. Further unwanted 
elfects are hypovolemia. hyponatremia, fall in 
plasma Mgl• and a-. Thiazides Inhibit renal (ill+ 
elimination, whereas loop diuretics promote 
this. lipid levels may increase. 
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23.4 Potassium-sparing Diuretics and vasopressin 

Potassium-sparing Dhntks 
These agents act in the connecting tubules and 
the proximal part of the collecting ducts where 
Na• is reabsorbed and K• is secre~ (~ Fig. 
23.4A). Their diuretic effectiveness is relativcly 
minor. In contrast to sulfonamide diuretics 
(p. 178), there is no increase in r secretion; 
rather, there is a risk of hyperkalemia. These 
drugs are suitable for oral administration. 
a) niamterene and amiloride, in addition to 

glomerular filtration, undergo secretion in 
the proximal tubule. They act on cortical 
collecting tubule cells from the luminal 
side. Both inhibit the entry ofNa• into the 
cell, whereby r secretion Is diminished. 
They are mostly used in combination with 
thiazide diuretics, e.g., hydrochlorothiazide, 
because the opposing effects on K• excre­
tion cancel each other, while the effects on 
secretion of Naa and water complement 
each other. 

b) NdosterorJe antrQ!Onists. The mineralocorticoid 
aldosterone increases synthesis of Na+ chan­
nel proteins and Na+fK•-ATPases in prindpal 
reUs of the CDIIIleding tubules and the corti­
cal collecting ducts, thereby proiD(Xing the 
reabsorpticn ofNa+(O- and H:P IOilow~ and 
simultaneously enhancing secretion orr. 
SpironolactDne, as well as its membolite 
crmrenone. are antagonists at the aldosterone 
recep!Dr and attenuall! the effect of the hor­
mone. The diuretic effect of spironolactone 
develops fully only with continiKlUS adminis­
tration tor -ra1 days. 

A disadvantage of spironolactone Is its lack of 
specificity for the aldosterone receptor. It also 
binds to sex hormone receplllrs, which can 
lead to hormonal disorders such as gyneco­
mastia and amenorrhea. Eplerenone is a 
recently developed aldosterone antagonist that 
binds spedfically to the aldosterone receptor. 
This drui does not cause any hormonal side 
effects. The indications are edema due to hep­
atic cirrhosis and chronic heart failure. At low 
dosage, the aldosterone antagonists also have 
a beneficial effect on heart failure not associ­
all!d with edema, and have been shown to pro­
long life. 
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Vasopressin and Derivatiws 
Vasopressin (antidiuretic honnone, ADH; 
arginine-vasopressin. AVP) (~ F~g. 23.4B), a 
nonapeptide, Is released from the posterior 
pituitary gland and promotes reabsorption of 
water in the kidney. This response is mediated 
by vasopressin receptors of the V2 subtype. 
AVP enhances the permeability of connecting 
tubules and medullary collecting duct epithe­
lium for H20 (but not electrolytes) in the fol­
lowing manner: H20 channel proteins (type 2 
aquaporins) are stored in tubule cells within 
~ides (~ Fig. 232~ When AVP binds to V2 
receptors, these vesicles fuse with the luminal 
cell membrane, allowing influx of H~ along 
its osmotic gradient (the medullary zone is 
hyperosmolar). AVP thus causes urine volume 
to shrink from 15 liters/day at this point of the 
nephron to the final 1.5 liters/day. This aqua­
porin type can be reutilized after internaliza­
tion into the cell. Nicotine augments and 
ethanol decreases release of AVP. At concentra­
tions above those required for antidiuresis, 
AVP stimulates smooth musculature, including 
that of blood vessels ("vasopressin"). The latter 
response is medlall!d by V1 receptors. Blood 
pressure rises; coronary vasoconstriction can 
precipitate angina pectoris. 

I,ypressin (8-L-Iysine-vasopressin) acts like 
AVP. Other derivatives may display only one of 
the two actions. 

~ Modulation of the V2 receptor. Desmo­
pressin is used for the therapy of diabetes 
insipidus (AVP deficiency), primary nocturnal 
enuresis, and von Willebrand disease; It is 
given by il\)ection or as a lliiSal spray. 

Thlvaptan is a V2 lllllllgDnist which may be 
used to block V2 receptors when AVP levels are 
too high (p. 182). The molecule is modified to 
allow oral application of tolvaptan. 

~ Modulation of the V1 receptor. The vaso­
constrictor elfect of terlipressin (or its active 
form lypressin) is utilized in life-threatening 
hemorrhage from esophageal varices. Felypres­
sin is added to local anesthetics to act as vaso­
constrictor (p. 206). 
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24.1 Water and Electrolyte Disorders 

Water and Electrolyte Disorders 
There are large quantities of sodium and potas­
sium in the body. The levels in the extracellular 
and intracellular spaces must be controlled 
precisely for the body to function normally. 

Disorders of Na+ Homeostasis 
Na• and Q- bind water by osmotic force, thus 
determining the wlume of the extracellular 
fluid (Eel'). Blood wlume depends on the Ecr, 
and blood pressure in turn depends on blood 
volume. A change in the Na• and a- content of 
the body results primarily in a change in the 
ECF. Conversely, the Na• and ct- concentration 
and osmolality (representing the number of 
particles per kg of solvent) of the ECF alter 
when there is a change in the body's water 
content. The ECF is regulated by the renin­
angiotensin- aldosterone system (RAAS) in 
particular (p. 142), as aldosterone stimulates 
renal reabsorption of Na• and a- and conse­
quently H20. Osmolality Is controlled by anti­
diuretic hormone (ADH, vasopressin, p. 180), 
which promotes renal reabsorption of water. 
ADH release from the posterior lobe of the 
pituitary is determined by ECF osmolality. 
However, a major reduction in drculating 
blood volume and arterial blood pressure also 
stimulate ADH release. 

• Hyponatreml;a (serum fQ• <135 mmoiJI.). 
Three situiltions can ilrise: (1) There is loss of 
fluid isotonic with the ECF, with a reduction of 
Ecr (bypovolemia). If this can be compensated 
only by fluids with an inadequate Na· and a­
contl!nt, RAAS activation is insufficient and the 
ADH effect predominatl!s. (2) Diseases associ­
ated with edema. when arterial pressure is 
reduced, which increases ADH secretion-the 
most common cause. (3) Excessive ADH secre­
tion (e.g., Schwartz-Bartter syndrome, neuro­
psychiatric disorders, severe pain, some drugs) 
or excessive (parenteral) fluid intake. 'lh!at­
mmt: eliminate the cause, if possible; other­
wise, as shown in • fig. 24.1. One antagonist of 
the V2 subtype is available, namely, tolvaptan. 
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• Hypematremi.l (serum Na• 150 mmolfL). 
(1) Water deficit Either wall!r intake is too low 
(reduced sensation of thirst, e.g., in elderly per­
sons or patients with a reduced level of con­
sciousness) or water exmtion is too high (ADH 
deftciency or renal ADH resistance, pituitary or 
nephrogenic diabetes insipidus). The latter can 
occur during treatment of bipolar disorder 
(p. 230) with lithium salts. The Ecr is reduced 
in all these cases. (2) No.+ overload not associ­
ated with a reduction of ECF, e.g., administra­
tion of parenteral penidllin G as the sodium 
salt 

• Disorders of r Homeostasis. Over 95% of 
](+ in the body is intracellular. It is able to leave 
the cells through ion chaMels according to its 
concentration gradient and is pumped back 
in by Na•fiC+-ATPase. Changes In potassium 
metabolism must be taken wry seriously 
because of the risk of cardiac dysfimction and 
arrhythmia. 

• HypokaleJna (serum r <3.5 mmol/ij. Either 
oral intlke is too low or, more importantly, K• is 
lost from the body, either through the lddneys 
( diuretia, amphotericin B, cardiac glymside 
!M!rdose) or from the gastrointestinal tract 
(cytDst;ttic-induced vomiting, laxatille abuse~ 
1tmtment: eliminate the cause. or !(+ replacement 
(caution: hyperkalemia if given parenterally~ 

• HypeJblemia (senun I(+ >5..5 llliDOIJQ. Renal 
elimination may be reduced (e.g., by potas­
sium-sparing diuretics, RMS inhibitors) or 
more K+ passes into the ECF from the cellular 
compartment, e.J., with ion channel opening 
by suxamethonium (p. 192) or inhibition of 
cellular reabsorption by cardiac glymsides. 
Treatment: eliminate the cause, otherwise 
loop diuretics (to promote renal elimination), 
administration of insulin and glucose (to pro­
mote cellular K• uptake), dialysis. 
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25.1 Treill:ment of Hyperacidity, Use of Laxatives 

Therapy of Gastrtc and Duodenal Ulcers 
Treatment of Hyperacidity 
Under physiological amditions, add-base con­
centrations are balanced on the surface of the 
gastric mucosa and In gastric juice. The pH in 
the mucus layer is roughly neutral, but there is 
a high proton concentration in gastric juice. If 
this balance is disturbed to give rise to hyper­
acidity, more or less severe damage to the gas­
tric mucosa can occur, ranging from gastritis to 
ulceration with resulting pain and other symp­
toms. The fOllowing treatment options are 
available: 
a) Agents for add neutralization: mtadds. 

Laypeople often tala:! sodium bicarbonate 
(bread soda) to counteract temporary 
hyperaddity brought on by dietary indis­
cretions, too much strong coffee, or concen­
trated alcoholic drinks. It acts immediately, 
releasing carbon dioxide (which provokes 
belching) and increasing body sodium. 
cacoJ, Mg(OH)J, and AI(OHh have a more 
prolonged action without the sodium load. 
Maalox is a useful combination of Mg{OH)z 
and AI(OHh. Mg(OHh on its awn has a lax­
ative action and AI(OHh is constipating, so 
in combination these effects cancel each 
other. 

b) Inhibition of add production is necessary 
when hyperaddlty is prolonged and when 
an ulcer develops. Two groups of drugs are 
available for this purpose: H3 antihist­
;unines and proton pump inhibitors (PPI). 
The antihistamines, which include raniti­
ctine and famotidine, block histamine­
Induced stimulation ofHO production in 
the parietal cells. Cimetidine was the first 
representative of this group but it inhibits 
the metabolism of other drugs and is less 
useful. The introduction of these inhibitors 
of HO production represented significant 
progress. Howevt!r, direct inhibition of the 
Na•JK+ -A1Pase of the parietal cells is an 
even more effectiVI! method. The firSt spe­
cific inhibitor was omeprazole, and ana­
logue substances are now available. When 
tala:!n orally in gastric juice-resistant capsu­
les, it reaches the parietll cells via the circu­
lation. An actiVI! metabolite is produced 
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there in the acid milieu that binds cova­
lently to inhibit the pump. Lansoprazole, 
pantoprazole, and rabeprazole work the 
same way. Omeprazole is a racemate; (S)­
omeprazole ( esomeprazole) is now avail­
able and is a stronaer enantiomer, dose for 
dose, though this does not provide any 
therapeutic advantage. A gradual dose­
dependent reduction of the acidity of the 
gastric juice can be achieved with these 
drugs. 

c) When hyperaddity and ulcer disease are 
suppressed only while omeprazole or simi­
lar drugs are taken, colonization of the 
gastric mucosa by HlllcobaUr P1forl 
should be suspected. Spedlic treatment of 
this bacterium is then necessary. As shown 
in ... Fig. 25.1 B, the patient is given a com­
bination of two antibiotics with a proton 
pump inhibitor for 7 days. The success rate 
is in excess of OOX. Further infection 
appears to occur very rarely in adults. 

Laxatives 

Distension of the intestinal wall by ~I 
contents stimulates propulsiVI! movements or 
peristalsis (.,. Fig. 25.3A). The distension is reg­
istered by receptors and leads to coordinated 
contraction via the ~nteric plexus. Peristal­
sis can also be stimulated by irritation of the 
bowel mucosa, e.g., by irritant laxativt!s. 

In the healthy bowel, the frequency of dere­
cation depends on the volume of indigestible 
fiber in the diet. Constipation occurs when def­
ecation frequency is too low or de~tion is 
associated with straining (hard stools). Before 
taking laxatiVI!s, the possible cause should 
be investigated medically. Indications for laxa­
tiVI! use are: (1) acute evacuation of the entire 
intestine following oral poisoning in order to 
reduce the contact time for absorption of the 
toxin; (2) acute cleansing of the bowel prior to 
diagnostic and surgical procedures; (3) to 
reduce straining during defecation in the pres­
ence of serious illness (e.g., after myocardial 
infan:tion and major surgery); ( 4) chronic use 
for anal disorders or hern!.as; (5) to compen­
sate drugs with a constipating action (e.g., 
opiates). 



25.1 Treatment of Hyperaddtty, Use of Laxathles 

A.DrupUHidtD~91111trfc:add----------------. 

@ Adckeslstant 
coating 

e Inactive form 

e Active form 
of omeprazole 

Proton pump Inhibitors H2 antihistamines 

Vagus nerve 

..& 

ACh 

~ w 
l 

Gasbin 

(fromGcells 
of antral 
mucosa 
when H$,~) 

~~r~-----------------~ 

Helicob«ter 
pylori ,;1' 

,_.. ReHIIX 
esophaglt1s 

._.. Gastrlt1s 

._.. Peptic ulcer 

Rg.25.1 

Eradication 
e.g .. short-term triple therapy 

(1000 mgtwfce a d;Jy) 7 days 
(500 mg twice a day) 7 days 

(20 mg twice a dily) 7 days 

•rfintolerable, metronidazole 
(500 mg twice a day) 7 days 

115 



25.1 Treatment of Hyperacidity, Use of Laxatives 

Rather than prescribing laxatives, physicians 
should discourage patient self-mediGII:ion with 
laxatives, which is based on the discrepancy 
between the modern low-residue diet and 
time-honored ideas about the desirable fre­
quency of defecation. 

Laxatives can be classified as (1) bulk laxa­
tives and (2) irritant laxatives. The first group 
includes fiber substances such as bran and lin­
seed, which contain cellulose, and also osmoti­
cally active substances such as agar-agar and 
macrogol. Eating whole-grain bread only is 
also beneficial. Peristalsis can be greatly stimu­
lated by osmotic;dly active but nonabsorbable 
salts such as sodium sulfate and magnesium 
sulfate (Epsom salt), which retain isotonic 
water in the bowel. The dosage ranges from a 
small quantity (daily "drinking cure") to about 
20 g for drastic cleansing of the entire intes­
tine. Lactulose deserves special mention; lac­
tulose is a nonabsorbable disaccharide with an 
osmotic action and has a mild laxative effect. it 
is fermented by colon bacteria and the result­
ing acidification of the bowl!! content reduces 
the number of bacteria (see treatment of hep­
atic cirrhosis, p. 318). 

The irritant laxative group consists of cas­
tor oil (acting on the small intestine) and 
anthraquinone derivatives, which act on the 
colon. Castor oil comes from the seed of the 
castor bean. It is a triglyceride that is cleaved 
following oral ing\!stion. Ricinoleic acid is the 
active agent c~ Fig. 252). 

H,3c6-~H-CH2-CH-<H-(CH2h-COOH 

OH 
Flg.25.2 

Oral administration of 10-20 mL of castor oil is 
followed t --4 hours later by evacuation of the 
entire bowel Castor oil is indicated only when 
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there is a particular need for this drastic effect. 
It is well tolerated. It is not suitable for the 
treatment of chronic constipation. 

Anthraquinone derivatives acting on the 
large bowel (11> Fig. 25.4A) are indicated when­
ever soft feces and ease of defecation are 
required. These substances occur in a variety of 
plants: senna leaves, buckthorn, and a certain 
type of rhubarb. In these drugs, the anthraqui­
none nucleus is bound to a sugar that is 
cleaved in the colon. It then undergoes further 
chemical change to emodines, the active sub­
stances. These inhibit absorption of water and 
electrolytes so that soft stool can be passed. 
The emodines are well tolerated and about 6-8 
hours elapse from when they are taken until 
they have an effect. 

Certain dlphenolmet:lmte derivatives (bisa­
codyl and sodium picosulfate) have a similar 
mode of action and also have a longish latency. 
Potassium and water are lost from the body 
after these are used 

Chronic laxative use can lead to depend­
ency, which is due to a misconception on the 
user's part. Since the colon is empty after a 
forced evacuation (11> Fig. 25.3B), it takes a few 
days with the normal modem diet for the 
colon to fill su1fidently to allow defecation 
(~ Fig. 25.3B). This latency is mistaken for con­
stipation. A laxatiVI! to stimulate the colon is 
accordingly taken again and ultimately the 
user sustains actual damage: so much potas­
sium is lost from the intestine and through the 
kidneys via the compensatory aldosterone 
mechanism that hypokalemia develops. Potas­
sium depletion leads to bowel atony so that 
the user is "obliged" to take a laxatiVI! again. 
An unnece5SiiiY dnJg side efl'ect arises 
because of the patient's inadequate knowledge. 
This can be cured by professional advice. 
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25.2 Antidiarrheal Agents 

Antidiarrheal Agents 

Dianbea is the result of I!XCI!SSi\1\!ly fast pas­
sage of bowoel contents so that absorption of 
water and electrolytes is inadequate (• Fig. 
25.4~).It.can h_ave various causes: (1) Bacterial 
or VIral mfectlons that trigger inflammatory 
processes. Certain bacteria produce toxins that 
specifically inhibit certain functions of the gut 
epithelium, for instanre, Na+{O- mtransport. (2) 
Poor auiDnomic control with predominanll! of 
propulsive activity over back-and-forth m~ 
ments (which can have a psythological origin). 
as a drug side e1l'ect and in irritable colon. (3) 
Bowel dysfunction, detects in defenses against 
infection that are probably genetic in Crohn 
disease and u!CI!rative colitis. ( 4) Metabolic dis­
orders such as pancreatic insuffidency and 
steaiDrrhea. 

Diarrhea can sometimes be a harmless dis­
order (e.g., "traveler's diarrhea") but may have 
a fatal outcome especially in malnourished 
children in developing countries; it may also 
be a symptom of longstanding disease (Crohn 
disease, ulcerative colitis). 

The IOllowing agents are available to treat 
diarrhea; the choice is guided by the cause: 
a) Replacement of lost water and salt: rehy­

dration solutions. Na• and K• solutions 
containing glucose correct losses in dehy­
drated patients as Na• {glucose cotransport 
continues to function even in the presenre 
of bacterial enterotoxin; this Is particularly 
Important in cholera. 

b) Antibacterial drugs or antibiotics when bac­
terial infection is IOund ID be the cause of 
the diarrhea, e.g., cotrimoxazole 
(• Fig. 253). 

188 

c) Inhibition of propulsive motor activity by 
an oplold. which slows the onward llliM!­
ment of bowel content through specific 
recepiDrs In the bowel wall. 

Tincture of opium (paregoric) is an age-old 
remedy that exploited opium's troublesome 
side effect of constipation. Because of the cen­
tral "side effects," this therapy has now been 
abandoned. 

New drugs have been developed that Inhibit 
propulsive rnoiDr activity by binding to the 
opioid receptors in the bowel wall but do not 
have any CNS effects. One such substance is 
loperamide (single dose 2 mg. ellmlnation 
half-life -10 hours). Despite the high affinity of 
loperamide for opioid receptors, there Is an 
interesting reason for its lack of CNS effects: 
any loperarnlde that crosses the blood- brain 
barrier is transported back into the blood by 
P-glycoproteins. 
. If ~egr~dation of endogenous enkephalins is 
mhlb1ted m the bowel wall, this also results in 
slowed propulsi\1\! activity. Racecadotril, an 
enkephalinase blocker, acts as an "indirect 
enkephalin mimetic" and is used to treat diar­
rhea in babies and small chlldren. 

(d) Attempts to render bacterial toxins or 
other toxic substances harmless by adsorption. 
However, large quantities of the adsorbent 
have to be gl\1\!n orally, e.g., medicinal charcoal 
30 mg or more dally, or aluminum silicare 50-
100 g daily, which is Impractical and unlikely 
to be successful Cholestyramine is used in 
chologenic diarrhea because of its bile add­
binding action. 
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26.1 Motor System 

Drugs Affecting Motor Function 
The central part of the motor systmJ includes 
various iiiNS of the cerebral cortex, the basal 
ganglia, the cerebellum, different nuclei in the 
brainstem. and the spinal cord. The peripheral 
part includes the peripheral motor nerves, 
alferent nerws from muscle spindles, the 
motor end plate, and fmally the skeletal 
musde. This section describes the effect of 
drugs and toxins on spinal and peripberal 
processes. Disorders of the motor system 
that originate in biiher centers of the CNS, 
such as epilepsy (p. 336) and Parkinson disease 
(p. 334), are discussed elsewhere. 

Central Muscle Relaxants and Toxins 
In the spinal cord, nerve impulses arriving 
from higher centers or the periphery converge 
on motor neurons, whose perikarya are 
located in the anterior hom of the spinal cord. 
Their axons leave the spine via the anterior 
roots and course to the muscles. The motor 
neurons obtain information from supraspinal 
centers through descending tracts and from 
the periphery through the axons of the spinal 
ganglia. The information can be trii.IISmitted 
directly or through intemeurons. There are 
also inhibitory intemeurons, which reduce 
the excitability of the motor neurons to a phys­
iologically useful level. Thus, the spinal cord 
possesses a complex network of stimulatory 
intemeurons (transmitter: glutamate) and 
inhibitory interneurons (transmitters: GABA. 
glycine~ 

Impulse transmission in the spinal cord can 
be affected by drugs and toxins. The sensitivity 
of the GAllA.\ receptor is increased by benzo­
diazepines (p. 222 ), which are allosteric ago­
nists. Oonazepam Is an example. This 
increases the effect of the inhibitory intemeur­
ons, resulting in a reduction of increased 
muscle tone. ~oren is a y-aminobutyric add 
derivative with a similar effect through an ago­
nist action on the GAMe receptor. These sub­
stances are collectively termed central muscle 
relaxants. 
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They are indicated for painful muscle ten­
sion or muscle spasm, which can occur in mul­
tiple sclerosis and after spinal iqjuries. 

Other inhibitory intemeurons including 
Renshaw cells use ~ as transmitter sub­
stance. Release of glycine is suppressed by the 
presence of tetii.DU5 toxin, so that damping of 
the motor neurons, which Is necessary physio­
logically, is abolished. The result is tetanic 
muscle convulsions. The allcaloid strydmine is 
a direct antagonist at the glycine receptor. This 
mechanism also leads to disinhibition of the 
motor neurons and thus to muscle spasms. 

Acetylcholine (ACh) is synthesized by the 
enzyme ACh synthetase in the ends of motor 
nerve axons and is stored in vesicles that accu­
mulate close to the presynaptic membrane. 
The vesicles adjacent to the membrane are 
attached to binding proteins, which prevent 
fusion with the plasmalemma. It is only when 
an action potential reaches the nerve ending 
that the influx of Ca2• ions enables the vesicles 
to fuse with the plasmalemma and release 
their ACh. Botulinum toxin destroys one of the 
exocytosis proteins (SNAP-25) enzymatically. 
This results in paralysis of skeletal muscle. Ace­
tylcholine release is boosted in Lambert-Eaton 
syndrome, a disease characterized by muscle 
weakness. Antibodies to Ca2• channel proteins 
weaken nerve ending excitability. Amifampri­
dine is able to increase their excitability by 
blocldng r channels. 

The postsynaptic membr.me of the muscle 
fiber is highly folded to increase its surface 
area. The surface is occupied by ACh receptors 
of the nicotinic type (seep. 120). ACh esterase 
molecules are anchored in the basal lamina, 
which fills the synaptic gap. The ACh released 
by the nerve impulse occupies the ACh recep­
tors briefly and is immediately inactivated bio­
logically by ester cleavage. This meii.IIS that the 
action of ACh is completed after only a few 
milliseconds. Occupation of the ACh receptors 
reduces the membrane potential for 1-2 milli­
seconds. thereby producing a propagated 
action potential, which spreads out over the 
entire muscle fiber and triggers contraction. 
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26.2 Muscle Relaxants 

Muscle Relaxants 
The need to produce flacrid paralysis of skele­
tal musculature arose with the development of 
modem medicine. It is essential for artificial 
ventilation. Prolonged anesthesia can no lon­
ger be imagined without muscle relaxation 
and ventilation. The function of the motor end 
plate can be interrupted reversibly by two 
I'I!echanisms at receptor level: (a) by an ago­
niSt, which triggers a single action potential in 
the adjacent membrane after binding but then 
remains bound there. keeping the end plate 
membrane depolarized: depolarizlng muscle 
relalwl1S; (b) by acting as an antagonist at 
the ACh ~r: nooclepolarlzing muscle 
reWwJ1S. 

Depolarizing Muscle Relaxants 
The simplest chemical substance that paralyzes 
muscle by long-acting depolarization is 
decamethonium: 

(CH1hN+ -(CHz)10-N+ (CH1h (26.1) 

This is constructed of a hydrocarbon chain 
with two positiYely charged nitrogen atoms 
separated by a distance of -1 nm. The metabol­
ically stable decamethonium was used in anes­
thesia but was abandoned because of its poor 
pharmacokinetics. It has the typical basic 
structure of all muscle relaxants. Suxametho­
nium (succinylcholine) also has this structure. 

Sucdn.ylchoHne can be described as a dou­
ble ACh molecule. It has affinity for the nico­
tinic ACh receptor but cannot be broken down 
by specific acetylcholinesterase. Nonspecific 
serum cholinesterase cleaves sucdnykholine 
slowly, so that an active concentration is main­
tained in the synaptic deft for 5-10 minutes 
(for comparison the duration of action of ACh 
is 1- 2 milliseconds). 

Depolarization of the end plate initially trig­
gers a propagated action potential in the sur­
round!~ muscle cell membrane, leading to 
contraction of the muscle fiber; fine muscle 
~~~es can be observed briefly following i.v. 
11\J«tton. 
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A new action potential (AP) can be elidted 
near the end plate only if the membrane has 
not been excited in the meantime and allOW'ed 
to repolarize. The AP is due to opening of 
the Na• channel proteins, allowing Na• ions to 
flow throuah the sarcolenuna and cause depo­
larization. After a few milliseconds, the Na• 
channels dose automatically ("inactivation"), 
the membrane pob!ntial returns to resting lev­
els and the AP is terminated. As long as the 
membrane potential remains incompletely 
repolarized. renewed opening of the Na• chan­
nels and thus a further AP is impossible. In the 
case c:L_ released ACh, rapid brealcdown by ace­
tylcholinestl!rase allows repolarization of the 
end plate and thus a return of Na• channel 
excitability in the surrounding sarcolemma. 
With sucdnyicholine, ~. there is persis­
tent depolarization of the end plate and adjoin­
ing membrane regions. Because the Na• 
channels remain inactivated, an AP cannot be 
triggered in the adjacent membrane. 

Side effects of sucdnylcholine are a rise In 
the serum potassium concentration with pas.. 
sible consequences for cardiac function. and a 
rise in blood pressure and tachycardia induced 
by ganglionic stimulation. The multifocally 
innervated tonic fibers of the extrinsic ocular 
musdes contract in reaction to succinylcho­
line, leading to an increase of pressure in the 
eyeball. Succinylcholine must therefore not be 
used before intraocular surgery. Moreover, 
chronically denervated muscles develop con­
tracture because ACh receptors develop over 
the entire surface of denervated skeletal 
muscle fibers after their motor nerve has been 
severed. This contracture, together with the 
~rresponding ~ium loss, is likely to occur 
m trauma patients undergoing "follow-up" 
surgery. 
~e adv.mta,e of succinylcholine is its very 

rap1d onset of action. Since some nondepola­
rizing muscle relaxant drugs have recently 
been found to have a rapid onset of action. use 
of sucdnylchotine has diminished. It remains 
~e m~st important relaxant for emergency 
mtubatlon. 
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26.2 Muscle Relaxants 

Nondepolarlzlng Muscle Relaxants 
Muscle-relaxing poisons have long pi~ a 
part In human history. The poisoned aJTCMIS 
used by the indigenous people of South Amer­
ica killed animals by muscle paralysis. How­
ever, the meat of the killed animals could be 
consumed without danger as the muscle poi­
sons are not absorbed from the gastrointesti­
nal tract 

These muscle reliiXilllts have a more com­
plex chemical structure than decamethonium. 
The nondepolarizing muscle relaxants also 
possess the two cruc:ia1 positively charged 
nitrogen atoms, but these are in a ring system. 
The two N-containing rings are linked either 
by a long aliphatic chain or by a steroid struc­
ture. The formulas of two synthetic muscle 
relaxants are illustrated in .,. Fig. 263A. These 
large molecules have high binding affinity for 
the nicotinic ACh receptor but have no intrinsic 
activity; that is. they are pure antagonists. 

The ingredient of curare, d-tubocurarine. is 
no longer used In anesthesia because it can 
produce unpleasant side effects: histamine 
release with a .drop In blood pressure, bron­
chospasm, and increased secretion in the bron­
chial tree. A ganglion-blocking effect is also 
apparent. The new synthetic relaxants are bet­
ter tolerated. They differ in their phanmcoki­
netic properties such as speed of onset of 
action and duration of action. The following 
drugs are used In surgery: panCIIl"Oirium 
(long-acting), vecunmiwn (medium-acting) 
mivacurium (short-acting), roc:unmiwn (fast 
onset of action). and atracurium (undergoes 
spontaneous cleavage after administration and 
does not require metabolic deiradation. 
important for patients with liver disease). 

The action of the nondepolarizlng muscle 
relaxants can be shortened by giving an ACh 
esterase inhibitor such as neostigmine (see 
p. 122). The ACh released in the end plate is no 
lonaer broken down and accumulates in the 
~ynaptic '!eft. The ratio of antagonist to agonist 
Improves 1n favor of the transmitter. 
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~embodies a different prindple 
for termi~ting muscle relaxation. This y­
cydodextrin forms a molecular cage in which 
it "traps" rocuronium and vecuronium, inacti­
vates them, and finally eliminates them via the 
kidneys. 

Finally, it should be noted that the muscle 
reliiXilllts are unable to penetrate the CNS 
which means that the "relaxed" patient would 
be wide awake and would immediately 
become dramatically hypoxic due to paralysis 
of the respiratory muscles. while being totally 
unable to communicate because aU muscles 
would be paralyzed Anesthem and artifldal 
1lt!lltilation are essential wheneva' muscle 
relax.mts are used. 

In discussing muscle reliiXilllts, a poison that 
produces muscle paralysis by inhibiting ACh 
release in the motor end plate should be 
mentioned. This is botulinum toxin from 
Clostridium botulinum. After passing through 
the presynaptic membrane, it Inactivates 
the process of fusion of ACh vesicles with the 
membrane (p. 190). Botulinum toxin is an 
extraordinarily potent poison. The effect lasts 
~ long t!me as the affected end plate has been 
J.ITeVersJbly damaged. Re-innervation has to 
take place by growth of a WI'!W axon ending 
:nus toxin is used as a drug. It can be injected 
mto muscle to treat painful muscle spasms 
such as blepharospasm. It is also used In cos­
metic medicine for the currently fashionable 
face lifting. 

Influencing the Contractile System 

The action potential briefly depolarizes the 
plasmalemma of muscle cells including the 
tubular structures. This releases eaz• from 
the trilf!SVI!rse tubules, which then produces 
shorten111g of actomyosin. This is known as 
el~.echanical coupling. This process can 
be mhib1ted by dantrolene, which is used to 
treat painful muscle spasms and malignant 
hyperthermia. 
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27.1 Nociceptors and Pain Pathways 

Pain Mechanisms and Pathways 
Pain Is a designation for a spectrum of sensa­
tions of highly divergent character and inten­
sity ran&ing from unpleasant to intolerable. 
Pain stimuli are detected by physiological 
recepiDrs (sensors, nociceptDrs) least dilferenti­
ated morphologically, viz., free nerve endings. 
The body of the bipolar afferent first-order neu­
!'O!IIies in the dorsal root ganglion. Nociceptive 
Impulses are conduc!Ed via \liUilYI!linall!d (C­
~bers, ronduction velocity 0.2-2 m/s) and ~ 
hnated axons (All-fibers. to-30 mfs). The free 
endings of Ali-fibers respond tD intense pres­
sure or heat, those of C -fibers respond tD chem­
ical stimuli (H'", K•, histamine, bradykinin, en:.) 
arising from tissue trauma. 

Irrespective of whether chemical, mechani­
caL or thermal stimuli are involved they 
berome significantly more effective ln the 
presence. of Pll!S~andins (p. 198). 

Chemical sbmuli also underlie pain secon­
dary to inflammation or ischemia (angina pee­
toris, myocardial infarction). The lnll!nse pain 
that occurs during overdisll!nsion or spas­
modic rontraction of smooth muscle abdomi­
nal orpns may be mainWned by local 
aJlOJ!emla developing In the area of spasm 
(visceral pain). 

A6- and C-fibers enter the spinal cord via 
the dorsal root, ascend in the dorsolateral funi­
culus, and then synapse on second-order neu­
rons in the dorsal horn. The axons of the 
second-order neurons cross the midline and 
ascend to the brain as the anterolateral path­
way or spinothalamic tract. Based on phyloge­
netic age, a neospinothalamic tract and a 
paleospinothalamic tract are distinguished 
The serond-order (projection) neurons of both 
tracts lie in different zones (laminae) of the 
dorsal hom l.all!ral thalamic nuclei receiving 
n~spinothalamic input project to drcwn­
scnbed areas of the postcentral ayrus. Stimuli 
conveyed via this path are experienced as 
sharp, clearly localizable pain. The medial 
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thalamic regions receiving palaeosp!nothala­
mic input project to the postcentral gyrus as 
well as the frontal, limbic cortex and most 
likely represent the pathway subserving pain 
of a dulL achin&. or burning character, i.e., pain 
that can be localized only poorly. 

Impu_tse tralfic in the neospinothalamic and 
paleo~pmothalarnic pathways is subject to mo­
dulation by descending projections that origi­
nate from the reticular li:Jrmation and 
terminate at second-order neurons at their 
synapses with firSt-order neurons 'or spinal 
~ental interneurons (descenclllll antlnod­
c:eptive system). This system can inhibit sub­
stance P-rnedlated impulse transmission from 
firSt- to second-order neurons via release of 
endogenous oplopeptides ( enkl!phalins) or 
monoamines (norepinephrine, serotonin). 

Pain sensation can be influenced or modi­
fied as follows: 
• Elimin~tion of the cause of pain 
• Lowermg of the 5ensitivity of noc:iceptors 

(antipyretic analgesics, local anesthetics} 
• Interrupting nociceptive amductioo in sen­

sory nerves (local anesthetics} 
• Suppression of transmission of nodceptlve 
im~~ in the spinal medulla (opioids} 

• Inh1b1bon of ~Min perception ( opioids, gen­
eral anesthetics) 

• Altering emotional responses to pain, I.e., 
pain behavior (antidepressants as 
coanalgesics ). 

Neuropathic pain is severe and chronic, and 
hardly responds at all to the usual analgesics. It 
may occur as a romplication of diabetes melli­
tus or herpes zoster or as phantom pain. It Is 
known that new (embryonic) and overactive 
Na• channels can appear on afferent C-llbers 
following trauma and these gl!lli!Rte spontane­
ously propagated exdlillion. Combined long­
~. tre~tment with antidepressants (e.g. 
~trtptyline ), anticonvulsants (e.g., gabapen­
tln) and possibly a low-<lose opioid (tramadol) 
may be helpful. 
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27.2 Eicosanoids 

Ekosanolcls 
Under the influence ofqdooxygenases (OOX-1, 
OOX-2, and their splice variants 1 the atmded 
molecule of arachidonic acid ( eioosatetraenok 
acid1) is COIJVerted into compounds containing 
a central ring with two long substituents: pros­
taglandins, prostac:ydin. and thromboxanes. Via 
the action of a lipoxygenase, arachidonic add 
yields leulmttienes, in which ring closure in the 
center of the molecule (.,.. Flg. 27.2A) does not 
oa:ur. The products funned from arachidonic 
acid are inactivated very rapidly; they act as 
local hormones. The groups or prostaglandins 
and leulcDtrienes each comprise illarge number 
of dosely related compounds. In the present 
context, only the most important prostaglan­
dins and their constitutive actions are 
considered 

Prostaglandin (PG)E1 inhibits pstric add 
secretion and increases production of mucus 
(mucosil-protective action). PGFz.. stimulates 
uterine motility. PGh (prostacydin) produces 
vasodilatation and promotes renal excretion of 
Na•. In addition, prostaglandins synthesized by 
COX-2 partidpare in inflammatory processes 
by sensitizing lliXicepiDrs. thus !~ring pain 
threshold; by )X'Otmli:ng i.nflanunamry respooses 
by release of rnediab:Jrs such as interlet*in-1 and 
twmr-necrosis factor a; and by evoking rem: 

1 Name derived from Greek eilcosi • twenty for 
the number of carbon atoms and tetru • 4 for 
the number of double bonds 

2 Note the chilnge in chemical nomenclature: 
-triene (trim three 1 although leulCDtrienes 
possess four double bonds; however, of these 
only the conjugated ones are counted 
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Prostacydin is produced in vascular endG­
thelium and plays a role in the regulation of 
blood flow. It elicits vasodilation and prevents 
aggregation of pla~ets (functional antagonist 
of thromboxane). 
~baune ~is a local hormone or pla­

telets; tt promotes their aggreption. Small 
defects in the vascular or capillaey wall elicit 
the formation of thromboxane. 

LeulcDtrienes2 are produced mainly in leu­
kocytes and mast cells. Newly formed leuko­
trienes can bind to glutathione. From this 
complex, glutamine and glycine can be 
cleaved, resulting in a larger number of local 
hormones. Leukotrienes are prG-inflanuna­
tory; they stimulate invasion of leukocytes and 
~nhance their activity. In anaphylactic reac­
tions, they produce vasodilation, increase ~ 
cular permeability, and cause vasoconstriction. 

.,.. lberapeudc uses of synthetic elco.sanolds. 
Efforts ~ synthesize stable derivatives of pros­
taglandins for therapeutic applkations have 
not been very successful to date. Dinoprostone 
(PGE21 gerneprost, and sulprostan are uterine 
stimulants (p. 144). Misoprostol is meant to 
afford protection of the gastric mucosa but has 
pronounced systemic side effects. All these 
substances lack orpn specifiCity. 
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27.3 Antipyretic Analgesics 

Analgesics 
The large and important family of drugs for the 
treatment of pain. inflanunation. and fevl!r has 
to be subdivided into two eroups that differ in 
their mechanism of action and spectrum of 
activity, namely, 
• Antipyretic analgesics 
• Nonsteroidal anti-inflammatory drugs 

(NSA!Ds) 

Andpyretlc Analgesics 

These analgesics have clinically useful analge­
sic and antipyretic efficacy. Their mechanism 
of action is not completely understood but 
thought to be mediated via inhibition of pros­
tanoid formation by variants of COX enzymes. 
Acetaminophen (p;u;lcetamol), phenazone, 
and metarnizole belong in this group. 

Acetaminophen has good analgesic efficacy 
in commonplace pain, such as toothache and 
headaches, but is of less use in inflammatory 
and visceral pain. It exerts a strong antipyretic 
effect. The adult dosage is 0.5-1.0 g up to four 
times daily; the elimination half-life is about 
2 hours. Acetaminophen is eliminated renally 
after conjugation to sulfuric or glucuronic acid. 
A small portion of the dose is converted by 
hepatic CYP450 to a reactive metabolite that 
requires detoxification by coupling to gluta­
thione. In suicidal or accidental poisoning with 
acetaminophen (1 0 g~ the depleted store of 
thiol groups must be replaced by administra­
tion of acetylcysteine as quickly as possible. 
This measure can be life-saving. Lower doses of 
acetaminophen should be used if there has 
been previous liver damage. Long-term ther­
apy with pure acetaminophen preparations 
does not cause renal damage, reported earlier 
after use of stimulant combination prepara­
tions. Fixed combinations with codeine may be 
used with hardly any reservation (e.g., Solpa­
deine tablets). 
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Dipyrone (metamizole) is a pyrazolone 
derivative. It produces strong analgesia, 
even in pain of colic, and has an additional 
spasmolytic effect. The antipyretic effect is 
marked. The usml dosage is about 500 mg 
orally. Higher doses (up to 2.5 g) are needed 
for biliary colic. The effect of a standard dose 
lasts - 6 hours. 

Use of dipyrone is compromised by a very 
rare but serious adverse reaction, viz~ bone 
marrow depression. The incidence of i13JG11ulocy­
tmis remains ~; probably, one case 
occurs in > 100 000 treatments. Circulatory shock 
may occur after rapid intravenous injection. 
Dipyrone is not mr routine use; however, short­
term administration is recolllilli!Ilded for appro­
priate individual cases. 

Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs) 

This term subsumes drugs that (a) are charac­
terized chemically by an acidic moiety (not 
present in COX-2 inhibitors) linked to an 
aromatic residue; and that (b) by virtue of 
inhibiting cydooxygenases, are effective in 
suppressing inflammation, alleviating pain, 
and lowering fever. Cyclooxygenases (COX) 
localized to the endoplasmic reticulum are 
responsible for the formation from arachidonic 
i1dd of a group of loc.1l hormones comprising the 
prostaglandins, ~ and thrombaxanes. 
NSAIDs ( elll:ept ASA) are reversible inhibitxJrs of 
COX enzymes. These enzymes possess an elon­
gated pore into which the subst!Cite aradlidonic 
acid is inserted and converted to an active prod­
uct. NSAIDs penetrall! into this pore and thus 
prevmt aa:.ess for arachidonic acid, leading to 
reversible blockade of the enzyme. 
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27.3 Antipyretic Analgesics 

1\w principa] types of cyclooxygenase (COX) 
can be distinguished: 
1. COX-1 is constitutive, that is, always 

present and active; it contributes to the 
physiological function of organs. Inhibition 
inevitably produces unwanted effects, such 
as mucosal injury, renal damage, hemody­
namic changes, and disturbances of uterine 
function. 

2. COX-2 is induced by inflammatory proc­
esses and produces prostaglandins that 
sensitize nodceptors, evoke fever, and pro­
mote inflammation by causing vasodilation 
and an increase in vascular permeability. 
However, in some organs, COX-2 is also 
expressed constitutively (kidney, vascular 
endothelium, uterus, and CNS). 

Nonselective COX Inhibitors are derived from 
an add (acetic or propionic add) bound to an 
aromatic residue. Apart from acetylsalicylic 
acid, the most important drugs in this group 
are naproxen, ibuprofen, diclofenac, and indo­
methacin. They have a wide range of indica­
tions, including rheumatic diseases and all 
types of pain; they reduce fever and have an 
anti-inflammatory action. Ibuprofen and nap­
roxen are best tolerated, and diclofenac is the 
most effective. 

Acetylsalicylic arid (ASA) can be used for 
the same indications as the other nonsteroidal 
anti-inflammatory drugs. It merits a separate 
comment. Acetylation of salicylic acid signifi­
cantly reduces its ability to induce mucosal 
i!1jury. After absorption of ASA. the acetyl moi­
ety is cleaved with a half-life of 15-20 minutes, 
so that salicylic add is then present in vivo. The 
dosage of ASA required for anti-inflammatory 
therapy is over 3 g daily. About 500 mg is 
needed to relieve oitlinary pain At low dosage 
(100-200 mg daily). following absorption 
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into the portal circulation, ASA causes a long-­
lasting blockade of OOX-1-med.iated thrombax­
ane synthesis in platelets because of i~rsible 
acetylation of the enzyme. Since platelets 
are cell fragments without a nucleus, they are 
unable to synthesize new cox molecules. 

Acetylsalicylic add can cause major side 
effects. It irritates the gastric mucosa and 
can cause asthma in predisposed patients. ASA 
must not be combined with phenprocoumon 
because of the additive effect and should not 
be taken in late pregnancy as it can cause weak 
labor, a risk of hemorrhage in mother and 
baby, and premature closure of the ductus 
arteriosus in the infant. 

The COX-2 inhibitors aroused great expect­
ations because gastric tolerability was sup­
posed to be much better since only COX-2 is 
inhibited. Large quantities of the COX-2 inhibi­
tors were then prescribed until it became 
apparent that they had major side effects. 
Some of the new top sellers, such as rofecoxib 
(Vioxx~). had to be withdrawn from the 
market. An increased incidence of thromboem­
bolic events such as myocardial infarction 
and stroke was observed after prolonged use 
of rofecoxib. This was probably due to prepon­
derance of thromboxane ~ production in 
platelets by COX-1 at the same time that 
COX-2-mediated production of prostacyclin in 
the endothelium was being inhibited. Lumari­
coxib (liver damage) and valdecoxib (skin reac­
tions) were also withdrawn Currently (2017), 
three COX-2 inhibitors are still available, but 
with restrictions; these are oral celecoxib and 
etoricoxib for the treatment of degenerative 
and rheumatic joint pain, and intravenous par­
ecoxib for postoperative pain. 
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27.4 Local Anestfletics 

Local Anesthetics 
Local anesthetics 11!\WSibly inhibit impulse ge­
neration and propagation in nerves. In sensory 
netwS, such an effect is desired when painful 
procedures must be perfonned, e.J~ surJical or 
dental operations. 

~ Mechanism of Oldion. Axonal impulse 
(l)nduction occurs in the fonn of an action 
potential. The change in potential involves a 
rapid lnflux of Na• (~ Fig. 27.SA) through a 
membrane channel protein that, upon being 
opened (actiVilll!d~ permits rapid inward 
mCJYement of Na+ down a chemical gradient 
([Na·~ -150 mM. [Na•Jm- -7 mM). Local 
anesthetics are capable of inhibiting this rapid 
infl~ .or Na•; initiation and propagation of 
exctation are therefore bloclred (~ F'Jg. 27 .SA). 

Na• channels consist of a protein with four 
subunits, each (l)nsisting of six transmem­
brane segments (Sl-56) (~ Fig. 27.5A). Seg­
ments 55 and S6 of the four domains 
(l)nstitute the ion-<011ducting pores (blue). 
which can also be identified in the crystal 
structure of a Na• channel protein. Due to 
depolarization of the cell membrane, the posi­
tively charged S4 segments of the channel 
move and this causes opening of the channel 
and Influx of Na• into the cell (green arrow). 
Local anesthetics (red arrow) diffuse from the 
extracellular space into the axon. penetrate 
Into the channel from the cytosol, and block 
Na•innux. 

Local anesthetic activity is also shown by 
uncharged substances, suggesting a binding 
site in nonpolar regions of the channel protein 
or the surrounding lipid membrane. 

~ Mechanism-specific adverse effects. Since 
local anesthetics block Na• influx not only in 
sensory nerves but also in other excitable 
tissues (~ Fig. 27 .SA), they are administered 
locally. Depression of excitatory processes in 
the heart, while undesired during local anes­
thesia, can be used therapeutically in cardiac 
arrhythmias (p. 150). 
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~ Forms of local anesthesia. Local anes­
thetics are administered via different routes 
!ncluding infiltration of the tissue (infiltra~ 
anesthesia) or injection next to the nerve 
branch carrying fibers from the region to be 
anesthetized (conduction anesthesia of the 
nerve. spinal mesthesla of segmental dorsal 
roots), or by application to the surface of the 
skin or mu(l)sa (surface anesthesia). In each 
case, the local anesthetic drug is required to 
diffuse to the nerves concerned from a depot 
placed in the tissue or on the skin. 

~ High sensfttvity of sensory, low sensltMty 
of motor n«ves. Impulse conduction in sen­
sory nerves is inhibited at a (l)ntentration 
I~ than that needed for motor fibers. This 
difference may be due to the higher impulse 
frequency and longer action potential duration 
in nociceptive as opposed to motor fibers 
Alternatively, it may relate to the thickness of 
sensory and motor nerves, as well as the dis­
tance between the nodes of R;mvier. In salta­
tory impulse conduction, only the nodal 
membrane is depolarized. Because depolariu­
tion can stiU occur after blockade of three or 
four nodal rings, the area exposed to a drug 
concentration sufficient to cause blockade 
must be larger for motor fibers (.,. Fig. 27 .58). 

This relationship explalns why sensory 
stimuli that are conducted via myelinated 
A6-fibers are affected later and to a lesser 
~egree than are stimuli (l)nducted via unrnye­
l~a~ C-fibers. Since autonomic postgan­
gliomc .fibers lack a myelin sheath, they are 
susceptible to blockade by local anesthetics. As 
a result, vasodilation ensues in the anesthe­
tized region, because sympatheticaUy driven 
vasomotor tone decreases. This local vasodila­
tion is undesirable. 
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27.4 Local Anestfletics 

~ Diffusion and effect. During diffusion from 
the injection site (Le., the interstitial spall! of 
ronnective tissue) to the axon of a sensory 
nerve. the local anesthetic must traverse the 
perineurium. The multilayered perineurium is 
formed by ronnecti"Je tissue cells linked by 
zonulae occ/udentes (p. 38) and therefore con­
stitutes a closed lipophilic barrier. 

Local anesthetics in clinical use are usually 
tertiary amines; at the pH of interstitial fluid 
these exist partly as the neutral lipophilic base 
(symbolized by particles marked with two red 
dots) and partly as the protonated form, Le., 
amphiphilic cation (symbolized by particles 
marked with one blue and one red dot). The 
uncharged form can penetrate the perineu­
rium and enters the endoneural space, where 
a fraction of the drug molecules regains a pos­
itive charge in keeping with the local pH. The 
same process repeats itself when the drug pen­
etrates through the axonal membrane (axe­
lemma) into the axoplasm from which it 
exerts its action on the sodium channel; and 
again when it diffuses out of the endoneural 
space through the unrenestrated endothelium 
of capillaries into the blood. 

The concentration of local anesthetic at the 
site of action is, therefore, determined by the 
speed of penetration into the endoneurium 
and axoplasm and the speed of diffusion into 
the capillary blood. To enable a sufficiently fast 
build-up of drug concentration at the site of 
action, there must be a correspondingly large 
roncentration gradient between drug depot in 
the connective tissue and the endoneural 
space. Injection of solutions of low concentra­
tion will fail to produce an effect; howe\ler, too 
high concentrations must also be avoided 
because of the danger of intoxication resulting 
from too rapid systemic absorption into the 
blood. 
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To ensure a reasonably long-lasting local 
effect with minimal systemic action, a vaso­
CODStrictor ( epinepluine, less frequently nore­
pinephrine or vasopressin derivatives) is often 
co-administered in an attempt to confme the 
drug to its site of action. As blood flow is 
diminished, diffusion from the endoneural 
space into the capillary blood decreases. Addi­
tion of a vasoconstrictor, moreo\ler, helps to 
create a relative ischemia in the surgical field. 
Potential disadvantages of catecholamine-type 
vasoconstrictors include the reactive hypere­
mia following washout of the constrictor 
agent and cardiostimulation when epinephr­
ine enters the systemic circulation. In lieu of 
epinephrine, the vasopressin analogue fely­
pressin can be used as adjunctive vasoconstric­
tor (less pronounced reactive hyperemia, no 
arrhythmogenic action, but danger of coronary 
constriction). Vasoconstrictors must not be 
applied in local anesthesia involving the 
appendages (e.g., fingers, toes). 

~ Characteristics of chemical structure. 
Local anesthetics possess a uniform structure 
(p. 208). Generally they are secondary or terti­
ary amines. The nitrogen is linked through an 
intermediary chain to a lipophilic moiety­
most often an aromatic ring system. 

The amine function means that local anes­
thetics exist either as the neutral amine or as 
the positively charged ammonium cation, 
depending upon their dissociation ronstant 
(pK. value) and the actual pH value. The pK. of 
typical local anesthetics lies between 7.5 and 
9. In its protonated funn, the molecule pos­
sesses both a polar hydrophilic moiety (proto­
nated nitrogen) and an apolar lipophilic 
moiety (ring system)-it is amphiphiUc. 
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27.4 Local Anestfletlcs 

Depending on the pK., from 50% to 5% of the 
drug may be present at physiological pH in the 
uncharged lipophilic fonn. This fractio~ _is 
important because it represents the llp1d 
membrane-permeable fonn of the local anes­
thetic (p. 42), which must take on its cationic 
amphiphilic form in order to exert its action. 
Qinically used local anesthetics are ei~ 
esters or amides. Ester-type local anesthetics 
are subject to inactivation by tissue este~~ 
This is advantageous because of the dlllllll­
ished danger of systemic intoxication. On the 
other hand, the high rate of bioinactivation 
and, therefore, shortened duration of action is 
a disadvantage. 

Procaine cannot be used as surface anes­
thetic because it is inactivated faster than it 
can penetrate the dermis or mucosa. Cllo/0-
procaine, a derivative, is used for spmal 
anesthesia. 

Udocaine is broken dawn primarily in the 
liver by oxidative N-dealkylation. It is an effec­
tive local anesthetic in 0.25-1% solution. 5% 
ointments are required for topical anesthesia. 
Lidocaine is also used as an antiarrhythmic 
agent 

In mepivacaine, the nitrogen atom usually 
located at the end of the side chain forms part 
of a cydohexane ring. 

Degradation can occur only to a restricted 
extent in prilocuine and carticaine because 
both carry a substituent on the C-atom adja­
cent to the nitrogen group. Cartlcalne pos­
sesses a carboxymethyllfOUP on its thiophene 
rina. At this position. ester cleavage can occur, 
resulting in the formation of a polar -Coo­
group, loss of the amphlphllic character, and 
conversion to an inactive metabolite. 

Ropiwcuine is the S-enantiomer of a bupiva­
caine derivative. It has a very long duration of 
action (many hours) and is highly suitable for 
epidural and spinal anesthesia. 

Benzocaine is a member of the group of 
local anesthetics lacldng a nitrogen atom that 
can be protonated at physiological pH. It is 
used exclusively as a surface anesthetic. 
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Another agent used for surface anesthesia is 
the uncharged polidocanol (macrogol Iaury! 
ether, laurumacrogol), which has the IOnnula 

H3C-(CH2)11 -(0-CHz-CHz)9-0H (27. 1) 

consisting of a hydrophobic and a hydrophilic 
part. At higher concentrations, polidocanol is 
toxic and is used for obliteration (e.g. of esoph­
ageal varices in hepatic cirrhosis). 

~ AcMFse dfecU of loc.1l anesthetics (lAs). 
The celluLar point of attack of l.As is a "fast• 
Na• channel, opening of which initiates the 
action potential. U\s block this channeL Fast 
sodium channels also operate in other excit­
able tissues induding nerve cells of the brain 
and musde or specialized conducting tissues 
of the heart The action of U\s is thus not con­
fmed to nerve tissue; it is not organ-specific. 
Accordingly, serious adverse effects occur 
when U\s enter the circulation too rapidly or 
in too high concentrations. In the heart. 
impulse conduction is disrupted, as evide~~;ced 
by atrioventricular block or, at worst , ventricu­
lar arrest In the CNS, different regions are per­
turbed with a resultant loss of consciousness 
and development of seizures. Since no specific 
LA antidote is available, symptomatic counter­
measures need to be taken immediately. If 
signs of cardiac inhibition predominate, epi­
nephrine must be given intravenously. If CNS 
toxicity is present, ;mticonvulsant drugs have 
to be administered (e.g., diazepam Lv.). 

Zicoootide is a new antinodceptive agent 
for local administration. It is a synthetically 
produced analogue of conoiDXin, which.ls used 
by marine cone snails to paralyze their prey. 
The effect is due to blockade of neuronal N­
type caldum channels. For severe chronic. pain, 
ziconotide can be delivered through an Intra­
thecal catheter to the spinal cord, where it 
blocks impulse transmission in the posterior 
horn. Ziconotide is not well tolerated ( CNS side 
effects) but it is helpful in some cases as a last 
resort 
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27.5 Opioids 

Oplolds • Opiates 
Th~re are binding sires on llei"W! ct!lls for 
~ndog~nous substana!s known as eodopiHIWi 
oploids. Opioid receptors are presmt in vari­
ous areas of the brain, in the spinal cord, and 
in th~ n~rve plexus~s of th~ int~tine and blad­
der. There are dilferent types of r~ceptors, 
which are d~ignated by th~ Gre~k letters 6, k, 
and JL Endogt!nous opioids are peptides of 
varying length, which are cleaved from the 
precursors promkephalin. pro-opiomelanocor­
tin. and prodynorphin. All contain th~ amino 
add sequence of the pentapeptides (met-) or 
[leu-) enkephalin: lYr-Gly-Giy-Phe-Leu (or 
-Met). This is the active region that binds to 
the opioid receptors, increases JC+ conductivity, 
and thus produces hyperpolarization. This 
reduces the excitability of the cell 

The juice of the opium poppy (Papawr som­
niferum) contains a number of alkaloids. Dried 
opium juice is called opium and has been 
familiar since antiquity. The main alkaloid, 
morphine, was isolatEd in 1807. Apart from 
morphine, opium rontains two other alkaloids 
of medical interest codeine, an antitussive and 
weak analgesic, and papavmne, a spasmolytic. 
Morphine is a strong analgesic but has a nar­
row therapeutic index. It is not surprising that 
successors were sought that would haYI! fewer 
side effects while preserving analgesic efficacy. 
There are a few semisynthetic morphine deriv­
atives (e.g., hydromorphone, oxycodone, and 
buprenorphine) and a number of wholly syn­
thetic d~s (e.g., meperidine, methadone, 
pentazocine, Jentanyl). None of these drugs 
has any advantage over morphine in principle. 

• Opiold sicl~ ell'ects. The opioids inhibit the 
resplrary center. Even at therapeutic dosage, 
reduced responsiveness to th~ oxygen tension 
and COz content in the blood can be detected. 
The ~piratory center is particularly sensitive 
In the neonate, so if possible opiates should 
not be given to women during delivery. If the 
neonate actually has opioid-induced respira­
tory depression, this can be abolished imm~di­
ately by aiving naloxone. In adults with 
chronic ps exdJ.mle dJsorder (e.g., pulmo­
nary emphysema). the respiratory center is 
hypersensitive to morphine and its derivatives. 
Even a normal dose can lead to central 
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respiratory depression. The opiares are there­
fore contraindiated in patients with gas 
exchange disorders. 

When used for the fii'St time, opioids can 
cause 'VOOlitloi: this ~ffect is caus~d by stimu­
lation of chemoreceptors in the area postrema. 
This side elfect disappears with regular use. 

The opioids stimulate p;u'asymp.ltbedc 
nuclei, so miosis occurs regularly. This is 
important diagnostically as the pupils dilate 
only in the terminal stag~! of respiratory 
depression. 

In the lntestiDal trKt. smooth muscle tone 
is increased and propulsive motor activity is 
inhibited, resulting in constipation. Gastric 
emptying is dela~d and drainage of bile and 
pancreatic secretion is hindered. Bladder void­
ing is also more difficult. 

~ Tolerance. With repealEd administration 
of opiates, habituation to the central elfects 
can occur. Higher doses are needed constantly 
in order to achi~ similarly effective pain 
relief. The perip~ral ~lfects are less affected 
by this development of tolerance. Morphine­
induced constip.1tion can become so severe 
that opioid use has to be discontinued. I.axa­
tiVI!s must often be prescribed from the start. 

• Opioid addiction. Apart from the possibil­
ity of producing an increase in somatic toler­
ance, the opioids also have the "fatal" property 
of inducing addiction. The addiction is due to 
the euphoria they induce, which progress~s to 
negative withdrawal symptoms as the elfect of 
the drua wears off. •opiate hunaer• develops. 
The intensity of the ·morphine high" when the 
opioid takes elfect is determined by a kinetic 
parameter: the faster the opioid concentration 
increases in the extracellular space of the 
brain, the great& is the "kick" that the addict 
experimces. It is therefore the increase in con­
centration that forms the basis for the develop­
ment of addiction. The "addiction potential" of 
the individual opioids depends on (a) their lip­
ophilicity (fast penetration of the blood-brain 
banier) and (b) the drug formulation (e.g., 
delayed-release forms). • Fig. 27.10C shows 
the ~timated risk of developing addiction 
depending on the drug property and route of 
administration. 
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27.5 Oplolds 

Prescription of most opioids is subject to spe­
dal regulations (controlled drug legislation). 
Certain opioid analgesics such as codeine and 
tramadol an be prescribed in the ordinary 
way as they Involve a lower risk of developing 
dependence. 

.,.. Indication fOr opioids. In practice, opioids 
are used in the following situations. (a) Sud­
den, highly acute pain; morphine can be given 
subcutaneously, but this should be limited to a 
short period. (b) Otronic pain, espedally when 
it occurs in terminal conditions. In this situa­
tion, patients can be prescribed controlled­
release morphine tablets or fentmyl patrhes 
generously. It is important to achieve steady 
blood levels. The patients should themselves 
regulate their morphine tablet use according 
to their needs. (c) If the pain is not severe 
enough to warrant a full-strength opiate, tra­
madol (see below) may be employed. This is 
intermediate between opioids and antipyretic 
analgesics, and does not have a potential for 
dependence. 

lWo morphine derivatl\la with substitu­
ents on the -OH groups require separate 
description. These are (1) heroin and (2) the 
metabolite morphlne+glucurooide. 

(1) Heroin is not present in opium. In her­
oin, the two -OH groups of morphine are 
esterified with acetic add. Masldng of mor­
phine's -OH groups by esterifiCation with ace­
tic acid confers lipophilic properties on heroin 
so that it penetrates lipid barriers readily. After 
intravenous injection, heroin passes the 
blood-brain barrier unhindered to reach the 
CNS. the CSF concentration rises rapidly, and 
there is a pronounced "high." The analgesic 
effect is comparatively weak. It must be stated 
dearly that heroin is not a medication but is 
used only as a drug of abuse after synthetic 
manufacture. Heroin addiction is a serious 
medical problem: the addict decays physically, 
breaks down mentally, and comes into conflict 
with the law. Withdrawal treatment programs 
are only moderately successful despite great 
expense. 

When the opioid addict's drug supply is 
interrupted, withdronRI symptoms develop 
and can last for many days. After the acute 
withdrawal symptoms have subsided, the mor­
phine addiction is still by no means cured. Opi­
ate hunger persists for a long time. 
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Withdrawal treatment must take place in a 
dosed facility. It requires central depressant 
drugs in addition to psychotherapeutic care. 
The chances of success can be reprded as only 
moderate. A "popular· measure fOr removing 
heroin addicts from their illegal environment 
consists of giving oral methadone. This 
replacement does not produce an opioid high 
(it accumulates too slowly; see .,.. F1g. 27.10C). 
it only prevents withdrawal SYmptoms while 
the addiction continues. Some addicts on 
methadone treatment still want the heroin 
high so much that they inject heroin again in 
addition to taking methadone. This rash 
behavior can be fatal because the inhibitory 
effect of the two opiates on the respiratory 
center is additive, producing central respira­
tory depression. Some have demanded that 
heroin be dassified as a medication that is 
givt!D to addicts as a daily injection. The addic­
tion is maintained. Heroin is then sometimes 
renamed dWnorpbine (short for diacetylmor­
phine, which was already its chemical name~ 

(2) Morphine is altered metabolically by 
glucuronidation in the 3 and 6 positions. The 
3-glucuronide predominates quantitatively 
and is ineffective as an analgesic. In contrast, 
morphine-6-&fucuronide is more highly anal­
gesic than the parent drug. The strange thing is 
that the 6-glucuronide is highly hydrophilic 
and is actually unable to pass the blood-brain 
barrier. However, there is evidence that an 
anion transport polypeptide in the ViiSCular 
endothelium of cerebral vessels(.,.. fia. 27.10B) 
enables it to pass this barrier. When the con­
centrations of morphine and the 6-glucuro­
nide are measured in a volume unit of brain 
tissue following a morphine dose, more mor­
phine than morphlne-6-glucuronide is round. 
However, the analgesic effect can be attributed 
to the 6-glucuronide; this substance cannot 
penetrate into the brain cells because of its 
hydrophllicity and so remains extracellular. In 
contrast, morphine penetrates into the cells, 
which have a much greater volume. The mor­
phine concentration in the extracellular fluid 
therefore falls to very low levels. The opioid 
receptor is located on the surface of nerve cells 
and is only reached from outside. Intracellular 
morphine is unable to react with a receptor 
and so is unable to partldpate in the analgesic 
effect. 
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27.5 Opioids 

~ Special opioids. Antagonists. A few sub­
stances from the opioid group deserve special 
mention. Naloxone is a pure antagonist at the 
opioid receptors with a life-saving action in 
opioid intoxication. Chemically this antagonist 
differs only slightly from morphine; instead of 
the methyl group on the nitrogen. the sub­
stituent in this case is -CH2-rn = rn2• Nalox­
one is suitable for parenteral administration 
only because of high presystemic elimination 
after oral intake. Naltrexone is more stable 
metabolically and is used orally. Naltrexone 
can be used to support withdrawal therapy. As 
a result of methylation. methylnaltrexone has 
a permanently positively charged quaternary 
nitrogen. It can be used to counter constipation 
in patients treated with opioids without abol­
ishing the analgesic effect of the opioid; when 
given by injection it reaches the gut via the 
bloodstream but is unable to overcome the 
blood-brain barrier on account of its sustained 
electrical charge. 

~ Agonist/antagonist opioids. Nalbup]Une is 
an antagonist at the opioid receptor p subtype 
and an agonist at the k-subtype.lt is not classi­
fied as a controlled drug for prescribing pur­
poses and is given by injection. 

~ Opioid agonists that increase the action of 
biogenic amines. 'lramadol has no addiction 
potential but its analgesic action is weaker 
than that of morphine. The mechanism of the 
analgesic action is complex and involves more 
than the action on opioid receptors. Tramadol 
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is a racemate. The ( +) enantiomer has greater 
affinity fur the )!-receptor and is more effecti\'\! 
in this respect than the (-) enantiomer. In 
addition. the transport systems for neuronal 
reuptake of norepinephrine and serotonin are 
inhibited with reversal of the enantioselectiv­
ity (~ Fig. 27.1 OC). The main side effect is vom­
iting (-10% of cases~ H0111'1!ver, it is useful in 
many cases and is not subject to controlled­
drug prescribing regulations. Tapentudol resem­
bles tramadol in that it has an inhibitory effect 
on neuronal reuptake, but only that of norepi­
nephrine, in addition to opioid receptor activa­
tion. Tapentadol is subject to controlled-drug 
prescribing regulations. 

~ Agonlsts. Fentanyl, which has a particu­
larly high affinity for opioid receptors, merits 
special interest It is about 20 times more 
potent than morphine. Because of its good 
penetration, it can be used in patch furm. This 
results in very steady drug levels with low 
addiction potential. Fentanyl-lilce substances 
such as alfentanil and sufentanil are given 
intravenously during operations. Remifentanil 
differs from these by its rapid ester cleavage. 
An incredible reinforcement of the effect is 
achieved by a small substituent (see the red 
structure in ~ Fig. 27 .9A); carfentanyl has 5000 
times the efficacy of morphine. The substance 
can be sprayed as a fine aerosol and when 
inhaled it has a narcotic/anesthetic and respi­
ratory center depressant action. In the USA it is 
in use as a veterinary drug to tame/control 
large wild animals. 
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28.1 General Anesthesia and General Anesthetic Drugs 

General Anesthesia and 
General Anesthetic Drugs 
Anesthesia became part of medical practice in 
the middle of the 19th centucy. Painful opera­
tions became possible as consciousness and 
pain pem!ption could be switthed off l'l!lll!rsi­
bly. Anesthesia was one of the major advances 
in medicine in the 19th cenrury. 

Gener.U anesthesia is a st.lte of drug­
induced reversible inhibition of central nerv­
ous function. during which surgical procedures 
can be carried out In the absence of conscious­
ness, responsiveness to pain, defensive or 
involuntacy miM!ments, and significant auto­
nomic reflex responses (.,. Fig. 28.1A). 

The required level of anesthesia depends on 
the intensity of the pain-producing stimuli, ie., 
the degree of nociceptive stimulation. The 
skillful anesthetist, therefore, dynamically 
adapts the plane of anesthesia to the demands 
of the surgical situation. Originally, anesthesia 
was achieved with a single anesthetic agent 
(e.g., diethyl ether, first successfully demon­
strated in 1846 by W. T. G. Morton, Boston). To 
suppress defensive reflexes, such a "mono­
anesthesia" necessitates a dosage in excess of 
that needed to cause unconsciousness, thereby 
increasing the risk of paralyzing vital func­
tions, such as cardiovascular homeostasis 
(.,. Fig. 28.18). Modem anesthesia e~ploys a 
combination of different drugs to achieve the 
goals of surgical anesthesia (bal.anced anes­
tbesia), This approach reduces the hazards of 
anesthesia. Elwnples of druas that are used 
concurrently or sequentially as anesthesia 
adjuncts are listed in .,. Fig. 28.1C. Neuromus­
cular blocking agents are CIM!red elsewhere in 
more detail (p. 192). Recall that "curarization" 
of the patient necessitates artificial Yl!Dtilation. 
However, the use of neuromuscular blockers is 
malcing an essential contribution to risk 
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reduction in modem anesthesia. In the follow­
ing, some special methods of anesthesia are 
considered before presentation of the anes­
thetic agents. 
N~la can be considered a 

special form or combination anesthesia: ~ 
short-acting opioid analgesic /tntonyl 1s 
combined with a strongly sedating and affect­
blunting neuroleptic. Because of major draw­
backs including insufficient elimination of 
consciousness and extrapyramidal mot:Dr dis­
turbances, this procedure has become obso~. 

In rezjOIW anesthesia (spinal anesthesia) 
with a local anesthetic (p. 204), nociceptive 
conduction is interrupted. Since consciousness 
is preserYl!d, this procedure does not fall under 
the definition of anesthesia. 

According to their mode of administration, 
general anesthetics in the narrow sense are 
divided into inhalational (gaseous, volatile) 
and injectable agents. 

Inhalational anesthetics (p. 218) are admin­
istered in and, for the most part, eliminated via 
respired air. They sefYl! especially to maintain 
anesthesia. 

Injectoble anesthetics (p. 220) are frequently 
employed for induction. Intravenous injection 
and rapid onset of action are clearly more 
agreeable to the patient than is breathing a 
st upefying gas. The elfea of most injectable 
anesthetics is limited to a few minutes. This 
allows brief procedures to be carried out or 
preparation of the patient for inhalational 
anesthesia (intubation). Administration of the 
volatile anesthetic must then be titrated in 
such a manner as to counterbalance the wan­
ing elfect or the Injectable agent Increasing 
use is now being made of injectable, instead 
of inhalational, anesthetics during prolonged 
combined anesthesia (e.g., propofol; total 
intravenous anesthesia-TIVA). 
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28.2 lnhalational Anesthetics 

lnhalaUonal Anesthetics 
The mechanism of action of inhalatioiiill anes-­
thetics is not known in detaiL In the fii'St 
instance, the diversity of chemical structures 
(the inert gas xenon; hydrocarbons: halogen­
ated hydrocarbons) possessing anesthetic 
activity appeared to argue against the involve­
ment of specific sites of action. The correlation 
between .anesthetic potency and lipophilicity of 
anesthenc drugs (~ Fig. 28.2A) pointed to a 
~onspecific uptake into the hydrophobic in~ 
!lor of the plasmalemma, with a resultant 
Impairment of neuroiiill function. Meanwhile, 
several lines of evidence support an interaction 
with membrane proteins; among these ligand­
gated ion channel proll!ins assume special 
importance. Experimental studies favor the 
idea that anesthetics enhance the effectiveness 
of inhibitory ~ABA and glycine receptors, 
while attenuatmg responsiveness to stimula­
tion of excitatory glutamate receptors. 

Anesthetic potency can be expressed in 
terms of the minimal alveolar concentration 
(MAC) at which SO% of patients remain immo­
~il~ ~llowing a defined paln(u1 stimulus (skin 
IIX?SlOn). Whereas the poorly lipophilic nitrous 
oxide must be inhaled in high concentntions 
much smaller concentrations are required i~ 
the case of the more lipophilic halothane. 

The rates of onset and cessation of action 
vary widely among different inhalational 
anesthetics and also depend on the degree of 
Upophllicity. In the case of nitrous oxide elimi­
nation from the body is rapid when the patient 
is ventilated with normal air. Owina to the 
high partial pressure in blood, the driving force 
for tnnsfer of the drug into expired air is large 
and. since tissue uptake is minor, the body can 
be quickly cleared of nitrous oxide. In contrast, 
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with halothane, partial pressure in blood is 
low and tissue uptake is high. resulting in a 
much slower elimination. 

Give_n alone, nitrous oxide (N20, dinitrogen 
mo~OXJde, "laua~ng gas") is incapable of pro­
ducmg anesthesia of sumctent depth for sur­
g~ry, even when taking up 70% of the inspired 
a.Jr volume (30 vol. % ~ is necessary!). It has 
good analgesic emcacy that can be exploited 
when it is used in conjunction with other anes­
thetics. As a gas, N20 can be administered 
directly; it is exhaled unaltered and in full 
(~ Fig. 28.28). 

Halogenated hydrocarbons have proven to 
be particularly useful inhalational anesthetics. 
Halotbane was the fii'St compound to be used 
widely; it has good anesthetic properties 
(ra~id u~take and excretion) but also causes 
senous stde effects. It is converted in the liver 
to toxic metabolites, which give rise to hepatic 
dysfunction. Halothane also reduces blood 
pressure and has a negative inotropic effect. 
The development of other substances in this 
grou~ that are largely metabolically stable was 
a maJOr advance. IsoRurane is an anesthetic 
that differs positively from halothane. It is a 
halogenated methyl ethyl ether (F3C-HCO-O­
HCFl) that is practically inert metabolically. 
Uptake and excretion are very fast. At ap­
propriate dosage there is no interference with 
cardiovascular function. Desfturane and sevo­
ftunne, two analogue products, are now on 
the market; these have the positive properties 
of isoflurane. 

Halothane is no longer on the market. Two 
other inhalational anesthetics have also been 
withdrawn: methoxyflunne because of its 
metaboUc instabiUty and enflunne because it 
lowered the seizure threshold. 
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28.3 Injectable Anesthetics 

Injectable Anesthetics 
Substances from difrerent chemical classes sus­
pend consciousness when giwn intrawnously 
and can be used as injectable anesthetics 
(• fia. 28.3A). like inhalational aaents. most of 
these drugs affect consciousness only and are 
devoid of analgesic activity (exception: ket­
amlne). The effect appears to arise from an 
interaction with ligand-gated ion channels. 
Channels mediating neuronal excitation 
(NMDA receptor, see below) are bl~d while 
the function of channels damping excitation, 
e.g., the GABA,. receptor (p. 222); and, for three 
drugs, additionally also the glycine receptor) is 
enhanced allosterically. 

Most injectable anesthetics are character­
ized by a short duration of action. The rapid 
cessation of action is largely due to redlsnibu­
tion: after intravenous injection, brain concen­
tration climbs rapidly to elfectiw anesthetic 
lewis because of the high cerebral blood now; 
~e drug then _distributes evenly in the body, 
1.e~ concentrabon rises in the periphery, but 
falls in the brain-redistribution and cessation 
of anesthesia (• Fig. 28.3A~ Thus, the effect 
subsides before the drug has left the body. A 
second injection of the same drug would 
encounter "presaturated" body compartments 
and thus be difficult to predict in terms of 
effect intensity. Only etnmidate and propofol 
may be giwn by infusion over a longer period 
to maintain unconsciousness. If no additional 
inhalational agent is employed, the procedure 
is rererred to as totul int:ravenous anesthesia 
(TIVA). 

Thlopmtul and methoheldtal belona to the 
barbiturates, which, depending on dose, pro­
duce sedation, sleepiness, or anesthesia. Barbi­
turates lower pain threshold and thereby 
facilitate derensive reflex movements; they 
also depress central inspiraiDry drive. Barbitu­
rates are frequently used for induction of 
anesthesia. 

Ketamine has analgesic activity that persists 
~~ ~ 1 h~ur after injection, wen beyond the 
1runal penod of unconsdousness ( -15 minutes 
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only~ On regaining consciousness. the patient 
may experience a disconnection between out­
side reality and inner mental stall! (dissociative 
anesthesia). Frequently there is memory loss 
for the dura~on of the recovery period; how­
ever, adults 1n particular complain about dis­
tressing dreamlike experiences. These can be 
counteracted by administration of a benzodla­
zepine (e.g., midazolam). The CNS effects of 
ketamine arise, in part, from an interference 
with excitatnry glutamatergic transmission via 
ligand-gated cation channels of the NMDA 
subtype, at which ketamine acts as a channel 
blocker. The nonnatural excitatnry amino add 
N-methyl D-aspartate (NMDA) is a selectiw 
agonist at this receptor. Ketamine can induce 
release of catecholamines with a resultant 
increase in heart rate and blood pressure. 

Propofol has a remarkably simple structure 
resembling that of phenol disinfectants. 
Because the substance is water-insoluble, an 
injectable emulsion is prepared by means of 
say oil, phosphatide, and glycerol. The effect 
has a. rapid onset and decays quickly, being 
expenenced by the patient as fairly pleasant 
The intensity of the effect can be well con­
~Ued during prolonged administration. Pos­
Sible adwrse reactions include hypotension 
and reSPiraiDry depression, and a potentially 
fatal syndrome of bronchospasm, hypotension 
and erythema ' 

The anesthetic effect of ( ~ )-etamidate sub­
sides within a rew minutes owing 1D redistrib­
ution of the drug. Etomidate can provoke 
myoclonic _movements that can be prewnted 
by. P!l!'lledicatiD!l with a benzodiazepine or iln 
op101d. Because 1t has little effect on the auto­
nomic nervous sysrem, it is suitable for induc­
tion in combination anesthesia. EIDmidate 
inhibits cortisol synthesis in subanesthetk 
doses and can therefore be used in the long­
term treatment of adrenocortical overactivity 
(Cushing disease). 

Midazo/am is a rapidly metabolized benzo­
diazepine (p. 224) that is used for induction of 
anesthesia. 
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28.4 Anxiolytics 

Benzocllazeplnes 
Billana!d CNS activity requires inhibitory and 
excitatory mechanisms. Spinal and cerebral 
inhibitory intemeurons chiefly utilize y-ami­
nobutyric acid (GADA) as transmitter sub­
stance. which decreases the exx:i~bil~ty of 
target cells via GAB.\\ recepmrs. Bmding of 
GADA to the receptor leads to opening of a 
chloride (CI-) ion channel, chloride Influx, ne!-1-
ronal hyperpolarization. and decreased exat­
abillty. The pentarneric subunit assembly 
malring up the receptor/ion chmnel contains a 
high-affinity binding site for benzodiazepines, 
in addition to the GADA binding locus. Binding 
of benzodiazepine agonists allost~rically 
enhances binding of GADA and its action on 
the channel. The prototypical benzodiazepine 
is diazepam. The "Z substances" such as zolpi­
dem have the same action though they differ 
structurally; they are used only as hypnotics 
(see p. 344). Barbiturates also possess an all~s­
teric binding site on the a- channel protem; 
their effect is to increase the channel mean 
open-time during GADA stimulation. 

Benzodiazepines exhibit a broad spectrum 
of activity: they exert sedating. sleep-inducing. 
anxiolytic, rnyorelaxant, and anticonwlsant 
effects and can be used for induction of anes­
thesia. Of special significance for the use of 
benzodiazepines is their wide margin of safety. 
At therapeutic dosages, neither central respira­
tory control nor cardiovascular regulation are 
affected. By virtue of these favorable proper­
ties, benzodiazepines have proved themselVI!s 
for a variety of indications. At low dosage, they 
calm restless or agitated patients and allay 
anxiety, though without solving proble.ms. _use 
of benzodiazepines as sleep remedies IS wide­
spread. Here, preference is giVI!n to substances 
that are completely eliminated during the 
night hours (tetracyclic compounds such as 
brotizolarn and alprazoiam). For longer-lasting 
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anxiolytic therapy, compounds should be 
selected that are eliminated slowly and ensure 
a constant blood level (e.g~ diazepam~ 

In psychosomatic reactions, benzodlaze­
pines can exert an uncoupling effect. They are 
therefore of great value in hyperacute disease 
states (e.g~ myocardial i~.on, p. 328) or 
severe accidents. Status epilepttcus IS a neces­
sary indication for parenteral administration 
(p. 336); however, benzodlazepines can also be 
used for the long-term treatment of certain 
forms of epilepsy, if necessary i_n ~b~tion 
with other anticxltvulsants. Rap!dly elinunated 
benzodiazepines are suitable lbr the intrave­
nous induction of anesthesia. 

Prolonged use of benzodiazepines may lead 
to personality changes characterized by flat­
tening of affect. Subjects behave with indiffer­
ence and fail to react adequately. Any tasks 
requiring prompt and target-directed action­
not only driving a motor vehicle-should be 
left undone when under the influence of 
benzodiazepines. 

Benzocliazeph! Antagonist 
The drug RumM.enJl binds with high aftinity 
to the benzodiazepine receptor but lacks any 
agonist activity. Consequently, the receptor is 
occupied and unavailable for binding of benzo­
diazepine agonists. Flurnazenil is a specific 
antidote and is used with success for reVI!rsal 
of benzodiazepine toxicity or to terminate 
benzodiazepine sedation. When patients suf­
fering from benzodiazepine dependence are 
giVI!n num.azenil, withdrawal symptoms are 
preci~ta~ . 

Flum.azenil is eliminated reladvely rapidly 
with a t112 of - 1 hour. Therefore, the required 
dose of 0.2--1.0 rng i.v. must be repeated a cor­
responding number of times when toxicity is 
due to long-acting benzodiazepines. 
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28.5 Pharmacokinetics of Benzodiazepines 

Pharmamldnetks of Benzodlazeplnes 
A typical metabolic pathway for benzodiaz~ 
pines, as exemplified by the drug diazepam, is 
shown ~ .. Fig. 28.5A: first the methyl &rOUP 
on the mtrogen atom at position 1 is removed 
~th a concomitant or subsequent hydroxyla~ 
tion of the carbon at position 3. The resulting 
product Is the drug oxazepam. These lnterm~ 
diary metlbolites are biologically active. Only 
afte! the hydroxyl group (position 3) has been 
COQJupted to glucuronic acid is the substance 
rendered inactive and. as a hydrophilic mole­
cule, readily excreted renally. The metabolic 
degradation of desmethyldiazepam (nord~ 
pam) is the slowest step (t112 • 30-100 hours). 
This sequence of metlbolites encompasses 
other benzodiazepines that may be considered 
precursors of desmethyldiazepam, e.g., pl'iiZ~ 
pam and chlordiazepoxide (the first benzodia­
zepine • Ubrium•). A similar metabolite pattern 
is seen in benzodiazepines in which an -N~ 
group replaces the chlorine atom on the phenyl 
ring and in which the phenyl substituent on car­
bon 5 carries a fhmne atom (e.g.. fluruepam~ 
With the ~ of oxazepam, all these stD­
stlnces are long-acting. Oxazepam represents 
those benzodiazepines that are ~ in a 
sinale metabolic step; nevertheless its half-life 
is still as long as B :1: 2 hours. subst.Utces with a 
shon half-lire result only from introdta:tion of 
an additional nitrogen-contlining ring (.., Flg. 
28.5A) bearing a methyl group that can be rap­
idly hydraKyl;lted. Midazolam, brotizolam, and 
ttiazolam are members of such telr.!cydic ben­
~ines; the latter two are used as hyp­
notlcs, whereas midazolam given intr~ly 
is e~ayed b' anesthesia induction. 

Another possible way of obtaining com­
pounds with an intermediate duration of 
action is to replace the chlorine atom in d~ 
pam with an -NO~ residue (rapidly reduced to 
an amine group. with immed~te acetylation) 
or with a bronune atom (which causes ring 
cleavage in the organism). In these cases, bio­
logical Inactivation again consists of a one-step 
reaction. 
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.., Depencleoce poCmtiaL Prolonged regular 
use of benzodiazepines can lead to physical 
dependence. With the long-acting substlnces 
marlreted initlally, this problem was less 
obvious in comparison with other depend­
ence--producing drugs, because of the delayed 
appearance of withdrawal symptoms (the 
decisive criterion for dependence). Symptoms 
manifested during withdrawal Include rest­
!essnes~, irritability, nervousness, anxiety, 
msomma, and, occasionally or in susceptible 
patients, convulsions. These symptoms are 
hardly distinguishable from those considered 
indications for the use of benzodiazepines. 
Benzodiazepine withdrawal reactions are 
more lilcely to occur after abrupt cessation of 
prolonged or excessive dosage and are more 
pronounced In shoner-acting substances but 
may also be evident after discontinuati~n of 
therapeutic dosages administered for no lon­
ger than 1- 2 weeks. 

The table in .. Fig. 28.51 shows the elimina­
tion .half-lives of individual benzodiazepines. 
In this group of drugs it is particularly difficult 
to match the correctly measured elimination 
hal~-life with the pharmarological duration of 
action, as they rarely coincide. This therapeutic 
experience is partly due to the fact that the 
dose-effect curves are not dependent simply 
on the concentration but, for instance are 
"ineffective" in the lower range. Moreove~ the 
reactivity of the tlrget organ can alter 'tn a 
shan time. 1b give an example: a cenain dose 
of a hypnotic is given at night, when it encoun­
ters a brain that is ready for sleep. When the 
same dose Is given in the morning after a long 
refreshing sleep, the drug has no effect. The in­
fo~ation regarding ~ t112 or duration of 
action of the benzodJaZepines can therefore 
only be a rough guide. 
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28.6 Therapy of Depressive Illness 

Pharmacotherapy of Depressive Illness 
The ll'rm "depression" is used for a variety of 
stall's that are characterized by downswing:s in 
mood varying from slight to most severe. The 
principal types are: 
• Endogenous depression, ranging from its 

severe form (major depression) to lighter 
cases (minor depression) 

• Dysthymia (neurotic depression) 
• ~active dep';l!~sion as (overshooting) reac-

tion to psychic msults or somatic illness 
Endogenous depression generally follows a 
phasic course with intervals of normal mood. 
When mood swings do not change direction 
unipolar depression is said to be present Bi~ 
lar illness designates an alternation between 
depressive states and manic episodes. Besides 
devitalizing melancholia with its attendant 
burden of suffering, the behavior of patients in 
depression may vary from strongly inhibited 
to anxious, agitated, guilt-ridden, presuiddal 
and so on. Depressive states are frequently 
as~ciated _with somatic symptoms; the 
pallents projeCt their mood disturbance into a 
ph~ical ii;i~nt ~rdingly, ~y depressive 
patien~ mttially VISlt a family physician or 
mtemtst 

A separate group of drugs is available for 
the treatment of depression: antidepressants 
also known as thymoleptics. ' 

The pharmacotherapy of depression is a dif­
ficult undertaking. At the outset, it Is necessary 
to dell'nnine the type of depression. For 
instance, in neurotic depression, psychother­
apy may be sufficient. A reactive mood disor­
der calls for attell1'ts to establish the causal 
linlc. In either condition, teiTllOf"ary use of anti­
depressants may be WiliTilllted. The proper 
indication for antidepressants is endogenous 
depression. HIIWI!1A!r, even for this endogenous 
psychosis, it is difficult to evaluate the effec­
tiveness of this drug class. One fundamental 
reason is the lack of experimental animal mod­
els of depression: the efficacy of drugs cannot 
be tested in experiments on animals. More­
over, depression is periodic in nature· spoota­
neous remission nearly always occurs. imensive 
psychological support may also sometimes be 
effective in iiJl)rov.ing the condition of patients. 
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Acto!tling to some estimates, one-third of ther­
apeutic sua:ess in moderall!ly severe depression 
can. be ~buted to a plaa!bo effi!ct, one-third 
to mtenstve support, and the remaining one­
third to use of antidepressant agents. In severe 
depression, pharmacotherapy may achieve 
somewhat more favorable results. Because 
objective documentation of therapeutic sucx:rss 
is extraordinarily dlllirult, it is hardly surprising 
that no specific antidepressant has pi'IM!d 
superior in comparison with others. About 30% 
of patients are resistant to rurrently available 
drug treatments. A wodcable general rule would 
be !D prescribe tricydic compounds (and venla­
faxtne) for seYere depression, and selective se­
rotonin reupta]a! inhibitors (SSRI) i>r 
moderately severe to mild cases. No sdentifi­
cally convincing evidence is available for the 
"alternative" herbal medidne, Sl John's wort 
(!fJPericwn perforatwn). although drug interac­
tions are well dorumented. 

It would be a major therapeutic error to 
administer a drive-enhancing drug such as 
amphetamine to a depressed patient with psy­
chomotor inhibition (.,. F!g. 28.6A). Suicide 
would be an expected consequence. 

The antidepressant effect of thymoleptics 
manifests after a prolonged latency; depending 
on the drug, days or even up to 3 weeks pass 
before subjective or objective improvement 
becomes noticeable (.,. Fig. 28.6A). In contrast 
~matic effec;ts are immediately evident; spe-: 
cilically, the mterference with neuronal trans­
mitter/l!Iodulator systems (norepinephrine, 
serotonin, acetylcholine, histamine, dopamine~ 
Reuptala! of released serotonin, norepinephrine 
or both is impaired ( .... elevated cona!lltration ~ 
synaptic cleft) and/or receptors are bloclced 
(example in A~ These effects are demonstrable 
in animal studies and are the cause of arute 
adverse effects. 

The importance of these phenomena for the 
antidepressant elfect remains unclear. Presum­
ably, adaptation of receptor systems to altered 
concentrations or actions of transmitter/mod­
ulator substances plays a role. The antidepres­
sant mechanism of action remains to be 
elucidated. 
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28.6 Therapy of Depressive Illness 

Antidepressants can be divided into three 
groups: 

.. 1. nicydic autideprasants (TCAs, .. Fig. 
28.7A~ TCAs such as imipr.unine, desipramine. 
amitriptyline, and many analogue substmces, 
possess a hydropOObic rinJ system The central 
7-membered ring increases tbe anneulation 
~e between the outer f1anlcing rings. This 
moiety can also be tetracydic (e.g. maprotiline). 
The ring system bears a side chain with a semn­
dary or tertiaJy amine th;tt can be proamated 
depending on its pi(, value. These substances 
can thus tal«: on an alqlhiphilic character. per­
mitting insertion iniD lipid membranes and 
enrichment In cellular structures. The basic 
structure of tricyd.ic antidepressants also 
explains their affinity for receptors and trans­
mitter transport mechanisms. Receptor block­
ade is the chief cause of the adverse effects in 
this drug group, Including: tachycardia, inhibi­
tion of glandular secretion (dry mouth). consti­
pation. difficulty in micturition, blurred vision, 
and orthostatic hypotension (~~>- Fig. 28.7A}. A 
sedative action probably arising from antago­
nism at CNS Ht histamine receptors, as obtained 
with amitriptyline. can be desirable. These side 
effects oa:ur without any latency and are seen 
in animal studies and ment.llly healthy humans; 
on the other hand. "mood elevation" or a 
euphoriant effect does not occur in healthy 
humans. 

.,. 2. Selective blopnic mline reuptake inhib­
itors. These substances ( e.s. fluaxetine} also 
possess a protonatable nitrogen atom and, 
instead of a largler ring system, contain simpler 
aromatic moieties. They also have amphiphilic 
character. Because their affinity for receptors is 
much less (no blockade of acetylcholine or nor­
epinephrine receptors}, acute adverse effects 
are less marked than those of tricyclic 
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thymoleptics. Bloclcade of reuptake is confined 
to serotonin ( 5-HT). Antidepressant potency is 
equal to or slightly inferior to that of tricydics. 
Fluoxetine has a long duration of action . 
Together with its active metabolite, it is elimi­
nated with a half-life of several days. Besides 
fluoxetine, this group of inhibitors includes cit­
~. sertmine. paraxetine, and a few 
other drugs. They are indicated In moderately 
severe depression and mood disorders. The 
frequency and severity of side effects are lower 
than with the tricyclic antidepressants. 

Yenlafaxlne acts as a serotonin/norepi­
nephrine reuptake inhibitor. Its efflcacy is sim­
ilar to that of the tricyclic antidepressants but 
it has -weaker autonomic side effects. llebaxledne 
selectively inhibits reuptake af norepinephrine In 
some parts of the brain (SNRI~ Whether it has a 
therapeutic benefit is doubtful 

Oplpramol has a very wealc: action and is 
therefore indicated only for •generalized anxi­
ety disorders, somatoform disorders.· Despite 
-or perhaps because of-this vague indication, 
this drug is among the frequently prescribed 
psychotropic medications in Germany and 
other European countries. 

.,. 3. Mlso!IWteous drugs. The mechanism of 
action oft:Wtepdne, recently approved in Ger­
many though already on the market dsewhere 
for some time. is unclear. Agomelatint. a mela­
toom receptor apoist. is used to treat endog­
enous depression. As well as activating MTI 
and M12 receptors, it blocks the 5-HT:z.: seroto­
nin receptors. 

In severe depression with psychomotor 
retardation, a moderate increase in drive may 
be beneficial. The monoamine oxidase inhibi­
tor modobemlde, which leads to an increase 
in the CNS concentrations of biogenic amines, 
is used for this Indication. The risk of plll110k­
ing suidde must be borne In mind. 
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28.7 Therapy of Manic States 

Pharmacotherapy of Manic States 
The manic phase is characterized by exagger­
ated e!ation, flight of ideas, and a pathologi­
cally mcreased psychomotor drive. This is 
symbolically illustrated in ~ Fig. 28.8A by a dis­
jointed structure and aggressive color tones. 
The patients are OYerconfldent, continuously 
active, show progressive incoherence of 
thought and loosening of associations, and act 
irresponsibly (financially, sexually, etc.). 

Agents to Treat Mank States 

Utbium. Uthium is the lightest of the alkali 
metal atoms (~ Fig. 28.8A), of which family 
sodium and potassium have special signifi­
cance for the organism. Uthium Ions (U•) dis­
tributl! nearly evenly In the extracellular and 
intracellular fluid compartments and thus 
build up only a small concentration gradient 
across the cell membrane. The lithium ion can­
not be transported by the membrane Na•fr­
ATPase. Intracellularly, lithium ions intl!rfere 
with signal transduction mechanisms. For 
instance, they reduce the hydrolysis of inositol 
triphosphatl!, leading to a reduced sensitivity 
to transmitters of nerve cells. In addition. the 
metabolism of transmitters is thought to be 
altered in the presence of lithium ions. These 
and other biochemical findings observed after 
administration of lithium do not provide a sat­
isfactory explanation for the therapeutic effect 
of this "simple" pharmaceutical, particularly so 
because the somatic distur!Nnce underlying 
mania remains unknown. As in endogenous 
depression. it is surmised that imiNlances 
between different transmitter systems are at 
fault Remarkably, u• Ions do not exert psycho­
tropic effects in healthy humans, although 
they elicit the typical adverse effects. 

~ Indications for lithium therapy. 
1. Acutl! treatment of manic phase; therapeu­

tic response develops only in the course of 
several days (~ Fig. 28.8A). 

2. Long-term administration (6-12 months 
until full effect reached) for the prophylaxis 
of both manic and depressive phases of 
bipolar illness (~ Ag. 28.8A). 

3. Adjunctive therapy in severe therapy­
resistant depressions. 
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Uthium therapy of acute mania is difficult 
because of the narrow margin of safety and 
because the patient being treated lacks insight. 
Therapeutic plasma levels should be closely 
monitored and kept between 0.8 and 1.2 mM 
in fasting morning blood samples. For preven­
tion of relapse, sliahtly lower blood levels of 
0.5-0.8 mM are recommended. Adverse effects 
that occur at therapeutic serum concentration 
during long-tl!rm intalre of lithium salts 
include renal (diabetl!s insipidus) and endo­
crine manifestations (goiter and/or hypothyroid­
ism. glucose intolerance, hyperparateyroidism. 
sexual dysfunction} At concentrations >12-1.5 
mM, signs of mild toxicity are evident, induding 
a fine hand tremor, weakness. fatigue, and 
abdominal complaints. As blood levels rise fur­
ther, decreased ability ID concentrate, agitation. 
confusion, and cerebellar signs are noted. In the 
most severe cases of poisoning. seizures may 
occur and the patient may lapse into a comatose 
state. During lithium therapy, fluctuations in 
blood level are quite common because changes 
in dietary daily intake of NaCl or fluid losses 
(diarrhea, diuretics) can markedly alter renal 
elimination of lithium lithium therapy thus 
requires special diligence on the part of the 
physician and oooperation on the part of the pa­
tient or his or her relatives. 

Bipolar disorder consists of alternating 
depressive phases and manic periods. This di5-
order can be alleviated or suppressed by use of 
mood-stabilizing serotonin or dopamine reup­
take inhibitors (e.g~ olanzapine) or antiepilep­
tic drugs such as valproic add, carbamazepine, 
and larnotrigine. If a depressive phase occurs 
despite this long-term therapy, antidepres­
sants that do not increase drive must be given 
to awid the risk of intensifying a subsequent 
manic period. Uthium therapy is Indicated if a 
manic phase occurs. 

Asenapine, a neuroleptic, can be given sub­
lingually to treat mania. 
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28.8 Therapy of Scftlzophrenia 

Pharmacotherapy of Schizophrenia 
Schizophrenia is an endogenous psychosis of 
episodic charactrr; in most cases, recovery is 
incoJ:'l1)1ete (residual defects, burned-out 
end staae ). The different forms of schizo­
phrenic illness will not be considered here. 
From a therapeutic perspective, it is relevant to 
dilferentiatr between since both symptom 
complexes respond differently to antipsychotic 
drugs. 
• Positive signs including delusions, hallucina­

tions, disorganized speech, behavior disturb­
ance; and 

• Negative signs. such as social isolation, alfec­
tive flattening, avolition, poverty of speech, 
and anhedonia 

since both symptom complexes respond differ­
ently to antipsychotic drugs. 

~ Neuroleptlcs. After neuroleptic treannem 
of a psychotic episode Is initiatrd, the antipsy­
chotic elfect proper manifests following a 
latrnt period. Acutely, psychomotor damping 
with anxiolysis and distancing is no~. :ror­
menting paranoid ideas and halluonattons 
lose their subjective importance (~ Fig. 28.9A, 
dimming of flashy colors); initially, hllWI!ver, 
the psychotic process persists but then wanes 
gradually over the course of several weeks. 

Completr nonnalization often cannot be 
achieved. Even though a •cure• is tmrealizable, 
these chanies sianify success because (a) the 
patient obtains relief from the torment of 
psychotic personality changes; (b) care of the 
patient is facilitated; and (c) return into a 
familiar community environment is acceler­
ated. Neuroleptic therapy utilizes different 
drug classes, namely phenothiazine~, butyro­
phenones, and the atypical neurolepttcs. 

The phenothiaz.lnes were developed from 
the H1 antihistamine promethazine: prototype 
chlorpromazine (no longer on the market) 
and its congeners, such as fluphenazine, 
levopromazine, perazine, perphenazine, proth­
ipendyl, and thioridazine, have a planar tricydic 
ring systrm and a side chain rontrlning a 
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protonatable nitrogen atom. Phenothiazines 
exhibit affinity for various receptors and exert 
corresponding antagonistic actions. Blocki!de d 
dopamine receptors, $I)I!Clfically in the mesolim­
bic prefrontal systrm, appears i~t ilr the 
antipsydlotic effect. The iatency d the antipsy­
chotic effect suggests that adaptive processes 
induced by receptor blockade plow a role in the 
therapeutic response. Besides affinity lbr D:l 
dopamine receptors, neuroleptics also exhibit 
varying affinity to other receptors, including M­
ACh receptors, a1-adrenoceptors, and histamine 
H1 and 5-Hf receptors. Antagonism at these 
receptors contributes to the adverse elfects. 
Affinity profiles of "classical" neuroleptics (phe­
nothiazine and butyrophenone derivatives) dif­
fer significantly from those of newer atypical 
drugs (p. 234). in which affinity for 5-Hf recep­
tors predominates. 

Neuroleptics do not have anticonvulsant 
activi~ 0 

Chronic use of neuroleptics can on occaston 
give rise to hepatic damage associated with 
cholestasis. A very rare, but dramatic, adverse 
elfect is the malignant neuroleptic syndrome 
(skeletal muscle rigidity, hyperthermia, St1;1-
por). which can have a fatal outcome m 
the absence of intrnsive cotmtermeasures 
(induding treatment with dantrolene~ 

With other phenotbiazines (e.g., fluphenazine 
with a piperazine side chain substituent). antag­
onism at other receptor types rends to recede 
into the background v!H-vis the blod<ade d 
D:l dopamine recepl;ln. In ~ Fig. 28.108 the ~ 
receptor affinity of the cJruss concerned ts 
defined as ++, while the differences in absolute 
affinity for the other receptors are Ignored. 

The bulyrophenones (prototype haloperidol) 
were introduced after the phenothiazines. 
With these agents, blockade of D2 receptors 
predominates entirely (~ Fig. 28.10B). Antimus­
carinic and antiadrenefilc effects are attenu­
ated. The "extrapyramidal" motor disturbances 
that result from ~ receptor bloclcade are, how­
ever, preserved and constitute the clinically most 
important adverse reactions that often limit 
therapy. 
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28.8 Therapy of Sc::ttizophrenia 

Early dyskinesias occur immediately after neu­
roleptization and are manirested by involun­
tary abnormal movements in the head, neck, 
and shoulder region. After treatment of several 
weeks to months, a parkinsonian syndrome 
(pseudoparkinsonism) (p. 334) or akathisia 
(motor restlessness) may develop. All these 
disturbances can be treated by administration 
of antiparkinsonian drugs of the anticholiner­
gic type, such as biperiden. As a rule, these 
disturbances disappear after withdrawal of 
neuroleptic medication. Tardive dyskinesia 
may become evident after chronic neurolepti­
zation for several years, particularly when the 
drug is discontinued. Its postulated cause is a 
hypersensitivity of the dopamine receptor sys­
tem. The condition is exacerbated by adminis­
tration of anticholinergics. 

The butyrophenones carry an increased risk 
of adverse motor reactions because they lack 
anticholinergic activity and, hence, are prone 
to upset the balance between striatal choliner­
gic and doparninergic activity. 

Atypical neuroleptics differ in structure 
and pharmacological properties from the 
aforementioned drug groups. Extrapyramidal 
motor reactions are absent or less prevalent. 
The antipsychotic effect involves not only the 
positive but also the negati\11! symptoms. In the 
case of dazapine, it WiiS assumed at fli'St that 
the drug acted as a selective antagonist at 0 4 
dopamine receptors. Subsequently, howeVI!r, 
the drug was recognized as a high-affinity 
ligand and antagonist at other receptors c~ Fig. 
28.10B). Oozapine can be used when other 
neuroleptics have to be discontinued because 
of extrapyramidal motor reactions. Clozapine 
may cause agranulocytosis, necessitating dose 
hematological monitoring. It produces marked 
sedation. 

0/anzapine is structurally related to doza­
pine; thus far the risk of agranulocytosis 
appears to be low or absent. 

234 

I.oxapine is available as a powder for inhala­
tion in the acute management of agitated 
patients. 

Risperidone differs in structure from the 
aforementioned drugs; it possesses relatively 
lower affinity for all •non-D:z receptors: PaU­
peridone is a metabolite of risperidone. 

Ziprasidone shows high affinity for s-m2A 
receptors. Remarkably, this new substance also 
stimulates 5-m~,. receptors, which translates 
into an antidepressant effect. Ziprasidone par­
ticularly influences negative symptoms, its 
effect on positive symptoms reportedly being 
equivalent to that of classical neuroleptics. 
Adverse effects due to blockade of M-ACh, H1 
and a 1-receptors are comparatively weak. Cen­
tral disturbances (giddiness, ataxia, etc.) may 
occur. Moreover, QJ' interval prolongation has 
been observed; concurrent administration of 
QT -prolonging drugs must therefore be 
avoided. The neuroleptic aripiprazo/e can be 
regarded as similar to ziprasidone. 

~ Uses. Management of acute psychotic 
phases requires high-potency neuroleptics. In 
highly agitated patients, L v. injection of halo­
peridol may be necessary. The earlier therapy 
is started, the better is the clinical outcome. 
Most schizophrenic patients require mainte­
nance therapy for which a low dosage can be 
selected. For stabilization and prevention of 
relapse, atypical neuroleptics are especially 
suited since they improve negative symptoms 
in responsive patients. The patients need good 
care and, if possible, integration into a suitable 
milieJL Difficulties arise because patients do 
not take their prescribed medication (N.B.: 
counseling of both patient and caregivers). To 
drcumvent lack of compliance, depot prepara­
tions have been developed, e.g., fluphenazine 
decanoate (i.m. every 2 weeks) and haloperidol 
decanoate (im. every 4 weeks), which yield 
stable blood levels for the period indicated. 
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29.1 Hypothalamic and Hypophyseal Honnones 

Hypothalan* and Hypophyseal 
Honnones 
The endocrine system is controlled by the 
brain. Nerve cells of the bypothalmlus syn­
thesize and release messenger substances that 
regulate adenohypophyseal (AH) hormone 
release or that are themselves secreted into 
the body as hormones. The latter comprise the 
so-called neurohypophyseal (NH) hormones. 

The axonal processes of hypotha~ic neu­
rons project to the neurohypophysiS, where 
they store the nonapeptides vasopressin ( • anti­
diuretic hormone, ADH; p. 180) and oxytocin 
(p. 144) and release them on demand into the 
blood. Thel'ilpeutically, these peptide hor­
mones are giYen parenterally or via the nasal 
mucosa. 

The ~otbalamic releasiJII hormones are 
pepddes. They reach their target cells in the!'" 
lobe by way of a portal vascular route constst­
lng of two serially connected capillary beds. 
The first of these lies in the hypophyseal stalk, 
the second corresponds to the capillary bed 
of the AH lobe. Here, the hypothal01mic hor­
mones diffuse from the blood to their target 
cells. whose activity they control. Hormones 
released from the AH cells enter the blood, in 
which they are distributed to peripheral 
organs. 

~ NomendmJre of releilSing hormones. 
(RH: releasing hormone. Rrn: release-inhibit­
Ing hormone.) 

GDRH, gonadotropin-RH • gonadorelin: stim­
ulates the rei~ of FSH (follidMtimulating 
hormone) and lli (lut:einizin& hormone). 

TRH, thyrotropin-RH (protirelin): stimulates 
the release of TSH (thyroid-stimulating hor­
mone - thyrotropin). 

CRH, corticotropin-RH: stimulates the 
release of ACI"H (adrenocorticotropic hormone 
- corticotropin). 

GHRH, growth hormone-RH • somatorelin: 
stimulates the release of GH (growth hormone 
• STH, somatotropic hormone). 

GHRIH a somatostatin: inhibits release of 
S1H (and also other peptide hormones includ­
Ing insulin, glucagon, and gastrin). 
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PRHI inhibits the release of prolactin and is 
identical with dopamine. 

~ Therapeutic cootrol aC AH cells. GnRH is 
used in hypothalamic infertility in women to 
stimulate FSH and IR secretion and to induce 
ovulation. For this purpose, it is necessary to 
mimic the physiological intennitt:ent release 
("pulsatile," approximately every 90 minutes) 
by means of a programmed infusion pump. 

c::omdorel.ln superagonists are GnRH ana­
logues that bind with Vl!ry high avidity to 
GnRH receptors of AH cells. As a result of~ 
nonphysiological uninterrupted receptor sti­
mulation, initial augmentation of FSH and IR 
output is followed by a prolonged decrease. 
Busmlin, leuprorelin, goserefin, and triptorelin 
(the •relins") are used to shut dawn gonadal 
function in this manner ("chemical castration," 
e.g., in advanced prostatic carcinoma). c::om­
doreUn receptor anUgonists, such as cetrore­
lix and ganirelix, block the GnRH receptors of 
AH cells and thus cause cessation of gonado­
tropin release. 

The do~Mmine ~ "'oolsts (p. 128~ such as 
bromocriptine, inhibit prolactin-releasing AH 
cells (indications: suppression of lactation, 
prolactin-producing tumors). . 

Oct:reotlde and linreotide are somatostatin 
analogues that are metabolized more slowly 
than the parent peptide. They are used in the 
treatment of somatostatin-secreting pituitary 
tumors (acromegaly). Pasireotide halts the 
release of ACI"H from AH tumors in Cushing 
disease. 

Acromegaly can also be treated with il 

somatotropin rece!XD!" _antagonist G~h 
hormone requires mediation by somato~ms 
for many of its actions. These are chiefly 
formed in the liver, induding the important 
somatomedin C ( • insulin-like growth factor 1, 
IGF-1 ). Pegvisomant is an antagonist at the GH 
receptor and inhibits the production of IGF-1. 
Conversely: IGF-1 can also be replaced by 
mecasermilt. a recombinant form. if produc­
tion is defident 
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29.2 Thyroid Hormone Therapy 

Thyroid Hormone Therapy 
Thyroid hormones accelerate metabolism 
Their release ("" Fig. 29.2A) is regulated by the 
hypophyseal glycoprotein TSH. whose release 
in turn, is controlled by the hypothalamic tri~ 
peptide TRH. Secretion of TSH declines as the 
blood level _of thyroid hormones rises; by 
means of this negatille feedback mechanism, 
honnone production is "automatically" adjusted 
IX> demand. 

. The thyroid releases predominantly thyro­
xme _(Tc). H~r, the active form appears to 
be triiodothyromne (Tl)! Tc is converted in part 
IX> T3, receptor afiini.ty m target organs being 
10-fold higher for T3. The effect of T3 develops 
more rapidly and has a shorter duration than 
does that ofT4. Plasma elimination t1r.z for T4 is 
about 7 days; _that for T1, however, is only 1.5 
days. convemon of r. to T3 releases iodide; 
150 J1i Tc contains 100 l1i of iodine. 

For therapeutic purposes, T4 Is chosen 
although T3 is the active form and bette; 
absorbed from the gut. With T4 administration, 
more constant blood levels can be achieved 
because T4 degradation is so slow. Since T4 
absorption is maximal from an empty stom­
ach. Tc is taken about half an hour before 
breakfast 

.,. Replacement therapy of hypothyroidism. 
Whether prinlary, i.e., caused by thyroid dis­
ease, or secondary, i.e., resulting from TSH 
defldency, hypothyroidism is treated by oral 
administration ofT+ Since too rapid activation 
of metabolism entails the hazard of cardiac 
overload (angina pectx>ris, myocardial infan:­
tion~ therapy is usually started with low closes 
and araclually increased The final maintenance 
dose required IX> restore a euthyroid state 
depends on individual needs ( -150 llifday). 
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.,. lbyroid suppression therapy of euthyroid 
goiter ("" Fig. 2928). The cause of goiter 
(struma) is usually a dietary deficiency of 
i~~-~ng to increased TSH action, the thy­
ro:td IS actiVated to raise utilization of the little 
i~ne ~able to a level at which hypothyr­
?tdism IS averted. Accordingly, the thyroid 
mcreases In size. In addition, intrathyroid 
depletion of iodine stimulates growth. 

Beca~~;se of the negative feedback regulation 
of thyrotd function, thyroid activation can be 
inhibited by administration ofT4 doses equiva­
lent to the endogenous daily output ( -150 11if 
daY). Deprived of stimulation, the inactive thy­
roid regresses in size. 

If a euthyroid goirer has not persisted for 
too long, increasing iodine supply (with potas­
sium iodide tablets) can also be effective in 
reversing overgrowth of the gland. 

In. older patients with goirer due IX> iodine 
defia~~cy, there i~ a risk of provoking hyper­
thyro1dism by mcreasing iodine in~ 
("" Fig. 2938). During chronic maximal stimu­
lation, thyroid follicles can become independ­
ent of TSH stimulation ("autx>nomous tissue" 
containing TSH receptor mutants with sponta­
neous "constitutive activity"). If the iodine 
S!JPP~Y is increased, thyroid hormone produc­
tion mcreases while TSH secretion decreases 
owing to feedback inhibition. The activity of 
autonomous .tissue, however, persists at a high 
!~1: _thyroxme is released in excess, resulting 
m todine-induced hyperthyroidism 

.,. Iodized salt prophylaxis. Goiter is endemic 
in regions where soils are defident in iodine 
Use of iodized table salt allows iodine require-: 
ments (150-300 pg/day) to be met and effec­
tivelY prewnts goiter. 
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29.3 Hyperthyroidism and Antithyroid Drugs 

Hyperthyroidism and AnUthyrold Drugs 

"" Hyperthyroidism. Thyroid overactivity in 
Graves disease("" Fig. 29.3A) results from for­
mation of igG antibodies that bind to and acti­
vate TSH ~rs. Consequently, there is 
overproduction of honnone with cessation of 
TSH secretion. Graves disease can abate spon­
taneously after 1-2 years; therefore, initial 
therapy consists in reversible suppression of 
thyroid activity by means of antithyroid drugs. 
In other forms of hyperthyroidism, such as 
hormone-produdng (morphologically benign) 
thyroid adenoma, the preferred th~:rapeutic 
method is removal of tissue, either by surgery 
or _by administration of iodine-131 (Ill I) in suf­
fi'_lent dosage. Radioiodine is enriched in thy­
rmd cells and destroys tissue within a sphere 
of a few millimeters by emitting Jl-particles 
(electrons) during its radioactive decay. 

Antithyroid drup inhibit thyroid function. 
Release of thyroid honnone ("" Fig. 293C) is 
preceded by a chain of events. A membrane 
Na•fl- symporter actively accumulates iodide 
in thyroid cells (the required energy comes 
from an Na•fK•-ATPase located in the basolat­
eral membrane region); this is followed byoxi­
da~n t~ iodine, iodination of tyrosine 
residues m thyroglobulin, conjugation of two 
diiodotyrosine groups, and formation of r 4 
moieties. These reactions are catalyzed by thy­
roid peroxidase, which is localized in the apical 
~~r of the foUicular cell membrane. r.-con­
tammg thyroglobulin is stored inside the thy­
roid IOitides in the form of thyrocoUoid. Upon 
endocytotic uptakr, colloid und~:rg0e5 lysoso­
mal enzymatic hydrolysis, enabling thyroid 
h~ne to be released as required. A "thyro­
stati~" effect can result from inhibition of syn­
thesiS or release. When synthesis is arrested 
the antithyroid effect develops after a delay, a~ 
stored colloid continues to be utilized. 
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"" Antithyroid drup for lo~~nn therapy 
( "" Fig. 29.3C). lhiourea derivatM!s (thioa­
mides) inhibit peroxidase and, hence, hormone 
synthesis. Th restore a euthyroid state two 
therapeutic principles can be applied in Graves 
disease: (a) monotherapy with a thioarnide, 
with gradual dose reduction as the disease 
abates; (b) administration of high doses of a 
tbioarnide, with concurrent administration of 
thyroxine to offset diminished hormone SYn­
thesis. Adverse effects of thioamldes are rare 
but the possibility of agranulocytosis has to ~ 
kept in mind. 

Perchlora~. given orally as the sodium salt, 
inhibits the iodide pump. Adverse reactions 
include aplastic anemia. Compared with thioa­
mides, its therapeutic importance is low. 

"" Short-tmn thyroid suppression("" Fig. 29JC). 
~ in high dos¥! (> 6000 pgfday) l!lCI!I1S a 
transient "thyrostatk'' effect in eypenhyroid, but 
usually not in euthyroid, individuals. Since release 
is also bloclcEd, the effect develops more rapidly 
than does that of thioamides. 

Qini"!l appUcatlo!IS include preoperative 
suppress1on of thyroid secretion according to 
J>lummer with Lugo1 solution (51 iodine + 1 Ill 
pota;osium iodide, 50-100 mg iodine/day for a 
maxnnum of 10 days). In thyrotoxic crisis 
Lugol solution is given together with ~ 
~des. JI-BI~rs are given to counteract thy­
fOld hormone-mduced cardiac stimulation and 
a glucocorticoid to inhibit thyroid inflamma­
tion and induce immunosuppression. Adverse 
effects: allergies. Con!Ttlindicotions: iodine­
induced thyrotoxicosis. 
. lithium ioos inhibit thyroxine release. lith­
Ium salts can be used instead of iodine for 
rapid thyroid suppression in iodine-induced 
thyrotoxicosis. Regarding administration of 
lithium in manic-depressive illness, see p. 230. 
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29.4 Glucocorticoid Therapy 

Glucocortlcolcl Therapy 
The adrenal cortex (At:.) prodiiCI!S the glucocur­
ticoid cortisol (hydrocortisone) in the zona fas.. 
ciculata and the mineraJocorticoid aldosterone 
in the zona glomerulosa. Both steroid hor­
mones are vital in adaptation responses to 
stress situations, such as disease, trauma, or 
surgery. Cortisol secretion is stimulated by 
hypophyseal ACTH (adrenocorticotropic hor­
mone); aldosterone secretion by angiotensin n 
in particular (p. 142). In the liver, cortisol stim­
ulates gluconeogenesis from amino adds and 
protecu the body against hypoglycemia if no 
nowishment has been ingested for a long period 
and hepatic glymgen stores are exhausted. It 
also appears to prevent exr.essille inflanun;mry 
reactions. Aldosterone stimulates renal 1151b­
sorption of Na•, a-, and H20, thus co\JIIterilcting 
a reduction in extraCEllular fluid volume. 

.,.. L Replacement therapy. InN:. failure (pri­
mary adrenocortical insuJJiciency; Addison dis­
ease), both cortisol and aldostmme must be 
replaced; when ACTH production is deftdent 
(secondary adrenocurtiad insufficiency), corti­
sol alone needs to be replaced Cortisol is effec­
tive when giYI!n oraUy (30 mgJday, ~ a.m, 
li p.m). In stress situations, the dose is raised 
5- to 1 0-fold Aldosterone is poorly effectiYI! 
via the oral route; instead. the mineralocorti­
coid fludrocortisone (0.1 mgfday) is jpven. 

.,.. IL PhannacodylwDjc therapy with puco­
c:orticoids (.,.. f1g. 29AA). In unphysiologically 
high concentrations, cortisol or other glucocor­
ticolds suppress aU phases (exudation, prolifer­
ation, scar formation) of the inflammatory 
reaction. This effect is mediated by multiple 
componenu iiiYOlving alterations in gl!ne tran­
saiptioiL Imtly, the glucocorticoid receptor 
complex acts as a transcription f4ctor to promote 
the ~ion of certain anti-inflanunaiDry genes, 
e.g., lipocortin, which inhibits phospholipase ~-

242 

Secondly, the complex can trap other tran­
scription factors that are actually responsi­
ble fur the production of proinflammatory 
proteins. This affects synthesis of several 
proteins that participate in the inflamma­
tory process, including interleukins (p. 304) 
and other cytokines, phospholipase Az (p. 
198), and cyclooxygenase-2 (p. 200). At very 
high dosage, nongenomic effects via mem­
brane-bound receptors may also contribute. 

.,.. Desired effects. As antiallerxics, immuno­
suppressonl!, or anti-inflammatory drugs, glu­
cocorticoids display excellent efficacy against 
•undesired" inflammatory reactions, such as 
allergy, autoimmune diseases, etc. 

.,.. Unwanect effects. With short-term sys­
temic use, g!ucocorticoids are practically free 
of adverse effects, even at the highest dosage. 
Long-term use is likely to cause changes mim­
icking the signs of Cushing syndrome ( endog­
enous overproduction of cortisol). Sequelae of 
the anti-inflammatory action are lowered 
resistance to infection and delayed wound 
healing. Sequelae or exaggerated glucocorti­
coid action are (a) increased gluconeogenesis 
and release of glucose, insulin-dependent oon­
version of glucose to triglycerides (adiposity 
mainly noticeable in the face, nedc, and trunk), 
and •steroid-diabetes" if insulin release is 
insufficient; (b) increased protein catabolism 
with atrophy of skeletal musculature (thin 
extremities), osteoporosis. growth retardation 
in infants, and skin atrophy. sequelae of the 
intrinsically weik, but now manifest, minera­
locorticoid action of cortisol are salt and fluid 
retention, hypertension, edema; and KO loss 
wi~ ~er of hypokalemia. Psydlic changes, 
chtdly m the fonn of euphoric or manic mood 
swings, al!o need to be taken into account 
during chronic intake of glucooortiooids. 
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29.4 Glucocorticoid Therapy 

~ Measures for attenuating or preventing 
drug-induc.ed CUshing syndrome. 
a) Use of cortisol derivatives with less (e.g., 

prednisolone) or negligible mineralocorti­
coid activity (e.g., triamcinolone, dexame­
thasone ). Glucocorticoid activity of these 
congeners is increased. Glucocorticoid. 
anti-inflammatory, and feedback-inhibitory 
actions on the hypophysis are correlated. 
An exclusively anti-inflammatory congener 
does not exist The "glucocorticoid" -related 
Cushing-like symptoms cannot be avoided. 
~ Fig. 29.5A lists relative activity (potency) 
with reference to cortisol, whose mineralo­
corticoid and glucocorticoid activities are 
assigned a value of 1.0. All listed glucocorti­
coids are effective orally. 

b) I.oml app/irotiOlL This enables therapeuti­
cally effective concentrations to be built up 
at the site of application without a corre­
sponding systemic exposure. Glucocorti­
coids subject to rapid biotransformation 
and inactivation following diffusion from 
the site of action are the preferred choice. 
Thus, inhalational administration employs 
glucocorticoids with a high presystemic 
elimination such as beclomethasone dipro­
pionate, budesonide, flunisolide, or flutica­
sone propionate (p. 34). Adverse effects, 
however, also occur locally; e.g., via inhala­
tion, oropharyngeal candidiasis ( unin­
hibited Crmdida growth due to local 
immunosuppression) and hoarseness 
(probably due to damage to the vocal cord 
muscle): with cutaneous use. skin atrophy, 
striae, telangiectasias, and steroid acne: and 
with ocular use, cataracts and increased 
intraocular pressure (glaucoma). 

c) Lowest dosage possible. For long-term medi­
cation, ajust-suffident dose should be 
given. 

~ Effect rl glucocorticoid ~ on 
adrenoc:ortbl cortisol production c~ Fig. 29.5A). 
In both in the hypophysis and hypothalamus 
there are cortisol receptors through which cor­
tisol can exert a feedback inhibition of release 
of regulatory hormones (ACnl and CRH~ By 
means of these cortisol "sensors," the regula­
tory centers can monitor whether the actual 
blood level of the hormone corresponds to the 
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"set-point" If the blood level exceeds the set­
point, AClli output is decreased and thus also 
the cortisol production. In this way, cortisol 
level is maintained within the required range. 
The regulatory centers respond to synthetic glu­
cocorticoids as they do to cortisol. Administra­
tion of exogenous cortisol or any other 
glucocorticoid reduces the amount of endoge­
nous cortisol needed to maintlin homeostasis. 
Release of CRH and AClli dedines ("inhibition 
of higher centers by exogenous glucocorticoid") 
and, hence, cortisol secretion ("adrenocortical 
suppression"). After weeks of exposure to 
unphysiologically high glucocorticoid doses, the 
cortisol-producing portions of the adrenal cor­
tex shrink ("adrenocortical atrophy"). Aldoster­
one-synthesizing capacity remains unaffected, 
however. If glucocorticoid medication is sud­
denly withheld, the atrophic cortex is unable to 
produce sufficient cortisol and a potentially life­
threatening cortisol deficiency may develop. 
Therefore, glucocorticoid therapy should always 
be gradually reduced. 

~ Regimens for prevention of adrenooortical 
atrophy. Cortisol secretion is high in the 
early morning and low in the late evening 
(circadian rhythm). Accordingly, sensitivity to 
feedback inhibition must be high in the late 
evening. If adrenocortical atrophy has occurred 
or if full cortisol SYDthesis capadty (t 0-fold 
increase of the resting level during stress) has 
not yet been achieved after gradual weaning, a 
glucocorticoid must be given to cover severe 
physical stress (e.g., major surgery). 
a) Cirmdian administrotian: The daily dose of 

glucocorticoid is given in the morning. 
Endogenous cortisol production will 
already have begun, the regulatory centers 
being relatively insensitive to inhibition. In 
the early morning hours of the next day, 
CRF}ACnl release and adrenocortical sti­
mulation will resume. 

b) Alrernate day therapy: Twice the daily dose 
is given on alternate mornings. On the "off 
day; endogenous cortisol production is 
allowed to occur. 

The disadvantage with either regimen is a 
recrudescence of disease symptoms during the 
glucocorticoid-free intervaL 
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29.5 Androgens. Anabolic Steroids, Antiandrogens 

Androgens, Anabolic: Steroids, 
Antiandrogens 
Androgens are masculinizing substances. The 
endogenous male gonadal hormone is the ste­
roid tes11:1SW1Jne from the interstitial Leydig 
cells of the testis. Testosterone secretion is 
stimulated by hypophyseal luteinizing hor­
mone (LH), whose release is controlled by 
hypothalamic GnRH (gonadorelin, p. 236). 
Release of both hormones is subject to feed­
back inhibition by circulating testosterone. 
Reduction of testosterone to dihydrotestoster­
one (DHT) occurs in most target organs (e.g., 
the prostate gland); the latter possesses higher 
affinity for androgen receptors. In osteoblasts, 
testosterone is converted to estradiol by aro­
matase (p. 254), which promotes bone devel­
opment Rapid intrahepatic degradation of 
testosterone (plasma r,12 - 15 minutes) yields 
androsterone among other metabolites (17-
lretosteroids) that are eliminated as conjugates 
in the urine. Because of rapid hepatic metabo­
lism, testosterone is unsuitable for oral use. 

~ Testosterone derintives for clinical use. 
Because of its good tissue penetrability, testos­
terone is well suited for percutaneous adminis­
tration. Testosterone-heptanoate (or enanthare) 
is a testosterone ester for im. depot injection. It 
is given in oily solution by deep intramuscular 
injection. Upon diffusion of the ester from the 
depot, esterases quickly split off the acyl residue 
to yield free ll!stosterone. A testosb!rone esrer 
for oral use is the undecanoare. Owing to the 
fatty add nature of undecanoic add, this ester 
is absorbed into the lymph, enabling it to 
bypass the liver and enter the general drcula­
tion via the thoracic duct 

Indication: for hormone rep)a(:ement in defi­
ciency of endogenous testosb!rone production. 

Anabolics are testosterone derivatives (e.g., 
clostebo~ metenolone, nandrolone, stanozolol) 
that are used in debilitated patients, and are 
misused by athletes as doping agents, because 
of their protein anabolic effect. They act via sti­
mulation of androgen receptors and, thus, also 
display androgenic actions (e.g., virilization in 
females, suppression of spermatogenesis). 
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Inhibitory Principles 

GnRH superagonists (p, 236), such as busere­
lin, leuprorelin, and other "relins,• are used in 
patients with metastasizing prostate cancer to 
inhibit production of testosterone which pro­
motes tumor growth. Following transient sti­
mulation, gonadotropin release subsides 
within a few days and testosterone levels fall 
as low as after surgical removal of the testes. 
GnRH antagonists •get right to the point" by 
blocking the receptors directly: abarelix and 
degarelix are examples. 

~ Androgen receptor antagonists. The anti­
androgen cyprolmlne is a competitive antago­
nist of testosterone. By virtue of an additional 
progestin action, it decreases secretion of go­
nadotropins. IndicatiOliS: in the male, dampen­
ing of sexual drive in hypersexuality, prostatic 
cancer; in the female, treatment of virilization 
phenomena, if necessary, with concomitant 
utilization of the progestagen contraceptive 
effect. 

Rutamide (3 times a day) and bica/ummide 
and enza/utamide (each once a day) are struc­
turally different androgen receptor antagonists 
lacking progestin activity. 

~ sa-Reductase inlnbition. Finasteride and 
dutasteride inhibit sa-reductase, reducing 
androgenic stimulation in those tissues where 
DHT is the actiVI! spedes (e.g., the prostate, 
hair follicles). Testosterone-dependent tissues 
and functions are not or hardly affected: e.g., 
skeletal musculature, feedback inhibition of 
gonadotropin release, or libido. Both can be 
used in benign prostatic hyperplasia to shrink 
the gland and to improve micturition. 

At low p.o. dosage, finasteride may be 
offered to young men to counteract baldness. 

~ lnbibition of androgen synthesis. Abimter­
one blocks testosterone synthesis by inhibiting 
CYP17-dependent 17a-hydroxylase/C17 ,20-lyase. 
It is used in the treatment of "castration-resist­
ant" metastatic prostate cancer. 
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29.6 Follicular Growth and Ovulation 

Follcular Growth and Ovulation, 
Estrogen and Progestin Production 
Follicular maturation and ovulation. as well as 
the associa~ production of female gonadal 
hormones, are controlled by the hypophyseal 
gonadotropins FSH (follicle-stimulating hor­
mone) and LH (luteinizing hormone). In the 
first half of the menstrual cycle, FSH promotes 
growth and maturation of ovarian tertiary fol­
licles that respond with accelerat:inJ synthesis 
of estradiol. Estradiol stimulates endometrial 
growth and increases the permeability of cer­
vical mucus for sperm cells. When the estra­
diol blood lew! approaches a predeb!rrnined 
set-point, FSH release is inhibited owing to 
feedbaclc action on the anterior hypophysis. 
Since follicle growth and estrogen production 
are correlated, hypophysis and hypothalamus 
can "monitor" the follicular phase of the ovar­
ian cycle through their estrogen receptors. 
Immediately prior to ovulation. when the 
nearly mature tertiary follicles are producing a 
high concentration of estradio~ the control 
loop switches to positive feedback. LH secre­
tion transiently surges to peak levels and trig­
gers ovulation. Within hours after ovulation. 
the tertiary follicle develops into the corpus 
luteum, which then also releases progesterone 
in response to LH. This initiates the secretory 
phase of the endometrial cycle and lowers the 
permeability of cervical mucus. Nonruptured 
follicles continue to release estradiol under the 
influence of FSH. After two weeks, production 
of PJ'OieSterone and estradiol subsides, causing 
the secretory endometrial layer to be shed 
(menstruation). 

The natw'al hormones are unsuitable for 
oral administration because they are subject to 
presystemic hepatic elimination. Estradiol is 
converted via estrone to estriol; by conjuga­
tion, all three can be rendered water-soluble 
and amenable to renal excretion. The major 
metabolite of progesterone is pregnanediol, 
which is also conjugated and eliminated 
renally. 
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.,.. Estrogen preparations. Depot prepara­
tions for i.m. injection are oily solutions of 
esters of estr.ldiol (3- or 17-0H group). The 
hydrophobicity of the acyl moiety determines 
the rate of absorption. hence the duration or 
elfect Released ester is hydrolyzed to yield 
free estradiol Transdermal preparations utilize 
estradiol's good skin penetration. 

"" Orally wed preparations. Ethinylestradiol 
(EE) is more stable metabolically, passes the 
liver after oral intake and mimics estradiol at 
estrogen receptors. In oral contraceptives, it 
forms the estrogen component (p. 250). (SUl­
fate-) Con)l(gllt!d ~ (excretory prod­
ucts) can be extracted from equine urine, have 
weak activity, and are used in the therapy of 
climacteric complaints. Their elfectiveness is a 
matter of debate. Estradiol transdermal deliv­
ery systems are available. 

"" Progestin preparations. Depot formula­
tions for i.m. Injection are 17-a-h~ 
gestmlne CllpfUCI~ and medroxyprogestennte 
amote. Preparations for oral use are deriva­
tives of ethinyltestosterone • ethisterone (e.g., 
norethisterone, dimethisterone, lynestrenol, 
desogestre~ gestodene), or of 17a-hydroxy­
progesteronl! acetate (e.g., chlormadinone ace­
tate or cyproterone acetate). 

Indications for estrogens and progestins 
include hormonal contraception (p. 250); 
hormone replacement, as in postmenopausal 
women for prophylaxis or osteoporosis; bleed­
ing anomalies; menstrual and severe climac­
teric complaints. 

"" Adverse effects. After long-term intaR 
of estrogen/progestin preparations, increased 
risks have been reported for breast cancer, cor­
onary heart disease, strokl!, and thromboembo­
lism Although the incidence of bone fractures 
also decreases, the risk-benefit relationship is 
unfavorable. Concerning the adverse elfects or 
oral contraceptives, see p. 250. 
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29.7 Oral Contraceptives 

Oral Contraceptives 

.,. lnhibiton of OY11lation. Negative feedback 
control of gonadotropin release can be utilized 
to inhibit the ovarian cycle. Administration of 
emaenous esll'Ogens (usually ethinylestradiol 
on account of its good bioavailability when 
given orally) during the ftrSt half of the cyde 
permits FSH production to be suppressed (as 
it Is by administration of progestins alone). 
Owing to the reduced FSH stimulation of terti­
ary CoUicles, maturation of follicles and hence 
OY11lation are prevented. If estrogens alone 
are given during the first half of the cycle, 
endometrial and cervical responses, as woell as 
othe.r functional changes, will oa:ur in the 
normal fashion. By adding a progestin (p. 2-48) 
during the second half of the cycle, the secre­
tory phase of the endometrium and associated 
effects can be elicited. Discontinuation of hor­
mone administration would be followed by 
menstruation. 

The physiological time course of estrogen­
progesterone release is simulated in the 
so-called biphasic (sequential) preparations 
(.,. Flg. 29.8A). In monophasic preparations, 
estrogen and progestin are taken concu.rrently. 
Early administration of progestin reinforces 
the inhibition of CNS regulatory mechanisms, 
prevents both normal endometrial growth 
and conditions for ovum Implantation, and 
decreases penetrability of cervical mucus to 
spenn cells. The two latter effects also act to 
prevent conception. According to the staging 
of progestin administration, one distinguishes 
(.,. Fig. 29.8A): one-, two-, and three-stage pre­
parations. Even with one-stage preparations, 
"withdrawal bleeding" occurs when hormone 
intake Is discontinued (if necessary, by substi­
tuting dununy tablets). 

.,. Unwanted effects. An increased risk of 
thromboembolism is attributed to the estrogen 
component in particular but Is also associated 
with certain progestins (gestodene and deso­
gestrel). The risk of myocardial infarction, 
stroke, and benign liver tumors is elevated. 
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Nonetheless, the absolute prevalence of these 
events is low. Predisposing factors (family his­
tory, cigarette smoking. obesity, and age) have 
to be taken into account. The overall risk of 
malignant tumors does not appear to be 
increased. In addition, hypertension, fluid 
retention, cholestasis, nausea, and chest pain, 
are reported. 

.,. MiniplJL Continuous low-dose administra­
tion of progestin alone can prevent pregnancy. 
Ovulations are not suppressed regularly; the 
effect is then due to progestin-induced altera­
tions in cervical and endometrial function. 
Beause of the need Cor constant intake at the 
same time of day, a lower success rate, and rel­
atively frequent bleeding anomalies, these pre­
parations are now rarely employed. 

.,. "M01'11ini-aftel" pill. This refers to admin­
istration of a progestin (e.g., levonorgestrel) in 
high dosage up to 3 days after coitus. The 
mechanism of pregnancy prevention is still 
somewhat unclear. If the progestin acts prior 
to ovulation, it suppresses the ovulation­
induced rise in Ui (p. 2-48). Nausea and vomit­
ing are frequent side effects. 

.,. Stlmuladon of ovulation. Gonadotropin 
secretion can be increased by pulsatile delivery 
of GnRH (p. 236). Regarding domifene (see 
p. 52), whereas this substance can be given 
orally, the gonadotropins presented below 
must be given parenterally. HMG is human 
menopausal gonadotropin extracted from the 
urine of postmenopausal women. Owing to 
the cessation of ovarian function. JODadotro­
pins show elevated blood levels and pass inro 
urine in utilizable quantities. HMG (menotro­
pin) consists of FSH and rn. HCG is human 
chorionic gonadotropin; it is obtained from 
the urine of pregnant women and acts like rn. 
Recombinant FSH (Collitropin) and rn are avail­
able. COrifollitropin a is a long-acting FSH 
analogue. 
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29.8 Antiestrogen and Antlprogestin Active Principles 

Antlestrogen and Antlprogestln Adlve 
Principles 

"" Sdec:tive estrosen receptor modulatnrs 
(SERMs) ("" l'll'· 29.9A). Estro&en receptors 
belong to the group of transcription-regulating 
receptors (p. 82). The female gonadal hormone 
estradiol is an agonist at these receptors. Sev­
eral drugs are aVililable that can produce estro­
gen-antagonistic effects. Interestingly, these 
are associated with estrogen-agonistic effects 
in certain tissues. A tentati~ explanation 
derives from the idea that each ligand induces 
a specific conformation of the estrogen recep­
tor. The ligand-estrogen receptor complexrs 
combine with coactivators or repressors at 
specified gene sequences. The pattern of core­
gulators differs from tissue to tissue, allowing 
each SERM to generate a tissue-specific activ­
ity. It is of therapeutic significance that the 
patterns of estrogenic and antiestrogenic 
effects differ in a substance-specific manner 
among the drugs of this class. 

It is useful to compare the activity proftle of 
a SERM with that of estradioL particularly in 
relation to effects seen postmenopausally. Dur­
ing chronic administration of estradioL the risk 
of endometrial cancer rises; coadministration 
of a progestin prelll!nts this effect. Breast can­
cers occur more frequently, likewise throm­
boembolic diseases. Estradiol effectively 
alleviates climacteric hot flashes and sweating. 
Aim' chronic treatment it reduces the inci­
dence of osteoporotic bone fractures by pre­
~nting the loss of an estrogen-dependent 
portion of bone mass (p. 348). Nonetheless, 
estrogens can no longer be recommended for 
this purpose because of the unfavorable bene­
fit-risk constellation. 

Oomlfene is a stilbene derivati~ used 
orally for the therapy of female infertility. 
OWing to its antagonistic action at estrogen 
receptors in the adenohypophysis, feedback in­
hibition by estradiol of gonadotropin secretion 
is suppressed. The resulting increase in release 
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of FSH induces augmented maturation of 
oocyte follicles. For instance, clomifene can be 
used for the treatment of luteal phase defects 
associated with disturbances of follicular 
maturation or the treatment of polycystic 
ovary syndrome. Since its use is confined to a 
few selected days during the ovarian cycle, 
chronic effects need not be considered. 

Tamoxlfen is a stilbene derivatilll! that is 
used in metastasizing breast cancer to block 
the estrogenic stimulus for tumor cell growth. 
As a mixed estrogenic antagonist I partial ago­
nist, tamoxlfen promotes rather than amelio­
rates climacteric complaints; at the same time 
it displays agonistic features that are of con­
cern as a potential risk factor when use of the 
drug for the prophylaxis of breast cancer is 
being considered 

~oxlfene is approlll!d for use in the treat­
ment and prophylaxis of osteoporosis. As 
shown in the table opposite, it has other bene­
ficial as well as adverse effects. Other SERMs 
on the market for the same indication are laso­
ft»rifme and baudoxifme. 

"" The estrogen receptor anlilgmlist. Pulves­
lnmt is a reserlll! drug for treatment of hor­
mone-dependent breast cancer. 

"" Progestin receptor antilgUnist ("" Fig. 
29.98). Approximately one week after con­
ception, the embryo implants itself into the 
endometrium in the form of the blastocyst. By 
secretiJii human chorionic gonadotropin 
(HCG, mainly Ui). the trophoblast maintains 
the corpus luteum and secretion of progeste­
rone and thereby prelll!nts menstrual bleeding. 
Mi.fepristone is an antagonist at progestin 
receptors and prevents rnaintenanoe of the en­
dometrium during early pregnancy. Conse­
quently, it acts as an abortifacient in early 
pregnancy. The progestin reoeptor mod1Utor 
ulipristal acetate is used for emergency contra­
ception within 5 days after unprotected 
intercourse. 
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29.9 Aromatase Inhibitors 

Aromatase Inhibitors 
Arum;tU!Ie inhibit(J[S constitute an additional 
antiestrogenic principle that is based upon in­
hibition of estrogen formation. They are used 
chiefly in the thenlpy of adwnced breast cancer 
when the tumor has become insensitive to 
estrogen and the patient has oompleted meno­
pause. However, one agent in this class (anas­
trozole) has been licensed for use in early 
breast cancer. 

.,. Aroma~ The enzyme oonverts andro­
gens such as tesmsterone and androstenedione 
into the estrogens estradiol and estrone. This 
reaction involves cleavage of the methyl group 
~t ClO and aromatization of ring A. Aromatase 
1s a cytochrome P450-containing enzyme (iso­
zyme CYP19). During the female reproductive 
phase, the ~or portion of drculating estro­
gens originates from the ovaries, where estra­
diol is synthesized in the granulosa cells of the 
maturing tertiary follicles. Thea cells sur­
rounding the granulosa cells supply androgen 
precursors. FSH stimulates !ormation of estro­
gens by inducing the synthesis of aromatase in 
granulosa cells. An isoform of the enzyme 
17jJ-hydroxysteroid deh)drogenase (17jJ-HSD1) 
c.1t1lyzes the oonversion of androstenedione to 
testostErone and of estrone to estradiol After 
menopause, OWirian junction ceases. However, 
estrosens do not disappear oompletely !rom the 
blood because they oontinue to enter the circu­
lation from certain other tissues, in particular 
the subcutmeous adipose tissue, which produ­
ces estrone. In hormone-dependent breast can­
cers, twnor growth is thereby promoted In 
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addition, breast cancer cells themselves may be 
capable of produdng estrogl!ns via aromalaSe. 

It should be noted that aromatase is also 
important In males. In osteoblasts it auses 
production of osteoanabolic estradiol from tes­
tosterone (p. 246). 

.,. Aromawe lnhlbltors serve to eliminate 
extraovarian synthesis of estrogens In breast 
cancer patients. This can be achieved elfec­
tively only in postmenopause because, as an 
FSH-dependent enzyme, ovarian aromatase is 
subject to feedback regulation of female gona­
dal honnones. A drop in blood estradiol oon­
centration would lead to increased release of 
FSH with a oompensatory increase in synthesis 
of aromatase and estrogens. 

Two groups of inhibitors can be distin­
guished on the basis of chemical structure and 
mechanism of action. Steroidal inhibitors (for­
~e~ne, .exernestane) attach to the androgen 
b1ndmg s1te on the enzyme and in the form of 
intermediary products give rise to an irreversi­
ble inhibition of the enzyme. Horrstm»dal 
inhibitors ( anastrozole, letrozole) attach to a 
c!i!ferent ~ding site of the enzyme; via their 
triamle nng they interact reversibly with the 
heme iron of cytochrome P450. 

Among the adverse effect$. climacteric-like 
complaints predominate, reflecting the decline 
in estrogen levels. Unlike the SERMs tamoxi­
fen, which is used for the same indication aro­
matase inhibitors do not promote endom~trial 
growth and do not increase the risk of throm­
boembolic oomplications. 



29.9 Aromatase Inhibitors 

Ov<lrie5 
Test:osl:erooe OH Feed badHegulated Estr.!dlol 

gonadotropi!Mfependent n)DOH 
expression in granulosa cells 

0 A Aromatase HO 

H =· =o =====*=l6~===~:> H CYP19 n)Do 
Extragoni!dal 

tlssue5; 
A expression also •r 

0 menopause HO 
Androstenedione 

Inhibitors 

Steroidal 

Formestane (no longer on the market) 

~ -1& oJYU-
OH 

Flg.29.10 

Estrone 

Breast ca11:lnoma 

~ 
growth 

Nonsrerolda I 

Nl\ Anastrozole 
l(N,N c:=N 

~t-CH3 y tHl 

H,JC-~-c:N 

CH3 

255 



29.1 0 Insulin Formulations 

Diabetes Melltus 
Diabetes mellitus devt!lops when the influence 
of insulin on metabolism is inadeqlliltr. TYPe I 
diabetes is due to failure of B cells in the pan­
creas. while type II is due to insulin resistance 
of target cells, which cannot be overcome by 
an increase in insulin release. 

~ Insulin formuLltions. Insulin is synthe­
sized in the 8- (or JJ-) cells of the pancreatic 
islets of Langerhans. It is a protein (MW 5800) 
consisting of two peptide chains Unb!d by two 
disulfide bridges; the A chain has 21 and the B 
chain 30 amino acids. Upon ingestion of carbo­
hydrates, insulin is released into the blood, 
binds to its receptnr (a ligand-activa~ tyro­
sine kinase (p. 82)), and promotes uptake and 
utilization of glucose in specific organs, 
namely, the heart, adipose tissue, and skeletal 
musde. 

Insulin is used in the replacmtent therapy 
of diabetes mellitus. 

Human insulin (.,.. Fig. 29.1 lA) em be pro­
duced in sufficient qllilntity by recombinant 
methods. 

Recombinant insulin is produced to modify 
phannolcokinetic properties (see below). It is 
important in these insulin analogues that spe­
cificity for the insulin receptor is preserved, in 
particular relative to the receptor for IGF-1 • 
somatomedin c (p. 236). which promotes pro­
liferation of cells. 

~ COntrol of delivery from Injection site Into 
blood c~ 4 29.118). As a peptide, insulin is 
unsuitable for oral administration. Usually, 
insulin preparations are injected subcutane­
ously. The duration of action depends on the 
rate of absorption from the injection site. 

Variations In Dosage Form 

~ Insulin solution. Dissolved insulin is dis­
pensed as a clear neutral solution known as 
regular (R) insulin or crystalline zinc insulin. I~ 
emergencies, such as hyperglycemic coma, 1t 
can be giVI!n intraVI!nously (mostly by infusion 
because i.v. injections haVI! too short an action; 
plasma c112 -9 minutes). With the usual sulx:u­
taneous administration, the effect is evident 
within 15-20 minutes, reaches a peak after -3 
hours, and lasts for -6 hours. 
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~ Insulin suspensioos. When it is injec~ as 
a suspension of insulin-containing particles, 
dissolution and release of the hormone in su~ 
cutaneous tissue is retarded (extended-action 
lnsuUns). Suitable particles em be obtlined by 
precipitation of apolar, poorly water-soluble 
complexes consisting of anionic insulin and 
cationic partners, e.g~ the polycationlc protein 
protamine. In the presence of zinc ions, insulin 
crystallizes; crystal size determines the rate of 
dissolution. Intermediate-acting insulin prepa­
rations (NPH or isophane; /ence) act for 18-26 
hours, slow-acting preparations (protrunlnt 
zinc, u/traltnU) for up to 36 hours. 

Vari..tion In Amino Acid Sequence 

~ bpldly acti!ll lnsuHn analogues. Afrer 
injection of a regular insulin solution, insulin 
molecules exist at the injection site in the form 
ofhexameric aggregates. Only after disintegra­
tion into monomers can rapid diffusion into 
the bloodstream occur. In insulin lispro, two 
amino adds are exchanged, resulting in a 
diminished propensity toward aggregate for­
mation. Thus. diffusion from the injection site 
is faster, with rapid onset and short duration of 
action. Insulin aspart and insulin gfulisint have 
similar properties. Fast -acting insulins are 
injected Immediately before a meal, whereas 
regular insulin requires a 15 to 3D-minute 
interval between injection and food intake. 

.,.. Long-actin!! insulin analogues. The more 
extensive alteration of amino acids in insulin 
glarxiflt changes the electric charge of the mol­
ecule. At pH 4 of the injectace, it is dissolved; 
however. at the pH of tissue it is poorly water­
soluble and precipitates. Resolubilization and 
diffusion into the bloodstream take about one 
day. Insulin detemir has been modified by addi­
tion of a C14 fatty acid residue, which delays 
release from the injection site and promotes 
binding to albumin. It is used once or twice a 
day. Insulin dtgludtc is similarly constructed 
with a C15 fatty acid residue and is used once a 

day. . ti 'nhala . ha ot Human insulin or 1 tiOn s n 
become accepted by doctors and patients. 
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29.11 Treatment of Diabetes Mellitus 

Treatment of lnsulliHiepenclent 
Diabetes Melitus 

"" PatboJenesls mel compilations ("" f1l. 
29.12A). 'IYJle I diabetes mellitus typically 
manifests in childhood or adolescence (juve­
nile onset diabetes mellirus); it Is caused by 
the destruction of insulin-produdng B cells in 
the pancreas. A genetic predisposition together 
with a precipitating factor (viral infection) 
could start an autoimmune reaction against B­
cells. Replacement of insulin (daily dose -40 U, 
equivalent to -1.6 mg) becomes necessary. 

lberapeutic objectives. (1) Prevention of 
lifHhreatening hyperglyo!mic (diabetic) cxxna; 
(2) prevention of diabetic sequelae arising from 
damaae to small and large blood vessels, precise 
"titration" of the patient being essential to avoid 
even short-tenn spells of pathological hypergly­
cemia; (3} prevention of insulin CM!rdosage 
leading to life-threatening l!ypoglyl;emic shock 
(CNS disturbance due to lack of glucnse). 

"" Therapeutic: principles. In healthy sub­
jects, the amount of insulin is •automatically" 
matched to carbohydrate intake, hence to 
blood glucose concentration. The critical secre­
tory stimulus is the rise in plasma glucose 
level Food intalce and physical activity 
(increased glucose uptalce into musculature, 
decreased insulin demand) are accompanied 
by corresponding changes in Insulin secretion. 

... Metbods «Insulin replacmlent (""as. 29.128~ 
In the diabetic, insulin can be administered as 
it is normally secreted. For instance, adminis­
tration of a long-acting insulin In the late eve­
ning generates a basal Ievd, whereas a fast 
acting insulin is used before meals. The dose 
needed Is detennined on the basis of the actual 
blood glucose concentration measured by the 
patient and the meal-dependent demand. This 
regimen (so <ailed intmsi/ied insulin therapy) 
provides the patient with much flexibility 
in planning d;illy activities. A well-educated, 
cooper~. and competent patient is a precon­
dition. In otber cases, a fixed-dosage schedule 
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( comomlional Insulin therapy) will be needed, 
e.g., with morning and evening injections of 
a combination insulin (a mixture of regular 
insulin plus insulin suspension) in constant 
respective dosage ("" Fig. 29.12A). To awid 
l!ypoglyl;emia or hyperglytemia, dietary carbo­
hydrate (Of} Intake must be synchronized with 
the time course of insulin absorption from the 
s.c. depot: diet controll Caloric intake Is to be 
distributed (50% CH, 30% fat, 20% protein} In 
small meals over the day so as to achieve a 
steady Of supply-snacks. late night meal. Rap­
idly absorbable Of (swoeets. calces) must be 
awided (hyperglycemic peaks) and replaced 
with slowly digestible ones. 

Undesirable Effects 
Hypoglycemia is heralded by warning signs: 
tachycardia, unrest. tremor, pallor, profuse 
sweating. Some of these are due to the release 
of glucose-mobilizing epinephrine. Counter­
measures: glucose administration, rapidly 
absorbed Of orally (diabetics should always 
have a suitable preparation within reach) or 
10-20 g glucose i.v. in case of WlCOnsdous­
ness; if necessary, injection of gl001gon. the 
pancreatic hyperglycemic hormone. 

Allergic reactions are rare; locally, redness 
may occur at the injection site and atrophy of 
adipose tissue; lipodystrophy). A possible local 
lipohypertrophy can be avoided by alternating 
injection sites. 

Even with optimal control of blood sugar, 
s.c. administration of insulin cannot fully repli­
call! the physiological situation (C). In healthy 
subjects, absorbed glucose and insulin released 
from the pancreas simultaneously reach the 
liver in high concentrations, whereby effective 
presystemic elimination of both substances is 
achieved. In the diabetic, s.c. injected insulin is 
uniformly distributed in the body. Since insulin 
concentration In blood supplying the liver can­
not rise, less glucose is extracted from portal 
blood. A significant amount of glucose enters 
extrahepatic tissues, where it has to be 
utilized. 
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29.12 Type II Diabetes Mellitus 

Treatment of Type II Diabetes Melltus 
In this disease there is a relative insulin defi­
ciency. In the past, type II diabetrs typically 
occurred in overweight older adults. However. 
the term "maturity-onset diabetes" is no lon­
ger appropriate as the average age of disease 
onset has become earlier with the growing 
incidence of overweight chlldren and 
adolescents. 

The cause of inc:n!I1Sed insulin requirement 
is an Insulin resistance of target organs. The 
decrease in the effectiveness of insulin is due 
to a reduction in the density of insulin recep­
tors in target tissues and a decreased efficiency 
of signal transduction of insulin-receptor com­
plexes. Conceivably, obesity with increased 
storage of triglycerides causes a decrease in 
insulin sensitivity of target organs. The loss in 
sensitivity can be compensated by enhancing 
insulin concentration. In .,.. Fig. 29.13A. this 
situation is represented schematically by the 
decreased receptor density. In the obese pa­
tient, the maximum binding possible (plateau 
of curve) is displaced downward, indicative of 
the reduction in receptm numbers. At low 
insulin concentrations. correspondingly less 
binding of insulin oa:urs. com~red with the 
control condition (normal weight). For a given 
metabolic elfect (say, utilization of carbohy­
drates contained in a piece of cake), a certain 
number of receptors must be occupied. As 
shown by the binding curves (dashed lines), 
this can still be achieved with a reduced recep­
tor number; although only at a higher concen­
tration of insulin. 

.,.. Development of 1YJ1e II diabetes mellitus 
("' J-11, 29.131). A subject with normal body 
weight (left) ingests a specified amount of car­
bohydrate; to maintain blood glucose concen­
tration within the physiological range, the 
necessary amount of insulin is released into 
the blood. Compared with a normal subjec:t, 

260 

the overweight ~tient with insulin resis13nce 
requires a continually elevated output of insu­
lin (orange curves) to awid an excessive rise of 
blood &lucose levels (green curves) durin& an 
equivalent carbohydrate load. When the lnsu­
Hn secretory capacity of the pancreas 
decreases, this is first noted as a rise in blood 
glucose during glucose loading (latent diabetes 
mellitus). As insulin secretory capacity 
declines further, not even the fasting blood 
level can be maintained (manifest, overt 
diabetes). 

.,.. nutment caJoric restriction to restore 
body weight to normal is associated with an 
increase in insulin responsiveness, even before 
a normal weight is reached Moreover, physical 
activity is important because it enhances 
peripheral utilization of glucose. When changes 
in lifestyle are insufficient in correcting the dia­
betic condition. therapy with oral antidiabetics 
is indicated (p. 262). Therapy of first choice 
Is weliht reduction, not admlnistratioo of 
drugsl 

A metaboHc 5YDdnnne is said to be present 
when at least three of the following five risk 
factors can be identified in a patient: 
1. Elevated blood glucose levels 
2. Elevated blood lipid levels 
3. Obesity 
4. Lowered HDL levels 
5. Hypertension 
Overweight and resistance to insulin appear to 
play piwtal roles in the pathophysiological 
process. The resulting hyperinsulinemia indu­
ces a rise in systemic arterial blood pressure 
and probably also a hyperglyceridemia associ­
ated with an unfavorable IDL/HDL quotient. 
This combination of risk factors lowers life 
expectancy and calls for therapeutic interven­
tion. The metabolic SYndrome has a high prev­
alence; in industrialized countries, up to 20% 
of adults are believed to sulfer from it 
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29.13 Oral Antidiabetic Drugs 

Oral Antidiabetic Drugs 
In prlndple, the blood conct!ntratlon of glucose 
represents a baliince between influx into the 
bloodstream (chiefly from liver and intestines) 
and earess from blood into conswnina tissues 
and organs. In "' Fig. 29.14A. drugs available for 
lowering an elevated level of glucose are 
grouped schematically in relation to these two 
processes. 

Metformin is a biglynide derlvatiw. The 
mechanism underlying its blood glucose-low­
ering effect is not CO!l1>1etely understood. 
Decreased glucose release from the liver 
appears to play an essential part. MetfOnnin 
does not increase release of insulin. The risk of 
hypoglfct!mia is relatively less common. Met­
formin has proved itself as a monotherapeutic 
in obese type II diabetics. It can be combined 
with other oral antidiabetics as well as insulin. 
frequent adverse effects include anorexia. nau­
sea. and diarrhea. Overproduction of lactic add 
(lactate acidosis) is a rare, potentially fatal 
reaction. It is contraindicated in renal insuffi­
dency (accumulation) and in diseases associ­
ated with hypoxia (e.g., severe heart failure, 
respiratory failure) and therefore should be 
avoided in elderly patients. 
. Oral anticllabetlcs of the~ type 
mcrease the release of insulin from pancreatic 
B cells. They inhibit ATP-guted K" chan7~t!ls 
and thereby cause depolarization of the B-cell 
membrane. Normally, these channels are closed 
when intracellular levels of glucose, and heDCt! 
of ATP, increase. This drug class includes gliben­
clamlde and glimepiride. In some patients, it is 
not possible to stimulate insulin secretion from 
the outset; in others, therapy fails later. Match­
ing of dosage of the oral antidiabetic and caloric 
intalce is necessary. Hypoglycemia is the most 
important WJWanted effect Enhanct!ment of 
the bypoglyt:emic effect can result from drug 
interactions: displacement of antidiabetic drug 
from plasma protein binding sites, for example 
by sullbnamides or acetylsalicylic acid. ' 

Repagfinide and nateglinU1e possess the 
same mechanism of action as the sulfonylureas 
but differ in chemical structure. After oral 

administration. the effect develops rapidly and 
fades away quickly. Therefore, glinides can be 
taken immediately before a meal 

Incretin mlmetics. Enteral delivery of glu­
cose leads to greater insulin release than par­
enteral administration. The gut hormone 
~uca~n-like peptide-1 (GLP-1) is one of the 
mcretins and stimulates insulin release. It also 
delays gastric emptying and reduces appetite. 
Exenatide, lixisenalide and liTQglur:ide are incre­
tin analogues that are resistant to metabolism 
(direct incretin mimetics). SiWgfiptin, vildaglip­
tin and other "gliptins" inhibit a peptidase 
( dipeptidyl peptidase 4 or DPP4) that breaks 
dawn GLP-1 rapidly (indirect incretin 
mimetics). 

"Glituooe" is an appellation referring to 
~olidinedione ~erivatives. These are ago­
msts at the peroxJsome proliferator-activated 
~ceptor of they-subtype (PPARy), a transcrip­
tion-regulating receptor. PPARy has a role in 
many lcinds of cells and so lacks specificity for 
treatment of type II diabetes. These drugs (a) 
p~mote the maturation of preadipocytes into 
ad1pocytes, (b) increase insulin sensitivity, and 
(c) enhance cellular glucose uptake. Besides fat 
tissue, skeletal mll5de is also affected. 
~verse ~lfects include weight gain and 

tlw~ retention, and congestive heart failure. 
An mcreased risk for myocardial infarction and 
bone fractures has been reported. Pioglitazone 
is the only glltazone still on the market in 
Germany. 

Inhibition of mW reabsorption of &Iuc.ose 
b¥ ~~lijlazin •. canqgliJiozin, and emJIQBfijlo­
zm 1s an tnteresting new approach lbr lowering 
the blood glucose level. 

Acoubose is an inhibitor of a-glucosidase 
(localized in the brush border of intestinal 
epithelium), which liberares glucose from dis­
accharides. It returds breakdown of carbohy­
drates, and hence absorption of glucose. Owing 
to increased fermentation of carbohydrates by 
gut bacteria, flatulence and diarrhea may 
develop. Mlglitol has a similar effect but is 
absorbed from the intestine. 
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29.14 Maintaining calcium Homeostasis 

Drugs for Maintaining calcium 
Homeostasis 
At rest, the intracellular concentration of free 
calcium ions (Ql•) is kept at 0.1 11M (see 
p. 146 for mecbinisms involved). During exci­
tation, a transient rise of up to 10 pM elicits 
conttaction in muscle cells (electromechanical 
coupling) and secretion in glandular cells ( elec­
trosecretory coupling). The cellular content of 
C;t1• is in equilibrium with the extracellular 
C;t2+ concentrillion (1000 pM), as is the plasma 
protein-bound fraction of calcium in blood. 
C;t2+ m..y crystallize with phosphate to form 
hydroxyapatite, the mineral of bone. Osteo­
clasts are phagocytes that mobilize Ca2+ by 
resorption of bone. Slight changes In extracel­
lular eaz• concentration can illter orga.n func­
tion: thus, excitability of skeletill muscle 
increases markedly as ea2• is lowered (e.g., in 
hyperventilation tetany). Three hormones are 
available to the body for millntaining a con­
stant extracellular Ca1• concentration. 

Vitamin D hormone is deriVI!d from vita­
min D (cholecalciferol). Vitamin D can illso be 
produced in the body; it is formed in the skin 
from dehydrocholesterol during irradiation 
with uv light When there is lack of solar radi­
ation. dietarY Intake becomes essential, cod 
IIVI!r oil being a rich source. MetabolicaDy 
acdVI! vitamin D hormone results from two 
successiVI! hydroxylations: in the liver at posi­
tion 25 ( ~ calcifediol) and in the kidney at 
position 1 ( .... calcitriol• vitamin D hormone). 
1-Hydroxylation depends on the level of cal­
dum homeostasis and is stimulated by parat­
hormone and a fall in plasma leVI!ls of Ca2• and 
phosphare. Vitamin D hormone promotes en­
teral absorption and renill reabsorption of Ca1+ 
and phosphate. As a result of the increased Ca1 

• and phosphate concentration in blood, there 
is an increased tendency for these ions to be 
deposited in bone in the form of hydroxyapa­
tite crystals. In vitamin D deficiency, bone min­
eralization Is Inadequate (rickets, 
osteomillacia). Therapeutic we aims at 
replacement Mostly, vitamin Dis giVI!n; in liver 
disease, cald~diol m..y be indicated, in renill 
disease, caldtriol oven~osa&e may induce 
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hypercillcemia with deposits of calcium sillts in 
tissues (particularly In kidney and blood ves­
sels): calcinosis. 

The polypeptide pantbonnone is released 
from the parathyroid glands when the plasma 
cal+ level fillls. It stimulates osttodcuts to 
increase bone resorption; in the kidneys it pro­
motes calcium reabsorption, while phosphate 
excretion is enhanced. As blood phosphate 
concentration diminishes, the tendency of Ca2• 
to precipitate as bone mineral decreases. By 
stimulating the formiltion of vitamin D hor­
mone, parathormone has an indirect elfect on 
the enterill uptake of Ca1• and phosphate. In 
parathormone deficiency, vitamin D can be 
used as a substitute that, unlike parathormone, 
is effective orally. Teriparutide Is a recombinant 
shortened parathormone derivatiVI! containing 
the portion required for binding to the recep­
tor. It can be used in the therapy of postrneno­
pausill osteoporos~s and promotes h<;lne 
formation. While this elfect seems paradOXIcal 
in comparison with hyperparathyroidism, it 
obviously arises from the speciill mode of 
administration: the once daily s.c. injection 
generates a quasi-pulsatile stimulation. The 
same can be achieved today by a once~ly 
parathormone injection. CJnac.alcrt hi!lts the 
activity of the parathyroids by illlosterically 
rendering their receptors more sensitive to 
extr.acellular ea1•. It can be used In the treat­
ment of hyperparathyroidism. 

The polypeptide caldtonin is secreted by 
thyroid C cells during imminent hyper~ 
mia. It lowers eleviited plum.a ea1• levels by 
inhibiting os~ activity. Its uses include 
hypercillcemia and osteoporosis. Remadcably, 
caldtonin Injection may produce a sustained 
analgesic effect that illleviates pain associated 
with bone diseases (Paget disease, osteoporo­
sis, neoplastic metastases) or complex regional 
pain (SUdeck) syndrome. 

Hypercalcemia can be treated by (1) admin­
istering 0.9% NaO solution plus furosemide (if 
necessary) ~ Increased renill Ca2•excretion; 
(2) the osteoclast Inhibitors calcitonin and 
dodronate (a bisphosphonate) ~ decreased 
bone Cal+ mobilization; (3) g)ucocorticoids. 
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30.1 Drugs for Treating Bacterlallnrections 

Drugs for Treating Bacterial Infections 
When bacteria overrome the cutaneous or 
mucosal barriers and penetrate into body tis­
sues. a bacterial Infection is present Frequently 
th~ body succeed~ in removina the invaders. 
Without outward SlgllS of disease, by mounting 
an immune response. However, certain patho­
gens have evolved a sophisticated counter­
strall!gy. Although they are taken up into host 
cells via the regular phagocytic pathway, they 
are able to forestall the subsequent fusion of 
the p~some with a lysosome and in this 
manner can escape degradation. Sina the wan 
of the sheltering vacuole is permeable to 
nutrients (amino acids, sugars), the germs are 
able to grow and multiply until the cell dies 
and the released pathogens can infect new 
host cells. This strategy is utilized, e.g., by Chla­
mydia and Salmonella species, Mycobacterium 
tuberculosis. I.egione/la pneumophila. l'llxo­
plasrna gondi~ and Leishmankl spedes. It is 
easy to see that targeted pharmacotherapy is 
especially difficult in such cases because the 
drug cannot reach the pathogen until it has 
surmounted fll5t the cell membrane and then 
the vacuolar membrane. If bacteria multiply 
faster than the body's defenses can destroy 
them, in{rcdous disetw develops, with inflam­
matory signs, e.g., purulent wound infection or 
urinary tract infection. Appropriate treatment 
employs substances that injure bacteria and 
thereby prevent their further multiplication 
without harming cells of the host organis~ 
( ... Fig. 30.11 ). 

Specific dama,e to bacteria is particularly 
feasible when a substance interferes with a 
metabolic process that occurs in bacterial but 
not in host cells. dearly this applies to inhibi­
tors of cell wall synthesis, since human or ani­
mal cells lack a cell wall. The polnu of attack 
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of antibacterial ~u are schematically illus­
trated in a grossly simplified schematic of a 
bacterial cell, as depicted in .,.. Fig. 30.12. 

The effect of antibacterial drugs can be 
observed in vitro (.,.. Fig. 30.13). Bacteria multi­
ply in a growth medium under controlled con­
ditions. If the medium contains an antibacterial 
drug, two resuhs can be discerned: (a) bacteria 
are !d'led-bactl!riddal effect; or (b) bacteria 
SIII'Vlve, but do not multiply-bacteriostadc 
elrec:t. Although variations may oa:ur under 
therape~tic conditions, the different drugs can 
be dassifled aa:ording to their primary mode of 
action (color tone in .,.. Fig. 30.12). 

When bacterial growth remains unaffl!cted 
by an antibacterial drug. bacterial resist:anc:e is 
present. This may occur because of certain 
metabolic characteristics that confer a natural 
insensitivity to the drug on a particular strain 
of bacteria (natural resistance). Depending on 
whether a drug affects only few or numerous 
types of bacteria, the terms narrow-spectrum 
(e.g., penicillin G) or broad-spectrum (e.g., tet­
racyclines) antibiotic are applied. Naturally 
susceptible bacterial strains can be tJ'anS.o 
funned under the influence of anb'bacterial 
drugs into resistant ones (acquired resistance). 
~hen ~ random ~netic alteration (mutation) 
g1ves nse to a resiStant bacterium. Under the 
influence of the drug. the susceptible bacteria 
die off, whereas the mutant multiplies unim­
peded. The more frequently a given drug is 
administered, the more probable the emer­
gence of resistant strains (e.g., hospital strains 
with multiple resistance)! 

Resistance can also be acquired when DNA 
responsible for nonsusceptibili (so-called resist­
ance plmmid) is passed on from Olber resistant 
bacll!ria by~ or transduction. 
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30.2 Inhibitors of Cell Wall Synthesis 

Inhibitors of Cel wal Synthesis 
In most bacteria, a cell wall surrounds the cell 
like a rigid shell that proii!Cts against noxious 
outside influences and prevents rupture of the 
plasma membrane from a hi&h internal 
osmotic pressure. The structural stability of 
the cell wall is due mainly to the murein (pep­
tidoglycan) lattice. This consists ofbasic build­
ing bloclcs linked together to form a large 
macromolecule. Each basic unit contains the 
two linked amino sugars N-acetyl-glucosamine 
and N-acetylmuramic add; the latter bears a 
peptide chain. The building blocks are SYnthe­
sized in the bacterium, transported outward 
through the cell membrane, and assembled as 
Illustrated schematically. The enzyme trans-­
peptidase cross-links the peptide chains of 
adjacent amino-sugar chains. Bacteria that 
stain Gram-negative have an additional 
membrane outside the murein layer. For 
many antibiotics, this blocks access to Gram­
negative bacteria. This membrane consists of 
a phospholipid double layer containing pro­
teins (including transport proteins that allow 
antibiotics to pass through) along with 
lipopolysaccharides. 

Inhibitors of cell wall syntbesis are suitable 
antibacterial agents because animal, including 
human. cells lack a cell wall These agents 
exert a bactericidal action on growing or mul­
tiplying germs. Members of this class include 
jl-lactam antibiotics such as the penicillins, 
cephalosporins and atypical fl-lactruns, as well 
as wncomycin and bacitracin. 

.,.. Penicillins (.,.. FJg. 30.2A). The parent sub­
stanc% of this group is penJdllln G (benzylpe­
Dkillln). It is obtained from cultures of mold 
fungi, originally from Penicillium notaturn. 
Penicillin G contains the basic structure com­
mon to all penicillins, 6-amlnopenicillanic 
add (6-APA; p. 270) comprising a thiazolidine 
and a 4-membered 1!-lactam ~ 6-APA itself 
lacks antibacterial activity. Penicillins disrupt 
cell wall SYnthesis by inhibiting transpepti­
dase irreversibly. When bacteria are in their 
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growth and replication phase, penicillins are 
bactericidal; as a result of cell wall derects, the 
bacteria swell and burst 

Penicillins are aenerally -well tolerated· with 
penicillin G, ~e daily~ can range' from 
approx. 0.6 g t.rn. ( • 1 OS mternational units, 1 
!"ega IU (MIU]) to 60 g by infusion. The most 
l~p!:l~t adverse e!Tects are due to hypersen­
SitiVIty (mddence up to 5%), with manifesta­
tions ranging from skin eruptions to 
anaphylactic shock (in less than 0.05~ of 
patients). Known penicillin allergy is a contra­
indication for these drugs. Neuroto/cic effects, 
mostly convulsions due to GABA anlilgOnisrn. 
~ occur If the brain is exposed to extre.rnely 
~igh concentrations, e.g., after rapid i.v. injec­
tion of.a.~ dose or intrathecal injection. 

Pen1allin G undergoes rapid renal ellrnJna­
tion mainly in unchanged form (plasma t1fl 
-0.5 ~o~rs) by means of a secretion sYStem for 
organ1c 1ons. 

To extend the dosing interv.al while ensur­
ing the necessary antibacterial drug levels 
penicillins can be given in high dose because of 
their wide therapeutic sarety margin. Depot 
preparations are available for intramuscular 
injection (duration of action of procaine peni­
cillin G is 1 day and that ofbenzathine penicil­
lin G is 7-28 days). Giving probenecid at the 
same time to inhibit the renal anion trans­
porter delays elimination; this is now obsolete. 

Although very well tolerated, peoidllln C 
has disadvantages (.,.. Fig. 30.2A) that limit Its 
therapeutic usefulness: (1) it is inactivated by 
gastric. add, which deaves the jHactam rfn&, 
necessitating parenteral administration. (2) 
The jl-lactam ring can also be opened by bacte­
rial enzymes (jl-lactamases); in particular 
penicillinase, which can be prodUCI!d by stap~ 
ylococcal strains, renders them resistant to 
penicillin G. (3) The antibacterial spectrum is 
n~; althouah it encompasses many Gram­
positive bacteria, Gram-negative cocci, and spi­
rochetes, many Gram-negative pathogens are 
unaffected. 
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30.2 Inhibitors of Cell Wall Synthesis 

Penicillin deriv;Jtives with different substitu­
ents on 6-APA possess certain advantagt!s: 
1. Add resJmnce permits oral administra­

tion. provided that enteral absorption is 
possible. Many of the derivatives shown in 
~ Fig. 303A can be given orally. Penicillin V 
(phenoxymethylpenicillin) exhibits anti­
bacterial properties similar to those of 
penidllinG. 

2. Owing to their penidllinase resistance, 
isOlUIZOiyl penicillins ( 01CIIciUin, dicloxadllin, 
flue/oxacillin) are suitable for the (oral) 
treatment of infections caused by penidlli­
nase-produdng staphylococci. 

3. Extended activity spectrum: The amino­
penidllin amOJcicillin is active against many 
Gram-negative organisms, e.g., colibacteria 
or Salmrmella typhi. 

Amoxidllin is add-stable and is absorbed well 
from the intestine because it uses a dipeptide 
transporter. Ampicillin has a similar spectrum 
of activity but because it is poorly absorbed 
(<50%), it therefore causes more extensive 
damage to the gut microbial flora (side effect: 
diarrhea), and it should be given only by 
injection. 

Acylaminopenicillins (mezlocillin. piperadl­
lin) show an even broader spectrum against 
Gram-negative bacteria (including pseudomo­
nad bacteria). These substances are neither 
acid-stable nor penicillinase-resistant. 

Penicillinase-sensitive penicillins become 
effective against penicillinase producers when 
they are given togt!ther with a IJ-lactamase 
inhibitor. which itself has no antibacterial 
action but irreversibly blocks the enzyme: 
clavu/anic acid, sulbactam, tazobactam. 

~ Cephalosporlns c~ Fig. 30.3A). These IJ-lac­
tam antibiotics are also fungal products and 
have bacteriddal activity due to inhibition of 
transpeptidase. Their shared basic structure is 
7-amimcephalosporanic acid, as exemplified by 
cefalexin (gray rectangle). Cephalosporins are 
add-stable, but many are poorly absOibed. 
Because they must be given parenterally, most­
including those with high activity-are used 
only in clinical settings. A li!w, e.g., c:efalexin, 
are suitable fur oral use. Cephalosporins are 
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penicillinase-resistant but cephalosporinase­
funning organisms do exist. However, some 
derivatives are also resistant to this J!-lactamase. 
Cephalosporins are broad-spectrum antibacteri­
als. Newer derivatives (e.g., cefotaxime, ceftriax­
one, ceftazi.dime, ceftaroline) are also el'fective 
against pathogens resistant to various other 
antibacterials. Cephalosporins are mostly WI!!! 
tolerated. All can cause allergic reactions, some 
also renal injury, alrohol intolerance, and bleed­
ing (vitamin K antagonism). 

Atypical fJ-lactams are reserve antibiotics 
for when penicillins and cephalosporins are 
ineffective or not tolerated. Following glomer­
ular filtration. the carbapenem imipenem is 
inactivated in the lumen of the proximal 
tubule by a dehydropeptidase located in the 
brush border. Combining it with the enzyme 
inhibitor cilastatin protects against this and 
maintains efficacy as far as the lower urinary 
tract. Meropenem and doripenem are not sensi­
tive to this breakdown and have less CNS 
toxicity. 

In the monobactam aztreonam, only the 
core structure of the P-lactams is present in 
the J!-lactam ring. 

~ Other inhibitors of cell w.ill synthesis. 
Badtradn and vancomycin interfere with the 
transport of peptidoglycans through the cyto­
plasmic membrane and are only active against 
Gram-positive bacteria. Vancomydn is a 
microbial glycopeptide containing unusual 
amino acids so that it cannot be cleaved in the 
gastrointestinal tract It can be used fur the 
(oral) treatment of bowel inflammations 
occurring as a complication of antibiotic ther­
apy (pseudomembranous enterocolitis caused 
by Oostridium diJiidle ). It is not absorbed. 
Infections with Gram-positive coed that are 
resistant against better tolerated drugs can 
also be treated with vancomycin given sys­
temically. This entails an increased risk of oto­
toxicity (hearing loss, tinnitus) or vestibular 
toxidty (vertigo, ataxia, and nystagmus). 

Bacitracin is a polypeptide mixture; it is 
markedly nephrotoxic and is used only 
topically. 
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30.3 Pore Formers and Inhibitors af THF Synthesis 

Pore Formers and Inhibitors af THF 
Synthesis 

PoreFonners 
The bacterial cell membrane structure is quite 
unsuitable as a target for antibacterial therapy. 
Substances that increase the permeability of 
bacterial cell membranes are seldom tolerated 
by the host 

Daptumycin is a pore former (• Fig. 30.4A) 
that attaches to the cell membrane with its lip­
ophilic carbohydrate chain. It has a bactericidal 
action against Gram-positive bacteria It can be 
used as a reserve agent for severe skin and soft 
tissue infections and is given by infusion. An 
increase in the blood creatine kinase level can 
be expected, indicating skeletal muscle 
damage. 

Because of their systemic toxicity, polypep­
tide antibiotics of the polym~ type (poly­
myxin B, polymyxin E [Colistin]) are only used 
locally against Gram-negative bacteria and 
l}'r'Othricin (a peptide mixture of tyrocidins 
and gramiddins) is used against Gram-positive 
bacteria. 

Inhibitors ofTetrahydrofulate Syntflesls 

Tetrahydrofolic add (THF) is a coenzyme in 
the synthesis of purine bases and thymidine 
(• Fig. 30.48). These are constituents of DNA 
and RNA and are required for cell growth and 
replication. Lack of TI:IF leads to inhibition of 
cell proliferation. Formation of THF from dihy­
drofolate (DHF) is catalyzed by the enzyme 
dihydrofolate reductase. DHF is made from 
folic add, a vitamin that cannot be synthesized 
in the body but must be taken up from exoge­
nous sources. Most bacteria do not have a 
requirement for folate, because they are capa­
ble of synthesizing it-more precisely DHF­
from precursors. Selective interference with 
bacterial biosynthesis of THF can be achieved 
with sulfonamides and trimethoprim. 

SUlfonamides such as su{famethoxazole 
structurally resemble p-illllinobenzoic add 
(PABA), a precursor in bacterial DHF synthesis. 
As false substrates, sulfonamides competitively 
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inhibit utilization of PABA, and hence DHF syn­
thesis. Sulfonamides thus possess bacteriostotic 
activity against a broad spectrum of patho~ns. 
Sulfonamides are produced by chemical syn­
thesis. Sulfamethoxazole is well absorbed fol­
lowing oral administration. It is used in 
combination with trimethoprim. Adverse 
effects may include allergic reactions, some­
times with severe skin dam~ (p. 92), and dis­
placement of other plasma protein-bound 
drugs or bilirubin in neonates (da~r of ker­
nicterus, hence contraindication for the last 
weeks of gestation and in the neonate). 
Because of the frequent eme~nce of resistant 
bacteria, sulfonamides are now rarely used and 
only a few are still available. 

1\imethoprim inhibits bacterial DHF reduc­
tase, the human enzyme being significantly 
less sensitive than the bacterial one (rarely. 
bone marrow depression). A 2. 4-diaminopyri­
midine, trimethoprim has bacteriostatic activ­
ity against a broad spectrum of pathogens. It is 
used mostly as a component of cotrimoxazole. 

Cotrimoxazole is a combination of trime­
thoprim and sulfamethoxazole. Since THF syn­
thesis is inhibited at two successive steps, the 
antibacterial effect is better than that of the 
individual components. Resistant pathogens 
are infrequent; a bacteriddal effect may occur. 

Sulfasalazine (• Fig. 30.4C). Although origi­
nally developed as an antirheumatic ~nt 
(p. 360), sulfasalazine is used mainly in the 
treatment of inflammatory bowel disease. Gut 
bacteria split this compound into the sulfona­
mide sulfapyridine and mesa/azine (5-amino­
salicylic acid). The latter is probably the anti­
inflammatory agent (possibly acting by inhibit­
ing synthesis of interleukin-1, tumor necrosis 
factor a, leukotrienes), but must be present on 
the gut mucosa in high concentrations. Cou­
pling to the sulfonamide prevents premature 
absorption in upper small-bowel segments. 
The deaved-off sulfonamide can be absorbed 
and may produce typical adverse effects (see 
above). Delayed release (prodrug) formulations 
of mesalazine without the sulfonamide moiety 
are available. 
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30.4 Inhibitors of DNA Function 

lnhlblton of DNA Fundlon 
Deoxyribonucleic acid (DNA) sei'VI!s as a tem­
plate for the synthesis of nucleic adds. Ribonu­
cleic add (RNA) executes protein synthesis and 
thus permits cell growth. Synthesis of new 
DNA is a prerequisite for cell division. Substan­
ces that inhibit reading of genetic information 
at the DNA template damage the regulatory 
center of cell metabolism. The substances 
listed below are useful as antibacterial drugs 
because they do not affect hlll1L1n cells. 

.,. Gyrase inhibitDrs. The enzyme gyrase 
( topoisomerase II) permits the orderly accom­
modation of a -1000 Jliil long ~!Ul chro­
mosome in a bacterial cell of -1 lUll- Within 
the chromosomal strand, double-stranded 
DNA has a double helical configuration. The 
former. in tum. is arranged in loops that are 
shortened by supercoiling. The gyrase cata­
lyze~ ~s operation, as illustrated, by opening, 
unwmding, and dosing of the DNA double 
strand such that the full loop need not be 
rotated. 

DerivatiYeS of ~olone-3-carbaxyiic 
add (green portion of otloxacin formula) are 
inhibitors of bacterial gyrases. They appear to 
prev.!nt specifically the resealing of opened 
strands and thereby act bactericidally. These 
agents are absorbed after oral Ingestion. The 
fluoroquinolone norjlC»UJdn has a broad spec­
trum but attains elfective concentrations only 
in urine. O.floxadn. ciprojloxadn, en111tadn, and 
others, also yield systemically effective com:en­
trations and are used for infections of internal 
organs. 

Besides gastrointestinal problems and 
alleray, adverse effects particularly involve the 
CNS (confusion, hallucinations, and seizures). 
Since they can damage epiphyseal chondro­
cytes and joint cartilages in laboratory animals, 
gyrase inhibitors should not be used during 
pregnancy, lact:a.tion, and periods of growth. 
Tendon damage including rupture may occur 
in elderly or glucocorticoid-treated patients. 
Several representatives of this group have been 
withdrawn from the market because of hepatic 
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damage, prolongation of the QT-interval w ith 
risk of arrhythmias, derailment of the blood 
glurose level, and pbototaxidty. 

.,. Nitroimicbzole derivatives, such as metro­
ni!Wole. These damage DNA by complex for­
mation or strand breakage. This occurs in 
obligate anaerobic bacteria. Under these condi­
tions, conversion to reactive metabolites that 
attack DNA takes place (e.g., the hydroxyl­
amine shown). The elfect is bactericidal. A sim­
ilar mechanism is involved in the antiprotomal 
action on Jlichomonas wrginalis (causative 
agent of vasinitis and urethritis) and Entamoe­
ba hlstolyt1CtJ (causative agent of large-bowel 
inflammation, amebic dysentery, and hepatk 
abscesses). Met ronidazole is well absorbed via 
the enteral route; it is also given Lv. or topi­
cally (vaginal pessary). Because metronidazole 
is considered potentially mutagenic, carcino­
genic. and teratogenic in humans, it should not 
be used for longer than 10 days, if possible, 
and should be avoided during pregnancy and 
lactation. Tinidazole may be considered equiva­
lent to metronidazole. 

.,. Rifampicin. Rifampicin (rifampin) inhibits 
the bacterial enzyme that catalyzes DNA rem­
plate-directed RNA transcription, i.e., DNA­
dependent RNA polymerase. Rifampicin acts 
bactericidally against mycobacteria (Mycobac­
terium tuberculosis, M. /eprue), as well as many 
Gram-positive and Gram-negative bacte!U. It 
is well absorbed after oral ingestion. Because 
resistance may develop with frequent usage. it 
is virtually ~cted to the treatment of 
tuberculosis and leprosy (p. 280). Rifampicin is 
contraindicated in the fJrst trimester of gesta­
tion and during lactation. 

Rifabutin resembles rifampicin but may be 
elfective in infections resistant to rifampicin. 
The rate of absorption of rifcudmin, given 
orally, is < 1%:. It is indicated for treatment of 
traveler's diarrhea and hepat ic encephalop­
athy. FidllltDmicin, giVt!n orally, is bactericidal 
against enteral QostTidium difficiJe infections. 
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30.5 Inhibitors of Protein Synthesis 

lnhlblton of Protein Synthesis 
l'roC2in synthesis means translation into a 
pe!?'ide .chain of a genetic messagl! flr.it tran­
.scnbed IDto mRNA. Amino acid (M) assembly 
occurs at the ribosome. Delivery of amino adds 
to mRNA involves different transfer RNA mole­
cules (tRNA), each of which binds a specific 
AA. Each tRNA bears an "anticodon" nudeo­
base triplet that is complementary to a partic­
ular mRNA coding unit (codon, consisting of 
three nudeobases~ 

Protein synthesis involves the following 
steps (.,.. Fig. 30.6A): 
t. Initiation, the first step, involves construct­

ing the protein synthesis apparatus out of 
mRNA. the small and large ribosome sub­
unit, and the starter tRNA-M complex. 
This is followed by the elongation steps. 

2. The ribosome "focuses" two codons on 
mRNA; one (at the left) has bound its 
tRNA-AA complex, the AA having already 
been added to the peptide chain; the other 
(at the right) is ready ID receive the next 
tRNA-AA complex. 

3. After the latrer attaches, the AAs of the two 
adjacent complexes are linked by the action 
of the ribosomal enzyme peptide synthe­
tase (peptidyltransferase ). This is a ribo­
zyme, i.e., an enzyme whose catalytic 
function is provided by ribosomal RNA. 
ConCUITI!ntly, M and tRNA of the left com­
plex disengage. 

4. The left tRNA dissociates from mRNA. The 
ribosome can advance along the mRNA 
strand and focus on the next codon. 

5. Consequently, the right tRNA-M complex 
shifts to the left. allowing the next complex 
to be bound at the right 

These ~ndividllill steps can be inhibited by anti­
bactenal drugs. Apart from linezolide, which is 
produced synthetically, all the substances 
shown in .,.. Fig. 30.6A are derived primarily 
from Streptomyces species. The drug groups 
are discussed systematically below according 
to the steps of protein synthesis. 

Oassification according to their therapeutic 
importance is different This is headed by the 
macrolides and tetracyclines, which are impor­
tant in ambulant therapy. These are fOllowed 
by the aminoglycosides, which must be given 
~terally and so are reserved for hospital 
mpattent use. and fmally linezoUde (a reserve 
drug) and chloramphenicol, which is now 
hardly ever used. 
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t. Ouzolictinones such as linezolide are a 
newly discovered drug group. They inhibit 
initiation of synthesis of a new peptide 
strain at the point where ribosome, mRNA, 
and the "start-tRNA-M" complex aggre­
gate. Oxazolidinones exert a bacteriostatic 
effect on Gram-positive bacteria. Since bone 
marrow depression has been reported, 
hematological monitnring is necessary. 
Unuolide inhibits monoamine oxidase 
(MAO-A and MAO-B). Endogenous and 
ingested bioaenic amines may therefore 
exert an increased effect and increase blood 
pressure. 

2. a)Tettacydines(.,.. F~g.30.7A) inhibitthe 
binding of tRNA- AA complexes. They are 
bacteriostatic and affect a broad spectrum 
of pathogens. Tetracydines are absorbed 
from the gastrointestinal tract to variable 
degrees depending on the substance, 
absorption being nearly complete for doxy­
cycline and minocycline. Intravenous injec­
tion is rarely needed. The most common 
unwanted effect is ptroinll!stinal upset 
(nausea, vomiting. diarrhea, etc.) due ID (1) 
a direct mucosal irritant action of these 
substances and (2) damage to the natural 
~rial gut flora (broad-spectrum antibi­
otics) allowing colonization by pathogenic 
organisms, induding Candida fungl Con­
current ingestion of antacids or milk would 
however, be inappropriate because tetracy-' 
dines form insoluble complexes withpluri­
vulmt cations (e.g., Ca2+, Mgl•, AJl•, Fel•il•). 
resulting in their inactivation; that is, 
absorbability, antibacterial activity, and 
local irritant action are abolished. The abil­
ity to chelate ean accounts lOr the propen­
sity of tetracyclines to accumulate in 
growing teeth and bones. As a result, there 
occurs an irreversible yellow-brown discol­
oration oftteth and a reversible Inhibition 
of bone growth. Because of these adverse 
effects, tetracycline should not be given 
after the second month of pregnancy and 
should not be prescribed to children aged 8 
years and under. Other adverse effects are 
inaeased photosensitivity of the skin and 
hqatic damQgt. mainly after i v. adminis­
tration. 'I'iluYdine is a structurally modi­
fied derivative oftetracydine (a 
glycylcydine ~ It is a reserve drug for severe 
infections and should also be effective 
against tetracydine-resistant bacteria. 
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30.5 Inhibitors of Protein Synthesis 

2. b) Aminoglymsides induce the binding of 
"wrong" tRNA-AA complexes, resulting in 
synthesis of false proteins. Aminoglyrosides 
are bactericidal. Their activity spectrum 
encompasses mainly Gram-negative organ­
isms. Streptomycin and kanamycin are used 
predominantly in the treatment of tubercu­
losis. Aminoglyrosides consist of glycoside­
linked amino sugars ( d gentamicin C~a. a 
constituent of the gentamicin mixture). 
They contain numerous hydroxyl groups 
and amino groups that can bind proteins. 
Hence, these compounds are highly polar, 
poorly membrane-permeable and not 
absorbed enterally. Neomycin is only used 
topically on skin and mucous membranes. 
Aminoglycosides for systemic treatment of 
serious infections must be injected (e.g., 
gentamicin. tobramycin. paromomyr:in). 
Aminoglycosides gain access to the bacterial 
interior via bacterial transport systems. In 
the kidney, they enter the cells of the prox­
imal tubules via an uptake system for oligo­
peptides. 'fubular cells are susceptible to 
damage (nephrotoxicity, mostly reversible). 
In the inner ear, sensory cells of the vestib­
ular apparatus and Corti organ may be 
injured (ototoxicity, sometimes 
irreversible). 

3. Chloramphenicol inhibits peptide synthe­
tase.lt is bacteriostatic against a broad 
spectrum of pathogens, is completely 
absorbed after oral ingestion, and readily 
crosses diffusion baniers such as the 
blood-brain barrier. Despite these advanta­
geous properties, use of chloramphenicol is 
only rarely indicated (e.g., in CNS infec­
tions) because of the danger of bone mar­
row damage. 
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4. Macrolides suppress advancement of the 
ribosome. Their action is predominantly 
bacteriostatic and is directed against Gram­
positive bacteria. Intracellular germs such 
as chlamydias and mycoplasmas are also 
affected. Macrolides are effective orally. The 
prototype of this group is erythromycin, 
also suitable as a substitute in penicillin 
allergy or resistance. Oarithromycin, roxi­
thromycin, and azit:hromycin are erythro­
mycin derivatives with similar activity; 
however, their elimination is slower, which 
permits a reduction in dosage and less fre­
quent administration. Macrolides are usu­
ally well tolerated Gastrointestinal 
disturbances may occur, possibly because 
macrolides stimulate the receptor for the 
endogenous messenger motilin, which 
stimulates peristalsis. Erythromycin and 
other macrolides can inhibit cardiac repola­
rization in the heart, resulting in a risk of 
cardiac arrhythmias in patients with a pre­
existing prolonged Qr interval on ECG or 
who are on concomitant treatment with 
other drugs that prolong the QJ' interval. 
Because of inhibition ofCYP isoenzymes 
such as CYP3M, there is a risk of drug inter­
actions. Prolonged use can lead to liver 
damage with cholestasis. 

~ Uncosamides. Clindamydn has antibacte­
rial activity similar to erythromycin. It exerts a 
bacteriostatic effect mainly on Gram-positive 
aerobic as well as on anaerobic pathogens. 
Clindamycin is absorbed well after oral inges­
tion and reaches effective concentrations even 
in bone, so it is used in the treatment of staph­
ylococcal osteomyelitis. 
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30.6 Drugs for Treill:lng Mycobacterial Infections 

Drugs for Treating Mycobacterial 
Infections 
In the past 100 years, advances in hygiene have 
led to a drastic decline in tuberculu diseases 
in developed countries. Infection with Myco­
bactl!rlwn tuberculasis can in most cases be 
cured by a systematic long-term therapy (6-12 
months) with effectilll! chemotherapeutics. 
Worldwide, however, tuberculosis has 
remained one of the most threatening dis­
eases. in developing countries, long-term com­
bination therapy is scarcely realizable. 
Therapeutic succrss is thwarted by inadequate 
medical infrastructure, a lack of financial 
resourcrs, and poor patient compliancr. As a 
result, millions of persons die annually of 
tuberculosis Infections. The insufficient treat­
ment entails an additional bad consequence: 
more and more mycobacterial strains develop 
resistancr, increasingly to several drugs at the 
same time (extremely drug-resistant tubercu­
losis, XDR-TB), and cannot be adequately 
treated. Patients suffering from immune defi­
ciency are affected more severely by infections 
with M. tubtrculosis. 

Antituberculosis Drugs 

Drugs of chaiCI! are isoniazid, rif'anl>idn, and 
ethambuto~ along with strepCDmydn and pyra­
zinamide. Combinations of three or four drugs 
are used in the initial months of treatment 

Isoniazid is bactericidal against growing 
M. tuberculosfs.In the bacterium it is converted 
by a cata~sefperoxidase to isonicotinic acid, 
which accumulates within the cell, where it 
inhibits synthesis of mymllc adds. These nor­
mally form a coat that protects against the 
host's immune mechanisms. Mycolic acids are 
linked by the polysaccharicle arabinogalactan. 
which mediates attachment to the murein of 
the cell wall. Isoniazid Is rapidly absorbed after 
oral administration. In the liver, it is inacti­
vated by acetylation. Notable adverse effects 
are peripheral neuropathy, optic neuritis pre­
ventable by administration of vitamin ~ (pyri­
doxine), and liver damage. 

Rifampldn. SOUCCI!, antibacterial activity, 
and routes of administration are described on 
p. 274. Although mostly well tolerated, this 
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drug may cause several adlll!rse effects indud­
ing hepatic damage, hypersensitivity with flu­
like symptoms, disconcerting but harmless 
red/orange discoloration of body fluids, and 
enzyme induction (failure of oral contracep­
ti...es). Concerning rifabutin. see p. 27 4. 

Pyrazinamide likewise inhibits mycolic add 
synthesis via an active metabolite. It is given 
orally. It may impair lllll!r function and cause 
hyperuricemia by inhibiting renal urate 
elimination. 

Delamanid. another inhibitor of mycolic add 
synthesis, is a reserve drug to treat multi­
drug-resistant tuberculosis. 

Streptomydn must be gilll!n l.v. like other 
aminoglycoside antibiotics (pp. 278-280). It 
damages the inner ear and the labyrinth. Its 
nephrotoxicity is comparatively minor. 

Ethambutol inhibits the synthesis of ara­
binogalactan. Ethambutol Is given orally. It 
is generally well tolerated, but may cause 
dose-dependent reversible disturbances of 
vision (red/green color blindness, visual 
field defects). 

Bedaquiline inhibits mymbacterlal ATP syn­
thase and is bactericidal. It is a reserve drug 
that can be given orally as pitt of combined 
therapy of multi-drug-resistant pulmonary 
tuberculosis. 

Antileprosy Drugs 

Rifampicin is frequently given in combination 
with one or both of the following two agents. 

Dapsone is a sulfone that, like sulfonamides, 
inhibits dihydrofolate synthesis (p. 272). It is 
bactericidal against susceptible strains of M. 
lepme. Dapsone is given orally. The most fre­
quent adverse effect is methemoglobinemia 
with accelerated erythrocyte degradation 
(hemolysis). 

Clofazimine is a dye with bactericidal activ­
ity against M. lepme and anti-inflammatory 
properties. It is given orally but is incompletely 
absorbed. Because of its high lipophilidty, it 
accumulates in adipose and other tissues and 
leaves the body only rather slowly (t,/2 -70 
days). Red-brown skin pigmentation is an 
unwanted effect, particularly in fair-skinned 
patients. 
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A. Drugs used to treat Infections wid! mycobacteria (tuberculosis, leprosy)------, 
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31.1 Drugs Used In the Treatment of Fungal Infections 

Drugs Used In the Treatment of Fungal 
Infections 
Infections due to fun&i are usually confined to 
the skin or mucous membranes: local or super­
ftdal lll)'(OSIS. However, in immune defidency 
states, intl!mal organs may also be affected: 
systEmic or deep mycosis. 

Mycoses are most commonly due to derma­
tophytl!s, which affect the skin, hair, and nails 
followini extl!mal infection. and to Candida 
albicans, a yeast organism normally found on 
body surfaces, which may cause infections of 
mucous membranes, less frequently of the skin 
or internal organs when natural defenses are 
impaired (immunosuppression, or damagt! of 
microflora by broad-spectrum antibiotics). 

Imidazole clel'Mtives inhibit synthesis of 
ergosterol, an intEgral constituent of cytoplas­
mic membranes of fungal cells and the coun­
terpart to the patient's cholesti!TOL Fungi stop 
growing (fungistatic effect) or die (fungiddal 
effect). The spectrum of affected fungi is very 
broad. Because they are poorly absorbed and 
poorly tolerated systl!mically, most imidazoles 
are suitable only for topical use (clotrimazolt, 
ecoruuo/e, miconazole, stTtlJconazole ). Rucona­
zole and itraconazolt are newer orally effective 
triazole derivatives. Both substances are elimi­
nated slowly (plasma t112 -30 hours). Owing to 
its hydroxyl group, f!IKXXliiZOle is sufficiently 
watl!r-soluble to allow formulation as an 
injectable solution. Voriconatole is closely 
related structurally to fluconazole but has a 
broader spectrum. which includes fungi resist­
ant to fluconazole. 1be same applies for posa­
conazole, which is related structurally to 
itraconazole. The idly! amine tl!rbinajine (oral) 
and the morpho line amorolfine (topical) also 
inhibit ergostl!rol synthesis, albeit at a differ­
ent stl!p. Both are used to treat fungal nail 
infections. 

282 

The polyene antibiotics amphoteridn Band 
nystatin are of bacterial origin. They insert 
themselves into fungal cell membranes (prob­
ably next to ergosterol molecules) and cause 
formation of hydrophilic channels. Amphotl!ri­
cin B is active against most orpnisms respon­
sible for systemic mycoses. Because polyene 
antifungal drugs are nonabsorbable, theymust 
be given by infusion. which Is, however, poorly 
tolerated (chills, rever, CNS disturbances, 
impaired renal function, and phlebitis at the 
infusion site). .Applied topic.1Uy to skin or 
mucous membranes, <~mphoteridn 8 is useful 
in the treatment of candida! infection. Because 
of the low ratl! of enteral absorption. oral 
administration in intestinal candldi4lsls can be 
considered a topical treatment Ukewise, nys­
tulin is only used topically (e.g~ oral cavity, 
gastrointestinal tract) against candidiasis. 

Flucytoslne is converted in candida! fungi 
to 5-tluorouradl by the action of a specific fun­
gal cytosine deaminase. As an antimetabolite, 
this compound disrupts DNA and RNA synthe­
sis (p. 298), resulting in a funglddal effect 
GiVl!n orally, flucytosine Is rapidly absorbed It 
is often combined with amphotericin 8 to 
allow dose reduction of the latter. 

Qspofungln is a cyclic polypeptide of the 
echinocandin type, which inhibit synthesis of 
the fungal wall by blocldng the enzyme P-
1 ,3-gluc.ansynthase. Caspofungin can be used in 
systemic mymses due to Candida iUld Asperxil­
lus fungi when ~hatl!ricin 8 or itraamazole 
cannot be employed It is given by infusion iUld 
causes various adverse effects. Anldu/afungin 
and rnicuJiulgin act in a slmilar way. 

Griseofulvin (obtained from molds) is a 
spindle poison. Following oral ingestion, it 
accumulatl!s in newly formed keratin. where it 
inhibits growth of clermatophytes. It has to be 
taken for weeks. It is now virtually obsolete. 
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A. AnUfungiill drugs----------------------, 
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32.1 Pharmacotherapy of Viral Infections 

Pharmacotherapy of VIral Infections 
Viruses essentially consist of genetic material 
(nucleic adds) and a capsular l!llvelope made 
up of proteins. often with a coat of a phosp!t<'­
lipid (Pl.) bilayer with embedded proteins. 
They lack a metabolic system and depend on 
the infected cell for their growth and replica­
tion. Targeted therapeutic suppression of viral 
replication requires selective inhibition of 
those melilbollc processes that spedfically 
serve viral replication in infected cells. 

.,.. Viral replk:;adon as exemplified by herpes 
simplex viruses(~> FJa. 32.1A). 
1. The viral particle attaches to the host cell 

membrane (adsorption) via l!llvelope glyco­
proteins that make contact with specific 
structures of the cell membrane. 

2. The viral coat fuses with the plasmalemma 
of host cells and the nucleocapsid (nucleic 
add plus capsule) enters the cell interior 
(ptnttratlon). 

3. The capsule opens ("uncoating") near the 
nuclear pores and viral DNA moves into the 
cell nucleus. The genetic material of the 
virus can now dlrect the cell's metabolic 
system. 

4. a) Nucleic add synthesis: The genetic mall!­
rial (DNA in this instance) is replicated 
and RNA is produced for the purpose of 
prottin synthesis. 

b) The proteins are used as "viral enzymes" 
catalyzing viral multiplication (e.g.. DNA 
polymerase and thymidlne kinase). as 
capsomers, or as coat components, or 
are incorporated Into the host cell 
membrane. 

5. Individual components are assembled into 
new virus particles (maturation). 

6. Release of daughter viruses results in 
spre<ld of virus Inside and outside the 
organism. 

With herpes viruses, replication entails host 
cell destruction and development of disease 
symptoms. 
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1> Antiviral medlanlsnu ( 1> F1g. 3l.1A). The 
organism can disrupt viral replication with the 
aid of cytotoxic T -lymphocytes that recognize 
and destroy virus-producin& cells (presenting 
viral proteins on their surface) or by means of 
antibodles that bind to and inactivate extracel­
lular virus particles. Vaccinations are designed 
to activate specific immune defenses. 

InU!deruos (IFN) are glycoproteins that, 
among other products, are released from 
virus-infected cells. In neighboring cells, inter­
feron stimulates the production of "antiviral 
proteins." These Inhibit the synthesis of viral 
proteins by (preferential) destruction of viral 
DNA or by suppressing its t ranslation. lnterfe.. 
rons are not directed against a specific virus, 
but have a broad spectrum of antiviral action 
that is, however, species-specific. Thus, ~ter­
feron for use in humans must be obtained 
from cells of human origin, such as leukocytes 
(IFN-a), fibroblasts (IFN-IJ), or lymphocytes 
(IFN-y). Interferons are used In the trea_rment 
of certain viral diseases, as well as maltgnant 
neoplasms and autoimmune dlseases; e.g., 
IFN-11 for the treatment of chronic hepatitis C 
and hairy cell leukemia; and JFN-P in multiple 
sclerosis. 

Virostnic antimetabolltes are "false· DNA 
buildlng blocks {"' Fig. 32.1 B) or nucleosides. A 
nucleoside (e.g~ thymidine) consists ofa nucle­
obase (e.g~ thymine) and the sugar deoxyri­
bose. In antimetabolib!.s, one of the coJ11XD!Ilts 
is dl!ective. In the body, the abnormal nuc!eo­
sides ~ bioactivation by attachment of 
three phosphate residues (p. 286~ 

Trifluridine is incorporated Into DNA with 
deleterious results. This also applies to the syn­
thesis of human DNA. Therefore, trifluridlne is 
suitable only for topical use (In herpes simplex 
keratitis~ 
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32.1 Pharmacotherapy of Viral Infections 

Among virostatic antimetabolites, aciclovir 
( ... Fig. 32.2A) has high specifidty because it 
undergoes bioactivation only in infected c:ells, 
where it preferentially inhibits viral DNA 
synthesis. 
1. A virally coded thymidine kinase (spedfic 

to herpes simplex and varicellazoster 
viruses) performs the initial phosphoJYla­
tion step; the remaining two phosphate 
residues are attached by cellular kinases. 

2. The polar phosphate residues render aciclo­
vir triphosphate membrane-impermeable 
and cause it to accumulate in infected cells. 

3. Adclovir triphosphate is a preferred sub­
strate of viral DNA polymer.ISe; it inhibits 
enzyme activity and, following its incorpo­
ration into viral DNA, induces strand break­
age because it lacks the 3'-0H group of 
deoxyribose that is required for the attach­
ment of additional nudeotides. In severe 
infections with herpes simplex viruses (e.g~ 
encephalitis, generalized infection) and 
varicella-zoster viruses (e.g., severe herpes 
zoster), it can be given by i.v. infusion. Ad­
clovir may also be given orally despite its 
incomplete (15-30%) enteral absorption. In 
addition, it has topical uses. 

In valaddcMr, the hydroxyl group is esterified 
with the amino add L-wline (.,. Fig. 32.1B). 
This allows utilization of an enteral dipeptide 
transporter, leading to an enteral absorption 
rate almost double that of aciclovir. Subse­
quent cleavage of the valine residue yields 
aciclovir. 

Ganddovlr (structure in ... Fig. 32.1B) is 
used in the treatment of severe infections with 
cytomegaloviruses (also belonging to the her­
pes group); these do not form thymidine kin­
ase, phosphorylation being initiated by a 
different viral enzyme. Ganciclovir is less well 
tolerated and, not infrequently, produces leu­
kopenia and thrombocytopenia. It is infused or 
administered orally as a valine ester 
(val.gandclovir). 

Foscamet represents a diphosphate ana­
logue. It inhibits DNA polymerase by interact­
ing with its binding site for the diphosphate 
group. Indication: topical therapy of herpes 
simplex infections. 
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.,. Drugs used to treat hepatitis viruses ( .,. Fig. 
32.28). Interferon alfa can be useful against 
both hepatitis B and hepatitis C viruses (HBV, 
HCV) during chronic replication. If it is pegy­
lated to peg interferon alfa, drug release from 
the injection site and renal elimination are 
slowed, prolonging the duration of action. 

1/irosmlil: antimetabolites must be consid­
ered separately depending on the pathogen. 
Hepatitis B: lamivudine, originally used only as 
an anti-HIV agent, is effective against HBV at 
lower dosage. Telbivudine and mtecavir are 
also nucleoside derivatives. The phosphonate 
adefovir dipivaxit which is active against lami­
vudine-resistant HBV, is an atypical nucleotide. 
Hepatitis C; the molecular mechanism of 
action of ribavirin. in which both the base and 
the sugar (D-ribose) are altered, is unclear. 

Sofosbuvir inhibits viral RNA polymerase. 
A nucleoside analogue monophosphate is 
released from this inactive precursor, which 
is rapidly triphosphorylated to the active 
inhibitor. 

Boceprevir and telaprevir are inhibitors of 
HCV protease. They suppress cleavage of imma­
ture precursors into functioning proteins; 
production has recently been discontinued 
(2015). 

... Drugs against influenza viruses ( ... Fig. 
32.2C). Amantadine specifically affects the 
replication of influenza A (RNA) viruses, the 
causative agents of true influenza. These 
viruses are endocytosed into the cell. Release 
of viral RNA requires protons from the addic 
conb!nt of endosomes to penetrab! into the 
virus. Amantadine blocks a channel protein in 
the viral coat that permits influx of protons. 
Thus, "uncoating" is prevented. The drug is 
used for prophylaxis and, hence, must be taken 
before the outbreak of symptoms. It is also an 
antiparkinsonian drug (p. 334). 

Neuraminidase inhibitors prevent the 
release of influenza A and B viruses. Normally, 
the viral neuraminidase splits off N-acetyl­
neuraminic (sialic) add residues on the c:ellular 
surface coat, thereby enabling newly formed 
viral particles to be detached from the host 
c:ell Zanamivir is given by inhalation; oseltami­
vir is suitable for oral administration because it 
is an ester prodrug. Uses include treatment 
and prophylaxis of influenza virus infections. 
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32.2 Drugs for the Treatment of HIV 

Drugs for the Treatment of HIV 
Replication of tbe hUJDall immuuodeftdency 
virus (HIV). the causative agent of AIDS, is sus­
ceptible to targeted interventions because it 
entails several obligaiDry steps in virus-specific 
metabolism (~ Fig. 32.3A). First. the virus 
docks on monocytes or T-helper lymphocytes 
by means of a giYtoprotein in the viral coat. 
Both of these cell types carry the CD4 complex 
(p. 304) but differ in the necessary second che­
mokine receptor attachment site (CCR5 or 
CXCR4). After binding. a fusion protein is then 
extruded from the viral coat, by which fusion 
of the latter and the cell membrane is initiated. 
Next, viral RNA is transcribed into DNA, a step 
catalyzed by viral "reverse transcriptase.• Dou­
ble-stranded DNA is incorporated into the host 
genome with the help of viral integr;ue. Under 
control by viral DNA. viral replication can then 
be initiated, with synthesis of viral RNA and 
proteins (induding enzymes such as reverse 
transcriptase and integrase, and structural 
proteins such as the matrix protein lining the 
inside of the viral envelope). These proteins 
are not assembled individually but in the form 
of polyproteim. An N-termilW fatty acid (myr­
istoyl) residue promotes their attachment to 
the interior face of the plasmalemma. As the 
virus particle buds olf the host eel~ it carries 
with It the affected membrane area as its ellVI!­
lope. During this process, a protease contained 
within the polyprotein cleaves the latter into 
individual functionally active proteins. 

Inhibitors of Reverse Transcript.ase 

~ Nudeoside Agents. Representatives of this 
group include ziclowdine, sUVUdine. z.lidt.a­
bine, dicWlosine, and Wnivudlne. They are 
nucleosides containing an abnormal sugar 
moiety and require bioactivation by phosphor­
ylation ( cf. zidovudine in ~ Fig. 32.3A). As tri­
phosphates. they inhibit reverse transcriptase 
and cause strand breakage following incorpo­
ration into viral DNA. The substances are 
administered orally. In part, they differ In their 
spectrum of adverse effects (e.g~ leukDpenia 
with zidovudine; peripheral neuropathy and 
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pancreatitis with the others) and in the 
mechanisms responsible for development of 
resistance. AIDS therapy mostly employs com­
binations of two members of this group plus 
either a nonnucleoside inhibitor (see below) or 
one to two protease inhibitors (see below). 

Nonnucleoslde Inhibitors 
Nevirapine, efavirenz, and rllplvirlne are 
active inhibitors of nonnucleoside reverse 
transcriptase (NNm), that is, they do not 
require phosphorylation. Adverse reactions 
include rashes and interactions involving cytO­
chrome P450 lsozymes (CYP). 

HIV Protease Inhibitors 

Inhibitors of viral protease prevent cleavage of 
inactive precursor proteins, and hence viral 
maturation. They are administered orally. 

Saquinavir could be considered an abnor­
mal peptide. Its bioavailability is low. Rltooavir, 
indinavir, nelflrlmr, ;unpr-enavir, tlpran.lVir, 
and darunaW are other protease inhibiiDrs that 
in part exhibit markedly higher bioavailahility. 
Biotransformation ~ these drug$ involves CYP 
enzymes and is therefilre smject to interaction 
with various other drug$ metabolized via this 
roull!. Prolongl!d administration may be a.ssoci­
ali!d with a peculiar redistribution of adipose tis­
sue and metabolic disturbances (hyperlipidemia, 
insulin resistance, hyperglya!mia). 

Reserve Drugs 
Maraviroc blocks the chemolcine receptor 
CCR5. It can be giYen orally when it has been 
shown that a patient's HI viruses use only this 
and not an alternative binding site (see above). 

Enfuvirtide is a peptide that binds to the 
viral fusion protein in such a manner as to pre­
vent the necessary change in conformation. It 
is a reserve drug. 

Raltegravir, elvitegravir, and dolutegravir 
inhibit viral integrase, thus blocking integra­
tion of ~coded DNA in the host cell 
genome. 
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33.1 Endo- and Ectoparasites 

Drugs for Treating Endoparasltlc and 
Ectoparasitic: Infestations 
Adverse hygienic conditions favor human 
infestation with multicellular organisms 
(referred to here as parasites). Skin and hair 
are colonization sites for arthropod ectopara­
sites, such as insects (lice, fleas) and arachnids 
(mites). Against these, insecticidal and arach­
nlcidal agents, respectively, can be used. Endo­
parasites invade the intestines or even internal 
organs and are mostly members or the pbyla 
of flatworms and roundworms. They are 
combatted with anthelmintics (but cf. filariasis, 
p. 294~ 

.,. Andtelmintics. As shown In the table, the 
newer agents, praziquantel and meberufazole, 
are adequate for the treatment of diverse 
wonn diseases. They are generally well toler­
ated, as are the other agents listed. 

.,. Insecticides and arachnlddes. Whereas 
fleas can be effectively dealt with by disinfec­
tion of clothes and living quarters. lice and 
mites require the topical application of thera­
peutic agents to the infested subject The fol­
lowing agents act mainly by Interfering with 
the activation or inactivation of neural voltazt!­
gated !meet sodium channels. 

• T~pe worms (a!Stodes) 

Ollorpbeoothane (DDT) ldlls insects aftl!r 
absorption of a very low amount, e.g., via foot 
contact with sprayed surfaces (contact insecti­
cide). The cause of death is nervous system 
damage and seizures. In humans DDT causes 
acute neurotoxicity only after absorption or 
very large amounts. our is chemically stable 
and is degraded In the environment and the 
body at extremely slow rates. As a highly lipo­
philic substance, it accumulates in fat tissues. 
Widespread use of our in pest control has led 
to its accumulation in food chains to alarming 
levels. For this reason its use has now been 
banned in many countries. 

Lindane Is the active y-isomer of hexa­
chlorocydohexane. It also exerts a neurotoxic 
action on parasites (as well as humam).lrrita­
tion of skin or mucous membranes may occur 
after topical use. lindane is active also agalmt 
intradermal mites (Sarcoptes scabiei, causative 
agent of scabies), besides lice and fleas. tin­
dane is degraded more readily than DDT. 

Pyret:hrolds (derived from constituents of 
chrysanthemums) offer an alternative topical 
therapy tor louse and mite Infestations; these 
are allethrin and bfoallethrin. In order to pre­
vent the parasites from rapidly metabolizing 
the pyrethroids, the topical preparation also 
contains the CYP Inhibitor piperonyl butoxide. 
Benzyl benzoate (25% emulsion) is also effec­
tive agaimt scabies. 

• Flubs (~). e.g. Sdlistmomcr species (bhrziasis) ........ ,..,~, ..... 
• Pnziqlwotel 

·~ 

• Pinworm (fnmobius ..ennic:ulcllfs prMously lalown as a.,.m wrmlcularis) • Mebenda.ole 
• Roundworm (Asalrls lumbrltoldrs) • Mebendamle 
• 7l1drlnela spinJiis • Mebendamle 
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34.1 Antimalarial Drugs 

Antlmalartal Drugs 
The causative agents of malaria are plasmodia, 
unicellular organisms (order Hemosporidia, 
dass Protozoa). The infective form, the sporo­
zoite, is inoculated into skin capillaries when 
infected female Anopheles mosquitoes (1> Fig. 
34.1A) suck blood from humans. Sporozoites 
invade liver parenchymal cells, where they 
develop into primary tissue schizonts. These 
give rise to numerous merozoites that enter 
the blood. The preerythrocytic mse is asymp­
tomatic. In blood, the parasite enters erythro­
cytes (erythrocytic stage). where it again 
multiplies by schizogony, resulting in more 
merozoites. Rupture of the Infected erythro­
cytes releases the merozoites and pyrogens. A 
fever attack ensues and more erythrocytes are 
infected The generation period for the next 
crop of merozoites determines the interval 
between fever attacks. With Pfamwdlum vivax 
and P. ova/e, there can be a parallel multiplica­
tion in the liver (paraerythrocytic stage). 
Moreover, some sporozoites may become 
dormant in the liver as "hypnozoites" before 
entering schizogony. 

Different antiJllalamJs selectively ldll the 
parasite's different developmental fOnns. The 
"classic" quinine and chloroquine accumulate in 
the addle vacuoles of blood schizonts and 
inhibit polymerization of heme released from 
digested hemoglobin, free heme being toxic for 
schlzonts. Mefloquine and lumefantrine appear 
to have a similar mechanism of action. Pipera­
quine is structuraUy similar to chloroquine but 
the resistance pattern differs. Armnesinin 
derivatives, e.g.. artemether, also inhibit heme 
polymerization. They originate from the East 
Asian plant Qinghaosu (Artemisia sp.).lts effect 
appears to involve a reaction between heme 
iron and the epoxide group with formation of 
active metabolites. AlllqWIVone suppresses syn­
thesis of pyrimidine bases, probably by inter­
fering with mitochondrial electron transport. 
Proguanil and cydoguanil, its active form, 
inhibit protozoal dihydrofolate reductase 
(p. 272) and thus synthesis of purines and 
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thymidine. The mechanism of action of prima­
quine is unclear. 

Antimalarial drug choice takes tol~bility 
and plasmodial resistance into account. 

Plasmodium .{aldparum. responsible for the 
most dangerous form of malaria, is particularly 
prone to develop drug resistance. The preva­
lence of resistant strains rises with increasing 
frequency of drug use. 

1> Malaria prophylaxis. Protection from 
mosquito bites by skin-covering dothes, 
repellents, mosquito nets, and insecticides is 
important. Plwmacologlcal propbylaxls can 
employ agents apinst blood schizonts: atova­
quone plus proguanil or mtjloquine for periods 
longer than 1 month (elimination half-life 2- 3 
weeks). It should be noted, however, that 
mefloquine can cause severe psychiatric disor­
ders. The antibiotic doxycycline is also effec­
tive, though not approved for this indication. 
other possible regimens are chloroquine in 
regions without resistance to this drug and pri­
maquine for tertiary malaria infection. Prima­
quine would be effective against primary 
tissue schizonts of all plasmodial spedes; how­
ever, it is not used for long-term prophylaxis 
because of unsatisfilctory tolerability and the 
risk of plasmodial resistance. 

These drugs do not prevent the (symptom­
free) hepatic infection but only the disease­
causing infection of erythrocytes ("suppression 
therapy"). On a person's return from an 
endemic malaria region, a two-WI!ek course of 
primaquine is adequall! for eradication of the 
late hepatic stages (P. vivax and P. ovate). 

.,. Malaria tber.apy. Different regimens can 
he used, depending on cirrurnstances (see 
World Health Organization Guideline, 2015): 
• Artemlthtr + lume.{antrine 
• Atovaquone + proguanil 
• Piperaqulne + dihydroartemesinin 
• Chloroquine 
• Mtjloquine. 
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34.2 Other Tropical Diseases 

Other Tropical Diseases 
In addition to malaria, other tropical diseases 
and their ONtment will be considered Cor the 
ColJowini reasons. (1) OwinJ to the tremen­
dous arowth in global travel. inhabitants of 
temperate climatic zones have become 
exposed to the hazard of infection with tropi­
cal disease pathogens. (2) The spread of some 
~pica! diseases is of unimaginable dimen­
Sions, with human victims numbering in the 
millions. 
a) AmebUsis. The causative aaent. Entamoeba 

histolytica, lives and multiplies in the colon 
(symptom: diarrhea), its cyst form residing 
also in the liver among other sites. In tropi­
cal regions, up to half the population can be 
inrested, transmission occurring by the 
fecal-oral route. The most effective treat­
ment against both intestinal infestation 
and systemic disease is administration of 
me~nidazole.If monotherapy fails, combi­
nation therapy with chloroquine, emetine, 
or tetracyclines may be indicated 

b) I.eislunoutmis. The causative agents are 
flagellated proiDzoa that are transmitted by 
sand flies to humans. The parasites are 
talcen up into phagocytes. where they 
remain in phagolysosomes and multiply 
until the cell dies and the parasites can 
infect new cells. Symptoms: A visceral 
Conn, known as lcala-azar, and cutaneous or 
mucocutaneous forms exist ("" Fig. 34.2A). 
An estimated 12 million humans are 
affected. Therapy is difficult; pentavalent 
antimonial compounds, such as stiboiluco­
nate, must be given Cor extended periods. 
Adverse effects are pronounced. 

c) Trypanosomiasis The pathogens, Jrypano­
soma brvai (sleeping sickness) and T. auzi 
( Chagas disease), are flagellated protozoa. 
T. brucei ("" Fig. 34.2C) Is transmitted by the 
tsetse fly, distributed in West and East 
Africa. An initial stage (swelling of lymph 
nodes, malaise, hepatosplenomegaly, 
among others) is followed by Invasion of 
the CNS with lethargy, extrapyramidal 
motor disturbances, Parlcinson-likl! signs, 
coma, and death. Therapy: long-term 
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suramin i.v. (not available in Germany) or 
pentamidine (less effective); arsenicals 
( e.g .•. ~larsoprol. highly toxic1 when the 
CNS IS Involved. T. CJ1I%I is confined to Cen­
tral and South America and transmitted by 
b.lood-sucking reduviid bugs. These para­
Sites preferentially infiltrate the cardiac 
musculature, where they cause damage to 
muscle fibers and the specialized conduct­
ing tissue. Death results from cardiac fail­
ure. Therapy: unsatisfaciDey. 

d) s_chlstosomYsls (bilharziasis). The causa­
tive organisms are trematodes with a com­
plex life cycle that need (aquatic) snails as 
intermediate hosts. Free-swimming larval 
cercariae penetrate the intact skin of 
humans. The adult worms (SchisiDsonuJ 
manson~ " Fig. 34.2D) live in the venous 
vasculature. OCaurence: tropical countries 
rich in aquatic habitats. About 200 million 
humans are afllicted. Ther;apy: praziquan­
tel, 10-40 mgJkg. single dose, is highly 
effective with minimal adverse effects. Sub­
stances released from decaying worms may 
cause problems. 

e) Filariasis. In its microform. Wuchtmia 
bancrofti is transmitted by mosquitoes; the 
adult parasites live in the ~h system 
and cause inflammation and blockage of 
lymph drainage leading to elephantiasis in 
extreme cases("" Fig. 34.28). Therapy: 
diethylcarbamazepine for several weeks; 
adverse reactions are chiefly due to prod­
ucts from disintegrating worms. 

f) ODchoclercWU ("River Blindness•). The 
causative organism is Onchocerra volvulus 
a.fllat!a transmitted by black flies (genus ' 
Srmulium). The adult par.15ites (several cen­
timeters long) form tangles and proliferat­
ing nodules ( onchocercomas) in the skin 
~nd have a particular propensity for invad­
mg the eyeball, resulting in blindness. 
About 20 million people inhabiting banks 
of fast-flowing rivers are afflicted with 
river blindness. Therapy: ivermectin 
(0.15 rngfkg. single dose); adverse reactions 
are in part caused by disintegrating worms. 
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35.1 Cytostatics 

Chemotherapy of Malignant Tumors 
A nunor (neoplasm) consists of cells that pro­
liferare independently of the body's inhl!ll!nt 
"buildina plan." A malignant tumor (cancer) is 
present when the tumor tissue destructively 
invades healthy surrounding tissue or when 
dislodged tumor cells form secondary tumors 
(metastases) in other organs. A cure requires 
the elimination of all malignant cells (curative 
therapy~ When this is not possible, atrempts 
can be made to slow tumor growth and 
thereby prolong the patienfs life or improve 
quality of life [palliative therapy~ Chemother­
apy is faced with the problem that the malig­
nant cells are endogenous and almost latking 
in specific metabolic properties. 

Cyt~tics (.,. Fig. 35. tA) are cytotDXic sub­
stances that particularly affect proliferating or 
dividing [mitotic) cells. Rapidly dividing malig­
nant cells are preferentially injured. Damage to 
mitotic processes not only retards tumor 
growth but also may initiate apoptosis [pro­
grammed ceU death). Tissues with a low mito­
sis rate are largely unaffected; likewise, most 
healthy tissues. This, however, also applies to 
malignant tumors consisting of slowly dividing 
differenmted cells. 

Tissues that have a physiologically high 
mitosis rate are bound to be affected by cyto­
static therapy. Thus, typical adverse effects 
occur. Loss of hair results from injury to hair 
follicles; gostrointesrinal disturbances, such as 
diarrhea, from inadequate replacement of 
enterocytes whose lifespan is limited to a rew 
days; nausea and vomiting from stimulation of 
area postrema chemoreceptors (p. 342); and 
lowered resistunce to illfection from weakening 
of the immune system (p. 304). In addition, 
cytostatics cause bone marrow depressjon. 
Resupply of blood cells depends on the mitotic 
activity of bone marrow stem and daughter 
cells. When myeloid proliferation is arrested, 
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the short-lived granulocytes are the flfSt to be 
affected (neutropenia). then blood platelets 
(thrombocytopenia) and, fmally, the more 
long-lived erythrocytes (anemia). Infertility is 
caused by suppression of spermatogenesis or 
follicle maturation. Most cytostat ics disrupt 
DNA metabolism. This entails the risk of a 
potential genomic alteration in healthy ceUs 
(mutagenic effect~ Conceivably, the latter 
accounts for the occurrence of leukemias sev­
eral years after cytostatic therapy ( carc:inogmic 
effect). Furthermore, congenital malfOrmations 
are to be expected when cytostatics must be 
used during pregnancy (tenrtogmic effect). 

Cytostotics possess different mecbanlsms of 
action. 

.,. ~ to the mitotic spindle (.,. Fig. 
35. tB). The contractile proteins of the spin­
dle apparatus must draw apart the replicated 
chromosomes before the cell can divide. This 
process is prevented by the so-called spindle 
poisons (see also colchicine, p. 18) that arrest 
mitosis at metaphase by disrupting the assem­
bly into spindle threads of microtubules. These 
consist of the proreins a- and .fl-tubu1in. Sur­
plus tubules are broken down, enabling the 
tubulin subunits to be recycled. 

The vinca alkaloids, vincristine and vinblas­
tine (from the periwinkle plant '1/inca I'O.WCI). 
inhibit the polymerization of tubulin subunits 
into microtubules. Damage to the nervous sys­
tem is a predicted adverse effect arising from 
injury to microtubule-operated axonal trans­
port mechanisms. 

Paditoxel, from the bark of the PacifiC yew 
(TillCIIS brevifolia). inhibits disassembly of 
microtubules and induces formation of atypi­
cal ones, and thus impedes the reassemblage 
of tubulins into properly functioning miaotu­
bules . .Docettvcells a semisynthetic derivative. 
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35.1 Cytostatics 

~ Inhibition of DNA and RNA synthesis 
c~ Fig. 35.2A). Mitosis is preceded by replica­
tion of chromosomes (DNA synthesis) and 
increased protein synthesis (RNA synthesis). 
EXisting DNA (gray) serves as a template for 
the synthesis of new (blue) DNA or RNA 
Denovo synthesis may be inhibited by the fol­
lowing mechanisms. 

~ Damage to the template c~ Fig. 35.21). 
Alkylating cytostatics are reactive compounds 
that transfer alkyl residues into a covalent 
bond with DNA For instance, mechlorethamine 
(nitrogen mustard) is able to cross-link double­
stranded DNA on giving olf its chlorine atoms. 
Correct reading of genetic information is 
thereby rendered impossible. Other alkyl.ating 
agents are c:hlorarnbucit melphalan, cyclophos­
phamide, ijOsfomide, /omustine, lhiorl!pa, milomy­
dn, proc:m1xiZine, damrlJazine, and temozolomide. 
Specific adverse reactions include irreversible 
pulmonary fibrosis due to busulfan and hem­
orrhagic cystitis caused by the cyclophospha­
mide metabolite acrolein (preventable by the 
uro-protectant mesna = sodium 2-mercapto­
ethane sulfonate). The platinum-containing 
compounds cisp/atin, carbop/atin, and oxali­
platin release platinum, which binds to DNA 

Cystostatic antibiotics insert themselves 
into the DNA double strand; this may lead to 
strand breakage (e.g., with bleomycin). The 
ant:hracyc/ine antibiotics daunorubidn and 
dmwrubicin (Adriamycin) may induce cardio­
myopathy. Bleomycin can also cause pulmo­
nary fibrosis. Epirubicin and idarubicin were 
developed in order to reduce the cardiotoxic­
icy. 7tallectfn, which also inserts itself into the 
DNA double strand, is not an antibiotic; it is 
obtained from a sea squirt. Mitoxantrone and 
pixantrone are other agents. 

Induction of strand breakage may result 
from inhibition of topoisomerase. The epipo­
dophyllotoxins et:Dposide and teniposide inter­
act with topoisomerase 11, which functions to 
split, transpose, and reseal DNA strands; these 
agents cause strand breakage by inhibiting 
resealing. The "tecans" topotecan and irinote­
can are derivatives of camptothedn from the 
fruits of a Chinese tree (Camptot:heca acumi­
naiD). They inhibit topoisomerase I, which 
induces breaks in single-strand DNA. 
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~ Inhibition of nucleobase synthesis c~ Fig. 
3522). Tetrahydrofolic add (1HF) is required 
for the synthesis of both purine bases and thy­
midine. Formation of THF from folic acid 
involves dihydrofolate reductase (p. 272). The 
folate analogue met:hotreXDte inhibits enzyme 
activity. Cellular stores of lHF are depleted. 
The elfect of these antimetabolites can be 
reversed by administration of folinic acid ( 5-
formyl-lHF, leucovorin, citrovorum factor). 
Hydrmcyurea (hydroxycarbamide) inhibits ribo­
nucleotide reductase that normally converts 
ribonudeotides into deoxyribonudeotides 
subsequently used as DNA building blocks. 

~ Incorporation of false building blocks 
(~ Fig. 35.23). Unnatural nudeobases (6-mer­
captopurine; 5-jluorouradJ) and abnormal 
nucleosides with incorrect sugars (e.g., cytura­
bine, gemdlubine ), an incorrect base (e.g., c/a­
dribine) or both (e.g., jludarabine, capecilubine) 
act as antimetabolites. They inhibit DNA/RNA 
synthesis or lead to synthesis of missense 
nucleic acids. 

Amcitidine and decitabine appear to halt malig­
nant growth by inhibiting DNA methyltransferase. 

6-Mercaptopurine results from biotransfor­
mation of the inactive precursor azathioprine 
(formula in A3). The uricostatic aUopurlnol 
(p. 350) inhibits the degradation of 6-mercap­
topurine such that coadministration of the two 
drugs requires dose reduction of the latter. 

~ Combimltion therapy. Cytostatics are fre­
quently administered in complex therapeutic 
regimens designed to improve efficacy and tol­
erability of treatment 

~ Supportive therapy. Cancer chemotherapy 
can be supported by adjunctive medications. 
The following are used to protect against vom­
iting induced by cytostatic drugs: (1) dexame­
thasone as a basic agent; (2) a 5-Hf3 antagonist 
like ondansetron (for early emesis), and (3) the 
NK1 receptor antagonist aprepitunt, which is 
elfective against delayed emesis with onset 
after more than 24 hours. Bone marrow 
depression can be counteracted by granulocyte 
and granulocyte/macrophage colony-stimulat­
ing factors (fligrastim and lenograstim). 
Mucosal damage can be helped by pali{ermin, a 
keratinocyte growth factor. 
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35.2 Interference with Cell Proliferation Signaling Patflways 

Interference with Cell Proliferation 
Signaling Pathwllys 
Even malianant cells require a cood supply of 
nutrients. They obey physiological growth 
stimuli and malce use of normal intracellular 
signaling pathways to control cell replication. 
It is possible to block these processes at various 
ti!VI!ts c~ Fig. 353A~ 

The antibody bevacizumab is directed 
against vascular endothelial growth factor 
(VEGF). VEGF promotes the development of 
new blood vessels (see p. 302). SWitching it off 
is intended to "starve" the neoplasm. 

Growth factors are proteins that stimulate 
receptors located in the plasmalemma. These 
then Corm pairs (receptor dirnerization) and on 
the cytosolic side of the plasmalemma tyrosine 
kinase activity is switched on. hence the name 
receptor tyrosine kinases. By "autophosphor­
ylation• of certain tyrosine residues, the recep­
tor becomes able to activate intracellular 
signaling molecules. A signal chain is set in 
motion that results in mitosis. Cytoplasmic 
klnases are incorporated in this signaling 
pathway. Depending on their preferred sub­
strate, they are classified as tyrosine kinases 
and serine/tllreonlrle ldnases. 

The growth factor binding site of receptor 
tyrosine kinases can be blocked. This is 
achieved by atwdmab in the case of the HERt 
subtype of the human epidermal growth factor 
receptor (HER) family (indication: rolon can­
cer) and by trastuzumab in the HER2 s~~ 
('Indication: breast cancer. p. 302). The inhibt­
tor erlodnib docks on the intracellular catalytic 
domain of HERt (used in non-small-cell bron­
chial carcinoma). Unlila! antibodies, these and 
the other kinase inhibitors are small molecules 
that can be given orally. Sunitinib has a broad 
inhibitory action against different receptor 
tyrosine kinases, including that of the VE~F 
receptor (indication. e.g~ in renal cell cam­
noma). The tyrosine kinase inhibitor irnatinib 
(p. 302), which also inhibits certain receptor 
tyrosine kinases. is used to block intracellular 
kinases. Sorufenib is a nonspedfic blocker of 
serine/threonine kinases (including raf-1) as 
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well as cytoplasmic and receptor tyrosine kinases 
and is a reser.oe agent in renal oeU cardnoma. 
~Tables 47.1 and 47 2 list the antineoplastic 
antibodies and kinase inhibitors. 

The time sequence of cell division processes 
requires correctly timed inactivation of signal­
ing molecules. Phosphorylation can be 
reversed by phosphatases. Signaling molecules 
that are no longer needed can be brola!n down. 
Ubiquitin steers proteins to the proteasome Cor 
breakdown, where it is threaded into its cata­
lytic channel and fragmented. The pneasome 
inhibitor bortezomib blocks proteolysis. Accu­
mulation of proteins that have to be brola!n 
down leads to cell death (indication: multiple 
myeloma). 

In multiple myeloma, thalidomide (notori­
ous when used as a hypnotic in the past 
because of its teratogenic effect) inhibits cell 
proliferation, promotes apoptosis. blocks 
angiogenesis, and activates natural killer cells. 
The mechanism of action is unclear. At least 
with regard to the teratogenic effect it has 
been postulated that binding to DNA promoter 
regions with the sequence GGGCGG (GC boxes) 
inhibits gene expression. Lenalidomide and 
pomalidomide are related structurally and 
functionally to thalidomide. 

Influencing hoi'IJlOIW signaljng pathWiiYS 
is discussed elsewhere (e.g., GnRH superagon­
ists Cor prostate carcinoma, p. 236; estrogen 
receptor antagonists and aromatase inhibitors 
in breast carcinoma, p. 254 ). 

lmmunologlw sJaoa1iD1 pathWiiY5 are 
used with lnter,frron a{fa for hairy cell leukemia 
and inkrleukin-2 (aldesleukin) for advanced 
renal cell carcinoma. 

It should be noted that G-protein-coupled 
receptors may be involved in malignant 
growth as Wl!ll as receptor tyrosine kinases. A 
GPCR named smoothened has a central role in 
the bedgeho1 5flnaiiDi pathway, which is 
important Cor embryo development and cell 
differentiation. Vismodtgib inhibits this recep­
tor. Vismodegib is used orally to treat basal cell 
carcinoma of the skin. The substance is teral»­
genic so it is contraindicated in pregnancy. 
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35.3 Special Antineoplastic Drug Actions 

Special Antineoplastic Drug Adlons 
When neoplastic cells display special meta­
bolic properties which are dijfermt from those 
of normal c:ells, targeted pharmacotherapeutic 
intervention becomes possible c~ fia. 35.4A). 

~ Imatinib. Chronic myelogenous leukemia 
(CML) results from a genetic defect in the hem­
atopoietic stem cells of the bone marrow. 
Nearly all CML patients possess the Philadel­
phia chromosome. It results from translocation 
between chroiiiOSOIIH!S 9 and 22 of the c-abl 
proiD-OIIcogene, leading tD the hybrid bc:r-abl 
fusion gene on chromosome 22. The recombi­
nant gene enrodes a tyrosine kinase mutant 
with unregulated (constitutive), enhanced 
activity that promotes cell proliferation. Imati­
nib Is a tyrosine kinase inhibitor that specifi­
cally affects this mutant but also Interacts with 
some other kinases. It can be used orally in 
Philadelphia chromosome-positive CMI. 

Dtuatinlb and nllotintb are reserve drugs 
that can be used in the case of imatinib 
resistance. 

BeYacizumab is an angiogenesis inhibitor 
that has been approved for the treatment of 
bowel and breast cancer and other neoplasms. 
A solid neoplasm needs an adequate blood 
supply in order to thrive. Signaling proteins 
from the vascular endothelial growth factor 
(VEGF) family can be produced by nearly all 
cells. An Important stimulus for their release is 
reduced O:z partial pressure, as occurs, for 
instance, at the middle of a solid tumor. VEGFs 
stimulate existing endothelial cells tD prolifer­
ate. The new cells migrate. develop a lumen 
and so provide a amnection between the neo­
plastic tissue and the blood supply. Hll'NI:Yer, 
proper angiogenesis is also important for 
repair processes in inflammation and wound 
healing. This results in possible side effects: 
gastrointestinal perforation, hemorrhage, and 
also a rise in blood pressure (reduced endothe­
lial NO production). 

Ranibizurnab, the Fab fragment of beVildzu­
mab, is injected locally in the eye to treat neo­
Vilscularization in wet macular degeneration. 
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'D'astuzumab exemplifies a growing num­
ber of monoclonal antibodies that have 
become available for antineoplastic therapy. 
These are directed against cell surface proteins 
that are strongly expressed by cancer cells. 
Trastuzumab binds to HER2, the receptor for 
epidermal growth factor. The density of this 
receptor Is greatly increased in some types of 
breast cancer. When the tumor cells have 
bound antibody, immune cells can recognize 
them as elements to be eliminated. Trastuzu­
rnab is indicated in adVilllced cases under cer­
tain conditions. The antibody is cardiotoxic: it 
is lilcely that cardiomyocytes also express 
HER2. HER2 is a receptor tyrosine kinase. It 
should be mentioned that the tyrosine kinase 
domain of the receptor protein that faces the 
interior of the a!ll can also be inhibited by 
lapatinib. 

Mechanisms of Resistance to Cytostatlcs 
Initial suca!ss can be followed by loss of effect 
because of the emergence of resistant tumor 
cells. Mechanisms of resistance are multifacto­
rial <• Fig. 35.48). 
• Diminished cellular uptake may result from 

reduced synthesis of a transport protein that 
may be needed for membrane penetration 
(e.g., methotrexate). 

• Augmented drug extrusion; increased syn­
thesis of the P-glycoprotein that extrudes 
drugs from the cell (e.g., anthracyclines, 
vinca a!killoids, epipodophyllotoxins, and 
paclitaxe.l) is responsible for multidrug 
resistance (mdrJ aene amplification). 

• Diminished bioactivation of a prodrug. e.g., 
cytarabine, which requires intracellular 
phosphorylation to become cytotoxic. 

• Cha~ in site of action: e.g., increased syn­
thesis of d!hydrofolate reductase may occur 
as a compensatory response to 
methotrexate. 

• DatnQ&e repair: DNA repair enzymes may 
become more efficient in repairing defects 
caused by dsplatin. Inhibition of apoptosls 
due to actiViltion of antiapoptotic cellular 
mechanisms. 
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36.1 Inhibition of Immune Responses 

Inhibition of Immune Responses 
Both the pre-Rntion of transplant rej«rion and 
the treatment of autoimnwllt! disorders call for 
~ suppression of inunune responses. However. 
1nunune suppression also entails weakened 
defenses against infectious pathogens and a 
long-term increase in the risk of neoplasms. 

A specific immune response begins with 
the binding of antigen by lymphocyb!s carry­
ing specific receptors with the appropriate 
antigen-binding site. B-lymphocytes "recog­
nize• antigen surface structures by means of 
membrane receptors that resemble the anti­
bodies formed subsequently. T-lymphocytes 
(and naive B cells) require the antigen to be 
presented on the surface of macrophages or 
other cells in conjunction with the major histo­
compatibility complex (MHC); the latter per­
mits recognition of antigenic structures by 
means of the T-cell receptor. T-helper (TH) cells 
carry adjacent CD3 and CD4 complexes, cyto­
toxic T cells a CDS complex. The CD proteins 
assist in docking to the MHC. T -cell activation 
is also increased by coni3Ct with other mem­
brane proteins: CD 80/86 in the case of the 
antigen-presenting rell and CD 28 on the lym­
phocyb!. There is a built -in physiological brake 
as the activated lymphocyte releases CD28-like 
"dwnmy" molecules into the extracellular 
space; these "cap" the CD 80/86 complex and 
block it from making contact with and activat­
Ing the lymphocyte. This dummy molecule is 
named CTIA-4. Besides recognition of antigen, 
stimulation by cytokines plays an essential 
part in the activation of lymphocytes.lnterleu­
kin-1 is formed by macrophages, and various 
interleukins (H.). including H.-2. are made by T­
helper cells. As antigen-specific lymphocytes pro­
lifetate, imrmme dei!n.ses are set iJ:m motion 

"' Inmference with ant!Jen rec:opdtion. 
Glatiramer acetate consists of peptides of vary­
ing lengths, polymerized in random sequence 
from the amino acids glutunine, lysine, alanine, 
and tyrosine. It can be used in the treatment of 
multiple sclerosis besides Jl-inteli!ron. This dis­
ease is caused by a T -lymphocyte-mediated 
autoaggression directed against oligodendro­
cytes that fOrm myelin sheaths of CNS axons. 
The culprit migm appears to be myelin basic 
protein Glatir.uner resembles the latter; by 
blocking antigen receptors, it interferes with 
antigen recognition by lymphocytes. 
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Abatacept Is a fusion protein consisting of 
the lymphocyte CD 28 dummy molecule CTIA-
4 and an antibody Fe fragment It imitates the 
physiological brake of antigen-mediated T-cell 
stimulation and is used in rheumatoid arthritis 
(p. 360). The similarly constructed belatacept 
is used for immunosuppression following kid­
ney transplantation. 

"' Inhibition of cytoklne production and 
action. Gluc.oc:orlkoids modulate the expres­
sion of numerous genes; thus, the production 
of IL-1 and IT.-2 is inhibited, which explains 
the stglreSSion of T-all-dependent immune 
responstS. In addition, glucocorticoids interte~ 
with inflanunatory cytokines and signali~ mol­
ecules at various other sites. Glucocorticoids 
are used in organ transplantations, autoimmune 
diseases, and allergic disorders. Systemic use 
carries the risk of Iatrogenic Cushing syndrome 
(p.242~ 

ddosporin and related substances inhibit 
the production of cytokines, in particular inter­
leulcin-2. In contrast to glucocorticoids, the ple­
thora of accompanying metabolic effects is 
absent (see the section on calcineurin inhibi­
tors, p. 306, for more details) . 

.Anakklra is a recombinaD: form of an endog­
enous antlgonist at the interleukin-1 receptor 
it is used in rheumatoid arthritis (p. 360~ ' 

Basilixlmab is a monoclonal antibody against 
the receptor for IL-2. It consists of murine Fab 
fragments and a human Fc-segment It is used 
to suppress transplant rejection reactions. Thclli­
zumab (p. 360) and ustekinumab (p. 378) are 
other interleukin inhibitors. 

"' Disruption ol cell metabolism with inhibi­
tion of proliferation. At dosages below those 
needed to treat malignancies, some cytostatics 
a~ also employed for immunosuppression· 
e.g., azathioprine, methotrexate, and cydo~ 
phosphamide. The antiproliferative effect Is 
not specific for lymphocytes and lnwlves both 
T and B cells. 

Mycophenolate mofetil has a more specific 
effect on lymphocytes than on other cells. It 
inhibits inosine monophosphate dehydrogen­
ase, which catalyzes purine synthesis in lym­
phocytes. It is used in acute tissue rejection 
responses. 
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36.2 Calcineurin Inhibitors, Slrollmus 

calclneurfn Inhibitors, Slrollmus 
Ciclosporin ("" Fig. 36.2A) is of fungal origin· it 
is a peptide composed of 11, in part atypi~ 
amioo acids. Therefore. orally administered 
dclosporin is not degraded by &aStrointestinal 
proteases. In T-helper cells, it inhibits the pro­
duction of intmeukin-2 by Interfering at the 
level of transcriptional regulation. Normally; 
•nuclear factor of activated T cells; (NFAT) pro~ 
moll!S the expression of interleuldn-2. This 
requires dephosphorylation of the precursor, 
phosphorylated NFAT. by the phosphatuse cal­
cineurin, enabling NFAT to enter the cell 
nucleus from the cytosol. Oclosporln binds to 
the protein cydophilin in the cell interior; the 
complex inhibits caldneurin, hence the pro­
duction of interleukin-2. 

The breakthroughs in modern traruplantll­
~on medicine are largely attributable to the 
Introduction of ciclosporin. It is now also 
employed in certain autoimmune diseases 
atopic dermatitis, and other disorders. ' 

The predominant adverse effect of dclo­
sporin is nephroloxicity. Its dosage must be 
titrated so that blood l~ls are neither too 
high (risk of renal injury) oor too low (rejec­
tion ~~~ To complicate the problem, 
dclospo~ JS a substance difficult to manage 
therapeutically. Oral bioavailability is incom­
plete. Back-transport of the drug into the gut 
lumen occurs via the p-glycoproll!in efflux 
pump, In addition to metabolism by cyto­
chrome oxidases of the 3A subfamily. Hepatic 
q'P3A4. enzymes contribute to presystemic 
elimination and are responsible for elimination 
of systemically available dclosporin. Diverse 
drug interactions may occur by interference 
with CYP3A and ~ycoprotein. For optimal 
~sage adjusttnent, monilllring of plasma l!Mis 
1s mandatory. 
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Drug-mediated suppression of transplant 
~ entalls big-term tlNtme!!t. Protracted 
immUllDSUppression carries an increased risk of 
malignant tumors. Risk factors tor cardiovascular 
dis~ses may be adversely alfected-a aitical 
and unportant concern in long-term prognosis. 

Tacrolimus is a macrolide antibiotic from 
Streptomyces tsukubamsis. In prindple, it acts 
like ciclosporin. At the molecular !eve~ how­
ever, its "receptor• is not cyclophilin but a 
so-c.alled FK-binding protein. Tacrolimus is 
~se used to prevent allograft rejection. Its 
eptthelial penetrability is superior to that of 
ddosporin, allowing topical application in 
atnpic dermatitis. 

Sirullmus (rapamydn. .,. Fig. 36.2A) is another 
maaolide, produced by SITepfmJyl:es hydrosco­
picus. Its immunosuppressant action does not 
appear to Involve inhibition of calcineurin. It 
forms a complex with the FK protein. imparting 
a SPecial conlbrmation to it; and the complex 
then inhibits the mTOR (mammalian tligl!t of 
rapamydn) phosphatase. The latll!r operall!S in 
the signaling path leading from the inll!rleukin-
2 receptor to activation of mitosis in ~ho­
cytes. Thus, SirolitnJS inhibits ~OOcyte prolif­
eration. It is approved for the ~tion of 
transplant rejection. 

The structure and action of everoUmus 
resemble those of sirolimus. Sirolimus Is also 
used to coat stents that are placed in athero­
sclerotic coronary arteries to maintain vessel 
patency following balloon dilation. Sirolimus is 
intended to halt proliferation processes in 
the vessel wall that would lead to narrowinJ of 
the lumen. The related kmSirolimus is used in 
the treatment of renal cell cardnoma. 
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37.1 Antidotes and Treatment of Poisoning 

Antidotes and Treatment of Poisoning 
Drugs used to CDWlteract drug overdosagl! are 
considered ~d~r the. appropriate headings; 
e.a.. physostlgmine With atropine; nakwlne 
with opioids; flumazenil with benzodiaze­
pines; antibody (Fab fragments) with digitalis; 
and N-acetylcysteine with acetaminophen 
intoxication. 

Chelating agenlli (~ Fig. 37.1) serve as anti­
dotes in poisoning with heavy metals. They act 
to complex and, thus, "inactivate• heavy metal 
ions. Chelates (from Greek: chele • pincer (of 
crayfish)) represent complexes between a 
metal ion and molecules that carry several 
binding sites for the metal ion. Because of their 
high affinity, chelating agents "attract" metal 
ions present in the organism. The chelates are 
nontoxic, are excreted predominantly via the 
kidney, and maintain a tight organometallic 
bond in the concentrated, usually acidic. milieu 
of tubular urine and thus promote the elimina­
tion of metal ions. 

Naa~-EIJTA (~ Fig. 37.1A) is used to treat 
lead poisoning. This antidote cannot penetrate 
through cell membranes and must be given 
parentenlly. Because of its high binding ~ 
ity. the lead ion displaces ca1• from its bond. 
The lead-containing chelate is eliminated 
renally. Nephrotoxicity predominates among 
the unwanted effects. Na~-penll!tate is a 
complex of diethylenetriaminopentaacetic acid 
(DPTA) and serves as antidote In lead and 
other metal intoxications. 

Dimercaprol (BAL. British Anti-Lewisite) 
was developed in World War n as an antidote 
apinst vesicant organic arsenicals {~ Fig. 
37.1 B). It is able to chelate various metal ions. 
A related compound, both in terms of structure 
and activity, is dimertaptopropanesulfonic 
add, the sodium s.alt of which is suitable lOr 
oral ~nistration. Shivering. fever, and skin 
reactions are potential adverse effects. 
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DeferoxmUoe derives from Streptomyces 
piJosus. The substance possesses a very high 
iron-binding capacity but does not withdr.!w 
iron from hemoglobin or cytochromes. It is 
poorly absorbed entera!ly and must be given 
parenterally to cause increased excretion of 
iron. oral administration is indicated only if 
enteral absorption of iron is to be curtalled. 
Unwanted effects include allergic reactions. 
The new deferasirox can be given orally. 

It should be noted that bloodletting is the 
most effective means of removing iron from 
the body; however, this method is unsuitable 
for treating conditions of iron overload associ­
ated with anemia. 

D-Penidllamine can promote the elimina­
tion of copper (e.g., in Wilson disease) and of 
lead ions. It can be given orally. 1\vo additional 
indications are cystinwia and rheumatoid ardui­
tis. In cystinuria, limnation of cystine stones in 
the urinary tract is prevented because the drug 
can 1bnn a disulfide with cysteine that is readily 
soluble. In rheumatoid arthritis (p. 3601 penicill­
amine can be used as a~ agent. 
The ther.!peutic effect may result in part from a 
reaction with aldehydes, whereby polymeriza­
tion of rollagen molecules iniD fibrils is inhibited. 
Ul!-wan~ ~ ~ cutaneous damage (p. 92) 
With diminished res1stance to mechanical stress 
with a tendency to ronn blisters. nephrotoxicity, 
bone marrow depression, and taste disturbances. 

Apart from specific antidotes (if they exist1 
the treatment of poisoning also calls lilr symp­
tomatic measures (control of blood pressure 
and blood electrolytes; moni!Dring of cardiac 
and respiratory function; prevention of toxin 
absorption by activated charcoal). An i~t 
step is early emptying of the stnmadl by gastric 
lavage and, if llt!CI!SSary, administr.ttion of an 
osmotic laxative. Use of emetics is inadvisable. 
If an emetic must be given, ipecac syrup would 
be the first choice. Saturated salt solution p.o. 
and apomorphine s.c. are hazardous. 
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37.1 Antidotes and Treatment of Poisoning 

~ Reacti1r.1.turs of phosphorylated acetylcho­
linesterase (ACbE). Certain organic phos­
phoric acid compounds bind with high affinity 
to a serine OH group in the active center of 
AChE and thus block the hydrolysis of acetyl­
choline. As a result, the organism is poisoned 
with its own transmitter substance, acetylcho­
line. This mechanism operates not only in 
humans and warm-blooded animals but also 
in lower animals, ACh having been "invented" 
early in evolution. Thus, organophosphates 
enjoy widespread application as insecticides. 
Time and again, their use has led to human 
poisoning because these toxicants can enter 
the body through the intact skin or inhaled air. 
Depending on the si!VI!rity, signs of poisoning 
include excessive parasympathetic tone, gan­
glionic blockade, and inhibition of neuromus­
cular transmission leading to peripheral 
respiratory paralysis. Specific treatment of the 
intoxication consists in administration of 
extremely high doses of atropine and reactiva­
tion of acetylcholinesterase with pralidoxime 
or obidoxime (~ Fig. 37.2A). 

Unfortunately, the organophosphates have 
been misused as biological weapons. In World 
War II, they were stockpiled on both sides but 
not deployed. The efficacy of the poisons was 
subsequently "demonstrated" in smaller local 
armed conflicts in developing countries. In the 
present global situation, the rear has arisen 
that organophosphates may be used by terro­
rist groups. Thus, understanding the signs of 
poisoning and the principles of treatment are 
highly important. 

~ lblonlum cbJodde (toluidine blue). 
Brown-colored methemoglobin, containing tri­
valent instead of divalent iron, is incapable of 
carrying O:z. Under normal conditions, methe­
moglobin is produced continuously, but reduced 
again with the help of glucose-6-phosphall! 
dehydrogenase. Substances that promoll! forma­
tion of methemoglobin (~ Pig. 37 28) may cause 
a lethal deficiency of (h. Thlonium chloride is 
a redox dye that can be given iv. to reduce 
methemoglobin. 
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~ Antidotes fur cyanide poisoning (~ Fig. 37 28). 
Cyanide ions (CN-) enter the organism in the form 
of h;ydrocyimic acid (HCN); the 1iltter can be 
inhaled. released from cyanide salts in the acidic 
stDmach juice, or enzymatically liberated from bit­
ter almonds in the gastroinll!Stinal tract The 
lethal dose of HCN can be as low as so mg. eN­
binds with high affinity to trivalent iron and 
therei1j arrests utilization of oxygen via mitochon­
drial cytochrome oxidases of the respiratory 
d!ain. Internal asphyxiation (histotoldc hypmda) 
ensues while erythrocytes remain charged with 
O:z (venous blood colored bright red~ 

In small amounts, cyanide can be converted 
to the relatively nontoxic thiocyanate (SCN-) 
by hepatic "rhodanese" or sulfur-transferase. 
As a therapeutic measure, sodium thiosulfate 
can be given i.v. to promote formation of thio­
cyanate, which is eliminated in urine. HOWI!VI!r, 
this reaction is slaw in onset A more effective 
emergency treatment is the i.v. administration 
of the methemoglobin-forming agent 4-dime­
thylaminopheno~ which rapidly generates tri­
valent iron from divalent iron in hemoglobin. 
Competition between methemoglobin and 
cytochrome oxidase fur CN- ions favors the for­
mation of cyanmethemoglobin. Hydroxycoba­
lamin ( • vitamin Bn.) is an alternative, very 
effective antidote because its central cobalt 
atnm binds CN- with high affinity to generate 
cyanocobalamin ( = vitamin 812). 

Ferric ferrocy.mide (MPrussian biW!") is 
used to treat poisoning with thallium salts 
(e.g., in rat poison), initial symptoms of which 
are gastrointestinal disturbances, followed by 
nerve and brain damage, as well as hair loss. 
Thallium ions present in the organism are 
secrell!d into the gut but undergo reabsorp­
tion. The insoluble, nonabsorbable colloidal 
Prussian blue binds thallium ions. It is given 
orally to prevent absorption of acutely ingested 
thallium or to promote clearance from the 
organism by intercepting thallium that is 
secrell!d into the intestines(~ F~g. 37 .2B). 



37.1 Antidotes and Treatment of Poisoning 

A. Reactivation of Aeh-esb!rase by an oxime----------------. 

( 

~~ 
~ ~,------------:----, 
~O I Paraoxon residue 

0 
I 

s..nn~ ACh-esterase 
molecule 

In hlbltlon of 
ACIH!5terase 
by paraoxon 

I 
' 

' 0 
I 

S..rln~ Aell-esterase 
Oxlme-phosphonate 
formation 

Release of 
active center 

B. Parsons and antklotes-..,.-------::::--..,.-----------, 
SCN- 8 Substances forming 

methemoglobin 

e.g., ~ Nitrite 

~N-o Aniline 

OzN-Q Nitrobenzene 

-fl.~ 

~~.!fl 
Li 

ffl> 

~~·~tt:c· 

Flg.37.Z 

Tolonium chlor1de 
(toluidine blue) 

synthetase FelllH b 
~ .. 

\. ..~ 
' . . . . . . ' . ' . ' . ' 

Na2S20J _}: f..- DMAP .. 
H~ --€) 

/ \\\ 
Fe3+ VItamin Btza 

I 

Feme ferrocyanide 

Fe~ (Fe11(~l613 
(Prusslan blue) 

Tl excretion 

311 



38.1 Psychotomlmetlcs 

Psychotomlmetlcs 
(Psychedelics, Hallucinogens) 
Psychotomimetia are able to elicit psychic 
changes like those manifested in the course of 
a psychosis, such as Illusionary distortion of 
pera!plion and baDucinations. This experi­
ence may be dreamlike In character; its emo­
tional or Intellectual transposition appears 
inco~rehensible to the outsider. 

A psychotomimetic effect is pictorially 
recorded In the series of portraits drawn by an 
artist under the iniluence of lysergic add 
diethylamide (LSD). As the lniXIXicall!d state 
waxes and wanes wavelike, he reports seeing 
the face of the portra:yl!d subject tum Into a 
grimace, phosphoresce bluish-purple, and fl'!lc­
tuate in size as if viewed through a mDVJng 
zoom lens, creating the illusion or abstruse 
changes In proportion and grotesque motion 
sequences. The diabolic caricature is perceived 
as threatening (.,. Fig. 38.1A). 

Illusions also affect the senses of hearing 
and smell; sounds are "experienced" as float­
ing beams and visual impressions as odors 
("synesthesia"~ IniXIXicated indMduals see them­
selves tmtporarily from the outside and pass 
judgment on tllernselves and their condition. 
The boundary between self and the environment 
beaJmes blurnd. An elating sense of being one 
with the other and the cosmos sets in. The sense 
of time is suspended; there is neither past nor 
future. Objects are seen that do not exist, and 
experiencts are felt that transcend explanation. 
hence the term "psychedelic" (Greek delom = 
revelation) implying expansion of consciousness. 

Nanually ocrurring hallucinogens are: psilo­
cin, psilocybin (from the Psilocybe mexicana 
mushroom), bufoiDIIin (the cutaneous gland 
secretion of a toad), and mescaline (from the 
Mexican cactus Anhalonium /ewlnii • peyote). 
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.,. C-mn.lbinoids. Hashish, a resin obtained 
from Indian hemp, is a widespread drug that 
contains _69-tetrahydrocannabinol (1HC) as 
active substance. Hashish often acts as an 
•entry-level" ciNJ for hard drup. After using 
hashish, symptOms similar to those desaibed 
above for LSD occur. TWo specifiC binding sites 
have been found for tetrahydrocannabinol: CBt 
receptocs in the CNS and ~ receptors in 
peripheral tissues. It is noteworthy that endog­
enous ligands have been discovered that 
act as agonists at CB receptors; these are anan­
damlde and 2-aracbnldooyJcl)urol. These 
endocannablnoids are arachidonic acid deriva­
tives. There has been Intensive research Into 
their physiological significance. An exlr.lct 
from the cannabis plant containing 69-tetrahy­
drocannabinol and cannabidiol is available to 
treat spasticity in patients with multiple s~e­
rosis. It is subject to controlled drug presmb­
ing regulations. Blockade of CBt receptors by 
means of rimonabant to reduce appetite and 
aid Wl!ight loss was unsuccessful as the incidence 
of suicide Increased. Endogenous cannabinoids 
appear to contribute to a sense of well-being. 

In addition. other substances that do not act 
as primary hallucinogens, such as am~­
amme derivatives (e.g., 3,4-dimethyl-diaxy­
methamphetamine - ecstasy and more 
recently 1-benzylpiperazine) and cocaine, are 
dangerous. Acute Intoxication is associall!d 
with a misperception of reality, and a period of 
exhaustion fOllows. After prolonged use, 
dependence devdops, associated with physical 
and Intellectual decay. Withdrawal therapy is 

diflicult. ~otDmimetia are devoid of therapeutic 
value· hawever, since their use leads to toxic 
efferu and permanent damage, their manufac­
ture and commercial distribution are prohib­
ill!d (Schedule I, Controlled Drugs). 
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38.2 Tobacco and Nicotine 

Nicotine 

Actions of Nicotine 
Acetylcholine (ACh) is a mediator in the ganglia 
of the sympathetic and parasympathetic divi­
sions of the autonomic nervous system Here, 
ACh receptors are considered that are activated 
by nicotine (niootinic receptors; NAChR, p. 120) 
and that play a leading part in fast ganglionic 
neurotransmission. These receptors represent 
ligand-gared ion channels (p. 82). Opening of 
the ion pore induces Na• influx foiiOWI!d by 
membrane depolarization and excitation of the 
cell. NAChR tend to desensitize rapidly; that is, 
during prolonged occupation by an agonist the 
ion pore doses spontaneously and cannot 
reopen until the agonist detaches itself. 

Localizi!ltion of Nicotinic ACh Receptors 

Autonomic nervous system ("" Fig. 38.2A, mid­
dle). In analogy to autonomic ganglia, NAChR 
are found also on epinepluine-releasing cells 
of the adrenal medulla, which are innervated 
by sympathetic first neurons. At all these syn­
apses, the receptor is located postsynaptically 
in the somatodendritic region of the g;mgliocyte. 

MoiDr end plate. Here the ACh receptors are 
of the moror type. 

Central nervous system (CNS; .,. Fig. 38.2A, 
top). NAChR are involved in various functions. 
They have a predominantly presynaptic loca­
tion and promote transmitter release from 
axon terminals by means of depolarization. 
Together with ganglionic NACIR they belong 
to the neuronal type, which differs from the 
motor type in terms of the composition of its 
five subunits. 

Effects of Nicotine on Body Function 
Nicotine served as an experimental tool for 
the classification of acetylcholine receptors. 
As a tobacco alkaloid, nicotine is employed 
daily by a vast part of the human race for the 
enjoyment of its central stimulant action. 
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Nicotine activates the brain's reward system, 
thereby promoting dependence. Regular use 
leads to habituation, which is advantageous in 
some respects (e.g., stimulation of the area 
postrema). In habituated subjects, cessation of 
nicotine use results in mainly psychological 
withdrawal symptoms (increased nervousness. 
lack of concentration). Prevention of these is 
an additional import.mt incentive for continu­
ing nicotine use. Peripheral effects caused by 
stimulation of autonomic ganglia may be per­
ceived as useful {"laxative" effect of the fJrst 
morning cigarette). Sympathetic activation with­
out corresponding physical exertion ("silent 
stress") may in the long-term lead to grave car­
diovascular damage (p. 31 6). 

Aids for Smoking Cessation 

Administration of nicotine by means of skin 
patches, chewing gum, or nasal spray is 
intended to make it easier for the smoker to 
quit. The habit should be broken by a gradual 
reduction of the nicotine dose. Initially, this 
may happen; however, the long-term relapse 
rate is disappointingly high. 

Bupropion (amfebutamone) shows struc­
tural similarities to amphetamine and inhibits 
neuronal reuptake of norepinephrine and dop­
amine. It is supposed to aid smokers in "kick­
ing the habit," possibly because it evokes CNS 
effects resembling those of nicotine. The high 
relapse rate after stopping the drug and its 
substantial side effects put its therapeutic 
value in doubt 

Varenicline is a further option to support 
smoking cessation. This acts as a partial ClgO!Iist 
at certain nicotine receptor subtypes ( 11.4!3:z). As 
a result, the nicotine receptors needed for "suc­
cessful smoking" are occupied but have dimin­
ished intrinsic activity. Nicotine obtained from 
smoking is virtually without effect. Side effects 
are vomiting, sleep disorders, headaches, con­
stipation, and suicidal thoughts. The success 
rate is low. 
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38.3 Consequences ofTobacco Smoking 

Consequences of Tobacco Smoking 
The dried and cured leaves of the nightshade 
plant Nicotiana lllbacum are known as tobacro. 
Tobacco is mostly smoked. less frequently 
chewed or taken as dry snuff. Combustion of 
tobaa:o generates -4000 chemical compounds 
In detectable quantities. The xenobiotic burden 
on the smoker depends on a range of parame­
ters, Including tobacco quality, presence of a 
filter, rail! and temperature of combustion 
depth of inhalation, and duration of breath 
holdinJ. 

Tobaa:o contains 0.2-5% nicotine. In tobacco 
smo~ nicotine is present as a constituent of 
small tar particles. The amount of nicotine 
absorbed during smoking depends on the nic­
otine content, the size of membrane area 
exposed to tobacco smoke (N.D.: Inhalation), 
~d the pH of the absorbing surface. It is rap­
Idly absorbed through bronchi and lung alveoli 
when present in free base form. However, pro­
tonation of the pyrrolidine nitrogen renders 
~ corresponding part of the molecule hydro­
philic and absorption is impeded. To maximize 
the yield of nicotine, tobaa:os of some manu­
facturers are made albline. SmoJcins of a sin­
gle cigarette produces peak plasma levels in 
~e r~ of 25-50 _ngJrnL When Intake stops, 
rucotine concentration in plasma shows an 
initial rapid fa!~ due to distribution into tissues 
and a ll!nninal elimination phase with a half-~ 
of 2 hours. Nicotine is degraded by oxidation. 

The enhanced risk ofvascum disease (cor­
onary stenosis, myocardial infarction, and cen­
tral and peripheral ischemic disorders, such as 
stroke and intermittent claudication) is lilcely 
~ be a consequence of chronic exposure to 
rucotine. At the least, nicotine is under discus­
sion as a factor favoring the progression of 
atherosclerosis. By releasing epinephrine, it 
elevates plasma levels of glucose and free 
fatty adds in the absence of an inunediate 
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physiological need for these energy-rich 
metabolites. Furthermore, it promotes platelet 
aggregability, lowers fibrinolytic activity of 
blood, and enhances coagulability. 

The heal~ risks of tobacco smoking are, 
however, attributable not only to nicotine but 
also to various other ingredients of tobaa:o 
smoke. Some of these possess demonstrable 
carcinogenic properties (e.g~ thE! tobacco-spe­
cific nitrosoketone ). 

Dust particles inhaled in tobacco smoke 
together with bronchial mucus, must .,e 
removed by the ciliated epithelium from the 
airways. However, ciliary activity is depressed 
!JY ~ smoke and mucodliary transport is 
Impaired. This favors bacterial lnfl!ction and 
rontributes to the chronic bronchitis associ­
ated o,yith .regular smoking (smokl!r's cougll). 
Chrome inJury to the bronchial mucosa could 
be an important causative factor in Increasing 
the risk in smokers of death from bronchial 
carcinoma. 

Statistical SllnleyS provide an impressive 
correlation between the numbers of cigaretll!s 
smoked per day and the risk of death from cor­
onary disease or lung canrer. On the other 
hand, statistics also show that, on cessation of 
smoking. the Increased risk of death from cor­
onary Infarction or other cardiovascular dis­
ease declines over 5-10 )'l!arS almost to the 
lew:! of nonsmokers. Similarly, the risk of 
developing bronchial carcinoma is reduced. 

Siner most of the cigarette smoke is exhaled 
into the atmosphere, nonsmokers In enclosed 
spaces inhale "diluted smoke." It is now 
accepted that highly exposed passive smokers 
suffer from the same typical diseases as active 
smokers, though at statisticaJiy lower rates. 

Smoking during pregnancy has negative 
effects on the embryo: birth weight is lower 
perinatal mo~ty is increased, and postnatai 
development IS delayed. 
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38.4 Alcohol Abuse 

Alcohol Abuse 
Since prehistoric times, ethanol-containing 
beverages have en~ widespread use as a 
recreational luxury. What applies to any 
medicinal substance also holds for alcohol: 
the dose alone makes the poison. Excessive 
long-term consumption of alcoholic drinks, o; 
alcohol abuse, is harmful to the alfected indi­
vidual Alcoholism must be considered a grave 
disorder that plays a major role in terms of 
numbers alone; fur instance, in the western 
world about 10% of the population are affected 
by this self-inflicted illness. 

Ethanol is miscible with water and Is well 
lipid-soluble. enabling it to penetrate easily 
through all barriers in the organism· the 
blood-brain barrier and the placental b~er 
are no obstacles. In liver cells, alcohol is broken 
down to acetic acid via acetaldehyde. Alcohol 
~ehydfl?g~e can ~e blocked by the competi­
tive Inhibitor fomep1zole. This action is utilized 
in ~thylene glYtol (HO-CH2-Qh-OH) poisoning 
as 1t halts the first step in its toxicity (~ Fig. 
38.4A). Ethyl alcohol is never Ingested as a 
chemically pure subs~ but in the furm of 
an alcoholic beverage that contains flavoring 
~ts and higher alcohols, depending on its 
ongm. The effect desired by the consumer 
takes place in the brain: ethanol acts as a 
stimulant, it disinhibits, and It enhances soci­
ability, as long as the beverage Is enjoyed in 
moderate quantities. After higher doses self­
critical faculties are lost and motor functlon is 
!~paired-the familiar picture of the drunk. 
s.till higher doses induce a comatose state ( cau­
tion: hypothermia and respiratory paralysis). 
The complex effects on the CNS cannot be 
ascribed to a simple mechanism or action. An 
inhibitory effect on the NMDA subtype of glu­
tamate receptor appears to predominate. 

In chronic alcohol abuse, mainly two organs 
are da!najed: 
1. In the liver, hepatocytes may initially 

undergo fatty degeneration, this process 
being reversible. With continued exposure 
liver cells die and are replaced by ' 
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connective tissue newly formed from myo­
fibroblasts: liver cirrhosis. Hepatic blood 
flow is greatly reduced; the organ becomes 
Wlilble to fulfill its detoxification function 
(~anger of hepatic coma). Collateral circula­
tion routes develop (bleeding from esopha­
geal varices) with production of ascites. 
Alcoholic liver cirrhosis is a severe, mostly 
progressive disease that permits only 
symptomatic therapy(~ Fig. 38.48). 

2. The functional cap;u:ity of the brain is 
impaired. Irreversible damage may mani­
fest in a measurable fallout of neuronal cell 
bodies. Often delirium tremens develops 
(us~y triggered by alcohol withdrawal), 
which can be managed with intensive ther­
apy ( clomethlazole, haloperidol, among 
others). ln addition, alcoholic hallucinations 
and Wernicke-Korsakott syndrome occur. 
All of these are desolate conditions. 

Besides the liver and brain. other organs 
can be damaged by chronic excessive alcohol 
consumption: the peripheral nervous system 
develops polyneuropathy; gastritis occurs In 
the stomach, especially after consumption of 
drinks containing a high percentage of alcohol· 
the pa~as reacts with p;utaNtitis, the heart 
muscle With cardiomyopathy. and the kidney 
with nephritis. 

It must be pointed out specifically that 
alcohol abuse during pregnancy leads to 
embryo-fetal alcohol syndrome (malforma­
tions, persistent intellectual deficit). This intra­
uterine intoxication is relatively common: one 
case per 1000 births (~ Fig. 38.4C). 

Otronic alcohol abuse is an expression of 
~ ~~ndence. Thus, therapy of this addic­
tiOn 1s .difficult and frequently without success. 
There IS no pharmacotherapeutic silver bullet 
(the NMDA receptor antagpnist ocampmsate 
an~ the GABAs agonist bado.fm may be worth 
trymg). :f'bove all, psychotherapeutic care, a 
change m milieu, and supportive treatment 
with benzodiazepines are important. 
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39.1 Hypertension 

Hypertension 
Canllowscular diseases are the leading cause 
of death in the Westt!m world. Basically, athe­
rosclerosis liiilllifests itself in three major 
oraans and thereby leads to severe secondary 
diseases. Coronary disease results from athero­
sclerosis of the coronary arteries and culmi­
nates in myocardial infarction when vessels are 
occluded by a thrombus. In the brain, athero­
sclerosis gives ri~e to arterial thrombi or rup­
tures that result m a st:roke. Atherosclerosis in 
the kidney leads to renal failure. Sirn these 
diseases significantly lower life expectancy 
early recognition and elimination of risk ~ 
(h~nsion. diabetes mellitus, hyperlipide­
mia, and smoking) that promote atherosclerosis 
are essential 

Hypertension is considered to be present 
when systolic blood pressure exoeeds 140 mmHg 
~ the diastolic value lies abolle 90 mmHg. 
~ cardiovascular risk increases over a wide 
range with increasing blood pressure. no "thresh­
old value" exists that defines hypertension 
unequiwcally. If other risk factors are present, 
blood pressure sbould be brought down to an 
even lower level (in diabetes mellitus below 140/ 
85 nunHg). 1herapeutk objectiyes mmprise the 
~ntion of organ damage and reduction of 
mortality. Because these target parameters 
cannot be measured in individual patients, the 
"surrogate paral1ll!l!!1" of l.oYming of blood 
pressure is defined as the iinrnediab! goal Befure 
drug therapy is instituted, the patient has 
to be instructed to reduce body weight 
(BMI <30). to reduce consull\)tion of alcohol 
(in men < 20-30 g ethanol/day; in women 
10- 20 gfday}, to stop smoking, and to 
restrict the daily intake of NaCI (to 6 gfday). 

The drugs of first choice in antihypertensive 
therapy are those that have been unambigu­
ously shown in clinical studies to reduce 
mortality of hypertension- diuretics ACE 
inhibitors, AT1 antagonists, ~blockers a~d cal­
dum antagonists. Reducing blood pressure is 
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important to reduce cardiovascular risk The 
choia! of medication is guided by concomi­
tant diseases and possible contraindicatlons 
(.,. Fig. 39.1B). 

Among the diuretics, thiazides are particu­
larly remrnrnended lOr treatment of hyperten­
sion. lb avoid undue loss of K', combination with 
triamterene or amiloride is ofren advantlgeOUS. 

ACE Inhibitors prevent the fonnatlon of 
angiotensin D by angiotensin-converting enzyme 
(~) and thereby red~ peripheral vasa11ar 
resiSWlce and blood pressure. In additicm, ACE 
inhibitors prevent the etrect of angiotensin II on 
protein synthesis in ~ial and vascular 
muscle cells, and thus diminish Vl!lltricular 
hypertrophy. As adverse effects, N::F. inhibitors 
may pltJIIOke dry cough, impaired renal ftmc­
tion, and hypericalemia. When ACE inhibitors 
are ~y tolerated, an ATt receptor antagonist 
can be gwen. 

. From the group of ~adrenoceptor antago­
msts, Pt·selectlve bl~ are mainly used 
(e.g., metoprolol). Owing to blodcade of JJ2-

receptors, non-selective JJ-blockers can impair 
pulmonary function, particularly in patients 
with chronic obstructive lung disease. 

. Am~ ak:lurn antapjsb. dihydropyri­
dmes With long half-lives are advantageous 
because short-acting drugs, which rapidly 
lower blood pressure, are prone to elicit reflex 
tachycardia. 

Fewer than 50% of hypertensive patients are 
adequately managed by monotherapy. If the 
monotherapy fails, either the drug should be 
~tinued or two agents should be combined 
m red~ d.osage (thiazide and P-bloclaer, 0100/ 
or N:E inhibitor, 0100/or calcium-antagonist~ 
Combinations that abolish the countEr regula­
tion against the primary attihypenrnsive drug 
are especially effective. For instance, diuretic­
Induced loss of Nd' and water leads to a com­
pensatory activation of the renin-atliiotensin 
system that can be eliminated by ACE inhibitors 
or AT1 antlgOnists. 
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39.2 Angina Pectoris 

Angina Pectoris 
An anginal pain attdCic: signals transient hypo­
xia of the myocardium. As a rule, the ~gm 
defidt results from inadequate myocardial 
blood flow due to narrowina of larger coronary 
arteries. The underlying cawes are: 
• most commonly atherosclerotic change of 

the vascular wall (coronary sclerosis with 
exertional angina) 

• very infrequently spasmodic consttiction of 
a morphologically healthy coronary artery 
(coronary spasm with angina at rest· variant 
angina) ' 

• or more o~ coronary spasm occurring in 
an atherosclerotic vascular segment 

The goal of treatment Is to prevent myocardial 
hypoxia either by raising blood flow (~gm 
[OJ] supply) or by lowering myocardial oxygen 
demand (02 demand). 

~ Facto~. detennln~ oxypn supply. The 
force drivmg myocardL11 blood flow is the pres­
sure . dljference between the coronary ostia 
(aortic pressure) and the opening of the coro­
nary sinus (ri&ht atrial pressure). Blood flow is 
opposed by coronary flow resisblllee, which 
includes three components: 
1. Owing to their large caliber, the proximal 

coronary sqments do not normally contrib­
ute signifx:antly to flow resistance. How­
ever, in coronary sclerosis or spasm. 
pathological obstruction of flow occurs 
here. Whereas the more common coronary 
sclerosis cannot be overcome pharmacolog­
ically, the less common coronary spasm can 
be relieved by appropriall! vasodilators 
(nitrates, nifedipine). 

2. The caUber of arteriolar resistance vessels 
controls blood flow through the coronary 
bed. Arteriolar caliber is determined by 
myocardial 02 tension and local concentra­
tions of metabolic products, and is "auto­
matically" adjusted to the required blood 
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flow(~ Fig. 39.2B, healthy subject). This 
me~lic au~gulation explains why 
angmal attacks m coronary sclerosis occur 
only during exercise (~ Fig. 39.28, patient). 
At rest, the pathologically elevated flow 
~tance is compensated by a correspond­
mg decrease in arteriolar resistance, ensur­
ing adequate myocardial perfusion. During 
exercise, further dilation of arterioles is 
impossible. As a result, there is ischemia 
associated with pain. Pharmacological 
agents that act to dilate arterioles would 
thus be inappropriate because at rest they 
may divert blood from underperfused into 
healthy vascular regions on account of 
redundant arteriolar dilation. The resulting 
"steal effect" could provoke an anginal 
attack. 

3. The intramyocardial pressure, i.e~ systolic 
squeeze, compresses the capillary bed. 
Myocardial blood flow is halted during 
systole and occurs almost entirely during 
diastole. Diastolic wuU tension ("preload") 
depends on ventricular volume and filling 
pressure. The orpnic nitrates reduce pre­
load by decreasing venous return to the 
heart 

~ Facton determining oxyp!ll deDWMI. The 
heart muscle cell consumes the most energy 
to generate contractile force. ~ demand rises 
with an increase in 
1. heart rare 
2. contraction velocity 
3. systolic wuU tension ("afterload"). The last 

depends on ventricular volume and the sys­
tolic pressure needed to empty the 
ventride. 

As peripheral resistance increases, aortic pres­
su~ rises ~d, hence, the resistance against 
which ventncular blood Is ejectl!d. ~ demand 
is lowered by JJ-blockers and caldum antago­
nists, as well as by nitrates (p. 326). 
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39.3 Antianginal Drugs 

Antlanglnal Drugs 
Anlianginal agents deri~ from three drug 
groups, the pharmacological properties of 
which have already been presented in more 
d_etail: the organic nitrates (p. 138), the cal­
aum antagonists (p. 140), and the jJ-bloclcers 
(p. 116). 

Organic nitrates (~ Fig. 39.3A) Increase 
blood flow, hence 0 2 supply, because diastolic 
wall tension (preload) declines as venous 
return to the heart is diminished. Thus the 
nitrates enable myocardial flow resistan~ to 
be reduced ~ in the presena of coronary 
sclerosis with angina pectoris. In angina due to 
coronary spasm. arterial dilation overcomes 
the vasospasm and restores myocardial perfu­
sion to normal ~ demand falls because of the 
ensuing decrease in the two variables that 
determine systolic wall tension (afterload): 
ventricular fLlling volume and aortic blood 
pressure. 

c.Jdum an~nlsts (~ Fig. 39.38) decrease 
~ demand by lowering aortic pressure, one of 
the components contributing to aftrrload. The 
dihydropyridine nifedipine, is devoid of a cardi­
odepressant effect, but may give rise to reflex 
tachycardia and an associated increase in ~ 
demand. The catamphiphilic drugs verapamil 
and diltiazem are cardiodepressant. Reduced 
beat frequency and contractility contribute to 
a reduction in O:z demand; however, AV-block 
and mechanical insuffidency can dangerously 
jeopardize heart fimction. In coronary spasm. 
caldum antagonists can induce spasmolysis 
and improve blood flow. 

jJ-Biodll!rs (~ Fig. 39.3C) protect the heart 
against ~ ~wasting elfect of SYmpathetic 
drive by inlu~ fJ:t-receptor-mediated increases 
in cardiac rate and speed of contraction. 

~ Uses of antlanglnal drup. For relief of the 
acute anglllill attadc, rapidly absorbed drugs 
are preferred (~ Fig. 39.3D). The drug of choice 
is giyreryl trinitrute (GTN, nitroglycerin) 0.8-
2.4 mg sublingually; onset of action within t-2 
minutes; duration of effect -30 minutes~ 
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lsosorbide dinitrate (ISDN) can also be used 
~5-tO.mg sublingually); compared with GTN, 
Its actiOn is somewhat delayed in onset but of 
longer duration. 

For sustained daytime aJ11iDa prophylalds, 
nitrutes are of limited value because "nitrate 
~uses" of about 12 hours are appropriate if 
mtrate tolerance Is to be avoided. If attacks 
occur during the day, ISDN or its metabo!Jte 
isosorbide mononiiTIZte may be gi~n In the 
morning and at noon (e.g~ ISDN 40 mg in 
extended-~lea~ .cap~ules). ~use of hepatic 
presystemiC eliminatiOn. GTN IS not suitable 
for oral administration. Continoous delivery 
via a transdermal patch would also not seem 
advisable because of the potential develop­
ment. of tolerance. With molsidomine, there is 
less nsk of nitrate tolerance; however its ciJni­
cal use is restricted owing to its 'potential 
carcinogenicity. 

When choosing a caldum antagonist it must 
be en~~ ~t ~~~-acting substances (e.g., 
omlodiprne, mcardipme) or a sustained-release 
~ulation of shan-acting substances (nifedi­
pme retmd) are prescribed in order to avoid 
reflex tachycardia. When /1-bloc:kers are given 
the potential consequences of reducing card~ 
contractility (withdrawal of sympathetic drive) 
must be kept in mind. Sina vasodilating 
fh-receptors are bloclced, an increased risk of 
VilSospasm cannot be ruled out. Therefore 
monotherapy with P-blockers is recommended 
only in angina due to coronary sclerosis but 
not in variant angina. If jJ-blockers are co~tra­
indicated, ivabradine may be used. This 
redliCeS the heart rate at rest and during exer­
dse by blocking cardiac pacemalcl!r channels. 

Ranolazine, which inhibits late Na• inflllll, 
thereby improving card.iomyocyte energy bal­
ance, is another reserve drug. 

To improve the long-term prognosis of coro­
nary heart disease, the following dflliS are 
use~ in ~ddition: low-<lose acetylsalicylic add, 
~tins (1f LDL-cholesterol is raised), ACE inhib­
Itors, and P-blockers if heart failure or myocar­
dial infarction is also present. 
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39.4 AaJte Coronary syndrome-Myocardial Infarction 

Acute Coronary Syndrome-Myocardial 
Infarction 
~ Infarction (MI) is caused by the 
occlusion of a coronary artery or one of its 
branches. The myocardial region that has been 
cut off from its blood supply dies within a 
short time owing to the tack of~ and glucose. 
In the area bordering the infarct, the oxygen 
supply to cardiac muscle cells is reduced 
and the membrane potential becomes unsta­
ble. Spontaneous pacemaker potentials may 
develop, leading to fatal ventricular fibrillati~. 
The loss of functional muscle tissue results m 
reduced cardl.ac performance. The falling blood 
pressure stimul.ates the sympathetic sysll!m; 
the heart rate Is Increased via P-receptors and 
peripher.d resistance is increased via a-recep­
tors so the heart's oxygen demand rises. This 
res~ts in further worsening of the cardiac si­
tuation. The patient experiences severe pain, a 
feeling of annlhil.ation. and fear of dying. 

Mlusually develops afW" rupture or erosion 
of an atherosclerotic plaque (.,. Fig. 39.4A). At 
this site, platelets and the clotting system are 
activated and a thrombus can fonn rapidly, 
further narrowing the lumen. Regardless of 
subsequent therapeutic measures, lmrnecliate 
therapy must be initiated by the emergency 
physician in aU patients with suspected MI. To 
relieve the patient from severe pain and anxi­
ety, morphine and a benzodiazepine (diaze.. 
pam) need to be given. Antiplatelet drugs and 
heparin as anticoagulant are necessary for pre-­
venting further formation of thrombi. GTN can 
be used to reduce cardiac load. When blood 
pressure and heart rail! have stabilized, a JJ­
blocla!r can be administered to lower cardl.ac 
~ consumption and the risk of arrhythmias. 
Infusion of lidocaine is required to counter the 
threat of arrhythmias. After the initial meas­
ures, the patient must be transported to hospi­
tal as quickly as possible. The chance of 
survival of the MI patient depends on the 
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interval between the onset of infarction and 
the start of therapy. 

The Ea; and laboratory tests determine the 
diagnosis and further therapy. ST segment ele­
vation is evidence of occlusion of a Iarte coro­
nary artery ("STEM!"~ In this case, rapid 
reperfusion is often life-savinJ. If the patient 
has been brought to a cardiac center, cardiac 
catheterization with balloon dilation of the 
stenosis is usually perfonned. The risk of coro­
nary artery resll!nosis at this site can be 
reduced by insertion of a stent. Both bare 
metal stents and coated stents are employed. 
The surface of a stent can have a medicated 
coating that slowly releases paclitaxel or siroli­
mus. These drugs are Intended to diminish 
neointima formation and hence the danger of 
resll!nosis. Following stent Insertion, anti plate­
let treatment with acetylsalicylic acid and an 
ADP (P2Yu) receptor antagonist such as clopi­
dogrel is recommended. 

If cardiac catheterization is not available, 
intravenous fibrinolysis to dissolve the throm­
bus can be instituted within the first 12 hours 
after the start of the infarct symptoms. 

If the patient has acute coronary syndrome 
without ST elevation ("NSTEMI") or unstable 
angina pectoris, pharmaoological therapy is 
begun (.,. f'Jg. 39.4A) and cardiac catheteriza­
tion is performed to look for coronary stenosis. 
Because of the risk of bleeding. fibrinolytic 
drugs are contraindicated in NSTEMI or unsta­
ble angina pectoris. 

Post-MI management calls for strict ad~r­
ence to a program of secondary prevention. 
The patient must reduce cardl.ac risk factors 
and implement cessation of smoldng. optimal 
control of diabetes mellitus, and physical 
exercise (a dog that loves to run is an ideal 
training partner~ Supportive pharmacothera­
peutic measures include administration of pla­
telet aggregation inhibitors, JJ-bloclcers, statins, 
and ACE inhibitors. 
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39.5 Congestive Heart Failure 

Congestive Heart Failure 
In chronic congestive h!!art failure, cardiac 
pump performance falls beiOIN a levelrt!QUired 
by the body's organs for maintainilll function 
and metabolism (1Jo Fig. 39.5A). The most com­
mon primary causes of heart failure are coro­
nary disease, hypertension. volume overload, 
or cardiomyopathies. Diminished cardiac per­
formance leads to precardial congestion of 
veno\IS blood. Congt!stion in front of the left 
ventricle causes dyspnea and pulmonary 
edema. Ankle edema. enlar&ed liver, and 
ascites signal congestion in front of the right 
ventricle. 

The degree of severity of myocardial failure 
is categorized acmrding to the New York Hl!art 
Association (NYHA) Functional Classification 
System (1Jo Fig. 39.58). Stages I-IV reflect an 
increasing level of disability. 

The decrease in cardiac function activates 
several compens;Uocy medwUsms that operate 
to ~tain perfusion of organs (1Jo FJg. 39.5A). 
These include activation of the sympathetic 
neiVDIIS sysrem and of the renin-angiotensin 
~ ~ release of norepinephrine 
mses canil.ac rate and evokes peripheral vaso­
mnstriction. Increased productioo of angioten­
sin II promotes both vasoconstrictioo and 
release of aldosterone from the adrenals. These 
mmpen.sations increase cardiac afterload and 
plasma volume is expanded becallSe the kidney 
~ water and sodiwn Although such "auxil­
iary" countermeasures afford transient help in 
maintaining cardiac output, (nor)epinephrine 
aldosterone, and angiotensin n promote the pro: 
gression of myocardial insulficienc:y. SUccessful 
therapy or chronic ~ failure is therefore 
contingent on inbibilion of CDIIIpell5ation 
medJanlsms. 

~Bloc:bn are used successfully In the ma­
nagement of h!!art failure ( ~Jo Fig. 39.58~ Every 
2-3 weeks. the daily dose can be increased in 
small increments, as long as the patient does 
not develop bradyrardia. 

AC.E inhibitors are the appropriate agents 
fur inhibiting the renin-angioll!nsln n system. 
The effect of angiotensin D receptOr antagonists 
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is equivalent to that of N:F. inhibitors. Both 
interve~ons . fur attenuating compensatory 
mechanisms t~rove the clinical stlte of 
patients (less hospitalization) and increase life 
expectancy. 

Diuretics are essential in the treatment of 
edema, dyspnea, and advanced congestive 
failure. 

Treatment with an aldosterone antagonist Is 
indicated when the action of aldosterone is 
enhanced as physiological compensation for 
congestive cardiac failure. Splrooolictooe is 
the classic antagonist, though it does not have 
highly specific affinity fur aldosterone recep­
tors but also binds to sex hormone receptors. 
Eplenmooe is a lle'NI!f drug that Is a very spe­
dfic aldosterone receptor antagonist so this 
should be given precedence. Block of cardiac 
mineralocorticoid receptors is intended to 
reduce the chronic interstitial fibrosis associ­
ated with congestive heart failure. Hyperkale­
mia may be a side effect, so the serum 
potassium level should be monitored. 

If the hl!art rate remains above 70 beats/ 
min despite ~receptor block.ade, ivabradine 
~ be given to reduce the tachyrardia and 
tmprove symptoms. 

DllftaUs ~osldes augment the contractile 
force of cardiac mllSde and are indicated in 
severe chronic heart failure, especially in the 
presence of concomitant atrial fibrillation. 
Successful digitalization can be confirmed 
!>J diuresis (~onitor the patient's weight), 
Improvement tn dyspnea, and slowing of the 
heart rate. Di&oxin is the preferred digitalis 
preparation because of its favorable pharma­
cokinetics. Digitaltin's long t1f2 (about 7 days) 
Is highly Impractical. Acetyl- and methyldl­
gaxin have no advantages compared with 
digoxin. Digitalis glymsides improve the 
patient's clinical situation but have not been 
shown to improve mortality. 

Drugs with an acute positive inotropic 
action (e.g~ catecholamines or phosphodiester­
ase inhibitors) maybe of transient help in sud­
den decompensation but must not be given in 
chronic congestive failure. 
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39.6 Septic Shock 

Septic Shock 
A distinction is made between cardiogenk 
shock, hypovolemk shoclc, and septic shock 
(• Fla. 39.6A).lt is easy to understand how car­
diosenic shock is caused by inadequate cardiac 
pump function and hypovolemic shock by 
massi~ blood or plasma loss. Septic shock, on 
the other hand, is based on a complicated 
cascade of reactions triggered by molecules 
on the surface of bacteria and fungi. This sec­
tion deals only with septic shock and its 
management 

The processes that take place during sepsis 
are extremely varied. It is triggered by micro­
organisms that are either pathogenic from the 
start or become pathogl!nic by "migrating" 
from one body compartment to another. Sub­
stances such as lipopol:ysacchari.de or mureins 
are present on the cell surface of bacteria and 
fungi; mureins are found particularly on 
Gram-positive bacteria. These substances bind 
to toll-likl! receptors (TLR) located on cells of 
the immune system. Binding activates cytosol 
nuclear factor (NF-«8). whkh stimulates cyto­
kine transcription in the cell nucleus. Jnterleu­
kins such as tumor necrosis filctor a (TNFa) 
and interleukin-1 p are then released and 
produce inflammation. Directly or indirectly 
by releasing further "acti~ substances; these 
worsen the symptoms of septic shock, which 
may terminate in multiorgan failure. 

Induction of COX-2, leading to increased 
prostaglandin production, is another mecha­
nism that plays a negative part in sepsis. These 
arachidonic acid derivati~s promote inflam­
matory reactions, reduce the pain threshold, 
and cause fe~. 

It Is not possible to predict which of these 
mechanisms will be involved in an individual 
case and determine the course of the disease. 
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~llTlif!ing factors indude the severity of the 
pnmary Infection, the patient's physical condi­
tion, the pathogl!ns responsible for the sepsis, 
how many organs are involved, and how 
quickly and consistently therapy is instituted 
and provided. 

The treatment of septic shock: ("" Fig. 39.6B) 
can be divided Into immediately needed 
measures and procedures to deal with the 
disease and the patient's individual course. 
The first priority is to remiM! the focus of 
infection and start anti-infectious therapy. 
Removal of the infection focus often requires 
surgery. An antibiotic or antibacterial drug 
must be started Immediately !!\'en befOre lden­
~fying ~.type of organism and determining 
Jts sensitiVIty. A drug with the broadest possi­
ble spectrum must be given in high dosage. A 
spealic drug can be used following bacterial 
diagnosis. 

J~st as urgent is treatment of hypotension, 
which leads to underperfusion and impaired 
function of many organs such as the heart, 
lungs, kidneys, and brain. Use of vasoconstric­
tor drugs is often necessary in addition to vol­
ume replacement with electrolyte solutions in 
~rder to achieve adequate blood pressure. This 
1s called c:ontrolled-wlume catecholamine 
therapy. Thrombosis prophylaxis should also 
begi~n. 

Other measures such as artificial ventilation 
may be necessary depending on the case. if the 
kidneys stop functioning, dialysis must be 
employed. Pyrexia can be reduced by antipy­
retics (~minophen) and severe pain by 
~ICS. U~ of central depressant drugs Is 
madVJsable. It IS worth noting that administra­
tion of corticosteroids has hardly any positive 
effect in septic shock. 



39.6 Septic Shock 

A. 5eptlc:shodc dew~ and trealment ----------------, 

System 1c dlstrlbutlon of bac:tena and tmclns 

Toll-lllce 
receptors 

Macrophage Neutrophil Lymphotyte 
granulocyte 

Gi!nl!l"iillzed pi'Odudlon ilnd relase of lnflilmmilblly ll1llllilton 

TN Fa. inb!rleukins, interferons, pro stag l;mdins, 
leukotrienes, thrombDxane 

~ 
I 

(Q) 
Volume ( ( ( 

CNS.Iung, heart. liver, kidney 

replacement \{ 

6 ~ ~ 
Dobutamlne, ~. 
-•'""'""' \ ""'"'"i"'' mkb 

Flg.l!I.G 

Dialysis 

333 



40.1 Paricinson Disease 

Antlparklnsonlan Drugs 
In order to cany out purposive IIKM!ment, 
impulses pass from the motDr cortex via the 
spinal cord to the appropriate muscles. At the 
same time. the movement pattern is coordi­
nated by impulses that pass through various 
parts of the brain and send messages back to 
the motor cortex. One of these motor drcuits 
passes through the cerebellum and another 
through the basal ganglia. A disorder localized 
in the basal ganglia is known as ParldDSon dfs­
e.se (shaking palsy). The disuse typically 
manifests at an advanced • and is character­
ized by tremor at rest, muscle stiffness (rigidity). 
1XM!JtY of movement (akinesia). and increasing 
impairment in quality of life 

The primary disorder is degeneration of 
dopaminergic ganglion cells in the substantia 
nigra; these project as the nigrostriatal tract to 
the corpus striatum (putamen and caudate 
nucleus), where they exert an Inhibitory effect. 
Excitatory cholinergic neurons also terminate 
in the striatum. 

Pharmacotherapeutic measures are aimed 
at compensating dop;unine defidency or sup­
pressing unopposed cholinergic xtivity. 

11o L-Dop.a. Dopamine itself cannot penetrate 
the blood-brain barrier; however, its natural 
precursor. L-iiihydroxyphenylalanine (leva­
dopa), is effective in replenishing striatal dopa­
mine levels. because it is transported across 
the blood-brain barrier via an amino acid car­
rier and is subsequently decarboxylated by 
dopa decarboxylase, present in striatal tissue. 
Decarboxylation also takes place in peripheral 
organs where dopamine is not needed and is 
lilcely to cause undesirable effects (vomiting; 
hypotension). Extracerebral production of dopa­
mine can be prevented by inhibitors of dopa 
decarboxylase (carbidopa, benserazide) that do 
not penetrate the blood-brain barrier, leaving 
intracerebral decarboxylation unaffected. 

Excessive elevation of brain dopamine levels 
may lead to urulesirable reactions sud! as invol­
untary maYements ( dyslcinesias) ami mental 
disttubanoes. 
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11o Dop.unine receptor agonists. CNS dopa­
mine defidency can be compensated by lyser­
gic acid derivatives such as bromocriptine 
(p. 128~ lisuridt. ptTBOiide, and cabergolfne. 
These derivatives can damage heart valve mor­
phology, impairing valve function. Other dopa­
mine agonists that are not derived from 
lysergic add are pramipexole, ropinirole, and 
rotigotine. The latter is used transdermally. 

llo Monoamine axicbse-B (MAO-B) inhibitors. 
MAO-B can be inhibited by selegiline or rusa,gi­
line. Degradation of biogenic amines in periph­
eral organs is not affected because MAD-A 
remains functionaL 

11o Inhibitor of atechol 0-medtyltrilDSferase 
(COMI'). The CNS-impenneant entacapone 
inhibits peripheral degradation of L-iiopa and 
thus enhances availability of L-iiopa for the 
brain. Tolcapone is a reserve drug that pene­
trates the CNS. 

11o Anticbolinerpcs. Centrally acting muscar­
inic receptor antagonists (p. 128), such as 
biperiden. can be used to suppress the relative 
predominance of tbolinergic activity, particu­
larly tremor. They are little used now because 
the typical atropine-like side effects limit the 
tolerable dose. 

11o Amantadine. Early or mild parkinsonian 
manifestations may be relieved temporarily by 
amantadine. The underlying mechanisms of 
action may involve blockade of ligand-gated 
ion channels of the glutamate/NMDA subtype, 
ultimately leading to diminished release of 
acetyltboline. 

D'eatment of iiCIViiiKed Parldnson disease 
requires combined administration of the above 
drugs for ameliorating the symptoms of this 
grave condition. Commonly, additional signs of 
central degeneration develop as the disease 
progresses. 
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40.2 Epilepsy 

Antlepfleptlc Dnlgs 
Epilepsy is a chronic brain disease of di\tiSI! 
etiology; it is characterized by 7I!C1UT'ellt parnx­
yslll4l episodes of uncontrolled excitation of 
brain neurons. The term epilepsy therefore 
refers not to the seizure but to the underlying 
brain dysfunction. InvoMng larger or smaller 
parts of the brain (~ Fig. 40.2A). the electrical 
disclwxe is evident in the electroencephalo­
gram (EEG) as synchronized rhythmic activity 
and manifests itself in motor, senSOI)I ps:ydrlc, 
and vegetative (visceral) phenomena: As both 
the affected brain region and the cause of 
abnormal excitability may differ, epileptic seiz­
ures can take on many forms. From a pharma­
cotherapeutic viewpoint, the classification 
maybe: 
• Phenomenological according to seizure type 

(focal or generalized) 
• Etiological according to seizure cause: symp­

tomatic/structural (approximately 85% of 
cases) or idiopathic/genetic (approximately 
15%). 

Symptomatic seizures are typically focal but 
can become generalized (grand mal~ Idio­
pathic seizures are generalized from the outset 
(e.g., absences. myoclonic and illl)ulsive seiz­
ures, grand mal). 

Seizures are diagnosed and classified on the 
basis of (third-party) history, home video 
recording, electroencephalography (EEG) cer-
ebral~ng(~Rl)eb: ' 

It Is hardly ever possible to cure epilepsy 
because research into the underlying struc­
tunl and functional disturbances is far from 
compl~. The aim of treatment is to prevent 
seizures and this must usually be lifelong, 
unless the cause of the epilepsy has ceased. 

The brief duration of a single epileptic fit 
rnaJces acute drug treatment infeasible. Only in 
the case of status epilepticus (succession of sev­
eral tonic-donie seizures) is acute anticonvulsant 
therapy indicated-usually with benzodiazepines 
given i.v. or, if needed, buccally, nasally, or 
rectllly. 

The Initiation of an epileptic attack involves 
"pacemaker" cells; these differ from othl!t' 
nerve cells by their unstable resting membrane 
potential; i.e., a depolarizing membrane current 
persists after the action potential terminates. 
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Therapeutic interventions aim to stabilize 
neuronal ll!Sting membrane potential and, 
h~ce, to lower excitability. In specific forms of 
ep~lepsy, an attelll)t is made to achieve control 
of seizures. l.llmotriglne and levetiracetam are 
usually the drug$ of first choice for lona-term 
treatment of focal epilepsy, with valproate used 
for generalized epilepsy. Antiepileptic drugs 
~th enzyme-inducing and enzyme-inltibiting 
s1de e~cts should be avoided as far as possi­
ble .. 'f!rls not ~nly protects against pharrnacoki­
netic mteractions between the anticonvulsants 
but also avoids potential problems whenever 
other medicines have to be taken for a different 
indication. The dosage Is increased until seiz­
ures are no longer present or adverse effects 
~m~ unaccept;lble. Only when monotherapy 
With different agents proves inadequate can 
change-<Jver to a second-line drug or combined 
use ("add on") be recommended (~ Fig. 402B), 
provided that the possible risk of pharrnacoki­
netic interactions Is taken into account (see 
below~ 

In principle, responsivity can be decreased 
by inhibiting excitatory or activating inhibitory 
neurons. The transmitters utilized by most exci­
tatory and inhibitory neurons are glutamate 
and y-.nninobutyric acid (GADA), respectively. 

Glutamate (excitatory) receptors comprise 
three subtypes, of which the NMDA subtype 
has the greatest therapeutic importance. 
(N-methyl-D-aspartate is a synthetic selective 
agonist) This receptor is a ligand-gated ion 
~el that, upon stimulation with glutamate, 
pemuts entry of both Na+ and ca2• into the 
cell A chloride ion channel is important for 
GADA (inhibitory) and its function can be 
increased through an allosteric binding site. 

Benzodiaupines augment the activation of 
the GAB.\\ receptor by physiologically released 
amounts of GADA via the allosteric pathway 
(see also p. 222). Chloride influx Is increased 
counteracting depolarization. liagabine blockS 
removal of GABA from the synaptic deft by 
decreasing Its reuptake. Vigubatrin inhibits 
enzymatic GABA catabolism (~ Fig. 40.2B). 
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40.2 Epilepsy 

~ Fig. 40.3 suiiiiiiilrizes the infonnation pro­
vided by the llliiilufacturers regarding the 
more frequent mechanisms of anticonvulsant 
action of their drugs: 
• Blockade of depolarizing excitatory ion 

channels: Na•, ca2+ 
• Opening of repolarizing inhibitory K' 

channels 
• Inhibition of activating receptors, e.g~ gluta­

mate receptors 
• Activation of inactivating receptors, e.g~ 

GABA receptors. 
In most cases, the molecular mechanism of 
action of anliepileptic drugs is not known pre­
dsely. This is hardly surprising in view of the 
currently little-understood complexity of cere­
bral ftmction In seeking the molecular mecha­
nism of action the experimental pharmamlogist 
is obliged to simplify complex systems, but this 
departs from the real situation For instance, to 
measure the effect of a test substance on a cer­
tain type of ion channe~ the electrophysiologist 
may have to disable other ion d!annels that 
could interli!re. Binding of substances to poten­
tial target structures can be measured in mem­
brane suspensions of genetically modifJ.ed cells 
(e.g., Clinese hamster ovarian cells) transfected 
with the gene for the desired target structure. 
HO'Ne'ller, measurement in membrane homage­
nates means that the physiological potential dif­
ference between the inside and outside of a cell 
membrane is abolished. For these reasons, it is 
possible that a molecular mechanism of action 
obsellled in the laboratory plays hardly any part 
in the complex therapeutic effect 

Knowledge of a molecular mechanism of 
action meets the pragmatic human need for 
causality but is of secondary importance when 
it comes to the clinical usefulness of a medi­
dne, where evidence of efficacy (e.g., a statisti­
cally significant fall in seizure frequency). 
tolerability (few adverse effects), and benefit 
(significant improvement in the patient's qual­
ity of life) are what count. 

All antiepileptic drugs are likely, albeit in 
different degrees, to produce ad111!1'5e effects. 
Sedation, difficulty concenErotin& and slowing 
of psychomotor drive encumber practically all 
antiepileptic therapy. Moreover. cutaneous, 
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hematological, and hepatic changes may 
necessitate a change in medication. Phenobar­
bital, primidone, and phenytoin may lead to 
osteomalacia (vitunin D prophylaxis) or megu­
lob/astic anemia (folate prophylaxis). During 
treatment with phenytoin, glngtval hyperplasia 
may develop in -20% of patients. 

Carbamazepine exerts an antidiuretic effect 
(sensitization of collecting ducts to vasopres­
sin). It is also used to treat trigeminal neuralgia 
and neuropathic pain. 

Valproate, carbamazepine, and other anti­
convulsants pose teratogenic risks. Despite 
this, treatment should continue during preg­
nancy, as the potential threat to the fetus by a 
maternal seizure is greater. However, it is man­
datory to use the lowest dose affording safe 
and effective prophylaxis. Concurrent high­
dose administration of folate may prevent neu­
ral tube defects. 

Carbamazepine, phenytoin, phenobarbital, 
and other anticonvulsants induce hepatic 
enzymes responsible for drug biotransfonna­
tion; valproate is a potent inhibitor. Combina­
tions between anlicon1111lsanls or with other 
drugs may result in clinically important inter­
~ons (plasma level monitoring!). 

When seizures occur in children, it is nec­
essary to establish whether these are due to 
epilepsy or are febrile convulsions, which are 
assodated with a rise in temperature or high 
fever. In this case, antiepileptic drugs are not 
indicated but rather antipyretic measures. 
However, if the child has a genuine epileptic 
seizure disorder, consistent treatment with 
antiepileptic drugs to achieve freedom from 
seizures is desirable. This can be difficult. 
Childhood epilepsies may resolve spontane­
ously. This positive development should not be 
missed because of uncritical long-term antie­
pileptic treatment. 

Certain drugs (neuroleptics, isoniazid and 
high-dose JHactam antibiotics) are able to 
lower the seizure threshold and are therefore 
contraindicated in epileptic patients. 

Benzodiazepines are less suitable for long­
term treatment because of tolerance, but they 
are the treatment of choice in status epi/epticus 
(see above). 
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40.3 Migraine 

Treatment of Migraine 
.. symptoms. About one person in ten in 
Western Europe and the USA is aJJected by this 
severe, episodic form of headache. W~men suf­
fer from it twice as olb!n as men. It 1s aa:Dill­
panied by typical symptoms, nearly always 
nausea and vomiting. and olb!n sensory over­
sensitivity (1> Fig. 40.4A). Migraine attacks last 
24 hours on avera&e ( ranae 4-72 hours) and 
recur monthly or more often. The attack may 
be preceded by an aura in about one-third of 
cases often in the form of visual disturbances 
such ~s fOrtification spectra. There may also be 
dysarthria. The aura lasts barely an hour and 
disappears before the onset of the headache. 
Rarely, there are cases of aura without head­
ache. A migraine attack can be p~ked by 
menstruation, changes in sleep/waking pat­
tern. psychological stress or Its relief, and con­
sumption of alcohol, espedally red wine. 

1> P.athophy!iology. The headache originates 
in meningeal blood vessels (1> Fig. 40.4B). The 
brain itself is not sensitive to pain. The pain is 
due to arterial and outeriolar dilatation, which 
is associated with a local aseptic inflammatory 
reaction. This is triggered by messengers that 
are released (unnecessarily) by nerve fibers to 
the vessels. 

The sensory symptoms that acmmpany 
migraine attacks along with the aura result 
from neuronal dysfunction. It is now assumed 
that this starts in the brainstem. Ion channel 
dysfunction due to a senetic variation in its 
amino acid sequence may be present, and this 
becomes apparent under certain conditions. 

.,. Trutment and propbyWds. Treatment is 
symptomatic (1> fi&. 40.4C). It is complicated 
by the accompanying symptoms of nausea and 
vomiting. which interfere with oral drug 
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absorption. Metodopramlcle or do!'lperidone 
are dopamine Dl receptor antagorusts (see p . 
128), which have a good antieme~c acti~ in 
migraine. They also spee~ up aastru: em~. 
thus improving absorption of oral ana)g~tcs. 
Acetylsalicylic add (ASA. 1000 mg. espeoally 
effective when given by injection as the lysine 
salt) is a proven remedy for migraine head­
ache. Acl!tan!inophen (1000 mg. available in 
suppository fOrm) and nonsteroidal anti­
inflammatory drugs such as ibuprofen, didofe.. 
nac, or napraxen are also helpful. 

niptans can achieve a somewhat better 
effect than acetylsalicylic add. Swutriptan is 
the prototype. They also improve the concomi­
tant symptoms of nausea, vomiting, and sen­
sory hypersensitivity. niptans stimulate the 
serotonin receptor subtypes 5-Hr tB and 5-
Hr10 (p. 132). In this way they inhibit neuronal 
release of proinflammatory neuropeptides and 
constrict meningeal arteries. Unlike ASA, the 
triptans are ineffective in ordinary tension 
headaches. A possible side effect is a sensation 
of chest tightness. niptans are contraindicated 
in the presence of vascuL!r diseases (e.g. coro­
nary heart disease). Successor triptans include 
alrno-, ele-, frova-, nara-, riza-, and zolmitrip­
tan. The importance of the erplt ~ 
ergotamine and dihydroergotamine, is durun­
ishing. They act as agonists at 5-HT tB/1> recep­
tors and a number of other receptors. Side 
effects include nausea and vomiting. and, with 
chronic use, persistent headache, cirrulatory 
disorders (ergotism). and fibrosis. niptans .and 
ergot alkaloids (p. 144) must not be pven 
together. 

The JJ-bloclcers metopropol and propranolol, 
and also flunarizine (whose molecular mode 
of iiCtion is unclear) and valproate, which is 
primarily an antiepileptic drug, have been 
shown to be useful in the prevention of 
attacks. 
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40.4 Emesis 

Emesis and Antlemetfcs 
In emesis the stmnach empties in a l'l!ttOgrade 
manner. The pyloric sphinrtl!f" is closed while 
cardia and esophagus relax to allow aastric 
contents to be propelled orad by a forceful syn­
chronous contraction of abdominal wall 
muscles and diaphragm. Oosure of the glottis 
and elevation of the soft palate prevent entry 
of vomitus into the trachea and the nasophar­
ynx. As a rule, there is prodromal salivation or 
yawning. Coordination between these different 
stages depends on the mecluliMy centr:r for 
emesis, which can be activated by diverse 
stimuli. These are conveyed via the vestibular 
apparatus, "Visual, olfactory, and gustatory 
inputs, as well as viscerosensory aft"erenu 
from the upper alimentary tract. Psydrlc 
stress may also activate the emetic center. The 
mechanisms underlying motion sickness 
(kinetosis, sea sickness) and vomiting during 
pregnancy are still unclear. 

Polar substa!IO.'!s cannot reach the emetic 
center itself because it is protected by the 
blood- brain barrier. However, they can indi­
rectly excite the center by activating chemo~ 
ceptors in the area postrema or receptors on 
peripheral vagal nerve endings. 

... Antiemetic therapy. Vomiting can be a 
useful reaction enabling the body to eliminate 
an orally ingested poison. Antiemetic drugs 
are used to prevent kinetosis, pregnancy vom­
iting, cytotoxic drug-induced or postoperative 
vomiting. as well as vomiting due to radiation 
therapy. 

Motion siclmess. Effective prophylaxis 
can be achieved with the parasympatholytic 
scopolamine (p. 126) and H1 antihistamines 
(~. 130) of the diphenylmethane type (e.g., 
diphenhydramine, medizine). Antiemetic activ­
ity is not a property shared by all paraSYffipa­
tholytics or antihistamines. The efficacy of the 
drugs mentioned depends on the actual situa­
tion of the individual (gastric filling. ethanol 
consumption). environmental conditions (e.g., 
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the behavior of fellow travelers~ and the type 
of motion experienced. The drugs should be 
talccJ 30 milUltr:s before the start of travel and 
repeated every 4-6 hours. Scopolamine applied 
transdermally through an adhesive patch 6-8 
~ours before travel can provide effective protec­
tion for up to 3 days. 

Pregnancy vomiting is prone to occur in 
the first trimester; thus, pharmacotherapy 
would coincide with the period of maximal 
~tal vulnerability to chemical injury. Aa:ord­
ingly, antiemetics (antihistamines). or neuro­
leptics if required should be used only when 
continuous vomiting threatens to disturb elec­
trolyte and water balance to a degree that pla­
ces the fetus at risk. 

... Drug-Induced vomiting. To prevent vom­
i~ d~ring anticancer chemotherapy (espe­
aally With dsplatin). effective use can be made 
of 5-HTl receptor antagonists (e.g., ondanse­
tron, gnmisetron, and tropisetron). They are 
used to prevent vomiting that occurs directly 
after cytostatic administration. Aprepitlnt is 
also useful for cytostatic-induced emesis. This 
~ blocks the neurokinin receptor through 
which substance P activates the vomiting 
cen~r. Unlike the •setroos," it is also effectiv.: 
agamst late vomiting following a period of 
latency. Fosaprepitant is a precursor of aprepi­
tant and is given intravenously. Other possible 
agents are dopamine ~ antagonists such 
as metoclopramide, which may cause early 
dyskinesia, and domperidone, which does not 
penetrate the CNS. Neuroleptics, e.g., levorne­
promazine and haloperidol (p. 232~ may also 
be used, with or without glucocortiooids ( dex­
amethasone~ Anticipatory vomiting ahead of 
the next chemotherapy cyde is psychogenic 
and. can. be managed by behavior therapy or 
aruuolync drugs of the benzodiazepine type. 

Emesis following SU!p!ry, during radiother­
apy, due to uremia, and in diseases acoompa­
nied by elevated Intracranial pressure is also 
treated with neuroleptics or metodopramide. 
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40.5 Sleep Disorders 

Sleep Disorders and Hypnotics 
Sleep is a period of rest fOr the CNS and should 
amount to about 7 hours daily fur humans. 
Sleep disorders leading to a chronic sleep def­
icit are common; they reduce performance 
and interfere with well-being. Insomnia can 
have a variety of causes and these should be 
~arifled before medication is prescribed. These 
mclude: (a) severe mental stress; (b) poor 
external conditions in ~e bedroom (too noisy, 
too warm, etc.); (c) an mappropriate li~style 
for instance eating a heavy 1lleM or dfinkini 
strong coffee before bedtime or a lack of exer­
cise; (d) serious diseases assodated with pain 
or a troublesome cough. 

Depending on circumstances, the therapist 
wi~ attempt to help. In cases (b) and (c) pre­
scnption of a hypnotic is not justified. The 
doctor can only explain the situation to some­
one affected by (b) and suggest changes. Peo­
ple who fall into the (c) group should be 
strongly advised to correct their lifestyle for a 
healthier one. HDWI!VI!r, this approach wiD be 
successful only in patients with insight 

Prescribing a hypnotic can be justified 
when the sleep disorder is due to severe worry 
or psychological stress. There should be no 
hesitation in prescribing an effective and lon­
ger-acting hypnotic for a severely ill patient 

A basic requirement of a hypnotic is not just 
that It works reliably but also that it has a 
broad therapeutic safety margin. The barbitu­
rates are regarded as good hypnotics but they 
have been abandoned because they were often 
misused for suicidal purposes. The inttoduc­
tion of the benzodlazepines (see p. 222) and 
their use as hypnotics is an advance because 
"it's impossible to kiD oneself witb them.• 
BrotimLam is a short-acting benzodiazepine 
hypnotic. TriazoLam, another short -acting 
hypnotic, has caused apparently paradoxical 
excitatory states, anxiety, and aggressive 
behavior. In some jurisdictions it is subject to 
controlled drug prescribing rules. Nltrazep;un, 
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temazepam. IORZepam. and a ~w other 
derivatives are regarded as intermediate-acting 
~· Depending on the dosage. these pre­
paratiOns have a calming and sedative effect 
and induce sleep, eventuaUy irresistibly. Over­
dose is . not associated with centtal respiratory 
depression. Flumazenil is a specific antidote. 

Substances that have the same mechanism 
of action as the benzodiazepinl!s but with a 
diff~rent chemical structure are also good hyp­
notics and are referred to humorously as 
Z-substances because their nonproprietary 
names all start with "Z. • There are three 
brands of mlpidem and two brands of mpl­
~ on the marla!t Up to 2014, zaleplon was 
available ?nlY under its original name (Sonata), 
but genenc versions are now on the market 

Melatonin is produced in the pineal gland 
and con~ls circadian rhythm. It is secreted 
more at rught and has a weak action in the 
treatment of primary sleep disorders. 

All of the hypnotics mentioned so far are 
prescription drugs. HDWI!VI!r, there is a large 
numJM;r of "O'tl(!r-the-munter• preparations. 
These mdude several sedating antihlstambles, 
sue~ as doxylamine and diphenhydramine, 
which have weak sedative and hypnotic side 
effects. They are used as "sleeping pills" 
because of this side effect. These substances 
are not recommended but there are numerous 
products on the market 
. A number of herbal products may be men­

tioned: valerian, hops, lemon balm, and others. 
These phytotherapeutic Qgmls do not /unle any 
scientifiat/Jy dtmonstrable elfrct. For some 
people, taking them is part of their bedtime 
ritual: The same applies to bomeopilthic pre­
parations. This shows that sleep d isorders 
respond very weD to psydlotherapeutic 
approaches. Behavioral therapy using buzz­
words like sleep hygiene, stimulus control 
therapy, and sleep restriction allow patients to 
do without drugs and cure the problem on 
their own. 
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41.1 Glaucoma 

Local Treatment of Glaucoma 

Gbuc::om. signifies a disease of the optic nerve 
associall!d with destruction of neurons and 
atrophy of the optic nerve. This results in 
shrinkina of the visual field. Often, the patient 
only becomes aware of this at a late stage 
because the peripheral areas are a!Iected ini­
tially and the central visual field subsequently. 

The risk factors statistically are increasing 
age, dark skin color, family hlsrory and 
increased intraocular pressure (normaUy 10-
21 llll1lHi in adults). It should be noted that 
increased intraocular pressure (lOP) is a risk 
factor but not a necessary precondition for 
glaucorm, which can occur even when the lOP 
is normal. It is obvious that the lOP is the only 
risk faCIX!r that can be modified 

Intraocular pressure can be reduced using 
drugs with different mechanisms of action. lOP 
reflects the ratio of production and outflow of 
aqueous humor. Aqueous humor is secreted by 
the epithelial cells of the ciliary body and, fol­
lowing passage through the trabecular mesh­
work, Is drained via the canal of Schlemm 
(blue arrows in • Fig. 41.1A). This route is 
take!l by 85-90% of aqueous humor; a smaller 
portion enters the neighboring uveoscleral 
vessels and, thus. the venous system. In open­
.mgle glaucoma, passage of aqueous humor 
through the trabecular meshwork Is Impeded 
so that drainage through the Schlemm canal 
becomes ineffident In this type of giauco!Ilil, 
there is no firm connection between the raised 
lOP and the optic nerve damage. The much 
rarer primary ;mgle-closure paiiCOIIY features 
a narrowed iridocomeal ~ with the iris 
directly against the posterior surface of the cor­
nea. blocking the way to the Schlemm canal. 

For ropic.al therapy of open-angle glauroma, 
the foUowing groups of drugs can be used: 

For redudng production of aqueous humor 
~blockers (e.g.. timolol), araaonists (doni~ 
dine, brimonidine ). and inhibitors of carbonic 
anhydrase (dorzolamide, brinzolamlde). 

For promoting drainage through the trabec­
ular meshwork to the canal of Schlemm, para­
sympathomimetics (e.g., pilocarpine) can be 
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used, and through the uveoscleral route, pros­
tilglandin derivatives. Pilocarpine excitl!S the 
dliary muscle and the pupillary sphincter. The 
contraction of both muscles widens the geo­
metrical arrangement of trilbecube, resulting 
in improved drainage of aqueous humor. How­
eYf!C. this is asso~iated with impaired vision, 
With the eye adjusted for near vision and 
reduced vision at twilight Uveoscleral drain­
age is augmented by the prostaglandin deriva­
tives latanoprost, bimaiX!prost, and tafluprost. 
These substances can be used for topical 
rnonotherapy or combined with other active 
principles. A peculiar side elfect is notable: 
dark pigmentation of the iris and eyelashes. 
. The therapy of .mgle-dosure PalliCOIM 
mvolves chiefly reduction of aqueous humor 
pro~uction (osmotic agents, P.,blockers) and 
sul'glcal procedures. 
. The topical application of pharmaceuticals 
m the form of eye-drops is hampered by a 
pharmacokinetic problem. The drug must 
penetra~ from the ocular surface (cornea 
and conjunctiva) IX! the interior of the eye 
(~ Fig. 41.11). The applied drug concentration 
is diluted by lacrimal fluid and drains via the 
tear duct to the nasal mucosa. where the drug 
may be absorbed. During permeation through 
the cornea, transport through blood vessels 
takes place. The drug concentration reaching 
the anterior chamber is dilull!d by aqueous 
humor and, flnaUy, drug molecules are also 
transporll!d away via the Schlemm canal. In 
order IX! reach the required concentrations at 
the target site (t0-8 to to-s M, dependinJ on 
the substance), the concentration needed In 
the eye drops is - t0-2M (equivalent to -0.5 mg 
per droplet, depending on molecular weight~ 
~ amount of drug contained in a single drop 
IS large enough to elicit a generaJ reaction 
with systemic use. Even when applied prop­
erly, eye drops can therefore evoke side elfects 
in the cardiovascular system or the bronchial 
space. This possibility leads to corresponding 
contraindications. 
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42.1 Osteoporosis 

Osteoporosis 

Osteoporosis is defined as a generalized 
decrNse in bone mass ( osteopenia, A) that 
equally affects bone matrix and mineral con­
tent. and is associated with a chiiJlle in the 
architecture of spongy bone. This condition 
predisposes to collapse of vertebral bodies and 
bone fractures with trivial trauma (e.g~ hip 
fractures). In female postmenapausal osteopo­
rosis, part of the bone mass that Is estrogen­
depe!ldent is initially lost within a few years. 
This 1s followed by bone atrophy (senile osteo­
porosis), which also occurs in old age in men. 

Bone substance is subject to continual 
remodeling. The equilibrium between bone 
formation and bone resorption is regulated in 
a romplex manner: a remodeling cycle is initi­
ated by osteoblasts when these stimulate unin­
udeated osteoclast precursor cells to fuse into 
large multinucleated cells. Stimulation occurs 
by direct cell-to-cell contact between osteo­
blasts and osteoclast precursor cells and is 
mediated by the RANK ligand (RANK • recep­
tor activatDr of NFKB) on the surface of osteo­
blasts and its receptor on the osteoclasts (or 
their precursors). These processes are inhibited 
by a protein secreted by osteoblasts ( osteopro­
tegerin). This acts like a fake RANK to divert 
RANKL from its actual target RANI<. Estrogens 
Increase the production of osteoprotegerin 
thereby inhibiting osteoclast activation. Th~ 
osteoclast creates an acidic milieu, enabling 
minerals to be solubilized, and then phagocy­
toses the organic matrix. After a certain 
amount of bone mass has been broken down. 
osteoblasts tal<e over bone lbrmation. Depend­
ing on the quantitative ratio between resorp­
tion and formation, bone mass increases (in 
childhood and adolescence), decreases (in old 
age). or remains steady. Hormones regulate 
these events. 

Parathyroid hormone (parathormone) 
stimulates. ~ne remodeling. In hypocalcemia, 
secretion 1s mcreased, resulting in enhanced 
liberation ofCa2• and a loss of bone mass. Con­
versely, parathormone deficiency may cause 
adynamic bone disease. In osteoporosis, bone 
growth can be induced by onc~y injection 
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of parathormone or teriparatide, a shortened 
derivative. This is probably because the ron­
centration pulses stimulate osteoblasts to 
matrix synthesis but not to osteoclast activa­
tion. Caldtonln transfers active osteodasts 
into a restina state. Calcitonin given thera­
peutically relieves pain associated with neo­
plastic bone metastases and vertebral body 
collapse. Estrogens diminish bone resorption 
by (a) inhibiting activation of osteoclasiS by 
osteoblasts and (b) promoting apoptosis of 
osteoclasts. 

PostmeneJ~Nusal ostroporosis can be pre­
vented by administration of calcium (1000 mg 
Ca~) and vitamin D (1000 U/day). Use of estro­
gen/progestin in postmenopausal women has 
not been accepted because of the increased 
incidence of breast cancer, thromboembolism, 
and other harmful elfects (p. 248). 

Bisphosphonate.! (N-containing) structur­
ally mimic endogenous pyrophosphate (see 
formulae), and like the latter are incorporated 
into the mineral substance of bone. During 
phagocytosis of the bone matrix, they are 
taken up by osteoclasts. There, the N-contain­
ing bisphospbonates inhibit prenylation or 
G-proteins and thus damage the cells. Accord­
ingly, osteoclast activity levels are lowered by 
alendronatr and risedronate, while osteoclast 
apoptosis is promoted. The result is a reduc­
tion in bone resorption and a decreased risk of 
bone fractures. 

Raloxlfene (p. 252) exerts an estrogen-like 
effect 0!1 bone, while acting as an est:roaen 
antagorust in the uterus and breast tissue. In 
terms of fracture prophylaxis, its effectiveness 
appears inferior to thatof bisphosphonates. 

Long-term use of sttuntimn ranelate with 
incorporation of strontium cations in bone 
inhibits bone resorption and promotes bone 
formation in an as yet unexplained manner. 

Denosumab. a monoclonal IgG ant ibody, 
bl~s RANK ligand, in prindple imitating 
phystological RANKL inhibition by osteoprote­
gerin (see above). 

Dibotermin and eptotermin are osteogenic 
growth factors produced by recombinant 
technology that are implanted surgically. 
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43.1 Gout 

Gout andlts Treatment 
Pwines are metilbolized to uric add via hypo­
xanthine and xanthine. These intei'!Dediates 
are water-soluble and are easily eliminated by 
the kidneys; uric acid is less soluble and can 
just be eliminated adequately in persons with 
healthy metilbolism. Gout result! if there is an 
Imbalance between the amount of uric add 
produced and the totil! quantity of uric add 
excreted Gout is characterized by increased 
blood urate levels. Urate crystil!s predpitall! in 
parts of the body that provide poor conditions 
for urate solubility, such as synOYial fluid, and 
where the temperature is lower than normal 
body temperature. This provokes an acute gout 
attack. The base of the big toe is alfecll!d par­
ticularly often. Uke other crystl!s, urate crys­
tals provide a strong stimulus for neutrophil 
granulocyll!s and macrophages. Neutrophils 
are a~acted and phagocytose this indigestible 
material. In the process, the neutrophils 
release proinflammatory cytolcines. Macro­
phages also phagocytose the crystills, are 
thereby injured, and liberate lysosomal 
enzymes that li~ promote inflaiiUlliltion 
and attack tissues. As a result, an acute and 
very painful gout attack may develop. 

The therapy of gout is twofold: (1) treat­
ment of the acute attlck and (2) chronic lower­
lng of hyperuricemia. The acute attack 
demands prompt action to relieve the patient 
from their painful stlte. The classical remedy 
(even used by Hippocrates) is colchicine, an 
allc.aloid from the autumn crocus (Cokhicum 
autumnale). This substance inhibits the func­
tion of microtubules in the phagocytic cells 
and hence their mobility. This p~nts phago­
cytosis of the crystals, which is the basis of the 
extremely painful process. 

A gout attlck can also be aborted by non­
steroidal anti-inflammatory drugs such as 
indomethacin or diclorenac. 

Chronic lowering of blood urate levels to 
below 6 mg/100 mL requires: 
a) An appropriate diet: foods high in purines 

such as offal must be avoided Purines are 
fOund in cell nuclei, so eggs (only one 
nucleus per egg!) and dairy product! may 
be consumed freely. 
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b) Uricostatic ilgmts such as allopurinol that 
inhibit xanthine oxidase, which catalyzes 
uric add production. Purine metilbolism is 
halted at the intei'!Dediate hypoxanthine 
and xanthine stages and these intennedi­
ates can be eliminated renally. Under the 
influence of allopurinol, the hyperuricemia 
improves, ideally to a blood urate level of 
3-6 mgjdLAIIopurinol is given orally (300-
800 mgfday). Apart from rare allergic reac­
tions it is well tolerated and is the drug of 
choice filr &out prophylaxis. Gout attacks 
may occur at the start of therapy but they 
may be p~ted by concurrent adminis­
tration of colchicine (1-1.5 mgfday). 
Febuxostilt Is a xanthine oxidase inhibitor 
with a different structure and can be used 
in the case of intolerance of allopurinol or 
benzbromarone (see below). 

~ Uricosuric medications. Uricosuric medi­
cations such as probenecid or benzbromarone 
(100 mgfday) promote renal excretion of uric 
acid. They saturate the organic acid transport 
system in the proximal renal tubules, making 
it unavailable for urate reabsorption. When 
underdosed, they inhibit only the add secre­
tory system, which has a smaller transport 
capadty. Urate elimination is then inhibited 
and a gout attlck is possible. In patients with 
urate stones In the urinary tract. uricosurlcs 
are contraindicated 

~ Uricolytia. Nonprimates are able. via the 
enzyme urate oxidase, to metlboliu uric ildd 
to allantoin, a product with better water solu­
bility and faster renal elimination. Rasbwi­
case, a recombinant urate oxidase, can be 
given by infusion in patients with malignant 
neoplasms, in whom chemotherapy is liable to 
generate a massive amount of uric acid 
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43.2 Obesity 

Obesity-Causes, Sequelae and 
Therapeutic Approaches 
Obesity is a IJ'OWina medical problem in indus­
trialized societies. overweight persons are at 
increased risk« ~bolic disorders, e.g., met­
abolic syndrome with high blood pressure, type 
n diabetes mellitus (p. 260) and mechanical 
clisordeR ( ostl!oarthritis due to inaeased stn;ss 
on joints). Being fat also involves psyc:hosocial 
problems. 

The body mass index (BMI) is used to quan­
tify overweight and obesity (BMI • "Neightf 
[heigh@ I). The waist : hip ratio takes into aa:omt 
the fact that intra-abdominal mesentl!ric fat 
detmnines the risk af metabolic annplications. 

A glance at the mechanisms tb.lt regul.tte 
food lntUe will suggest possible pharmaco­
logical approaches. In terms of evolutionary 
biology, it was essential for existence that 
nature designed a strong drive to eat so that 
energy reserves would be built up in the form 
of stored fat "in times of plenty." This drive is 
both physical and psychological in nature. 

The sensation of hunger arises in the "appe­
tite center" in the hypothalamus. Its activity is 
controlled by slgnals from the CNS and periph­
eral organs. 5ipWs from tbe periphery origi­
nate from: 
• Metabolism: e.g., a fall in the blood glucose 

level. 
• The stomach: release of ghrelin, an appetite­

promoting peptide, from the mucosa when 
the stomach is empty. Note: &hrelin can also 
promote srowth hormone release ("growth 
hormone release inducing") but is not iden­
tical with hypothalamic somatoliberin. 

• The intestine: release of enteric hormones 
that reduce appetite during digestion, e.g., 
glucagon-like peptide, which also promotes 
insulin secretion (p. 262). 

• Adipose tissue: release af messenger sub­
stances that reduce appetite (adipokines), 
e.g., leptin when adipose tissue mass is 
increased. 
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In the CNS, norepinephrine and serotonin 
reduce appetite, while endocannabinoids 
increase it St rong psychological motivation 
exists because eating activates the reward sys-­
tem and produces a sensation of pleasure. 
There are also conditioned ( WlCOnsciously 
learned) behavior patterns: pleasant environ­
ments and situations that are associatEd with 
eating generate a desire to eat even when 
there is no physical need to do so. 

CUrrendy, there are no recommended phar­
macological mi!IISUres for weight loss. Anorectic 
agents or appetite suppressants sudt ass~­
mlne are inhibitors of neuronal norepmeph­
rine and(or serotonin reuptalae derived from 
methamphetamine (p. 112). They are encum­
bered with cardiovascular side effects and are 
regarded as obsolete. 

It is well known that f.9-tetrahydrocannabi­
nol, the active ingredient of hashish and mari­
juana, has other actions besides its effect o!l 
mood. These include increased appetite, medi­
ated by stimulation of cannabinoid receptors. 
Rimonabant blocks the CB1 receptor subtype. 
When it is used for a prolonged period, a few 
kilograms are lost but psychiatric side effects 
are possible as a result of receptor blockade; 
these inclucle anxiety, depression, and a risk of 
suicide. Sibutramine and rimonabant have 
been withdrawn from the European market 
but can be purchased on the internet 

Orlistat inhibits pancre;dic lipase and hence 
fat digestion. Dietary fats, including fat-soluble 
vitamins are excreted in the teces. Flatulence 
is comm~n and continence may be impaired 
because of the "fatty stools" or steatorrhea. 
This forces the user to consume a low-fat diet 
Before obese persons undergo this treatment, 
they should try to reduce the fat content of 
their diet by their own willpower. 

Surgery to reduce the capacity of the stom­
ach may be suocessful in treatina extreme 
obesity. 
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44.1 Atopy and Antiallergic Therapy 

Atopy and Antiallergic Therapy 
Atopy denotEs a hereditary predisposition for 
lgE-mediatEd allergic reactions. Clinka.l pk­
tures include allergic rhinoconjunctivitis ("hay 
fever"), bronchial asthma, atopic dennatitis 
(neurodermatitis, atopic eczema), and urtica­
ria. Evidently, dilferentiation of T -helper (TH) 
lymphocytes toward the TH2 phenotype is the 
rommon denominator. Therapeutic intetven­
tions an! aimed at different levels to influence 
pathophysiological events(.,. Fig. 44.1A~ 

.,. 1 Spedfic immune therapy ("byposensiti­
zatioo"~ Hyposensitization with intracul:il­
neous antigen injections is intended to shift TH 
cells in the direction ofT H 1. 

.,. 2 IIYctivation of IgE. Inactivation of lgE 
can be achieved by means of the monoclonal 
antibody, omalizumab. This is directed against 
the Fe portion of IgE and prevents its binding 
to mast cells. 

.,. 3 Stabilization of mast cells. Q-omolyn 
prevents lgE-mediated release of mast cell 
mediators. It is applied locally to conjunctiva, 
nasal mucosa, the bronchial tree (inhalation), 
and intestinal mucosa (absorption is almost nil 
with o~ intake). Indications: prophylaxis of 
hay fever, allergic asthma. and food allergies. 

.,. 4 Blocbde of histamine receptors. Aller­
ifc reactions are predominantly mediated by H1 
receptors. H1 antihfstmnines (p. 130) are mostly 
used orally. Their therapeutic effect is often 
disappointing. Indications: allergic rhinitis (hay 
fever). 

.,. 5 Blocbde of leukotriene receptors. Mon­
telukast is an antagonist at receptors for ( cys­
telnyl) leulcDtriene. Leulcotrienes evoke intense 
bronchoronstrktion and promotE allerp: inf1am.. 
mation of the bronchial mucosa. Montelukast is 
used for o~ prophylaxis of brondtial asthma. It 
is e1'fective in analgesia-induced asthma (p. 202) 
and ~~induced bronchospasm. see a1so 
bronchial asthma (p. 356~ 
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.,. 6 Funct:1oni1 an~nists of mectiaton of 
allerzy. 
a) 11-Sympathomimetia, such as naphazo­

line, oxymetazoline, and tetrahydrozoline, 
are applied topically to the conjunctival and 
nasal murosa to produce local vasoconstric­
tion. Their use should be short-term at 
most 

b) Epinephrine, given i.v., is the most impor­
tant drug in the llllll1llgllll!t of anaphylac­
tic shade; it constricts blood vessels, 
reduces capiUay permeability, and dilates 
bronchi . 

c) IJ.z-Sympitbomimetics. such as terbutaline, 
fenotero~ and salbutamo~ are employed in 
bronchial asthma, mostly by inhalation, and 
parenterally in emergencies. Even after 
inhalation, effective amounts can reach the 
systemic circulation and cause side effects 
(e.g~ palpitations, tremor, restlessness. 
hypokalemia). The duration of action of 
both salmeterol and formoterol, given by 
inhalation, is 12 hours. These long-acting 
Prmimetlcs are included in the treatment 
of severe asthma. Given at nighttime, they 
can prevent attacks that preferentially 
occur in the early morning hours. 

d) lbeoplwlllne belongs to the methylxan­
thines. Its effects are attributed to both 
inhibition of phosphodiesterase (cAMP 
increase) and antagonism at adenosine 
receptors. In bronchial asthma, theophylline 
can be given orally for prophylaxis or 
parente~ly to control the attack. Manifes­
tations of overdosage include tonic-donie 
seizures and cardiac arrhythmias (blood 
lellel monitoring~ 

e) Glucocorticoicls (p. 242) have significant 
antiallergic activity and probably interfere 
with different stages of the allergic 
response. Indications: hay frvrr, bronchial 
aslttma (preferably local application of ana­
logues with high presystemic elimination, 
e.g., beclomethasone dipropionate, budeso­
nide, flunisolide, fluticasone propionate); 
and anaphylactic shock (i.v. in high dos•) 
-a probably nongenomk action of immedi­
ate onset. 
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44.2 Bronchial Asthma 

Bronchial Asthma 

., Definition. A recurrent, episodic shortness 
of breath caused by bronchoconstriction arising 
from airway inflammation and ovem:activity. 

., Pathophysiology. One of the main patho­
aenetic factors is allergic inflammation of the 
bronchial mucosa. For instance, leukotrienes 
that are formed during an lgE-mediated 
immune response ex~ert a chemotactic effect 
on Inflammatory cells. As the inflammation 
delll!lops, bronchi become globally ovem:ac­
tivoe to spasmogenic stimuli. Thus, stimuli 
other than the original antigen(s) can act as 
t:rigers ("' Fig. 44.1A). e.g., cyclooxygenase 
inhibitors (p. 202). 

The tendency to bronchospasm follows a 
drcadian rhythm and is usually most pro­
nounced early in the morning. 

., Muagement. Treatment ("' Fig. 44.2B) 
aims to prevent attadcs and allow normal 
working and leisure activities. Avoidance of 
attlck triggers is an important prophylactic 
measure, though not always feasible, so phar­
macological prophylaxis plays a key role in 
"controlling" the disease, meaning that attadcs 
occur rarely or not at all and lung function is 
normaL 

Drugs that inhibit allergic Inflammatory 
mechanisms or reduce bronchial hyperreactiv­
ity attack crucial points in these processes. 
Bronchodilators provide symptomatic relief 
("relievers") ( cf. "' Fig. 44.2A). 

Deterioration of lung function is often not 
adequatrly reflected by how patients feel sub­
jectively, so regular self-measurement of the 
peak flow (typically in the morning) is 
advisable. 

With the exception of the last step on the 
scheme described below, the drugs are deliv­
ered locally by inhalation, as this entails few 
side effects. Even though a considerable por­
tion of the dose reaches the gastrointestinal 
tract, the most commonly used agents (gluco­
corticoids, P:z-sympathomimetics) have low 
bioavallability on account of their pronollllCed 
presystemic elimination. 

The step scheme ("' FJg. 44.21) illustrates 
successive li!Yels of pharmacotherapeutic ma­
nagement at increasing degrees of disease 
severity. This shows the preferred drugs for 
treatment of adults. 
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Step 1. Medications of ftrst choice for the 
acute attack are fast-acting, osnsolizet1 Jlr 
sympathomimetics, e.g., salbutamol or feno­
terol. Their action occurs within minutes after 
inhalation and lasts for 4-6 hours. 

Step 2. If iJl-mimetics are needed more fre­
quently than twice a week, an inhaled gluco­
corticoid Is added. lnhalational treatment with 
glucocortlcoids must be administered regu­
larly, improvement being evident only after 
several weeks. With proper inhalational use of 
glucocorticoids undergoing high presystemic 
elimination, concern about systemic adverse 
effects ("cortisone fear") Is unwarranted. Possi­
ble local adverse effects are oropharyngeal 
candidiasis and dysphonia. To minimize the 
risk of candidiasis, the drug should be adminis­
tered before morning or evening meals. 

Anti-inflammatory therapy is the more 
successful the less use is made of as-needed 
P:z-mimetic medication. 

Step 3. Continuous bronchodilator treat­
ment is added. Preference is gilll!n to local use 
of a long-acting inhaled ftl-mimetic, e.g., saime­
terol or formoterol (p. 354). 

Step 4. The dose of inhaled glucocorticoid is 
increased 

Step 5. Treatment is further escalated either 
by additional systemic administration of a glu­
cocorticoid or use of omalizumab, an antibody 
to lgE (p. 340). 

Other prophylactic Qgmts. Montelulwt, a 
leulrotriene receptor antagonist (p. 354) Is an 
oral anti-inflammatory drug. It can be used as 
an alternativoe or supplement to a glucocorticoid. 

The mast cell stobiliur cromogfic:ate is also 
anti-inflammatory and is useful for milder 
forms of disease. lt is given by inhalation and Is 
well tolerated as the high polarity of its two 
carboxyl groups results in low bioavallabllity 
from the gastrointestinal tract. 

Theophylline is a bronchodilator with a cer­
tain anti-inflammatory effect but must be 
given systemically. It has a narrow therapeutic 
range due to cardiac and central nervous sys­
tem side effects and may now be considered 
obsolete. 

lteatment of a severe asthma attack: 
• Inhaled P:z-agonist in higher dose and at 

short intervals 
• High -<lose glucocorticoid orally 
• Oxygen. 
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44.3 COPD 

COPD 

"' Definition. Orronic obstructive pulmonary 
disease is due to an abnonnal inflammatory 
reaction of the respiratory tract to harmful 
gases and particles. COPD is characterized by 
a sustained and progressive reduction of 
airflow, which cannot be fully abolished by 
.P:z-sympathomimetics. 

"' PadtopJwslology. Cigarette smoking is the 
most frequent cause in affluent societies. This 
cause is in principle easy to eliminate, unlila! 
exposure to an open fire in the single-room 
dwellings of the poor in the thin1 world 

Sustained exposure to harmful gases i1Dd 
particles will lead to a chronic inflamma~ 
reaction in the airways of any person. "' Fig. 
44.3A lists the criteria for chronic lmmchitis. 

By conlr.!St, COPD constitutes inapp~priate 
i1Dd excessive inflammation. This Is attributed 
to a genetic pm:lisposition in affected perso~. 
This explains why only some (15-20%) chrome 
cigarette smokers develop COPD. The very rare 
deficiency of a1-antitrypsin, iiD endogenous 
protease inhibitor, is an example of a con­
flrnled association between a tendency to 
COPD i1Dd a genetic predisposition. It can be 
managed bya1-antitrypsin replacement. 

The abnormal inflammatory reaction is 
associated with harmful remodeling processes 
("' Fli- 44.3A). Pulmonary emphystmll ("pulfed 
up" lllllJ with large air-filled spaces) is only 
partially due to overinflation as a result of 
impaired exhalation. The walls (septa) of th~ 
small alveoli are destroyt!d so the alveoli 
merge to form larger spaces. As the capil~es 
within the septa are also destroyed, the resist­
ance of the pulmonary vasculature increases. 
Hypoxic pulmonary arteriolar constriction (the 
Euler-Uljestrand mechiiDism) takes place. 
Chronic right heart strain leads In the long 
term to cor pulmonale. 

Extropulmonary si8J1S appear as the disease 
progresses, e.g., cachexia, skeletal muscle atro­
phy, osteoporosis, depressio~ ~ese may. be 
interpreted as signs of chrome Inflammation. 
possibly caused by inflammatory mediators 
washed out of the lungs. 
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Sudden and sometimes dramatic deteriora­
tions in the shortness of breath (exacerbations) 
are greatly feared. 

Respiratory failure i1Dd right heart failure 
are typical causes of death in COPD patients, in 
addition to lllllJ cancer. 

"' Management Since COPD is ~ly due to 
insidious and irreversible remodellDI of the 
lung and small air passages, it is easy to under­
stand why the disease only becomes apparent 
in middle age after a long smolring history and 
why the symptoms worsen if the patient con­
tinues to smoke. 

This disastrous pathological progression can 
be halted only by preventing exposure, namely, 
smoking cessation. 

Influenza vaccination and possibly pneu­
mococcal vaccination protect against these 
respiratory tract Infections with their risk of 
exacerbations. 

The drugs shown in "' Fig. 443B are used 
according to severity grades A-D: 
• Inhaled bronchodilators, rapid and short- or 

long-acting (once a day): 
o Muscarinic receptor antagonists, e.g., lpr.l­

tropium or tiotropium (p. 124) 
0 lh-sympathomimetics, e.g., renoterol and 

indacaterol (p. 106). 
Both types of drugs can be combined In view 
of the remodeling that has taken place, bron­
chodilators can confer a degree of alleviation 
but, unlike in asthma, they cannot produce 
normalization of the airflow. 

The following act as anti-inflammamry 
Qgmts: 
• Inhaled corticosteroids (p. 304), especially 

with the aim of preventing exacerbations; 
systmli~ high-dose corticosteroids are used 
when exacerbation has occurred 

• Possibly rojlumi/ast, a phosphodiesterase-4 
inhibitor given orally. 

Medical treatment is supplemented by rehabi­
litation measures to improve physical strength. 

Surgical procedures. e.g .• removal of hyper­
inflated parts of the lung or even lung trans­
plantation, may be necessary. 

<1v1tn INY be given as a last resort to pre­
VI!llt sulfocation. 
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44.4 Rheumatoid Arthritis 

Rheumatoid Arthrttls 
Rheumnuid arthritis or chronic polyarthritis 
(• , Fig. .44.4A) is a progressive infliiiTlmatory 
JO!Dt dtsease that intennittently attacks more 
and more joints, predominantly those of the 
fmgen and toes. The probable cause of rheu­
matoid arthritis is a pathological reaction of 
the Immune system. This malfunction can be 
promoted or triggered by various conditions 
including genetic predisposition, age-related 
wear and tear, hypothermia, and infectioiL An 
initial noxious stimulus elicits an inflammil­
tioo of syncMai membranes that, in tum 
leads to release of antigens through which th~ 
infliiiTlmatory process is maintained. 

The antigen is talcen up by synovial antigen­
presenting cells; lymphocytes, Including T­
helper cells (p. 304). are activated and start 
to proliferate. In the process of interaction 
!Jetwe~ lymphocytes and macrophages, the 
mtenstty of tnflammation increases. Macro­
phages releas~ proinflammatory messengers; 
iiiTlOng these, mterleultin-1 and tumor necrosis 
factor a (lNFa) are important TNFa is able to 
elicit a variety of proinflarnmatory actions 
(• Fig. 44.4B) that benefit defense against 
infectious pathogens but are detrimental in 
rheumatoid arthritis. The cytokines stimulate 
gene expression for COX-2; inflammation­
promoting prostanoids are produced. The 
infliiiTlmatory reaction increases the activity 
of lymphocytes and macrophages, initiating a 
vicious drde. Synovial fibroblasts proliferate 
and release destructive enzymes; the inflamed 
characteristic pannus tissue develops and 
destructively invades joint cartilage and subja­
cent. bone. Ultimately, ankylosis (loss of joint 
monon or bone fusion) with connective tissue 
scar formation occurs. Concomitant extra­
articular disease may be superimposed. The 
disease process is associated with severe pain 
and restriction of mobility. 

• Plwrnacotherapy. Acute relief of infliiiTl­
matory symptoms can be achieved by prosta­
atandln synthase Inhibitors (p. 202; e.g. 
nonselective cox inhibiiDrS or COX-2 inhibitoni 
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and by llummrdcoids. The inevitably chronic 
use of both groups of substances is likely to 
cause significant adverse effects. Neither can 
halt the pi'OfP'eSSive destruction of joints. 

Substances that are able to reduce the 
requirement for nonsteroidal anti-infliiiTlma­
tory drugs and to slow disease progression are 
labeled disease-modifying agents. Early use of 
these drugs is recommended Their effect 
develops only after treatment for several 
weeks. Proliferation of lymphocytes can be 
slowed by melltolrexm (p. 298) and lefluno­
~e. which. reduces the availability of pyrimi­
dine nudeotides in lymphocytes (via inhibition 
of dihydrooror.;ur dehydrogenase). For abata­
cept and cidosporin, see p. 304. In addition, use 
is made of irrmunosuppressants such as au­
thJopr:lne and cydophospbmlide. lntrillysoso­
mal accumulation and impaired phagocytic 
function may be involved in the action of chlor­
oquine or bydroxydtloroquine, as well as gold 
compounds (lm.: aurothioglumse or aurothlo­
malab!; oral: auranofin, less effective). The anli­
bodies infliximab, adamtwnab, a!ftDlizuJmb 
and golimiiiBib as well as the fusion prote~ 
~ intercept TNFa molecules, prevent­
mg them from interacting with membrane 
receptors of target cells. Analdnra is a recombi­
nant analogue of the endogenous inb!rleultin-1 
antagonist. Abataoept imitates a physiological 
protein released by lymphocytes to terminab! 
antigen presentatiOIL 1bdllzumab inactivates 
interleultin-6. The mechanisms of action of D­
penicillamine and sulfaSillazine are unknown. 
These druas possess considerable potential i>r 
adverse effects. Sltl&s;~lazine and methotrex­
ate exhibit a relatively favorable risk-benefit 
~atio. Combination of disease-modifying drugs 
ts possible. 

SurgicaJ removal of the infliiiTled synovial 
membrane (synovectomy) or radiotherapy by 
means of intra-articular injection of a radioiso­
tope frequent ly provides long-tenn relief If 
feasible, this approach is preferred because' all 
pharmacotherapeutic measures entail signifi­
cant advene effects. 
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44.5 Chronic Inflammatory Bowel Dlse;r;e 

Chronic Inflammatory Bowel Disease 
cro1m disease (terminal ileitis) and ulc::eratiVI! 
colitb are chronic, episodic bowel diseases 
associated with diarrhea. Patients are very 
unwell and serious complications may occur. 
As understood today, these diseases are due to 
a disorder of the bowel mucosal defense 
against intestinal bacreria. There Is probably a 
genetic predisposition. 

The human gut is colonized by 15 000 to 
35 000 different types of microorganisms. On 
the one hand. the relationship is symbiotic; 
that Is, the host organism provides the baetl!ria 
with living Spall! and in tum is p~ed by 
the physiological bowel flora against patho­
genic genns. This flora also makes certain 
nutrients available. On the other hand the 
microorganisms are still aggressive and inust 
be prevented from penetrating the bowel wall 
by the mucosallmrier. 

The outermost layer of this barrier Is a layer 
of mu~s. In!? this are secreted de.[msins, part 
of the mnate unmune response with an antibi­
o!X ~n. and 1gA antibodies (acquired spe­
afic 1mmune response). Bowel epithelial cells 
are bo~md cl~ together by tight junctions. 
Bacterial antigens-for exantple, flagellin from 
the bacterial flagellum-can be recognized by 
bowel epithelial cells by means of toU-Iike 
rea!Jitol'3 (TIR, innate immunity) located in the 
cell membrane. Antigens such as bacterial wall 
muramyldipeptides that reach the cytosol can 
be detected by NOD-like rea!J!I:Or3 (NIR, innate 
immunity). The epithelial cells defend them­
selves by increasing defensin production and 
secreting chemoltines to obtain the assistance 
of neutrophil granulocytes. The Immune sys­
tem aiso monitors the situation on the other 
sid~ of the murosal barrier. Dendritic cells, 
wh1ch are part of the macrophage series take 
up ant:!Ken using the processes that ' they 
extend mto the lumen. M ceUs Incorporated in 
the epithelium pass bacteria to macrophages 
underneath. The collected antigens are 
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presented In lymphatic tissue, which involves 
the specific immune system in the form ofT­
helper lymphocytes and B cells. However if ;m 
immune reaction becomes too great. inflam­
matory messengers such as tumor necrosis fac­
tor alpha (INFa) can cause the epithelial cells 
to reduce the tightness of the tight junctions 
so that extracellular fluid passes into the bowel 
lumen, resulting In diarrhea. 

Th~ .inflammatory reacti~n underlying 
chrome 1nflanunatory bowel disease is as yet 
unclear. Possible factors in pat:hoaenesis 
include unfavorable composition of bowel 
flora, disturbed epithelial barrier, and a hyper­
reactive immune system. There are so many 
differences between Crohn disease and ulcera­
live colitis that a common origin of these two 
diseases is unlikely (C). 
H~yer, the therapeutic approaches are 

very stmilar. The mode of action of me~ 
i.e~ the active constituent of sulfasalazln~ 
(p. 272) Is undear. Probiotic bacreria such as 
E. roli Nissle help avoid recurrence in ulcera­
tive colitis. Antibiotics such as metronidazole 
(p. 274~ which is effective against anaerobes 
can be employed in severe cases. VariouS 
immunosuppressant drugs are aiso used. Clu­
cocorticolds like lnufesonide (p. 244) achieve a 
high concentrat ion on the mucosa following 
administration orally or by enema but have lit­
tle systemic activity because of presystemic 
elimination in the liver. They can therefore be 
regarded as local therapy. Immunosuppres­
sants such as azathioprine and metholnlalll! 
(p. 298) are liven systemically, as are lnflixl­
mab (p. 360). which inactivates TNFa, and 
~ (p. 364). which inhibits leulax:yte 
m1gratton. The latter was approved in the USA 
for the treatment of Oohn disease. Additional 
measures employed in Crohn disease are 
replacement of fat-soluble vitamins and vita­
min Bt2~ cholestyramine (p. 172) for diarrhea 
~ue to inadequate bile add reabsorption In the 
1leum, along with dietary measures. 
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44.6 Multiple Sclerosis 

Multiple Sclerosis 

"' Pathophysiology. In an autoimmune proc­
ess, T -helper lymphocytes attilck foci of oligo­
dendrocytes in the br.rin and spillill cord. As a 
result of destruction of their myelin sheaths, 
axons cease to function or are even lost The 
dinlcal symptoms depend on the location of 
the foci. The inflammation can subside, and 
repair processes get IUidelWily, with the pro­
duction of replacement oligodendrocytes and 
a glial scar. In this way, the symptoms ~prove 
in the relapsing remitting form of the diSease. 
OYer the years, h~r. this can change into a 
chronic progressive form. 

"'TtNbnent. In the ialte episode glucooor­
ticoids in very high doses are given intrave­
nously Cor 3-5 days. Gluoooorticoids (p. 242) 
have broad and intensive anti-inflammatory 
activity. They are well tolerated when used in 
the short term. 

Continuous therapy is used for prevention 
of relilpses ("' Fig. 44.6A). This includes: 
• Disease-modifying drugs: glatiramer acetate, 

Jl-interferon (INF-fJ). azathioprine 
• Esoolatioo ~ when disease-modifying 

drugs do not suflice: natalizumab, mitoxan­
trone, fmgolirnod. 

In "' Fig. 44.6A the therapeutic agents are classi­
fied according to the pathophysiological process. 

"' blhlbltlon of lympbocyte actlvallon. Pmph­
er.ll lymphocytes, especially T -helper cells, 
directed against ClOIJllOIIellls of myelin sheaths in 
the CNS are activated for an as~ unknown rea­
son. Glatiramer acetate consists of synthetic pep­
tides polymerized in r.mdom order from the 
amino acids glutamic add, lysine, alanine, and 
tyrosine. Glatiramer resembles the basic myelin 
protein of oligodendrocyte It appears to work as 
a •molecular decoy" to block the myelin protein 
receptOrs of the lymphocytes, thereby blocking 
their activation In addition, it apparently pro­
mote: the restricting activity of regulatory T­
helper cells. 

"' Inhlbition of lymphocyte multipliation. 
Proliferation of lymphocytes Corms the basis of 
an acquired immune response. This is inhibited 
by mitOJamtrone, a DNA-~tercalating. ~o­
static antibiotic (p. 298) Wlth an addttiollill 
inhibitory effect on topoisomerase by amthloprine 
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(p. 300). the precursor of a cyt:ostltic antimetabo­
lite, ax! by~ the actiYe ~!ill! of 
leflunomde (p. 300~ 

"' Inhlbition of lymphocyte release into tbe 
cin:uladon. .P&1golimod has an unusual mecha­
nism of action on the sphingosine-1-phosphate 
(51 P) receptor, a G-protein-<aupled receptor 
(GPCR). This normally mediates the release of 
lymphocytes from lymphatic tissue. rmgolimod 
is first activated to an StP agonist by phosphor­
ylation In this form it induces a physiological 
"pl'!ltECtM! mechanism" in the cell against 
excessive activation by reupt:alcz: of the receptors 
imo the interior of the cell Fingolimod phos­
phate therdDre disables the receptor. 

"' Inhibition of (W~ of lymphocytes Into 
the CNS. Natalfzurnab is a humanized anti­
body against the alpha-4 subunit of integrins. 
Passage of leukocytes from the blood into the 
tissue involves a number of steps. Margination: 
blood flow is slowed by inflammatory vasodi­
lation and the lyrq>hocytes come dose ID 
the endothelium. Adhesion: adhesive bridges 
develop between leulax:ytes_ ~ endotheliu~ 
Initially, selectins and selectin ligands come m 
contact and slow down the "leukocyte roUing" 
on the endothelium.Jntegrins in the leulax:ytes 
then form stable bridges with endothelial 
adhesion proteins (ICAM: inten:ellular adhe­
sion molecule; VCAM: vascular cell adhesion 
molecule). This is prevented by natalizurnab so 
the lymphocytes cannot migrate. 

Progressive multifocalleul<Dencephalopathy 
(PML) is a rare but extremely dangerous side 
effect This Is due to disinhibition of the JC 
virus o.c. were the initials of the patient in 
whom the virus was first isolated). This virus is 
widespread but is normally held in check by 
the imrniiDe system. Natalizurnab must not be 
given together with other immiiDosuppressant 
drugs. It is intended only for monotherapy. 

little is known about the mechanism of 
action of Interferon p, an effective immiiDe 
modulator. 

The same applies for the orally administered 
dlmetl!ylfumarate; perhaps it acts throUJh a 
GPCR of hydroxycarbonic acid receptor type. 

Symptomatic measures are used to manage 
the ronsequenm of axon damagl! (spasticity, 
pain, bladder voiding disorders, etr. ). 
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Rea!p4Dr with 7 lnlnsmell'bliiM helices; another and men accurate nar.. for 
'G pnlllll~ed ~·which Nllecls the fact that sud! rwceptars an 
also produce effi!cts without the lmdwment of c IJA)II!Ins 

T...nspart pmll!lns contaln"g an lm'-b"dlng casseae 
I'Gsige of a subsblnce fnlrn 111 sctemal or il!anel surface iniD the .... derlyilg 
tissue: as a result of~ pmystemlc elmlnltlon the amount of absorbed 
substance an be greater than the systBnlcally aw~lllble amount 
Absorbed qualltlty tA a substilnce dMded by the amount of the substilnce 
~WIIilble for absapllon (see ~ Mllilbllty. phlrmaCIIUtlcil) 

Cn~dual i.-.:..ue il the drug conc:enlnllion in the body when adminiu.ed at 
regular lnten~~15, when less ,._nee Is eliminated than admlnlstell!d In the 
dosing interwls until ~ Qnlulatiw equilinlm is ~W~thed 

Ability of a ~ Ugand ID trigger receptor snnulltlon 
~mntrdlable desire for repeated use tA a ,._nee that produC~e a (possibly 
ecstiltlc) state of wel~g: typlcllly assocliltlld with ~ Hablluiltlon so that 
abseMI! of It leads ID P¥flaloglcill .and physical wlthdiWIII symptoms; 
-rythlng else Is subordinated ID procuring the submnce 
Achloef1e drug effect 
P~n conblinilg extre•ly fine sold or t11uid j*tides il a gu 

Tendency tA a substance ID bind IDa site (e.g .. reaplllr protdll, album"): 
mcpreued as the nKipNIGI of the substance mncentratlo" far half.mmclmum 
binding, d. ~ Ko value 
SUbstilnce with •nlty for .a receptDr and ~ Intrinsic activity ID sllmul.atl! It 
Substilnce with .ninity for a receptor, which may be able ID swib:h off any 
spont;I"'IUS basal activity of the receptor pmll!ln, and which therefore has 
(nega!M)Intrl..tc actMty opposlm ID that rl the agonist 

Agonist with Intrinsic actMty lower than the miiiChum possible actllilly of • 
"f"lll!lonlst", can also act as ~ Pirtlal antagonist 
Balic coiiSiituent of plll'lts 
Binding site of a substilnce located on a target prolleln (receptor, enzyme. 
transport pratel") oublcle the (orthosterlc) binding lila for the physiologic 
"prlnl$illllgand" (e.g .. benliOdlamplne bl~g site on the CAliA;. receptor, NO 
binding site on saluble g .... ala ~lase) 
Wlstance binding ID an ~ Alosteric binding site. usually with the aim of 
Influencing an (orthosterlc) "pmdpalllgand" 
Sdubility p~aperty tA a submnce. chan~cten.d by the splllial p-inity of a 
hyd!Uphlhc and a ~Ilk part of the molecule so that the substance Is not 
rudlly fat- or wateMOiuble but pNferably occupies an lntermedl.atl! •r 
between a palar and nonpolar mlleu 
Drug that Is the same pharmacologically though chemically .altered mmpared 
with the first rep.-ntatiw of a drug dass 
Inhibition of binding and/or the effect rlan agonist at the "prlndpel binding 
lite" of a recep4Dr as 1 result of 1 substance acting on an ~ Allosteric binding 
site 
Inhibition of binding and the effect rl a rwceptor agorist by means of an ~ 
Antagonist. which compas with the •aonlst for bl~g at the SIITie A!Ceptor 
site; the mllldmum agonist effect can be R!gllned by 1.-.:.-lng the .agonist 
mncentndlon 
Inhibition of the effect of an ;~gonlst~ )IIJeradlo" by causing ;~n 
opposite biological reaction through a diffe~~tnt rwmptor 

Inhibition of blndiAG and the effect rl a rwceptor agorlst by means of an ~ 
Antagonist. the lnhlbltary eff1!ct of which cannot be fully mmpensated by 
Increasing the •gonlst mncentrat1o11. e.a .. YAlen the A!Ceplln are "'-!Sibly 
occupied 
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SUbslance with ~ Afllnlty for a A!Ceptor, which counteracts the effect or an ~ 
Agonist ("antklgonlst") 

Antagonist that does not influence the spontaneous basillaclhllty of the 
receptor p!Utleln when It binds to the ~ that Is,. It has no {posftllle or 
negiiiM) intrinsic actMty 

Antagonist with penial (submlldmaO Intrinsic 1ct1vtty - thus prewntlng the 
greater effect of the full~gonlst. repladng It with lb CMI'I lesser effect. Plr11al 
1ntagonlst Is then!foA! essentllllv S¥M~ous with partlalll!lonlst 
A remedy to munll!rlct a polson 

P~aportio" or the Slbmnce contained in I pharmaceutiall form (e.g. tablet) 
that 15 relelsecl and Mlllble for absorption 
~ BIINM!llabllty 
Mathematical description or the Ume course or the mnoentratlon of active 
substaiiG! '" the plasma which results when 1 drug Is absolbed Into 1 unlfarm 
distribution space and ellmlllilllld mm this at a certain relit. 

Degree of -lllbllty or •n ldmlnlstl!n!d drug (at the site or ldmlnlstraUon lnd/ 
or in the plasma: meuurable altar oralldministration as the ratio of the area 
under the plasma co!QI'Itratlon[Ume tuNeS lifter oril and )llmooeflous 
administration. 
Is Pftilllt between a ~ CGPV and the original drug preparation when the ~ 
BIINM!llabllty of the drug from the copy mnesponds to that of the ortgl!YI 
preparation with regald to quanbly and tine - of relelse of the aeliw 
substaace 
Chemiul transformation of a Slbmnce in the body 
High barrier funcUon of the bloocllleSSels In the OilS based on the light 
juncUons between the endothelial ails without fenestrations; the ails mntail 
"dRill pumps- fatlna the d10111Uon skle 
(Basile) shell mntalnlng a medicine 
Minor imag~lile "right· and left:~andedness" or two molecules that cannot be 
super'llllpOSiecl (111anllomers) 
Bnlln regions without ~ Blood-brain barrier around the thlld and fourth 
arebral ventricles, Including the neurohypophysis and area postRma 
The volame of plasma cleared of the drug per unit tme (e.g., mlfmln) 
A drug wilhila mre that is -A!d by a hald or soft shell 
P~n with more than one actlwe substance 
The deg.- to whldl a patie"t folkMs medial lnstrucUons 
llme~ependent A!leese or dRill by manlpuiiUon of the structure or the 
formuiiUon 
Medicinal product colllllining the same drug as the initial providefs product. 
which may be marb!tad by anather praWier follawlng l!llplry of the arl!l"al 
product's patent. see lim ~ Generic 

Blotra"lformatlo" reaction Inking an endogenous molecule to a substance that 
Is aaetBI to hast.n Its elimination (phase II reaction) 
Final ~ Accumullllon, when the amount or ildllle substance elmlnllleclln the 
dosing lnterwlls equal to the administered amount. on account of the 
mncentratio" that has been reached 
Acmnym for cytochnme axldases,. lncllcm (e.g., CVPlNI) for the ..umemus 
iSOIIlzymH. ildiating the main family ("3"). the subfamily ("A") and the 
Individual number ("4") 
oo.n used synonymously with ~ Addiction 
Brulclng up or a tablet. aptUie etc. )I the gastm)lllesttlill tract 
Dlllolodng llf a drug il gastmlnii!SIInal ~ce 
F'ICIM pharmamlcillllic parametllr obtained whe11 the amount or • drug in the 
body Is divided by the mncentraUon In the plasma (lnckldlng plasma prall!ln 
binding) 
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Cr.~phlc ~on or the quantltatlw dependence or an effect on the 
admlnlsteN!d quantity r* lhe dNg 

see IGnetia. ~inw 
From the ~nch 'drogue" - dried herb. A subtlance lnb!nded for use In the 
tNIIImtnt of disease. In lb literal se-: dried plant (parb) poaesslng 
therapeutic properties. e.t·• opium, colloqUIII: naltdlc. also In relallon to 
chemically pu• and ~etlc substanCB such as he10ln. 
Usually UnMntecl reciprocal effect of drugs used togteh.- with regan! to ~ 
Pharmacodynamics and .... Pharmacolcilellcs 

The ability or I dNg to pnxluce IJw dlllirwcJ effect 

Brealadown artd/or emetlon or a substance 
£ufOIIM' Medldnes Agency 

One or the two mlnw-lmage molecules or a ~ a-mate 
PN!ferrwcl .... Affinity or a binding slruclu• (e.g., receptor, enzyme. transporter) 
for - or the two ~ Ellantlome1'5 of a ~ Racemate 
O~ulltlon or a substance between the lnlletftle <1nd IIIIer when It Is absorbed 
from the Intestine, elmlnatecl from the IIIIer In the bile artd then rabsorbed 
from the Intestine 
Increase In cellular synthesis or ~ Blotransfonnallon e~es or the .... C:W 
series pnxlut:M by binding or certain substanCA!S to transalpllon faelln 
Cluanlne nudeallde~rdlg pRIII!fn 

Medicinal pnxluct martc.l.cl und.- its lniRmalionll DNg Name with llw 
addition or the pharmaceutical company name: the IRrm 1$ often also used for 
CDj¥3l products with lrMntecl names 

<;protein-coupled A!CIIIt« 
Sponymous with "Increased tolerance" ar simply "'Dierance•: N!ductlon In the 
physical and/or menial tlfiKt or a substance because of the body's couniRr· 
regulablry mechanisms; typically di!!W!Iaplng with chronic admlnlllnlllon of the 
substance and leading to "withdi'IW>ll ¥~ptoms" if administnllion is 
lnterNptecl, due to fullle caunll!r-regulatlan. Not synonymous with .... 
Addiction, as an easshle rise In blood pressure after sudden dlsCDniiiiiSIIIon or 
an anllllypertenslwe agent can be an apresslon or habituation, purely somallc 
In this Instance 

The time Nquirwcl for the concentration or a dNg to fall to half or the Original 
11!'4d 
~ lon channel, llgand11a1Rd 

lon channel protelll. the activity or which Is pnxlut:M by a messenger 

lon channel protel11. the activity of which Is cantruled by the membrane 
potential 
Equilibrium dlllodallan canslant of a blndng reaction a~g to the law of 
mass action; conuportds to llw cancentration or subslance for 501 ouuplllion 
of recepton; 1/ICo II the alllnftv conslant 
Pharmacoldnetlc tu,_ rate ltu,_ per unit lime), PfOpofllonal to the 
cancentrallon or 1he substance. for -mple. non-smnble glomwlar ftltrallon 
and e~atlc CIIIM!Bion In llw nearly !near Initial part of the Mlchaells­
MeniRn CUM!IIn cansequence. pharmacolclnlltlc par.~meiRrs or substances such 
as the halr-IW. and clearance are usually cD.Independent 

Wlslance molecule that clocks on a binding site (~ 
A suspension of solid and Insoluble components In Wiler for appllmlon to the 
slcln 
Oral formulallon with a dNa embedded In a tramewoflc to delay lb releaR 
DNg In a pharmaceutical form (e.g., blblet, ~~ry. Injection salutlon) that 
can contain other substances (e.g~ fillers. eccipienb. p-rvaiM!s) u wei as 
the dNg. Acts P¥lcally on the body for the pwpose of diagnosis ar trMiment 
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An •nalogue substance that mbb!s the chemical Slructure or • sucossful 
phannaceutbl pmduct, said ~ competing phinnaCI!UIIcal ftnns 

Multidruo A!listance proteil 
"Number needed to t~Qt"; sbltlstlcal m-: number or persons that must be 
t.-.d to ,._t a disease for one penon Ill de!M beneflt 
~ Agonist, p;rU;il 

~ Antagonist, partial 

Emuc pump belonging to the ~ ABC 1rilllf)OI1er f•mllv 
Fonn of preparation of a meclldnal pmduct. e.g., salutlon, tJblet, capsule ett. 
,. study or the biologial effKb or drugs (clesaiplift or ecplanatoty) 

,. study or the lnftuence or heredity on the effect of drugs 

l1le study or the "fate" of drugs In the body 

MIYSures ilimed it reclucilg the rilles or medicines during dniC<II trials ind 
follcMilg mlllia!llng .authortallon 

A medicinal product that does not mnblin an ac:tiole submnce (dummy 
medldne) without somatic effect but often 1Mth a considerable ,.ttologlcal 
effect rplacebo effect") 

lnterlndhllduil difference In the t<~PKity for blotr.~nsfonnatlon I9CIIons due to 
genetic dlffereras In the range of enzymes 

snnath or effect; Indicated ~the drug concenlntlon required for h<llf· 
maxlnua effect 

Ph<lnnacological and tacicdogical studies performed befare a potBntill 
medldne Is ll!slled In humans 

lnad:Mdlon or a drug between Its absolptlon it the site of admlnlstnlllon and 
Its entry Into the sysUmlc circulation: f10551ble especlillly In the IM!r and 
Intestinal eplthelim 

Plasma protein bind"ng: pen:ent:ilge of the 111131 amount of the substance i1 the 
plasma thit Is bound to plasma pmll!lns 

Mllclure of equal parts of~ mllniMmage malewlesthit camot be 
superimposed (enantlomers) 

Functional pRII8fn for mrMrtlng the binding of a messenger (Ill the ligand· 
binding domain of the protein) Into •n effect (med'*«< tlnugh the recepllll's 
signal transduction domail) 
Receplllr loC<It:ed in the plumalemma; extraallul<lr binding of the messenger 
swltdles on tyrome kinase •ctMty In the lntr.lcellular domains 
Receplllr loC<It:ed In the plumalemma with 7 1ransmembr.~ne helices, 
II¢RICA!IIular messenger binding, Intracellular CiJA)IIeln contac:t 

lntr.ICA!IIullr loadlol\ acts • a transcription factor to mnlral g111e ecpresslan 
followilg binding of the messenger 
Admlnfstratlan of an acllw! substance by the oral, rectll, Inhaled, 1ransdennal, 
imr--..s nJute etc. 

~lllae the scholalac and static medlc}le or the Middle Ages. which was 
submlsslw Ill receMcl authoril¥, scientific medicine Is based an an an~ 
autholtarlan and doubting way of th}lfclng thit allows medical progress by 
means of mnlralled aperlments and cliiiC<II studla 

Biochemical dlilin of reKiions from receplllr stimulatiolllll •Iteration of eel 
function 

A fannulation far introduction into the rec:tum. wgina. or u..tn 
Study of the fonnulallons used for medicinal products 

Cap between the dauge reqund far trealmll'lt and the IDidc dose 

Alcoholic ll¢rac:t of herbal cons11tuent5 obtained bv steep}lg plints or parts or 
plants In ethanol 

Foreign subllance 
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TeW.47.1 Antibodies 

D n .. ll'lde111me Ti 5INctln Commlllt lncllcit1on 

Antlbodef ~g~nt IMCIIIhn 
Alemtuzumab Malleam- CD52 (lymphocytes. Chronic lymphO<YIIe 

.,.~ monacylla) leaJcemil 

llewldwnab lw5li~ VEGF CoiDII. recb.llll. 
brast ancer, and 
ollwrs 

Brentuxlmab ~ ~ CD30 Unlced c:ytost;llk Hodgkin lymphoma 
dotln (monomelhyl aurt• 

lin E .... tubuhn) Is 
delll.erecl to Its tqet 

catum-mab Removat.e i~ £pCAM (carcinoma) BeiiM!d to traiiSpcrt Mar,nant ascibes 
tn~perltDneal and CD3 (lymphocyte) lymphocytB to an:~ 
infusion noma ails 

Cftllldmab Erb~ HEil1 (EGFR. epidermal CoiDN!Ctal tamloma 
gnavth factGr 
receplol) 

90Y lbrltun. ZIMIInl' CD20 (8-lymphocyta) llaclcatloM IIDtDpe on Follicular non-
mab UUIIetiln the l'c flllgment Is • Hodgkin lymphoma 

llw!red to Its target by 
theAB 

lplllmumab YeM!PI" CTIA~ cytDioide T· Inhibition of CT\A+ Mallgnant melanoma 
lympt.xyt. antigen 4 Induced lnhlblllon of 

anllgen preenta11D11 ~ 
lnciMII!d T-1 
actiMion 

Oblnutuzumab Gayvaroe CD20 (B·Iymphoeyta) Chronic lymphO<YIIe 
leiJcemiil 

Ofatum1111ab ~ CD20 (8-lymphoeyta) Chronic lymphO<YIIe 
leiJcemil 

Pilnitumumab Vectibae HEll Colo11 cancer 
Pl!rtuzumab Petfeae Inhibition of HEK2 11n1ast cancer 

dimeriution 
Rltulcfmab Mablhd CD20 (8-lymphoeyta) Follicular lymphoma 

Sibaimab s,~vam- lnterleuldn 6, (ll~) £nlarvement rA multi- Mullkentric c.d• 
pie lymph nodes mandl-

Traslulumab Hercepll~ HEil2 Breast cancer 
Trastuzumab em- ~ HEil2 AntibocJr<ytut.ic Breast cancer 
tanslne maytanDie canfugate 
Anllballes agMIIt harmful .............. 

Abatacept arerne COl& on anllge• Human A8 Fe fragment Rheumatoid arthrills 
pmentfng ails fused with CI\M, • 

"CD86 ld" 
Afllben:ept ~ VEGF YEa receptor/laC l'c Wet foml of macular 

fragment degeneration 

Adalimumab Humne Tumor necrosis factGr HumanAB Rheumatoid arthritis 
a(lNI'a) 

Basllbdmab Slmulme ll-2 receptor on Chimeric ~u- PIINenUon of Iran. 
lympt.xyt.s manAB plant reJection 

Belatacept N ... apxe COl& on anllge• Human AB Fe fragment ._munowppreulon 
~ngalls fused with CI\M, • albr lcidney trans-

"CD861d" plant 
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'hble 47.1 Cllllllnued 

D n- Trlden- Tl !lbuebn camment lndiQIIOII 

Bellnumab Ben~ BlyS. belongt~g to the Human NJ il!liltlst ~mlclupus 
lliF superfamily, stl~ 8-¥nphocytm stlmu· e.,tt.matosus 
ulates B~photytti laiDrB.,S 
to pmduce antibodies 

Canalcinumab llen.e lnterleulci~ 1 ~ Genetially del.tmined CAPS syndnJme • 
~ofll·l cryol¥fn~.ted 
,. with-- tan· periodicsyndnJmes 
dency ID Inflammation 

c.tdlzumab o..mae Tumar necrosis faciDr Antibody without RheumaiDid arthritis 
pegol o{lNFG) Fe fragment ID iMlid 

Fc~edlllled Immune 
pniUIIU 

Denosumab Pronae RANICI. on osteoblasts Inhibition of OS'- Osteoporosis 
blast-mediated OS'-
dast actlwltlon 

&ullzumab Sallrrse Complement faciDr 5 lldllm.lpllon of the Paiiiii)Smal noctur-
complement cascade nal he111091obinuria 
on e.,thnlqiiK ID 
probiCt agaill5t hem~ 
W5 

(lanerapt £nlnje Tumar necrosis faciDr ll\IFa Nap!Dr fused RheumaiDid arthritis 
o{lNFG) v.fth lunan NJ I'< 

fragment 

Gotmumab Simpon~ Tumar necro5is faciDr lAing duration of action Rheumatoid arthritis. 
o{lNFG) of 1 month piOitlt1t arttodtls, etr.. 

~lbimab Remiad.- Tumar necro5is faciDr Huma~murine Crohn diHIIM. ulcer-
o{lNFG) (FC~ilb)AB iltMe colitis, me.n• 

IDld arthritis. etc. 

Muromo1111ll CD3 orttooclonet' CD3 ..-ptor of Mll'lneAB lmmunasuptiiiSSion 
T·lymp._,_ ID prwent transplant 

r.jldion 
Nmllzumab Tys~.,.. LelKiqte lntegl'lna4111 Humanllled AB Multiple sclerosis 

Toclllzumab RoActem ... ll-6 raepiDr Human111ed AB Rheumatoid arthritis 

Ustelcinumab Stl!lara• ll-12 unci ll-23 Humanized AB Plaque psoriasis 
Vedollzumab ~ cymphocytle lntegrln Humanllled AB Ula!rallw! millis. 

o4fl7 Crohndiseme 
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47.2 Kinase Inhibitors 

Tii*47.Z KJ.-Inhlbltors (WIIhcuunabodles Ill NeePt«tyrosi~Wiclnases) 

Af311nlb Glat,.- tlblet EGFR NorHmlll cell lung 
anar 

Axltlnlb lnlyb• tablet VEGF ~-1,-2,-3 ReiYI all cardnom~ 
(~Wterve) 

cabclllnanlb Cometrlq" C41psule Various receptor tyrome Medullary C-cell thyroid 
kinases canar 

otzGltllb X.~ capsule ALK (anaplastic lympho- AI.K.poslllw ncrHmall 
ma kinase) all lung cancer 

Eliotinb Tarc..,..e ublet HERl (EGFR) tyrosine NorHmall cell lung 
lei.- canar 

Gefltfnlb lressat' tablet EGFR nMA!nb with_. NorHmall all lung 
actM! tyrosine kinase anar 

~~lb Tywrtte tablet HER2 Breast canar (reserve) 

Plmpenib Vobieme tablet Various receptor lyluline Rellll all ardnoma 
lei-

Smltlnib Suteme capsule Various receptor ~ne GIST, renal cell ca..:l-
lciMSeS ma: reserve In etch case 

Varatanlb Caprelsa• tablet Various receptor ~ne Medullary C<ell thyroid 
lei-VEGF2. RET, ECF anar 
N!a!plor 

~llrl)'I'OII~Widn-

llosutilib Basut.te tlblet IICJh\bl lylasile lcil .. ChRJnlc myeloid IIU.nia, 
21111 choice der lmattllb. 
nllollnll,~lb 

Dasatinib ~tlblet IICJh\bl e-9 .. chRJnic m,eloid 
II!Ucemla (~e~erve) 

lmatlnlb a~ublet IICJh\bl e-9., d!RJnlc m,elcld 
II!Ucemla 

Nllollnb Taslg"' apsule IICJh\bl e.g., chnlnlc ln)OIIold 
leulatmla (reserve) 

I'Unatlnlb ldus~ tlblet IICJh\bl tyrome kinase Chronic "¥!old IE!Uaenfa, 
21111 dloioe der imlli'lib. 
nllallnll,~lb 

Rullotllinb ,.._ .. tablet janus lcinaes 1~ N!a!~ t.¥1olibrosis 
lllr~ lntllcdlu· 
lar tyrosine lclnases fw 
STM" (signal tn~nsducer 
and aciMtor af tran· 
soiption) 

-...1ar serine/threonine~ ;~nd .tiler~ 
Dlbrafenlb Tallnl_. apsule BRAF V600 mutant Melanoma 

Scr.Hnlb Neuwl .. tablet lnlnla!llular ~ne and Adwnced renal eel 
serlne/lhreontle kil-. an:ll'loma 
N!a!plor tyrosine ldnues 

Vemurafenib Zelbome tablet BltAF WOO mmnt (•,.,. Advanced melanoma 
t~eftlncnlne ""-e) 

"Mulllldnase" lnh-..an 

Regorafenlb 
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47.3 Drug Names _..Trade Names 

111*47 .3 Drug names~ 1r.lde names 

D~Nilme 'll;lde Nilme Tlade Name 

A eordaronee 
Abaavtr Zlagen• Amitriptyline ~.Ende.,., T~ 

AbaretiK Plenaae Amitriptyline Triptafe.,-

Abltacept Drend .. +perphenazlne 

Abcbdmab ~ Amlodlplne lstl.,. 

AcampiOAII C.mpral" NoMI~ 

Acarbole Gli~.P~ Amllnllflne t....,l" 

Acebutolol SectraP AmCIICio11in Amoll,., TnnGK" 

Acenocoumam (- nlc- Slnthnlm .. AmOiddllln + diiWU!Inlc Augment!.,. 

oumalon.) acid 

Ac«llmmnophen (-~ Anldl.,., Cil!lllpap-e, Pan· Amph0181dn B 

alamo~ adoP, TylenoP, Valori.,-

Acetamlimide D".amGK" 
Amplcllln Dmnlpen•, Penb1111.,., 

Aa!tykysllelne Flul.,dl", M~, l'ltnclpe.,. 
Pw!NOI_. 

Amplcllln + sulbactam u~ 
A«tyyd"CIIdn NcMJdlgal" 
Aeetyisalqllc acid Angett.s•, Aspii.,., 

Amprenavr Agene~as_. 

auffim•. capilli•. Amrfnone lnoco .. 
~. Genacm.- Analdnra Kfte~ 

Acicbrir ~ AnaSIJQmle Arimiclat' 
Aclpl..- Dlbl!la .... Angiotensin amide Hypertensin• 

Acitretin Neotigaso.,., Soriabln.- Aniclulafungin ~.£ruis• 

Adallmumab Humn- Anlmplase Elnlnas.-
Adefovlr Hepse~ Apomorphine Apo11~.~ 

AllullrOI see Sallutamol Prowntil", Ve111Dt11• Apr.Kionldlne lopldlnee 

Alcumnllm Allofert.,. Aprepltlnt eneooe 
AldosteiUn. Aldcxorte ... Apmdin. Fiboran• 

Alendronallt Fosarna4' Aldepartn Nonnmo-

Alfentanll Alred, Raplfe.,. Argatroban Atgd 

Alfumsin lkaXatral", xatral• Arfplpramle Abii!IY" 
Allsldren 11a111eze, re~c~u~ Artemelher + lu-ra~ Rimae 

Allelhri" Biollllethri.,- trine 

Allopurinol ~ ..... ~-- Artesu"'llt ~---. flllclg~. 
Alprazdam X._. Plasmotri.,. 

Alprenolol Apllobal". Apan.-, 
11111calne Ultnical.,. 

Gubemal" As~Nraglnase El~ 

Alprostacll c-ject.4',£d ... 
(- crtsantasp~se) 

Mus.-. Vt1daP Asplm 

Allltplase Acti~.Act~ AUmimle HismanaP 

Alumhlm hydrCIICide Ald..-. Altemagel". Atenolol Tenonnl.,. 

Dermagra.,. ~CR!Ine ~ 

Amantlldne ~. 9>plmeln!P AtoNastatlll Upllo .. 

Amllracln Amllcl ... ~ban TraciDdl_. 

Amiloricle Midno.- AliMiquone Mep~. Wellwn .. 

Amllol1de Moduret,e, NMpar.- AliMiquone + proguanll Malamn.-
+ hydradlloRIItolazlde Atracurium Tracrium• 
Aml~benmlcadd PilmiN" Atmpt.e Alnlpe.,. 
AmlnopJ¥Ane PJ¥1ocant" Auranofln Rldau,.-
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Tallle47.l Drug 11111'118 ... trade n1mes (CXJI'It) 

11111111 11'111111111111 llllml 11'11111111111 
AurothlogiUCIIIII! Sola•n•je llroiii!OIIIm L.enclormlne 
Aurothlom;olm! llldlom ~rllln6 ludi!ID•Ide En!Galrt~. 

AuprDpiiDIIe ~ Pulm~. RhinDcon.-

AHII*'Pitne ~ ~ l'arldrlsane 

ADihnlrn,dn ~ ............ a..m.e. a...tn.e 

Azlcdln ~ llllnltrolol ~ 

Am..... ~ lujniiOIJINo• BuT~.~. 

a 
T~ 

~+~ ~.~ 
llupnlplan ~.~ 

a.dlnda + _,.,.:in • ~ 
....... ~.~ 

~a llulplrone ~ 

a.dcAn ~ lusuhn .......-.~ 

Bamlplne ~ lutylsccpolamlne Buscopane 

llasllbd-b Slmu~ c 
Bedometlllso111 ~.lie---. C.be9Jrrte Dosti.,.. 

Bedahl~. llemdlsb•, C.lclrl!dlol (- llltlml• D) Ded~ 
~...-.a-a.~ ... C.lcllllnl• C.lcm_., P.taaldn6 
Qvl .. 

lledaqullne srrturoe C.lcltlfol Rocaltrol• 

Belilnolol GllucontDtl' 
Calcium arbonal2 C.lchl~.c. ...... 

lle"'OOIppll Lotensln6 
C.mazepam AJbegoe 

lleiiZIIIUine Anwrialn.-. An"-'!•. 
C.nagllllozln III'.IOQna"' 

Orifeje C.ndesartan Ataand• 

llenmupl~ne Cogenlln6 C.nrenone So~c~Ktoaee. ~ 

Benzyl beniDIIIt Asclbloje C.pedtabl..e Xeloda• 

llel:a'llol a~.~r1onee C.preonl)'dn c..,.-. 

IIIMdZLmlb .....u,e C.ptoprll c.po~~en• 

llerllllb11111f Br.ullpe C.remld Su~cn~n• 

Blcalutarnlde c.ocae C.rbachol lsoptoe,M~ 

lllmltaprast c:..nrorte. ~ Cirb•-F*• TegrBIIIII 

lllpaidon ~ ~ GeiJclln4t 

llisllaJdrl ~ ClrbetDdol ..... 
lllsnUh~ ~ CirbiclcJp. ~ 
lllsapnllal ~.m-e.~ CllbimlzDie ~ ..,.,. ~ c..bopl6 ~ 

llhrllrudn ~. Mtja!" c:.t8olol ~ 

llleam,cil .._... c.r..a c-ge 

llorWilmb ~ c.spofungil c.ncw.• 
Bo..onl:lln Tree!. .. Cdaclor DIStldo .. 

Botulinum tadh type A ·~. Oysporte, 
Cdledn c.pon.e, r.n.e 

Ocu~t~ume Cdtltlldme Clllfa'ane 

Botulinum tadh typ• a Myobloce. N•ro•~ Cebzfdlme FDrtu.,e 

lllfmonldlne Alphla-... c.tbi_,e RDcephin6 

lllfnzolamide ~ Celeaadb - mleaudb ~ 

lllomollllleflllm l.eldane Celiprolol Selectolt' 
lllomhalne 

·-~ 
Cellulose JW!cel• 

lllomoalpllne 1'41rtodlll' c.tqNrin £mbol .. 
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Tllllle47 ..J Drug names .... tnKie names (CGnt.) 

D~NIIme Tl'lcle Nlme Tlade Name 

Zlr11!~ Colestld• 

Cet~ Colistin Colo~~r~CI .... l'mmlxl ... 

Cebaimab £rbmae Col'licGtropin Actha.-. s,nacthen• 
Chloral h)-d.- Welldonn*, Noaece Cortisone eo.-,nee 

Chlorambuc1 t.ulenln• CotrimGJG~Z~~Ie aactrlme, Septr~ 

Chloramphenicol chloro~ne. Cl'omogllcilte Inial", Nasillcrom•, 
Kemlatil .. (•crornalyn) Opllcnlme, Rynacrome. 

Chlorcliazepclcide Ubrilm• VMdri ... 

Chlonnadlnone Gestmtlnt' (¥111XDballml"~ Bta) Nasalbll•, ~me..-. 

ChloroprouiiW Nuecai...-
Neo-Cytame..-

Chloroquine lwloclo.-. NM!Qm.-
~lofenll Ond~. Sewow~d• 

Chlarpromalne IJ!rgactill', lhorazlnee 
Cydopholphamicle £nd111111.,.e 

Chlolthaldone 1-Wrolo ... 
~lcserlne Sei'Ofl1\'dn4' 

Cholestyramllll! PNMII~. Qut!llrant' 
Cyproterone aCI!tata Androcu ... cw~ 

Chorionic gonadCIIropin Chorago .... Ovitrel!.-. 
CytM-abine c,tosa~.~ 

(HOO) Pn!gnyll' D 

Clcbsporfn (• qdo- Neorall', Sandmmun.- O.bigalnl" Prad_. 

spomA) O.arllazlne Dtlc~me" 

Olazaprl ~ O.dlzumab Zenapae 
Oloslazol Pletal• O.Ciinom,cin eosmegene 
Omelldl..e Dyspa~. Tagam~ O.lteparl" Fragmlnt' 

Onacalcet Mimpe,.e Dllnapenlid Otvara ... 
Oproftoudn Oblain4', Opro", Dllntrolene oantr\lme 

oprome, r..m..- Dapsone Item .... 
Cisapride Propulsid• Daptom)<in Cubicin• 
Osplall" Plall..oll' Darilepoetl" Atanes,.a 
Citlllopn1111 Celealt', Opramill' oanr.nacin £nebl .. 
Oadrlblne t.ustatln4'. Ulak4' Dlslnllb Spi)UI" 
Oarlthromycl" Blaxl .... ICiacld• DllunoNbldn C..Ubldln_. 
Oemasltle Tawglll'.~ Defi!~UIIOI £lclad.-
Olftda"¥=1" Cleocil•, Daladnt' Defi!~U~G~mlne Desferall' 
Oodroneta aoneruse (• clesfeniaumine) 

Clofazlmllll! IJ!mp~.- Dellmanld ~ 
Cloflbrate Alnmld~ o.IIMrdl..e RelaipiD .. 

Clomelhlazole Hemlnt'lllln4' Daosumab PrDIIa" 
Oom~elll! Cloml~ Dmfllnne ~...-
Clo.-pam 1<1-pi .... RMltrill' 0es.,.-.mi111 NDrpramint' 
Clonlcllne Cilia~, Diu,.- DeP\ldtl lprlwlll.a 

Oopldogrwl ISCIM! ... ~ Desloratadl..e Neoclarltyne 

Clo!U!PIIe 1l'llnlcen .. Des111DPA!5Sin D~. Desmosp~. 

Clolrtmazale Caneste .... '¥!• Desmota ... ~. 
l.olllmi..-,M\Qae 0ct1me, Sllmatet> 

Oozapl..e c~our111', 0enap1nee. Dmagesln!l Marwlont' 
Zapon .. + ethinylestradiol 

CDdellll! ~n Cllmbll'd:ln5) Cocltl ... ~. DeQm~e Decadron• 

Coldlld..e eoayse Deallmlde Trembae 

ColesiMiam Choii!S1llglll•. Wlllcholl' o.tran Dlldliin.we.~ 
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Tllllle47 .l Drug names .... tr.lde names (cont) 

D~NIIme Tl'lcle Nlme Name ll'lde Nlme 

Dlazepirn Dlillemuls4', Stesolld•. [(onamle l'olstilllne.~~. 
Tenslurne. va11urne I'IMII)'il'.~ 

D~e £udeminee.l'rogpne Efat~~&~llllb Raptiv# 

Dlclofenac Artto~ EfoMI\!IIZ ~ 
(with mlsapraslll~ EletJ1U" Rerp.e 
Citlftam•. Dlfw!ee, Empagntlom Jard~ancee 
ValtaNI~ 

Enalaprll lnn_.,v~ 
Dlcloadlln l)ynipe.,e, Pilhocl~ 

Enfllnne at.ranee 
DldanoPie ~ 

EnliMrtlde F~ 
Diethrbrbemuine lwormectint' 

EIIDIGidn ~ 
Dlgolcfn ~ .... ~ 

EllCIIIGiparfn a-...-. ~.ove..,.e 
Dihydn~lazine Nepresd• 

Entlcapone eammnt>, eorm.sse 
Dlh,diOI!IIIotamlne D.E.H.4se, Mlgranall' 

EnlleaVIr llllradudee 
Dlltluem Dlarne, llldlerne 

Ephedrine ~ 
Dimenh,driiNII! Dramami.,.-

Epinephrine (• adl\!na- Adre..alnt', Epil'l!n•. 
Dlmeraplopnlpaae su~ 01-~. MeKIMIII' line) F&lljae, Supnorenlnt' 
fonic acid 

Eplrubldn a~~nme. PhannarUJldnt> 
Dlmtflylamlnophenol +OMApe 

Dlmelhytfu-nde Fumaderrne, Teddd 
Eplerenone ln.,.e 

Dlmellndene FenlstP 
Epoelln ~. Neo._,rmo.,. 

CeMdlll', Plep~. 
Ep105artan Tewetent' 

DlnopAJStone 
Eptlflbatlde lnllegrtllnt' P~apeu•. l'roltin ue 

Dlphenh)Q;Imlae Benadryte E~gometrlne (• ~ &pin ... 

Dlp~a .. lanallll' 
\line) 

Elgolamlne £191-... Mgrt• 
Dl5o~mlde No~. Rydvnodane 

Eliotinb Ta~ 
Dobutamlne Do~ 

Erythlvllll'CI" ~. £Jyttoroc1ne, 
Domtmall T..,.._. flylto~ 
DolullegnM' ~ [S(blopram l.ellapro" 
Domperidone Malllurne &molal ~~rev~~~oce 
Donepezll ~ EsomepraZIOie NecJume 
Dopamine lnt~apl ... Estraclal Estraderrne, ~. 
Dormlllmide Trusopte &Grell', Vagifem" 

Doucurfum NuNI.,.e Etanerupt Enbl\!11' 

DcDr.msl" C.rdurae Ethac.,...lc acid Edecrtne 
DoRplll Slllequane Ethambutol My;mbutd• 

llollanmldn Adrtamyc~ne, Adrtblas- Ethionamide Tnalll .. 
til•. callyx". ~ Ethopropaine (• pro- Pwll'lidant', Pwlrsidoll' 

Dollyqdlae Pelt~. Ylbra~• fenamt~e) 

~amine Mecr..sleepe, ~isome Ethosllllimide £mei~Jee, Zanlnline 

D~lcllllmlne cuprtmt~ee Dldronala Dldronell' 
Dronablnol Martd Etllefltne ApocNifn• 

Droper1dol lnapslnee E1Dfbnde U~Merze 

D~ Xlgme Etomldate Ami~. Hypnomldme 

Dulaatine Cymbil~. Yemr-e Etopa5ide Elrlpoph~. VePesicll' 
Dutastlerfde I'Moda~ [ftt!INII! Teglson4' 

E Ewo~almus AflnliD .. 

Ebastlne Ebl~ 
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Tllllle 47 ..J Drug n;omes .... hde n1mes (CGnt.) 

Nlml 'n.diiNiml 111111 Nlml 

a-.st.ne ~ ~.lemqll' 

Eia!natlde ~· C..llop!lmll ......_,...,. 
E'atmibe ~.~ Gancicbrit ~ 
E~ldd ~ ClnlrdiK ~ 
F Gellllln mllolds Gellfundl .... 

Fil'ndciM" ,.,... ~ 

F.malldlne P.pc~ Gemdbblne Gemu .. 

Felbimallt F~ Cill11epftiSt ~ 

F~ Ple..w- Cienftbrwll lop~ 

Faypressin oa.pms;..- Genblmkin Cidan,.ane. ~il". 

FetiOibnee AI'Onlf.~. 
Gerllklne 

Trfm,e, Trfglld .. Gl.ti111-r lmtlte Ca~ 

Fetliatllrol ~ GMielodlmWe DlonP.~. 

Fenblr¥ Du~>~gl!llc.e, s.blm1~ 
(•g~rtde) GIJn ... ,IWicranl ... 

F..,_,adine Alllgra•. Telf_. 
Glimepiltde ~ 

Fllgrnftn ~ 
Gollldorelln F-are~ 

Anuterfde Pn~pecJ.tl, PIIIICII,e GoNnlln lalld .. 

Flealnlde ~ 
Gmsetran ~ 

Auclaadllln Aaupene 
GrfU!OfuMn FuMdne, GrffuMne 

AuconM~II D'"IID!• Gulo1IIIWiine ... 
Flucytoslne ~ 

H 

Audlnibine Audl .... 
Halcnnlrine H.hne 

Fludrocuoaotoe ~ 
lilloper1doj ~.~ 

Au,_n ~. llomalmne H•rfn C..lcl.,.rlne", Uq~~~~nlne 

Aunisotllle Alrobid•, N~YI~. ~ low rnoleculw f1'lgnline, Fr~ 

~ 
Wllght 

Flunilr....,.m Rohypd l ...... bbl &iplne 

FluonJcncll AdrucP.~ 
Holllltrophe I~ 

AIICDIIIIIne p,_,.e Hydl'lllazlne Apreatn.-

FlupMn1Z1111 .. ~.~ 
~ 

~ Dllnwne" ea~. !alu-m~ 

Flublmlde o,....il".£ul.ane ll)dtca ucwploone ~ 

l'lulbtone ~.,..,._., Hyd'-'Obllamln ~no..-

Flbdld ... FJowm- Hyd_,mloroqulne Pl.quenll" 

""-'* Lese~ ~stlldl ~ 

A.._mlne ~~~..-.~ Hydrqcyp~e ProlutDne 

Fomepilole Anliml" 
..... 

Fondap!lrtnua ~ 
Hyd"*YIJoao Hyd ..... 

FonniQrol For~dll". Qoclstl ~inelour.ytbocao oide lluscopen8 

fONPtiPiliiot ~ 
I 

fCIICim.t Fas~ 
lbuprafwn hM~ •• ,..,.., 

fOIIno11rt1 IWonoprUe 
Moellne.~ 

ldoocurfdlne Dendrld•, Herp_. 

~ ~ 

Furosemide 
fasrMiide 1 ...... ~ 

La .. 

G 
lloprvst Ve~ 

C..baptntn 
lmatlnlb G.._. 

Neuronllne 
~ + cllistlun ~ 
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Tllllle47 .l Drug names .... tr.lde names (cont) 

Tl'lcle Nlme ll'lde Nlme 
lllfranlje l'lwad~. ZGton• 

lnd;pamlde ~.N*I~ Jealalant' 
lndinavir Crilliwnt' IA!ftunomicle ArM• 

Indomethacin lndoc~. lndoclne IA!nalldomlde Rellllm~ 
lnftlxlmab Rsnla~d .. IA!nograstlm craP, Granocytee 
Insulin aspart Novolotf IAphudln Reftudane 
lnSIIIn degludec Tres.,_. Wramle Femd 
ln.,lin detemir '-!mi .. IA!uprorel"ll Eliganl•, Luprone 
Insulin g!lrglne IJI~ ~racellm Kep~ 
ln.,lin gluraile Apicl ... a.wocetirizine lfrsaje 
Insulin human J\drapld•, Humullnt', IA!wdopa Dopa ... IJirodopa• 

Novollnt' IA!wdopa + ben•razlde Madopa .. 
Insulin llspro Humalog• IA!wdopa + carbldopa Stle~ 
lnll!m!ron gamma Adlmmu~ IJMinorgeslrel Mladme, Mlrenae 
lnll!m!rons lelon ... lletaferon•. a.wosillWiden S'm~ 

lmuldnt', lnterue, 
~ne aerom-.~. lntront', Peglntront', 

RoNron" ¥thrad• 

lpnllnlplum ~ Udocalne XW!ocalle", xwtoca~ 

lrbeMrtan ApnM!Je, Awproe Uncarnych Unmclnt' 

lr'tft041ecan Qlmptoe, Qlmptosa .. Undene KwiiJe, C)lellild' 

I~Ga~~~amle Oplo-Tmagent', u._tld ~ 
ll'lwgent' Uothynlnile (• trillld~ c,tom.Je 

lsofturane Foran.- thyronine) 

Isoniazid INH•, Nydrazkje Uslnoprtl Cilracee, PrtnMJe, 

Isoprenaline lsupreje 
ZestJtt' 

(• isoprob!l'l!noO Usurtde DoPI'!IInt' 

l~ldedlnltl'ille Uthium urbonate C.mcul~. £sblid,e, 

l~lde rnononitrate lmdu ... lsmdl, 
Prtad~Je 

Mon .. ~mustine CCNIJID, CeeN.,e 

lsoln!t'lnaln Roaecutanee ~peramlde lmodlum", 

lsr.ldipine P.-aJe 
Kaopectlle II• 

~piniMr KAIJene 
ltrJCDII&I!Oie S'ponl_. 

~raladlne ~.CIIr~n~• 
Mlncllne Proanla..-

~ra•pam AtJvant' 
lwrmecRI Stromectol" 

~rm._.,.m Noctamldl' 
K 

Coma .. 
Kan ... 

~rtln 
KAI...,Cn 

a-tiltil ~.M-.. 
Ketamlne Ketala .. 
Ketlllalnezde N'~BnJe 

~estrenal oo.oreme (comb.) 

Ketlorolac 'lbradoJe 
~n DillpicJe 

l 
M 

IJibtalol Normodllll ... Tranclae 
Macrogol McMall• 

IM:IItal Import!~ 
Magaldrate Rlopant' 
MannltDI Olmllro~. Olmafundl ... 

IMtulose Dupha~ 
Mllprob1ine Luct~omiJe 

IJimllludlne Eplvt .. 
Mal'llllroc Clel5enlrtl' 

IJirnotriglne IJimlcbiJe 
Mebendazde Ve~ 

IAinreodde SomaiDin.-
MechloA!Ihamlne Mus13rge..-
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D~NIIme Tl'lcle Nlme ~ Tlade Name 

Mecllzlne ~.aon1nee MlconiiiiDie Daktarln", Mlalln". 
Mednayprogeslefane Depo~ra•, Monl~ 

IDillte "'-.... Miduolam Hypi'ICM!I• 
Meftoqulne IJirla~ Mlfeprlstllne -~.Ru...-
Megestrol M~ Mlgllld c;~ 

Melatonin Oladln" Mllrlnone Prlmaco,. 
Meladcam Mabl~ Mlncqdlne Mnacln" 
Melperone Buronije, £unerpan" Mii'IOIIddil l.ollill!n", Regai1 ... 
Melphalan Alb!ran" Ragain_. 

Memantine ~.Name.-. Mirabegro11 Betmi!l' 
Menadione (VIt. IC) 91n~ Mlr1ilzllplne Remeron", Zlspln" 

Menatropln Hun.gon". Menapu,. Mlloprastol ~ 
Meper1dne (- pedlldh!) Demnje Mlloprastol (In Arthnace 

Meplwcalne Carbocalnet', Polaaln_. 
mmblnallan) 

Meraptopun11e Puriroethoje Mitllt¥11 Mulamycin" 

Mesalamlne Asacoje, Penta,_-, Mlvllanlm ~ 

(- mesaluine) ~,.. Mlmlastlne Mlmle ... 

Mesna Mesns" Moclobemlde Manerlx" 

Mesterolone Pmvlmn" ModaiWIII Pmvlgl• 

Ml!slnlrd (i1 CDI1'bi1inicll) Necon". O~NCMI~ Molgramostim Leuco~ 

Metlp~nol (o~l- Alupem- Mohldomln CD!WtGn" 
p~WN~Iine) Momelllsane £curaje 

Meterdane Prlmollol~ Monteluklst Shgulal.-
Metfonnln c; ... cophag .. Morphine Duramorp~. MSI_., MSJ 

Methadone DDiophinee. ~ ..,.,.. CDntill.,, OralllOI"pht', 
._no,., Se~mec~gje 

Methimuole Feliun". Mi!lhimje, Momnidine Ph,siotense 
Tll~ Muromona•CD3 Ol'thoclone 0103" 

MethohiiiCbl Brevtaje M)aplwlolate mor.til c.IICe~ 

Methocr-te Faa-, Rheum...- N 
MethDirineprazile Nazlnan" Nabllone ees.n~ 

MethCIIIYflurane Penthra._. Nadroperin FllllCiparin.-
Methylcel ... l- Celeo4~. Cltrvcel• Naftlllne Nlftln" 
Methyldopa Aldo~ Nalbuphile Nub." 
Methylqomelrlne Mi!lhergl ... Nallcllldcaclcl Negra..-
(ml!lhylergDIICMne) Naloxone Naran" 
Methylphenidate Ritlltn• Naltralne ~·· MethtlteslliSteone Anclro~. Oreto .... Nandrolone Deca~urabolln" 

T-.1• 
Naphemline Privi ... 

Methyservlde Sinsert4' 
Nllphamllne + phenlr· Naphcon~•. Vlslne~• 

Metiprardol Dpt ... rdgje amile 
MeiDclopr.~mlcle MMDIDn". Reglan• Nllpra~e~~ ~.Na~. 
MeiDprolol Betl~, Lopreao,. ~--Metroridamle l'lagyje Nllratripliln ~ 
Meldletlne Mellftlje Natal~llb TYM~ 

Mulacllln Baypen" Nategllnlde Slarl .. 
Mla1111rln Tolilon" NebMIIol Bystcll~. Nebl~ 
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Tllllle47 .l Drug names .... tr.lde names (cont) 

Tl'lcle Nlme ll'lde Nlme 

llladet' Ml~ 

Nefamdone Sermnee ~n Pltocr..-. Syn~Dmone 
Nelfinavr Viracepte p 

Neo~n Neofnldl ... PadltPel r-~ 
Neostigmine PRIIIigm" Pal!f.nnln Kepwncee 
Ntalmlclne Netlllrne Pamldronate Aledl1l' 
Nevlraplne Vlramu"' Pancuronllm Paw~ 

Nicaldipine C.lden.- PantGprllmle Protiumt', Protonae 

Nlfedlp"e Parecclllb ~ 
Nilotinb Tuignae Paromon¥in Humati~ 

Nllvadlplne ~ PaiOIII!(he PuJ•.~ 
Nlmodlplne Nm...,. Peglnterfe10n Peg .... Peglntn~n• 
Nlsoldllfne sura.- ~somant Scm~ 

Nllnlzlepam Mogadant' Pemeln!lcl!d AJI.-e 

Nilrenctlpine aayp,..e l'lnbut.lol ~ 

Nitroglycerin Nlro-llld•. Nltn).Ope, l'lndclolllr Den~ .. 
~.Nitrallngual l'lnldl"' G Blclll .... Oystape ... 
spraye, ll'lnsderm-.-...n;e 

l'lnldl"' v C.lwpt.,e, l'ln-Yee~. 
NltJapnmlde sodium ~.~ V<JI"'~ 
NilrDitigmile Parathiant' l'lnlllmiltne Nlbuptme. Penbm Jooe 
NoA!(Jinephrtle '-P,_. l'lnbaoelne Fortr.ll', ralwlne 
(• ncndiW'Ialine) 

l'lniDbarbibll Nemb~ 
Norethlsllerone No~. Plfmolut ~ 

l'lnllldfyl"'e lh!ntall' 
NDrtiCIIGicln NDRIIIIne 
NDitriptyline Pamelo.-

I'I!IVDide Perm .. 

l'lrindoptt ~aone.~ 
Nosc.aplne (· narmtlne) C.jMI~ 

l'lermethrtn Ellm~. ""'lea,. 
Nys!Bti" Myms~B~•. Nirm.t.e 

Perphenuine Fentmlne, Trilafone 
0 
ObidaiCine TCIIIIIgDn._. 

Phenobarblllll Lumllall' 

Oclreollde Sindost;dl~ 
PhenaybenDmlne Dl~ln_. 

otlmcadn Floxfne, ra~ 
Phenprocoumon 1'11hhRimt', Ma.-.ma.-

Olanzapi• zw .... Phenylbutamne llutamldln_. 

Olodmrol St!Meld,. 
Phenytoin Dilantine 

Omalllumab Xalal .. 
[p;llutl ... 

OmepRIZOie ~.Pit_. 
Phposllgml• £sell"'· lsopiD &ell"' 

Ondansetron ldra ... 
PhyiDmellldiDne Konaldo~ 

Opipn1mde lnsido~ 
Pllocarplae I~Oirpi"',S.IIgene 
Plndolol y., ..... 

Orl- Aln-,Xenlcll~ 
PIDglbzone ~ 

O.lbmivir Tammue 
Plpecuronlum Anluane 

OIGicll"' Bactodlll', Pnlstaphllne 
OIGIIIplalln Elautlne 

Plperadllln Plpraclll' 
Plperadllln + llllllbac- Tamba~.~ 

Olcu!pam Serax" lllm 
Olcurbemeplftt Trtleplll~ Plre!m!plne Gallroa!pil• 
Olckoramle Oldsblt8 Plreblnicl. £urelae 
Qcprenolol Trasl(l),. l'lzld!n SaiiDilliDillll• 
Oxycodo• Oxyalntil• Polldoanol Asd.# 
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Tllllle47 ..J Drug names .... tnKie names (CGnt.) 

D~NIIme Tl'lcle Nlme Tlade Name 

Po~B Po~ Lucentls4' 
Posacanazllle Noaft~ bnllldlne Zlln_. 
Pralicbclne Protopamt' Rasagilne Azj~ 

Pramlpecole Mira~ Rasburtme Elite~ 
Pravasbdln u~. Prawdlore Rebac.tlne £dru_. 
Prazepam ~ Repaghnlde ~.Prandl.-

Prazlqualdlll Blltrfdcree Rmerpile Serpasl .. 

Praillllin ~.Minip.-e Reteplase ~ 

Prechlsolone Delta-Cortrt ... lfelllpartn Olwlrt_. 
Drap..r•. Predfwm•. ltbavii" Virazlll_. 
Prednesore, Prelonee 

Rlfabutln Myolbutl ... 
Prechlsone Delblsonee 
Pregabilln ~cae 

Rlfampld" 

Prtloaolae Ota~. xrroaene Rlodguat Adem11115• 
Rlledronate Adon ... 

Primidone Mysolin.-
ltisperidone Rilperdare 

l'nlbfllecld Pmbecld" 
Procalnamlde Pmca" ste, Pronestyre 

Rlto!IIW NoNI .. 
RJv.stlgmlne &.lo ... 

Procaine Nowocaln.-
Procarbazllle Mablla...a> 

Rlutrtptan Milllill ... 

Proqddine Kemadm• 
IIDalronlum Zenu'GI'I• 

Rllpinirole Reqlipe 
Prugablde c.-.abren_. 

Rloplwcalne Naropl.,. 
ProgiiiiBale C)'dog_., CAston .. 

RaslglllaDie Alla..dl .. 
Pruguanll Paludrt...a> 

RIDtlgoftle Neuproe 
l'romelllazlne Phellef!lan• lfadthrom,m Rul~ 
Propmnone Rythmore 

llllfinamicl. Banzere 
Propoful Dlprtva.,. 

Propnllolol lnderare 
s 
Saluosulfal¥idine Azulfidin.-. Saluopyri ... 

Pyranll!l pamoate PJ...xe (sulfiiSillazlne) 
Pyrtdostlgmlne Ml!lllno.,e Salltytc add Campoundwa, 
Pyrtmethamtle Daraprtme Duollm•, Kera!y1,41, 
Pynltllum VllftCIUI.,e Medlp._..., Sebucaree 
Q Salmeterol Seme..._. 

Quazepam Doll! .. Saqulllllllr F~,IIMR1see 

Quetlaplne s.roquere Scapalamlne Scope 

Quinacrine Atlibm .. Selegdlne Eldepryre, £msamt' 

Qulnagollde Norpro~ Senna Seao..,._. 

Quinapril Aaupnre. NJ:uprd' Sertralne ~..ustnore. Zormt.e 

Quinidine Cilrdloql.,e, Klnldl..-. Selloftulllne u~~anee 

Quinaglutee Sibutnmine Merid ... Reducti .. 
Quinine Qualqul.- Slldenafl Vlagl# 

It Slmettolcme lnfacore, M,tlm.,. 
Rabeprazllle Aclpr.e.Parte1,41 Slnwastalln Zoal .. 

Racecadotrtl llorfa.,. Slmhmus Rapanue.-
Rabcifene &istll• S"llllgliptin ..... 
RaltlegnM' lsenlres$4' SltPentan Theil ... 
Ramlprll AJtacee Sodim plcosulfate Dur-..-, IMobera~ 
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l";lllle 47.3 Drug n;~mes ... b'1lde n1mes (c:ont) 

liiiiM 'llldiNIIM 'llldiiiiiM 
Scllfen&ln ~ PIQnlloafn .. 

Samnoraln OHRI+Fen1111• Tl!lrlqcHne h:hm~,., Tel:_,. 
SamaliDII'Opin ~ Tl!lrl•pil!l ~ 

Scnfmb 
,.,_.. Tdrydne --!Ms ptuse, 

5otllal .....-.~ (- lel:ial.,._,.ii!) ,..-.~ 

'llllllclomiN ~ Spm~ ~ 
~ . .....-. ...... z...- ~ 
~.~ 

~sodim ~ 
l'llllbelldlzale ........ 

sartpenllll ~ 
T1liirrW Ybmin81• 

Sbl!f*lkiww bpt.-e 
1Nope!UI ~ 

blnllllm IW1dR ~ 
1hlorldUne MellerP 

s.D~ ~.Qullm• 
Thrombin Thrombin~~. suaalfm Clrata'f Throm~ 

SUfenbonll surem.e Thyrolropin ~ 
SU&od..One + pyri!Mih· Nrllld• .. Thyroodne El~ 
~mine 

n..gablne Cillblblje wn ..... ~e O.nblll,. 
Tlairclllh Tlal~ 

SUpll1de Dohlltlje 
Tlclopldlne llcld• 

S'ulprosllone Nil .... 
r~g~ine Tygad• 

Samatriplan lmlgl'll'l•,lm~ 
llmolol llloc:aclren•, llmopllc.a, 

SW!Itlnlb su~ limopiDP 
T 1lnldal!ole 11 ....... 
T~ertne Cog_. 

ll~~D~Mrln Inn~ 
Tacrallm&B Prag..,., PratDplc.a TIOCOIIillllle Vagistat-1• 
Tadallfil a.1se 11otmpllm sp..-
l";lllnolal CoNIIrun• nrofiban ....... 
Tai'THIIIIfBI NDwd_. Tobriiii1YCin Nebel,., Toile'" 
l";lmsulosln Flo.,.. Taalnlde Tonocaod'" ,.....,..., 

T.-goc:~ Tolcapone ,_,.. ,.......,. ,.,... 
Talesoclne ~.~ 

r.-ouo.,O. ~ Tapilwn* ~ 
Tllmisarbn ~ Topclloeon ~ 
Temaep~~n ~.~ t-M I• alleplasel lctJoRaf' , ............... T~ Tlabectedln 'fGicleWJ 
Ttm*ollmus ~ TI30Mdol ~ 
Ttneei!Pne ~ Trr.dclipo'il ~ 
Tftpooicloo \VnQntl T....-mlo:Kid ~ 
Tt!liiDSin Hylll,. Tnoo¥~rcmlne Pamatee 
r.-....llne Bowlhlnoe, Brtaonyje n.tua~mab 1-ierteptl,. 
T~rallde Fo,....,- TnMlpmlt ,...,....,. 
Tstn~lol AIW,Prenll_. Trmodone ~.-
Tes~oos~oomne AndmiA ~. 0.1.- Trllimdnolone Artstom~. ~e.....me. 

loeltryje, DePindro1Doe, Ken.~. Nuo<G~ , ....... 
Trllimtlerene Dyrenluml' 

Tesliosl!eRJne proplonllte Andmder .... , Testopell' 
Trllimlm!ne + hycl~ Dy;gld .. 

Tesloosloomne ltteld',~ dllorothlaZide 
undeanoalle 
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Tllllle47 ..J Drug names .... tnKie names (CGnt.) 

D~NIIme Tl'lcle Nlme Tlade Name 

llfaiiDiam Halclont' ~ 

Trfchlormeltomlde Meaf¥1rtne. ~~~aquae Verapamll c:a~ane.,~· 

Trifkllidine Viroptk4' Vidarabine Vira-A• 
llfhet)'llhenldyl Ma~ Vlgabltrtn Sallrf~ 
Trfml!lhaphan Arfona~ Vilanterol Elll~ ...... 
llfmelhoprtm lpn~je, Monotrtln•, Vilclagllptln ca.-

Pnlloprt~. Trtmpecl' Vinblastine Vellla~ 
Tlimelhoprim BaCiri~. Septr# Vincristine DnCIMn• 
+ sulfamethaamle 
Tlipllnlin Deca~. Trelstar 

Vitam"D Ollcll'ero~. Drtsdo~ 

~ Vorialnme Vfwl~ 

Tnlpiamicle Mydn~je w 
ll'oplsetron NiMJbl .. Warfll'l" Caumadln• 

Trasplum Sa..ctu.ae X 

Tubocurarine Jail•. Tublm.- xanthl"ol "ladnalle Camplam~ 

Turoctocog ;~lfa NcM)Eig~ Xipamicle Diu~WG~~ 

Tyrathricil '~ 
~~lne Otrtvl~ 

u z 
Umadl"ldllm lnause El,__. Z.lolllbine Hivid• 

Urolci.- Abbolci.,_., ICinlytice Z.leplo" SGn_. 
v Z.namMr Releld 

Valaddavir v.._. Zlconotkle l'llllrt-

YaiJandckMr v.~ Zldawdlne Retrovl .. 

Yalprolc add Depar.n ... £plll~ ~ldone Geodo .. 

Valsartan [)"_. ZOiediUMII! mmd 

Vii~~CC~¥" V.IICDCI~ lolmitri,Un mmjgt' 

Vardenafil ~ lolpldem Amb~. 511iloo.e 

Yarenkllne Champ~. Chant!X" ZGpidone ZimiMI.._. 

Vasop.-n Pltrelsil• ZUdopenthliOll Ooplloll" 

Veannllln Nolai'O ... 
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47.4 Trade Names-. Drug Names 

Tii*47A ll'ade n;mes ~drug names 

ll'aden- Dlugn;~me Tdden1me D!!ll n1me 

A Alphagan" Brtmonldtle 
Abbold__. Uraldnase ,.... Rllmlpdl 

Abelcae Amphutericin 8 Altemag..- Allminum hydAIIIIide 

Ablnrye Nlplp~m~le ~ IJM!statln 

Aa: .. rtje Qunaprll Alupente Mmpruterenal (ardprenalne) 

Aa: .. roe QUhaprtl Amaryte GlmepWe 

Ar.eon" Pertndoprtl Amblene Zalpldem 

Achrom,On" Ttlratydine Ambisonee AmpiiGII!ricin 8 

Aclp~ Rllbepnlzole Am~ Na!W1pt.an 

Aclha.- Corlicalropin Ameriuil .. BeniiOClline 

Actllysee Alleplase Amlai .. '~lnoaprolc add 

Adlmmunee Interferon gam- Amldatee Banldate 

~ Alleplase Amlldn" Amlladn 

Actl'4se* H'l\ (· llll!plase) Ammdje Amaldcllln 

Actoneje Rlsedn~~~aa Amphocine AmpiiGII!ricin 8 

Acttl4" Ploglltalione Am~ AmpiiGII!rtcln B 

Aclrap~ lnsunn human Anadine Aalamlnophen (• paracetlmo~ 

Aaonee DapsGne Anbesd• BeniiiClllne 

Ada~ Nhdlplne Anmbo ... FlucyiDslne 

Adempase Riociguat AndrolA2Doe Testo5terone 

Adrenalh• Epinephrine (· adrenaline) Androcu,. C)'plvterone acet1te 

Adrta~i.e Dallllrublcil Andraderme TestGiterone proplonaa 

Adrtbla~ Dallllrublm Androl~ M~e 

Adrudje FkJORJUniCI Anecllnet' SUcclr¥chollne 
Advije lbupnnn AniiiUIIJ!III Flu......,il 

Aenlbece Beclomethasone Angenese ~SIIIcyllc add 

Aenlbld• Fklnlsollde Angiom..ae Biwltructn 

Aflnlto.- Ewrollm .. Angge BMIIhlcltl 

Nrtn" Oaymelazallne A~Urae l'enaflbnlle 

Agenerasee Amprenavir Antllle~ MediZine 

Agg~ llrutlbln Ant~~~J~• FomepbDie 

Alcine!Dn" Blpertden Apidrae Insulin glulisine 

Aktradne Badlradn + neonl¥dn Apllobaje Alprenolol 

~ l.onlladlne Apocrell ... Enetme 

Albegoe ama.pam ~ ApoiiiOillhfnt 

~ Spironolactone Apo~tyn• Apo1110111hlne 

Alclomrtene Aldcm.rone Apresor.nee ~raluine 

Aldomae Methyldope ~ lrbesartan 

Aldrat/> Aluminum hydlaldde Apllnee Alprenolol ,._. 
Napraa~ Aranespe Darbepoean 

AJfent;/* Alfenlanll ~ tmlunomlde 

Alimm- Pemelraed Anluln• P"ipeQRni.lm 

Allaeril ... Melphalan ~" PamldAlnaa 

Allegr# FedeNICI"ne Ma~ Trimelhaphan 

AlP Orllstat AlVid Argatroban 

Allofertn" Alcun~~~lum Ma:pte Danepez1 
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T~47.4 Trade names~ dNg names(a~~~t) 

TNden .. Dnlgname , ........... D!!J!In ... 

MmldeKI' Anastromle reaxr.-se Bedomedlane 
M~ Trlamclnalane ._,,... Bedomedlasane 
~ F'onclaparin .. llecoticlet' Bedomedlane 
Aromas~ne eoemestane llenadryl• Dlphenhydran'lne 
Arsu__. Artesunate llmferu ... Interferons 
Altlin .. Tlthetyphenldyl lletlllot4' Metloprolol 
A.rta" Terbtdal ~ Salalol 
Mhrotec,e MisoptOibll (in combination) llltmi~ Mirabegron 
Arthrotec,e (wllh Dldofl!nac lletoptlc.e lleiDDiol 
milaplalld) 

--~~ Beufibme 
Awtt:ll(t Mesalamlle (· mesalazlne) Blilldne Clartth~ 
Asabl~ Benzyl benmate 81dlll ... Penlcllln G 
Asdd Polldocanol Bltrk1de" Prulquanll!l 
Asplrfne ~ullcyllc add lllollleltorl ... Allelhrfn 
At.brin.- Quinacrine .. ...., ... BromhiiiCine 
Atac.and• Clftdesartan Ble_ .. Bleon¥fn 
AtMI ... "-ffem Blaadn! ... llmalal 
Atromld-51' Clofibrate 

~· Clodrollate 
Atro~ Atraplne llonln,. Medzlne 
At-me lpratropium ~ Botulinum tudn type A 
Augmenll ... Amoadcllltl + clavulanlc add Brethll .. Terbulahne 
kierwl ... Rasigtdmone BIWII!b_. £smalol 
kiaprrl' lrbesartan BIWII!Iaje Meltoohecltal 
Awst~ne IINidzumab Brlcil~ Terbulahne ,.,.., Testosterone 111deca_. ......... lbuprof.n 
lfilceje Celh*lse llufferl ... Acetylullcyllc acid 
Avlad~ Chloroquine ........ Buma.nide 
f<llooda~ Dulasterlde Bw1 ..... auma.nlde _.._. Interferons linn .. Melperone 
AlMtam• Azlreonarn ~ Butylscopolamlne 
Azl~ RllugAine 1-t)usdne butylbromlde 
Azl1pi' Brinmlamide ... ._. Busulfan 
Azullld~ Salno.Ufl~lne lluspa .. Busplrone 

(sulfiluluine) 
llutuolldln.- Phenyllutmlne 

8 ... , ...... Buprenorphlle 
llaciguen ... Bilcilracin + neom,ci1 

~ Exenallde 
lladocl~ Dudlln 

a,smr~ Nebiwlol lladrir..- Trimelhoprim c + sulfilmefl-le 
CalrllnOIGUIIIe Clelyxl' Doicorublcln 

Balllll!je Ruftlamlde Cal .... Ve~apamll 

BiiiX~ EntecM- Cllchichew" Calcium albanallt 

...,.,. ... MIIZioc11in Clldfei'Ote VbmlnD 

~ Nltrendlplne Calcime .. Caki1Dni1 

Beclamn.- Bedomeflasone Caldparln.- Heparfn 

Bee~ Bedomeflasone Cal~ Caldum albanallt 
Calwpe ... PenlclllnV 
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TaiH47.4 Trade nama ~dNg names(alllt) 

TNden .... Dnlg name , ........ D!!JIIIIml 

Olmcol~ Uthlllm carbonate Orcadin" MeliltDntl 
Olmp...- Acanlpmsate at...-. Prtlacalne 
Olmptoe lrinotecan Otrua!l• Methylcellulos& 
Clmpm,,e lrlnotecan 0-'oran" Cefotmclme 
cane...- Calpafungln Oarttn• landadlne 
Olnesll!n" Ootrlmazole Oeocln" Clndalll\UI 
c.pa...- eap..om,dn OIIIGin_. £naupartn 
Olpote ... Olplllpril Oivarin" Reriparin 
Clprln" Acetyl$allcyllc add Oom~ Clomiphene 
C.pw~je NOSCipine (• na!Utile) Oopjmje Zuclopenthbd 
caracee Uslnoprll a-a• Clouplne 
Olraf_. Sucralfate Cadi ... Codeine (In combinations) 
Olrbocaln.- Mep!Yacalne Cogen~ Benztroplne/llenDtroplne 
C:.nlenee Nlcanllplne eog,_e Ta:rtne 
Olrdico,e 8"110p1Uiol Cokryse Colchicine 
c:.rdloqlne QuWdlne Coleslld• Cdestlpol 
Olrdun.e DaiGimsln Colon¥i .. Coli~ 

casoc~.- Blcakltamlde Complami..- Xilnlhlnol nlaclnate 
c.t.~~ame Oldofenac Compound we Salicylic a:1d 
c.t.p..- Oonidine Co~ Entaapone 

~ AlpnliStadll eorntege £ntaapone 
ccw- lomustile Cop ....... Glallram.-acet1te 

CeeNul' LomusOie Cordanume Tilhnolol 
eel~ Celecadb - colecadb Conla~an.- AmlodiiiVne 
eel--.e MatJ¥mllulos& Co,., OIIWINol 
eel ... at.lopram Co~ Hydroalftlsone (cortisol) 
eeiiCe~ M,alphenola-. mofwb1 eor~unee Cortisone 
eelsentrl" Marillllnlc eoMtone Molsldomln Cent_. F'na!lpam Cosmegen• DactlnollllCin 
teporae Cefalaln eoumacn..- warfarin 
CeNbldln .. ~O!Wicln c-~ l'erlndoprll 
een.geme Gemeprost em....- losartan 
CeNldiP Dlnopros~Dne OfliMI.,. lndln;Mr 
ees.n,ne Nlbllone Oystapen• l'enlcllln G 
Cet~ Cetnnllic Cubici ... Dapto•ln 
Champ~ Varenldlne Cuprlml._. D~nldllamlne 

Chanlix" Varenidine ~ Flutialsone 

Chloro~ne Chloramphenicol (\'~no~ Hyd.-llalan'ln 
CholestageP Caii!IN!Iam ~~ P!Ugesterone 
Choraaone Chorionic oonadolropln (HCG) ~kapron" lhnllllllmlc acid 
Oa~ Tadalall ~~~~Ita· Oullllll!lfne 
Odo.,.i.,. Genblmicin Cyp~ Cyp!Ubrone ~ 
0~ Oprofbqcln ~·.,. cy.nocollalamln (lilt Bu) 

Opramije at.lopram Cytan.,- Uotlftronine I• biiOdotlftronine) 
Opro" Oprofbqcln ~-ue cytarablne 
Oplllllil• Oprofbqcln ~ Mlsaprosllll 
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1~47.4 Trade names~ dNg names(a~~~t) 

TNden .. Dnlgname , ........... D!!J!In ... 

~ CallddGIIIr DilauclicJe 1-t)<dromorphone 
D DIIDm• Dllllaem 
... ~ Olmethytamlnophenol DimiMIII' D"met'GiptopAlpillt Ufonl: acid 
DLH.4s- DlhydroelgOiamlne 01-~ Vlllsir1an 
Da1ctar1ne Mlconazole Dlpriv.l~ Propofd 
Dalacl~ Clnda~il 01_. Aspirin 

Dalmane!l' Flu~U~p~m Dlslaca- Ceraclor 
Danlrllm• Dantrolene Diu_,. :xipamide 
DaoniP Clibendamide (• g~ride) OIJGI ... Clonldlne 

DlriiPrl~ Pyrlmethimlne ~ Dobublmine 
DDA'JIIIt Desmopressil Dolm.- SUiplrlde 

Deadro~ Dexamethasone Dolophlne!l' Methadone 
Deu-0~ Nandmlone Dopa .. '--dopa 

Deape~ Triptoretn Dopergl~ lllwide 

Dedrogyll' ~ldfedlol (• vbmln D) DoniP Qua•pam 

Del~ Testasterone Dotllld Cabergollne 

DellrCor1r'IP Pn!clnlsolone Dramamil_. Dlmenl¥!rfna-. 
Deltllone!l' Pn!clnlsone I)(~ VbmlnD 
Deltyba" Delamanld bmgeniP Flutamlde 
DemeroP Meperidine (· pethidine) Dtic-Dom.- Dacarbazile 
DeniM,. Pencidavir Puleo ... Blsacocl)1 

Dendr1cll' ldoxurldtle Dul_ ... Sodium plcaUfa-. 
Denzaplne!l' Clauplne Duofll~ Salcyllc acid 

Depa•nee Vlllproic acid Du~ Feno-.ml 
Depandro1oo- Tutaslerone Duphalat4' lactulose 

D~ C~rabine Durages~ Fentar¥ 
De!»~ MedA~~YP~ooesterone aatate Duramorp~ Morpl-ine 
Dermagra~ A.,mlnum I¥!1U1dde ~zlcl.- lllllmlillll'le + ~lorothliafde 

Desferall' ~tie(· cleslinloiaimlne) Dyna.,_- DldCIIGICIIIn 

Desm~ Desmopressil Oynastat.4' PareoJICb 
DesmOia~ Desmopressil ~"~ Trlamterene 
Des)ftll' Trazodone o,sp.m...- Cimetidine 
Detro!" Tollllnldlne ~ Botulinum luldn type A 

Detrusltoll' Tollllnldllle 
Dl!lltra~ Dl!xlnln Ebastell' Ebasllne 

Diallet# Clibendamide (• g~ride) Ebir# Memantine 
D~ Stlrfpentol Eo ... Anldul.t'ungln 
Dla~ Acetlzolamlde Ecasbdi~ Ealnazole 
Dlap~ twrmln Ecotrl~ ket)'!SIIIcyllc acid 
Dla11JN.II~ Dlillllfllm EcuraP Moml!lalone 
Dibenzytn.- Phenoaybenzamine Edecrin" Ethacrynic acid 
Dldron..- Bldrolllllle ~ AlprosladA 
Difwn_. Didat'wlac Eclro,_- Re~Jc.tine 

Dlftuca~ FIUallllllllle err-.. Venlifildne 
Dlglte~ Olgaldn ~ Fluomuracll 
Dllantln" PhenytDtl Elalll• Amllrtptylne 
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TaiH47.4 Trade nama ~dNg names(alllt) 

TNden .... Dnlg name Tdden1me D!!JIIIIml 

Eldepryll' Selegllne EuA!Iae Phtlinlde 
Ellgante ~mN!IIn &~pane Hellobarbltll 
Elimae Pennelhm &id RaiOICifelle 
Elite~ Rasburfcase ~~ Estr.ldlol 
Ellllllpl¥11ne 1heopl¥11ne £alone RMistlgmlne 
Ellena- EpiNbldll bfad .. Deferaslrat 
Elllpt# Wanlllnll &lira~ Emtlmlbe 
EICIIGIIine O..lplalin F 
Elsp;l .. Aspa~lnase (- crlsanlaspase) Factre~ Gonadoreln 
Ellraxil• l.ewltl¥acine ra~oe Mlesunate 

lhyracllle F.lllh~ Phenp-..mon 
£mbal .... Certllparln hmvl .. hmclcbllr 
£moxe BlsopiOiol F.anslda .. Sulfadome + pyrl-'hamlne 
Eme~ Apleplta..t Fas~ l'tMstrant 

Fasapr.plllnt F.aslfec1.41 Epinephrine (- .adre111lne) 
Emes~ Ethowxlmlde r-nne Fl~NG~amlne 

£min_. Anlslnpla• hvlstane Methl.,_le 
£mwme Selegllne FeiN!Dje l'elbamate 
£n~ Darlfenadn remarae l.elnlmle 
£nbreje Elllnen:ept Fenlstl~ Dlmetlndene 
£ndepe Amitriptyline Fentazi ... Perphenazine 
£ndCIICllnae Cydophmphamlcle flboril ... Aprlncllne 
£niDcolt oce Buclesonlcle fl ... Metronidazole 
fplnull ... Phe._n Flbllnat' Fluticasone 
£pe1irne V.lproic add fl~ Flutlcasone 

~ Epinephrine (- .adrenaline) Flom_. Tamsubin 
EpM .. umivucline nDrfneje Flud.-t!SIDI'Ie 

~ Epoeltl n-me Flutlcasone 
£r.Drae Anldulafungln n .. pene Flud-llln 
£1'1)~ Cetuxlmab Flmd ... 011...m 
Ergoma .. Ergot.amfte nudarae Fludarabine 
Ergotr ..... Ergometrine (- ergo.-ine) nulmud• ~cysteine 

~ El)'ttomm)dn Fol_. M~ 

&ythnx:tne El)'ttomln)'dn For.ICIIP l'ormob!ld 
&ythropecll' El)'ttorom)dn roranee lsoflurane 
~ Nllwcllplne F~ Teripal'llicle 
u.nnee Physostigmine f~ Silquln..,.r 
Esld,.. Hydrochlorothlufde FortraP Pentazocine 
Esk.aW Uthfum carbonate ronurne Ceftazlcllme 
£s1raderme Estradiol Foran_. Alendronate 
Estroge~ Estradiol FOIICiM .. I'GKamet 

Ethranee Enflurane Fr~~gmlne Daltl!parl" 
Etopop~ Etoposlcle Heparin. 11M mol10.1lar waight 
Eudemi...- DiiiDCicle Friidparfn .. Heparin, 11M mol10.1lar weight 
EUIIIIIn" Fkllllmld& Nadmparl" 
Eunerpa ... Melpemne rulvlclne Grtseofut.1n 
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TNden .. Dnlgname Trldename D~n-

rumac1erme Dllnethylfumarm Hjyjde Zlllcbblne 
Fungl!n• A~hotertcln B Humaloge Insulin llspm 
Fungim_. A~hob!ricin B Humlltil• Paromom,cin 
ruzeon• Enf1M11de Humlltm,.- 5omallotropln 
G Humeg~ Menotropln 
Ga~ 'fla91blne Humlr# AdallmiiTiab 
Gabte ... l'rogabide Humull~ Insulin hu-" 

Ga""' Vldaglplln Hyamti~ Topotecan 
Gam.t- Bimatoprost Hyd~ Hyd,.,.,urea 

Ga~ SUIIIsolialiole Hyg~ Chbthaliclone 
Ga~l~ Gentamlcl" Hypertensl~ Anglotlensln imide 
Gastrollepl~ Plrenzeplne Hypnom~ Ellllnldllte 
G~ lenog!Uifm Hypn-je MldiiiiDiam 
Gelafundi~ Gelatin coloids ~ Pramsln 
Gemza .. Gemcltlblne Hytri~ Teramsi" 
Genacom- Acetylsalicylic acid I 

Genaw Aatamlnophen (· paracmrnoO ~ Ifosfamide 
Gentldnt' Gentamicin lmdu .. I.-bide mo..unllrate 
Geocllh ... Clrbenlcllln lmlgran" sumatrtptan 

Ciecdont' Zlprasld- lm~ SUmatrtptan 
Ges!Brti~ Chlormadinone lmoct_,. loperamide 
Ciesto ... ~mne lmport<lje IAictltol 
GHRH~ent~ Somatawl1n lmuld~ lnteriemns 
GlaUalll_. Befunolol lmura~ Authioprine 
G~ lmlltillb lnapsl_. Dmper1dal 

Gl~ Aurbos. 1.-.:naEIIipt# Umodinidium 
Glucophila .. Metformln lnderill• Propranolol 

G~ Gllbelldamlde (• g~rtde) lndac:w- lndomalhadn 

G~ Mlglltol lnclocill' lndomalhadn 
Gran~ lenog!Uifm lnf~ Slmlthlmne 
Grifulvi~ Griseofulvin I~ lnterierons 
Guberna~ A'""olol IN .... lsonlatld 
Gyn.lalrinl~ Clatrtmamle lnllllhe,- llnzaparfn 
~l'ewlryje Eal-le In~ £nalaprd 

~T~ lsaco._le I~ Amrtnone 
H lnsido~ Opipnmole 

Hae~ Gelatin coloids lnspr# £pllnf10ne 
Halclo~ Trllzolam Inti~ Cromogllc:ala (• cnmolyn) 
Haldo~ Haloperidol lntegrtO... £pt1ftbatlde 

Haifa.,. Halofintrlne I~ lnterierons 
Hemin~ Clomettolamle lntropin" Dopamile 
HepRr# Aclebir I~ Saqllnawlr 
Heruptl.,. Trastuzu-b I!Mlbn .. eanagrlflozin 
Herpa- ldmwrictne lopldl ... Apraclonlcllne 
Hespa ... Hyd~starch lpra~ Trtmeltooprtm 
Hls-na~ Astemlzde lprtvas~ Deslrudln 
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TNden .... Dnlg name , ........ D!!JIIIIml 

I-.e Ooplclogrel ~rod.- l.e\<odopa 

1semruse ltlltegravlr ~-- Ftnsemlde 
lsmeli_. Guanethicfne laDberlll• Sodium picosulfate 
lsmoe lsosorblde mononltrate leldonnl..- BrotiiiDiam 
IIGpll ... Verapamll ~ FIUWIItdin 
lscpiD Eselfn .. ~mine leuco~ Molgnmosftn 

lsapme Hamlllroplne leulcr.l ... Chlarambudl 

1~carpinee Pilocarpine teuSialine Cladribile 
lsordl~ lsosorblde d"ltlllte '-ID~ PenbutJiol 
lsti ... Amloclipine l.elemi .. Insulin cletemir 

I~ lsoprenalne (-lsoplolelenoO ~ Yanlenaftl 
lwnn~ DlelhylcariNmazlne ~ Ncnplnephrlne (-norachnaftne) 

~ ~ne 

Jan.M# Sitl9iplin teoproe Esdlalopram 

Jardlard Empagllflozln ~.ao~ane Brarnuepam .... Tubacurne Ubrturne Chlordazepoldde 

K unaxine Unco~n 

Kalelr# lopinavir Uoresa~ Baclofen 

Ka~ Kana~n Upltare AIDrwltllln 

Kaopectallt II• Loperamicle upor.ne l'enofiblllte 

~ Cefalelcfn upo~erze Eloftbrallt 
Kemadrl ... Pnlqdldlne u~ PnMIItltil 

Kemfaanee Chloramphenicol Uquemlne Heparin 

ICe~ Trlamcilolone ~ Cladrlb"e 
Kenllag• Triamcilolone Locer,!• Amon:JIIine 

KepMincee Plllfemfn tGc~o¥· carbldopa 

Kepp.ae l.elellraat.m lomoti~ Diphe~ 

ICeRI~ Slllcyftc add lonltene Mlnoxldll 

~eer1onee Betamlol lop~ Gemllnzll 

Kelala .. Ketamile lop_ .. MeiDprolol 

~ Tehltoromydn ~ OmepnaDie 

lOne_. Analdnnl ~.omn•ne llene•pril 

l<lnldlne QUWdlne lolleiiOI(II £nouparln 

l<lnlyllce Urokinase lom~ lndapamlde 

ICiacid• Oarithrom,cin lucenti .. ltlnlblzumab 

ICionopl..- Oona•pam llldlom1• Map!Vtlltle 

Konalcio..- Phytonwladione lumiga..- Bimetoprost 

Klwel• Undane lumina~ Phenollarbltal 

K,lrt~ Granllelral tuprone leuprorelln 

L lustra~ Sertrllllne 

~micta~ ~motrigile ~ FIIMIIIImlne 

~mprenee Oofamlne ~ .. l'ennlthrin 

~nan- Digllllin ~ PN!gablllln 

~ntu .. 1nsuR11 ala~glne lpM .. Amanllldine 

~rgaa1• Chlllflll'll'lazlne M 

~riarne Meftoquine Maclopa .. l.e\<odopa + benseriZkle 
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Malaronee AliiMiquone+ IJA)IIUinll Modu..- Amllol1de + hydrochlorothllzlde 
Ma~ Madobemlde Mogadone Nllrazepam 
Man:ouma .. Phe.-.~on Mon.._. Miconuole 
Manno~ llnlnabiiiDI Mono~ ISOSOiblde mononllnlte 
Marw~ Desogeslnl + ethl~dlol Monoprl~ Foslnoprll 
Matulan,. Pnlcarbulne Monotrtm" 1ltmethDPI1m 
~ Trandolaprtl Motlllum" Dompertdone 
MalraJle RiDiriptall ~ lbuprofell 
Madone Metloclopramlde Movtco~ MiiGUgOI 
Medip .... Salkylic acid MSIR• Mcwpline 
Medl~~ Doltylamlne MST Conltlu .. Mcwpl'lne 
Megame Megest~al M.-....,ne ~cysteine 

MellerP ThlorldiZIIII MultlellliiiSptase TttiYJI)IIIII (• tetraiT;clrorollne) 
Menopu .. Menat~apl" Musart~ TttiDI!pllm ,..,_. AliiMiquone M._e AlpiUSilldH 
MemM~ Dlmen:aptop~QP~~ne sulforjc add Mustqen4' Mechlorethamine 
Meridi .. Slbutramile Mubm)d ... MllDntrel" 
Mwl .. Mesna M,ambuto~ E'than'butol Mest._. Pyrtdosllgmlne L¥e .. Clolrtmmlle 
MNIT;clnne Trichlormethiuide M,cobutil• Rhbutin 
Mtthera1nee MethylergomtUtle (metlrJI- ~.,. Nystatfn 

erv-Mne) Mrdra~ Troplcamlde 
Mtthftoll' Methl.,_le Myleran• Busulfan 
MN!oo .. LIMIIbllln ~ Slmethlmne 
Medii~ Mlllillltilll M,ub~ Botulinum tudn type B 
Mlacald.,e Clldtlonfn ~ DolcDNblcln 
Mlca'dae Telmlsartan M,ucrisil• Auruthiomala Dlium 
Mlcatlne Mlconazole Mysoltl .. Prtmldone 
Mknl~ '--rgestrel N 
Micronase" Glibelldamide (• g~ride) Naftl ... Naftlflne 
Mlda.,..e Amlortde Naiad~ Sulpt'DIIIlne 
Mifep,_. MifepriiiDne Namend.- Memantlne 
Mlgr.~na~ Dihydroergotamine Naphm..,_• Naphamlne + phenlramlne 
Mlgrl~ &golaml111 Naprosyn" Nap,_n 
MlmpaRI" Cilaalcet Naqu.- Trlchlormethlazlde 
Mini~ Pnl:!osln Nan:ane Nabllne 
Milllxine Minoqdne Naroplne Rop'-lile 
Ml~ Thlabend;aole Nasaoo....- Triamcinolone 
M~ carbachol Nmlcrom" Cromogllcale (· aomolyn) 
Mlr.~p,.e Pramlpecole Nasal~ Flunlsollde 
MINn .. '--rgestrel Nascoba~ Cyanooobalamill (\'it. B,J) 
Milllllanae Ifosfamide Natrtn.e lndapamlde 
Mlwlcnl ... Mhlacurtum Nmsparee Amiloride + hydrochlorothilzide 
Mimllene Mimlasline NMibane ltoplsetron 
Mob~ MelcilcJcam Nelxfne Tobram,dn 
~ Fluphenazine Nebldoe Testosllerone undecanoale 
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'DIIII- 111'1111111111 
..... _ -Nebl~ NebMIIol Norprollc:e QulniQOide 

Nebupne l't!nlllmlcllne No,.._. Amlodlplne .....,.. IHIIrlnol (in comlmllicn) Ncni.a Ritonnir _ _. 
N*IDclc: .tel ~ l'looQtle 

~ ~ ~ Amtyldlgam 

~ ~ ~ 1llroctoooO .. 
~ c,.~(lllt.Bo) ........... lnsuln ...... 

~ ....,a. ~ lnsuln .sf*l 
~ Oil'1llmalle ~ ~ ......... Odalplrin (• qdalpom AJ NaufP l'c---Nec*mmaf' ~ ~ ~le 

~ IKIIndn + ,_,an + pair- Nubaln8 Nabuphlne 
m)lldn I Nuellne Theop~llne Neallg•_,. Adtllllln Nuprlne lbuprafsl 

Nepresol"' Dlh,cll'llaz)le Nurornae Dalalwrium 
Nnlaln~ Olloroproalne Nu-6ea~ Aspirin 
Net111 ... Nmllmldn ~rozid• lsonlald 
Neupogenl' Fla..Um 0 
Neu~ llollgollne Odapii!SSt~• l'elypNSIIIll 
Neul'llllloc:e Botuii1U11 tiCidn type 8 Odlme Desmopress)l 
Neu~· Gapentln Owlinume Botulinum lllcin type A 
Ne!avo .. Sorar.nb Ocupress" Car11eolol 
Neldume Elomtpi'IBIIe OIJetame Aqllm111t 
Nl~ NyiU!In <lmnipe ... Ampicillin 
NiiiiOID,. Nimodiplne Clni:IM ... Vlna1sllne 
Nip~ Nitroprusside sodium o..l~ c~cnnil 
Nitro-lid• NltqP\'1 OpUcrome Cromoglate (· cromolyn) 
NJtro.Du .. Nit~ ~ Metlpnnolol 
~ Nit~ cr..- Benzoalne 
Nilrolingull ~ ~ Marplllne 
~ 

~ p ........ 
~ NltJapnluld. sodium 

~ AbltJmpt 
~ ~ 

~ ~· 
e+saa ........ ~ 

~ DilnlpiAIId 
Noclanlicte ~..c~~mmm,_ 

~ ~ ~ CHarlll~ 
Orthodone llluromonab-<Dl 

Noculil"' DarnopNIIin ~ 
No~ T•llleldfen Oltio-NCMime Mabanal (In cumbiiiiiiDn) 
Non:ura,. V.,.,ranlum Osrrltrol"' M111nltol 
Norklly"' Nordhlltlerone Osi'IIDfundl ... M111nltol 
Nonnlno- Anleperln OtrMne ~etaltlllne 
Nonniso,. Tellllllpllll Owltllll" Char1anlc gonodolrDpln (HCXi) 
Nonn~ IJibmlol ~(allllb.) Lynesnnol 
No ..... Nurflaudn Olds• Formot8d 
Norpac;ee Dlt101JY11mlde Old~ Oxlcar1;mH 
Norproml,. O..lp111mln. Oltyo)ntlne Ox¥oodone 
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p ~ Clopldogrel 

Pilball' C.lbe!Dcin Plenaxl~ Abarelr. 
Pilluclrt~ Proguan1 Plendill' Feloclipine 
Pilm~ AninametJ¥benzac add Pleblll' Cllostilzol 
Pilmel~ N0111'1ptyllne Poloall ... MepMiulne 
Pilnadoll' Aalamlnophen (• panatamo~ l'oi\4Rxe PolwmY!dn B 
Pilraplatine C.lboplatin Pantllul ... Tet~Xalne 

Piln~ttolone Nllroslfgmlne l'rada# Dabigatran 
l';lriet,e Rabepruole l'raftdrne Repaglnlde 
PilrtchSIII'I• Bucllplne l'rliWICholl' Pmubllin 
Pilrlodell' Bromocrlptlne ,.._. Acarbose 
Pilma~ llllnylcypromlne F'ledfaa .... Prednisolone 
Pilrsldane Bhapmpazlne (• pmfenamlne) Prednesoll' Prednisolone 
Pilrsidoll' Bhapmpazine (• profenamine) Pleg~ Chorionic gonadatrapln (HaJ) 

Pilnd ... ~cysteine l'relonett Prednisolone 
Pathadll' Dldaucllln l'rena~ Tertallolol 
Pmllo ... Pancuronlum l'repidill' DlnapnJSIDne 
Paxlll' PaRDII!IIne l'rescall' lsracllp)'le ... ~ l'elllntri!ron Pretz-o-> Ephedrine 
l'eJIIntro.,. Interferons "'-ill• Lansopraole 

Pegintri!ron l'revantee Cholestynlm)'le 
Penbl1tl.,. A"'91dllln PriadeP Lithium calbonala 
Pen.,._. £noum PriaP Zlconotlcle 
Pentlm loa- Pentamidine Prtl._. Omepnaule 
Pen_, Mesalamile (• rnemlazlne) Prim~ MHrinone 
Penlhnl ... Meth.yllu111ne Prtmaxl.,. lmlpenem + dlasbllln 

Pen~r~s~ame Sllbogluconala sodium Primobolane Memnolone 
Penblthall' Thlape•tll Prfmolut~ Non!lhlste,_ 
Pen-~ PenldllnV Prind.,_- Ampldllln 
Pepd~ fllmatldlne PrfnMII' llstiQPIII 

~ ... ~ Bismulh subsalkylu PIM,.e Naphamlne 

~ Ocllllycydne Probecid• Probenecid 
~ Pergollde Ploan ste Procal~t~mlde 

Pewiryll' Eal-le ~ N1fedlplne 
PhannOIUblcl.,. EpiNblcln "'-alane lvabradtle 
Phenergane Pro~azile l'rocOIUme Galloplmll 
Phytlocontl ... Amlnophytlne Proglyteme D"lllmllide 

Physeptanee Melhadone Progm- Ticrollmus 
Physlolefls4' MCIIIDnldlne Pldl .. Denasumab 
Pl~x- Pyr.lntel pamoata Pldbclne Fluphenazine 

Pipradll' Plperaciltn Pldop~~me Trlmelhoprlm 
PIIDclne OxyiDcln Pld~ HJd1U11YPf119eslerone acelllta 
Pitrasine Va~Up~USin l'rambd.,. Colstln 
Plaquenlll' Hyd111l1Ythloroqme Pron~ ProcaiMmide 
Plasmotrtme Artesunala Plopedl• Flnas11!rlde 

Platina~~' Cllplalln ~ DlnapnJSIDne 
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l'lopulskje Osalll1de RetrcM .. ZJclovuch 
Pnlsca .. Alasll!rlde ... Nalln!mne 

l'lostaphlne 0..011in Revfmi~ Lenat!Ciomide 
l'lostlgmlne N-'lgmlne Rheu~ Methotraale 
l'lostil a- DlnDpfUIIale Rheu,_.- Azap~apamne 

l'lote~ Slronlllln ranelate Rhtloco~ Buclesonlcle 
Pnllfume PlriiDplaZIIIe ~t~amere Altllmelher + lumefantrlne 

l'loiDnae PlriiDplaZIIIe lrlllaurae Auranof"11 
P~o~Dpame PnllldCIIdme Rlfaclft• lllf;lmplm 

~ Taaulmus RiiiWICill ... Rhmpicil 
l'lwentl~ Albulelol see Sllbutamol Rlopa_. Maailldrate 
PnMra• Mednaypragesl8nlne aaDIIe Rlsperdall' Rlsperldane 
l'lovlgl~ Modaftnl ltbllne M~e111dlll! 

Pnlvtrone Ml5tl!mlone RMIIrl .. Clana12pam 
~ Fklc.tile ltollaubln .. lsat!Wiinoin 
Pulm~ Budesonlde llobltUSSt~• Codeine (In combln.UOn5) 
Purinet~ MerupiDpurtne RoaltNI~ Caldtrtol 

Q Rocephine Ceftr1alcone 
Qualqulne Q.mlne Rarerone lnberferon5 
Queldne SUc<li¥chollne Ragain_. Minoxidil 
Quelada• Undane Rohypno .. Flunltrazepam 
Questran• Ololestyqmlne Rom~ Flumuenll 
Qulnaglum- QuWdlne ~ Mesalamtle (· mesallzlne) 
Qva .. Beclomelha- lfollllno,. Morphine 
R RU4W MifapriiiDne 
Rilpamu ... Slrollmus Rulld .. Rodhron¥=tn 
Raplfene Alfentlnll RyneaQ .... C~amoglate (• cromolyn) 

1101~ Ef<lllzumab Rythmodan• ~Ide 

Hall~ Allslcfren Rythrno,. P~apnnone 

Raiaclyn.- Glllllblmine s 
Reductl .. Slbutramfte Sabri .. V~g~~batrin 

Refleda.,. leplrudl" Sa~ Plocarpl"e 
Regain.- MlllCIIIIdll Salampyrtne SalamUfaJ¥1dl..e 
~~eg~ane MIIDdopramlde (sulfasalazlne) 

Releld Zanamivi" Sanctu..,. Trosplum 

Re__. Eletrtptan Sandimmun.- Cdosporin (• qdosporill A) 

ReM! .. Wanlelol SanclostJtl ... Octreotlde 

Remerone Mlrtaraplne Sanomlgrane Plmllfen 

Remlcad .. lnfllxmab Sanserte Methyserglde 

Remlnyll' Galantamllle 
Sea,. Scopolamine 

~ Abdxlmab Sebucar.- Slllr;yllc add 
Requ.,. llopilirde Sectra,. Aa!buiDial 

Racr1piD .. Oelallhfne Secu~ Nlociltll 

ReKueFw- Datran Selecto .. Cellp~alol 

Restort .. Temaz11Pi11l Senomt.e Sen..a 

~ Raeplase Sept..,. llmlllhopm + sulfam~ 

400 



47 A Trade Names_.. Drug Names 

1~47.4 Trade names~ dNg names(a~~~t) 

TNden .. Dnlgname Trldename D~n-

Septme Cotrl~e Sula.- Nlsoldlplne 
~ Oua!pam Supran_. Delflurane 

Sere-' Haloperidol Suprareni ... £pinephme (• adrenat11e) 

~ Salmeterd Suprecu .. Buserelln 
~ ... C~DHI'Ine Suprefd Buserelln 
SeloqueP Qutalplne 5~ Efnlrelll 
~ h...tlne su~eme Sunllfnlb 
SerpasiP Rl!lerpine s,mmetreP Amantadine 
seno~ Nef-'one ~ Cortlaltnlpln 
SevrecloP M~~~phine s,nne.e Naplllll!n 
SetotM~ ~ofenll ~ Menadione (VIt. IQ 
Slmd .. l.eloasinendan Synlarlse Flunlsallde 
Slmuld Baslhldmab ~rokje ~ne 
Slnernae lewxlapa+arbldopa Synllxfnone Oxytadn 
Sineque..- Dc.pin T 
519111 .. Montelulrast Taganme Onwlldlne 
Sinth,.,.,... Aanamumartn (• nlaa.lmalone) Tlllwln" Pentalloclne 
Sjttgve Bedaqulllne Tamboco .. Flealnlde 
s•Phyln..- Theophylline Tamlftue Osellamlllt 
SolclactD~ Canrenone Tap;ao~ Methlm;aole 
SolganaP AurothiDgklcose ,__. &iatiND 
So~ Hyd.-tlsone (cortisol) Tqoeld• Telcoplanln 
Somatolln.- l.inn!DIIde TII'M~ Oflaucl" 
SoiROMe~ Pegvtsomaltt Tasign# NiiDtiN"b 
So ... bleplon ,._ .. Toapone 
Sorb~ 1-rblde dlnllr.lte T1111e9iP Clemastine 
Sorimn .. Aontin TIM .. Clemastlne 
Sotaco.- Sotalol T~ Pac:hmll!l 
ScMniDP Bamlplne TIIOIII!n;e DocetiDiel 
Specta~le" £co-le ,_,_. Plperadln.. + tmobactam 
SplrW Tloboplum Tedider# Dimethylfumlnlte 
Spora._- ltraconmde Teglso ... Ebafnllle 
Spryal" Dautl"lb leg,.,. Carbamazeplne 
Stlrl~ Nat.gll"lde Teldum# Allsldn!n 
SII!Sol~ Dlazep~m Telf_. Feldenadlne 
Stll~ Zolpldem Te~ Buprenorphile 
Sti~ Desmop11!11i1 Temoclill• Temozolomlde 
stratter# Ato111011!ft1e Te110nnl ... Atelllllol 

~ Slreptoldnase Te~ Dlalepem su-..- Bunllrolol Testog,..- Teslmlllnlne 
~ Olodm!ml T~ Teslmlllnlneprop~Nde 

Stromedd• Jv.mectin '~ Melhylllslml&one 
Suacm.,. ea._tol Tetr~ Tetraqdine 
Subrm..- l'enta"ff ,~. [plvsartan 
Subub!ll' Bupiii'ICHphlne Thalomkje Thalidomide 
sure~ Sufl!ntl .. Thein" SIID!ntan 

401 



47.4 Trade Names-. Drug Names 

T.W.47.4 Tn1de nema ~ dNg names (alflt) 

l'Nden .... Dnlg name Tdden1me D!!JIIIIml 

-n-.c~we Theophylline '~ Donolamlcle 
Thorazl_. Olllllpl1lmazlne Tryplf_., Amllrtptyllne 
Thrombine .. Thrombin Tuberin_. Tubocurarine 
Throm~ Thrombin Tygacl~ Tlgeqoclne 
Thyrogene Thyralrapil Tyl~nCJ!e Amlamlnophen (• paracmmo~ 
Tlca .. Tlan:lllln ~· ~rfdn 

Tlcld• Tldopldlne '~ Nmllzumab 
lilac!.- Nedoaollll1 Tyzaae TelbMidine 
11~ Dlltl•m rymee Tetrya)ltle (· tetra!¥1romllne) 

limo~ Timolol u 
Tlmopto~ Tlmolol Ultan_. Selafturane 
Tlnda~ Tlnldamle u~~raa~ne Mlcalle 
TlDrfa ... RaceadDirl u11nm• Tramadol 

~ Dalutegmllr unasyne Ampicillin+ subactam 
~ Tenecteplae Unllom• Dalylamlne 
Tobrexe Tobra.,.tn UroX.tra~ Alfumsil 
Tofrani~ Imipramine v 
ToM!..- Mlans1!1'111 vagw.n,e Estradiol 
Tonoca..te Toalnlde Viglm~1· llamnamle 
Topamaxe Topiramate 'laky~.- valgancicbrir 
Torad~ Kdololac vanum* Dlaepam 
Tortse~ Temslloh-s valortne Amlamlnophen (• paracmmo~ 
Tomali1te" Bltolterol 'Ill~ valadclolllr 
Taqonlne Obldoldme vanax:1ne Vllnm.,.tn 
Tradee .. a-m.. 'lllnquil• PyMnium 
Tracr11m• AtraDJrlum vascac.- Clauprll 
Traduc1_. Atasben ~ £nalaprtl 
nan~ ubetlllol V<llh~~ PenldllnV 
TiaiidanrNball' NltNI!IP'i! Velbane Vlnblastile 
ltillllQ! ... Ooraepate ~ Bortammib 
Tr~ OXpl\!l'lolol Venactonee C.anll!llone 
TrlMitllne Tmaprost VenbMse lloprost 
TriMigene lsoconamle Vento11ne Albull!rol - Sallutamol 
T~ Elhlonamlde VePesldl' BGposlde 
Trelstar Depote Tltptorelln Venncae Mebenclazole 
Trembae Dellellmlde ~ree Sollfl!nac" 
Trenblje PeniiDiifylline Vfelld• Vorimnuole 
ltesl~ 1nsuh11 degludec Vlagrae Slldll'lilll 
Trim .. Fenollbrate Vlbra.lne Daaycyclne 
Tltglld .. Fenollbrate Vld .. Dlda11051ne 
Trtlafone Perphenazile Vlra-~t• Vldarablne 
Tn1epblje ~ne VIr~ NefniMr 
rrtmcae AmCIIIkllln Vlramun.- l\lelll~;~plne 

Trimpae Trimethoprin Vlram!.- Ribavirin 
llfJUN.,. Amltltptyllne + perphenazl111 Vlrfdaje Alprostadll 
TNGidne Opmflalcacln Vlraplf~ Trtflurtdlne 
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47 A Trade Names_.. Drug Names 

1~47.4 Trade names~ dNg names(a~~~t) 

TNden .. Dnlgname , ........... D!!J!In ... 

Vlsrnee Tetrymltle (· tetrai'ICIIWOIIne) z.po.....- Clouplne 
Vlslne-A• Naphmlne + phennmlne Zarontlne Bflosuldmlde Vi..,. Plndolol Zebd Bisoprolol 
Yltllm a•• Thfll11fne Zemurone Rocuron-.m 
111v1c1r1ne Cromaglate (• cromolyn) Zenapaae Dacllunab 

Vclblroll' Dldofenac ZeiP StlMidlne 
Vumon• Tenlposlde Zestrl~ llsiloprll 

w Zeli .. u.timibe 
w.lcho~ Cd-lam Zlagene 1\bac.Jvlr 
Wellbutrfne Buproplon z-.-.e Zopiclone 
Welldorme Chloral ~'!draa Zlspl ... Mlrtllr.ilplne 

Well\10.-.ee Ali:Miquone Zllto~ Azlltoromydn 
X loco .. 51~ 

Xalala ... ~noprost zmra..- Ondansaron 

Xanaxe Alpngolam Zo~ C:.O.reln 

Xatra~ AlfuiOStl Zormte Sert!JIIne 

x.rcae Capecltlblne Zomme Zoledronate 

X.nica~ Orlista Zomig• Zolmllrtptan 

Xlg ... Dmtremgln ~ Plperadlltl + blmbactam 
Xdilli .. Omalizumab ldiD ... lansopraole 

»J~ocarnee Ucloalne bNI .... AcldDYir 
»JJoca~ Udoalne ~ Buproplon 

»J~oneste Prlloalne Z)'lopr~me Allopurtlol 

~ IAMia!llrlzlne Z)'lorlc.e Allopurtlol 
y ~ Ola~VA~pi'le 

'Ant .... Dulc.tine ~ temzlne 

Yondelrse Trllbedeclln ~ Lilalrlll 
z 
z.~t~ac.e IIJnltldlne 
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48.1 Abbreviations 

6-APA 6-aminopenidllanic add IGF-1 insulin-like growth factor 1 
AA amino add D. !nterleuldns 
ABP ilrterial blood pressure lOP intraocular pressure 
AC adrenal cortex IPJ inositol trisphosphatE 
ACE angiorensin-{l)nverting enzyme !SA intrinsic sympathomimetic activity 
ACh acetylcholine ISDN isosorbide dinitrare 
AChE acetylcholinestErase ISMN 5-isosorbide mononitrare 
ADH antidiuretic hormone LH luteinizing hormone 

( = vasopressin, AVP) M moles/Hrer, moiJL 
AH adenohypopbyseal MM:. minimal a!VI!olar concentration 
AP action potEntial MAO monoamine oxidase 
ATP adensosine triphosphare MDMA methylene diaxymeth amphetamine 
AVP vasopressin ( • antidiuretic mesna sodium 2-mercaptoethane sulfonatE 

hormone, ADH) MHC mqjor histocompatibility complex 
BMl Body mass index Ml myocardial infarction 
BP blood pressure mM millimoles/l!ter, mmol/L 
BP boil!ng point mmHg millimetErs of mercury 
CAH carbonic anhYdrase mRNA messenger RNA 
cAMP cyclic adenosine monophosphare mTOR mammalian target of rapamydn 
CG cardiac glycoside MIN molecular weight 
cGMP cyclic guanidine monophosphare NAChR nicotinic receptor 
CHO Chinese hamstl!r avary NE norepinephrine 
CHI' specific choline transporter NET norepinephrine transporrer 
CML chronic myeloid leukemia NFAT nuclear factor of activatEd T cells 
CNS central nervous sysrem NH neurohypopbyseal 
COMT carechol a-methyl transli!rase NMDA N-med!yl-Dasparare 
CRH corticotropin-releasing hormone NSTEMI non-SIEMI (non-ST elevation MI) 
DAG diacylglY=Ol NTG nitroglYterin 
DHF dihydrofolic add, dihydrofolare NYHA New York Heart Assodatlon 
DHT dihydrotestosterone PABA p-aminobenzoic add 
DNA deoxyribonucleic add PAMBA p-aminomethylbenzoic add 
DPTA diethylenetriamino-pentaaceticadd POE phosphodiesterase 
DRC dose-response C111"YeS PF3 plarelet factor 3 
ECL enrerochromaffin-Hke PL phospholipid 
EDRF endothelium-derived PLC phospholipase C 

relaxant factor PPARa peroxisome prolili!rator -activatEd recep-
EEG electroencephalogram tor alpha 
EFV extracellular fluid volume PPARy peroxisome prolili!rator-activatl!d recep-
EMf extraneuronal monoamine transporter tor gamma 
ER endoplasmic reticulum PRIH prolactin release-inhibiting 
FSH follicle-stimulating hormone hormone • dopamine 
GABA y-aminobutyric add REM rapid eye movement 
GDP guanosine diphosphate rER rough endoplasmic reticulum 
GnRH gonadotropin-releasing RNA ribonucleic add 

hormone = gonadoreUn rt-PA recombinant tissue plasminogen 
GRH growth hormone-releasing activator 

hormone • somatorelin RyR ryanodine receptors 
GHRIH growth hormone release-inhibiting hor- S.C. subcutaneous(ly) 

mone = somatDstltin sER smooth endoplasmic reticulum 
GTP guanosine triphosphate SERM selective estrogen receptor modulators 
HCG human chorionic gonadotropin SjS SteVI!n-johnson syndrome 
IDTI! heparin-induced TEN toxic epidermal necrolysis 

thrombocytopenia type II SR sarcoplasmic reticulum 
HMG human menopausal gonadotropin SSRI selectiVI! serotonin reuptakl! inhibitors 
im intramuscular(ly) STEM! ST elevation MI 
iv. intravenous(ly) rnF retrahydrofolic add, retrahydrofolate 
IFN inrerferon TIVA total intravenous anesthesia 
IFN"" interferon alpha 1l\IIPT thiopurine methyltransferase 
IFN-fl interferon beta TN Fa necrosis factor a 
IFN-y interferon gamma t-PA tissue plasminogen activator 
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VAOIT 
VMAT 

thyrotropin-releasing hormone = 
prot! rei in 
wsi.cular ACh transporter 
wsi.cular monoamine transpo~ 

B specific bindingofa ligand to a (recep­
tor) protein 

Bm.x maximal specific binding of a ligand, 
indicating total deruity (concentration) 
of receptors in a sample 

EC.O coruEntration of an agonist that produ­
ces SID: of the maximal possible effect of 
that agonist 

K.! equilibrium dissociation constant ora 
ligand 

C coruEntration of a drug in plasma 
C..... maximum plasma or serum concentra­

tionofadrug 
Co initial coruEntration of a drug in plasma 

after iv. injection 
a.,.. tDtal dearance, i.e. volume of plasma 

cleared of the drug per unit oftirne 
F absolute biovailability, ie. systemically 

available fraction of a drug in S 
K, elimination rate constant from the cen­

tral compartment 
t~ elimination half-lire, i.e. time required 

for the plasma concentration of a drug 
to reach half of its original value 

tm.x time to reach the maximal plasma con­
centration (c._) 

Vd wlurne of distribution 

48.1 Abbreviations 
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Subject Index 

A 
abacavir 96, 97 
abareiix 246 
abatacept 304, 360, 361, 376 
abciximab 20, 21, 166, 167 
ABC transporter 44, 45, 50 
AbeLJohnJ. 15 
abiratrrone 246, 247 
abortion 252,253 
"absolutr arrhythmia" 152 
absolutr configuration 80 

absorption of drugs 28, 38, 39, 42, 64, 65 
- digoxin and digitoxin 149 
- entrral, phospholipid bilayer and 38 39 42 

- exponential charactrristics 62, 63 ' ' 

- external barriers ro 38, 39 
- inhaled drugs 30, 31 
- oral administration 28, 29, 60, 64 
- parenteral administration 60 
- speed/velocity 34, 64 
- time course 64, 65 
absorption quotient 38 
acamprosall! 318 
acarbase 262, 263 
aa:umulation. drug 66, 67, 68-69 
aa:umulation equilibrium 66, 67 
acebutolal 27 
ACE inhib~tors 136, 137, 142, 143, 174 

- congestlveheartwlure 142,330,331 
- hyperll!nsian 142, 174, 322, 323 
- myoc.mfia1 infarction 329 
acetaldehyde 318, 319 

~phen (pal'ilatamol) 20, 200,201 
- nugrame 340, 341 
- poisonin& 200, 201 
acetazolamide 1 n. 178, 179 
acetylcholine (AOI) 104, 125 

- actions 120, 124, 190, 192, 193,314,315 
- deficiency 122 
-degradation 120, 121,122, 192,193,194 
- heart ratr reduction 150 
- hydrolysis 52, 53, 121, 122 

- as neurotransmitter 118, 119, 120 121 190 
314 • • • 

- poisoning 310 
- receptors 118, 120, 190, 314,315 
-- agonists/anr.Jgonists 118 
-- see also muscarinic ACh receptors; nicotinic 

AOt receptors 
- re~ase 120.121,124, 190,192,194 
-inhibition. toxin 194 
- srorage 120, 121. 190 
- structure 123,311 
- synthesis 120,121,190 

acetylcholinesterase 52, 120, 122, 190 191 
192 • • 

- inhibitors 122 
- phosphorylated, reactivarors 310,311 
acetylcoenzyme A 56, 120, 170 
acetylcysteine 200 
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acetylsallcylic add (ASA) 18,201, 203 

- absorption. dosage and actions 202 
- adverse effects 202 
- analgesia 201. 202, 203 
- contraindications 160, 202 
- estrr hydrolysis 52, 53 
- in/after myocardial infarction 328, 329 
- low-dose 326 
- mechanism of action 202 
- in migraine 340,341 
- platelet aggregation inhibition 158 159 

166,202 • . 

- presystrmicelfects 166 
N-acetyltransferase 2 96 
ackiovir 285,286,287 
add-base balance 184 
acid-labile drugs 28 
add neutralization 184 
aclidinium 124 
acromegaly 236 
ACili 236, 237, 242, 244 
action pOII!ntial 204 
- cardiac 146, 147, 150, 151 
- muscle 190, 191, 192, 193, 194 
- nerve 190, 191, 204 
activated charcoal 188, 308 
active prindp~ 16, 18, 26 
acliveseonetion 58,59 
active transport 42, 43 
acromyosin 194 
acute coronary syndrome 328-329 
- see also myocardial inf.ut:tion 
acute heart failure 106 
acutr myeloid leukemia 130 
acylaminopenidllins 270 
acyl transferases 56 
adalimumab 360, 361, 376 
adaptins 42, 43 
addiction 
- alcohol 318 
- amphetamines 112 
- heroin 212 
- opioids 210,212, 215 
Addison disease 242 
adefovir dipivoxil 286, 287 
A6-fibers 196, 204 
adenohypophyseal (AH) hormones 236, 237 
adenosine 150, 151 
adenylatr cyclase 84, 85, 107, 109 
adipoldnes 352 
adipose tissue 352 
administration of drugs 28-35 
- bua:alfsublingual 34, 35, 38 
- dermatological agt!nts 32-33 
- inhalation 30-31, 34,35 
- intramuscular 34. 35 
- intravenous 34, 35 
- irregular 66, 67. 68, 69 
- oral 28-29,34, 35,60 
- parenteral 60 



- rectal 34, 35 
- regular 66, 67, 68, 69 
- routes 34, 35, 64, 65 
- subcutaneous injection 34, 35 
- time course of drug concentration 64, 65 
- transdermal 34, 35 
ADP receptor antagonists 166, 167 
adrenal cortex (AC) 242 
- atrophy 244 
adrenaline see epinephrine 
adrenergic synapse 104, 105 
adrenoceptors 103, 104 
- actions 106, 107 
- subtypes 106--107 
- three-dimensional structure 110, 111 
a-adrenoceptors 106, 1 07 
- agonists 106, 114, 115,354,355 
- antagonists 114, 115 
aradrenoceptors 103, 105, 106, 107, 110 
- antagonists 106, 114, 115 
- sympathomimetics 114,115 
a 2-adrenoceptors 80, 1 04, 105, 1 06, 107, 114 
- sympatholytics (antagonists) 114, 115 
- sympathomimetics ( agonists) 114, 115, 346 
IJ-adrenoceptors 103, 105, 106, 107 
- antagonists see jl-blockers (JI-sympatho-

lytics) 
- cardiac 150 
- selectivity 116, 117 
Pt-adrenoceptors 103,105,106,107,108,117 
- antagonists 116 
- dopamine activating 128 
flradrenoceptors 1 03, 106, 107, 117 
- agonists see 112-sympathomimetics 
- antagonists 116 
- bronchodilation 106,355, 356, 357 
- epinephrine interaction 11 0, 111 
- structure 110, 111 
adrenocortical insuffidency 242 
adrenocortical suppression 244 
adrenocorticotropic hormone (ACI"H) 236, 

237,242, 244 
Adriamydn ( doxorubidn) 298 
adverse drug effects (ADEs) 22, 88-97 
- allergy/hypersensitivity reactions 90-91 
- causes 88 
- cutaneous reactions 92-93 
- genetic~tion 96-97 
- increased sensitivity 88, 89 
- lack of selectivity 88, 89 
- overdosage 88, 89 
- in pregnancy/lactation 94-95 
- see also individual~ 
aerosols 30, 31 
afatinib 378 
afferent nerves 102 
affinity (drug) 48, 74 
- agonistsfantagonists 78, 79 
- enantioselectivity 80, 81 
- for plasma proteins 48 

Subject Index 

- for receptors 74 
aflibercept 20, 21, 376 
afterload (cardiac) 128, 140, 142, 146, 324, 

326 
agitation 126 
agomelatine 228 
agonists 78, 79, 82, 84 
- G-protein-mediated effect 84, 85 
-inverse 78 
- molecular mechanisms of action 78, 79 
- potency and efficacy 78, 79 
- prolonged stimulation by 108, 109 
- selective binding 78 
agranulocytosis 200, 234, 240 
AIDS see entries beginnillg HW 
airway overreactivity 356, 357 
akathisia 234 
albumin 48 
alcohol 318 
- abuse 318-319 
- elimination, time course 62, 86, 87 
- metabolism 318, 319 
- tinctures using 16 
alcohol dehydrogenase 62, 86, 318 
alcoholism 318 
aldesleuldn (interleuldn 2) 300 
aldosterone 174,177,181, 182,186,242 
- antagonists 142, 143, 180, 181, 330,331 
- potency and structure 243 
- renal actions 174, 176 
aldDXime 311 
alemtuzumab 376 
alendronate 348, 349 
alfentanil 214 
alfuzosin 114, 115 
aliskiren 142, 143 
alkaloids 16, 18, 122,210 
- ergot 144, 145,340,341 
alkylating cytostatic drugs 298, 299 
alkylation reactions 52, 53 
allergic reactions and allergy 130, 354-355 
- drug-induced 90-91, 92 
-- cephalosporins 270 
-- insulin 258 
-- penidllin 268, 269 
allergy mediators, antagonists 354, 355 
allethrin 290 
allopurinol 298, 350, 351 
allosteric antagonism 78 
allosteric synergism 78 
allylamines 282, 283 
a-phase (distribution phase} 64 
alprostadil 136 
alteplase 164, 165 
aluminum hydrDXide 184 
aluminum silicate 188 
alveoli, aerosolized drug penetration 30, 31 
Alzheimer disease 122 
amanitine (mycotaxin) 172 
amantadine 286, 287, 334, 335 
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Subject Index 

ambrisentan 136 
amebic infections 274, 275, 294, 295 
amfebutamone (bupropion) 314 
amifampridine 190 
amiloride 177, 180, 181 
amino acids 134, 135 
- G-protein-coupled receptors 82, 83 
- protein synthesis 276, 277 
- sequence, genetic engineering of pro-

teins 20 
p-aminobenzoic add (PABA) 272, 273, 281 
y-aminobutyric acid see GADA 
E-aminocaproicadd 165 
arninoglycosides 267,276, 277,278,279 
p-aminomethylbenzoic acid (PAMBA) 164 
6-aminopenicillanic add (6-APA) 268, 269, 

270 
5-amino-salicylic acid 272 
amiodarone 152, 153 
amitriptyline 228, 229 
amlodipine 140, 326 
amorolfme 282, 283 
amoxicillin 270, 271 
AMPA receptors 134, 135 
amphetamine 112, 226, 227 
amphetamine derivatives 312 
amphiphilic structure, local anesthetics 206, 

207' 208, 209 
amphotericin B 282, 283 
ampicillin 270, 271 
amprenavir 288 
anabolic steroids 246-247 
analdnra 21,304,360,361 
analgesics/analgesia 197, 200-201 
- adverse effects 200, 201 
- antipyretic 200, 201, 332, 333 
- combined with other compounds 26 
- general anesthetics 216,218,220 
- local anesthetics 204-205 
- in myocardial infarttion 328 
- NSAIDs see nonsteroidal anti-inflammatory 

drugs (NSAIDs) 
- opioids see opioids (opiates) 
analogue products 20, 26 
anandamide 312,353 
anaphylactic reaction 90, 91, 92, 198 
anaphylactic shock 90, 91, 354 
anastrozole 254, 255 
androgens 246-247 
- receptors and antagonists 246, 247 
- synthesis inhibition 246 
androstenedione 254, 255 
anemia, drug treatment 154-157 
anesthesia 192, 194, 195,216 
- balanced 216,217 
- dissociative 220 
- general see general anesthesia/anesthetics 
- local see local anesthetics 
- regional (spinal) 204,208, 216 
- surface 204, 208 
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angina pectoris 146, 180,324-327,329 
- acute attack, management 326, 327 
- calcium antagonists 140,326, 327 
- drug management 326--327 
- organic nitrates 138, 139, 326, 327 
- unstable 328, 329 
- vasodilators in 136, 137 
angiogenesis 302 
- inhibitors 302, 303 
angiotensin I 52, 53, 142, 174 
angiotensin n 52,53, 136, 142,143,174,322 
- in heart failure 330 
- receptors (ATt andAT2) 142,143 
angiotensin II receptor antagonists 136, 137, 

142,143,174 
- congestive heart failure 330, 331 
angiotensin-converting enzyme (ACE) 52, 53, 

142,143,174 
- inhibitors see ACE inhibitors 
anidulafungin 282 
animal experiments 22, 23 
anorectic agents 352 
antacids 156, 184 
antagonism 82 
- allosteric 78 
- functional 78 
antagonists 78, 79 
anthelrnintics 290, 291 
anthracycline antibiotics 298 
anthraquinone derivatives 186, 189 
antiallergic therapy 242, 354-355 
antiilndrogens 246--247 
antianemic agents 154-157 
antianginal drugs 138, 139, 140, 326-327 
- classes 327 
- uses, acute and prophylactic 326, 327 
antiarrhythmic drugs 140, 150-153 
- in cardiac glycoside intoxication 149 
- classes 150, 151 
- ~-channel blocking 152,153 
- Na•-channel blocking type 150,151 
antibacterial drugs (antibiotics) 266-281 
- adverse effects 268, 270,272, 274, 276,278, 

280 
- bacteriddal effect 266, 267, 268 
- bacteriostatic effect 266,267, 272 
- J3-lactarn 268, 270 
- broad-spectrum 266 
- cell growth inhibition 272 
- cell wall synthesis inhibitors 268-271 
- cytostatic 298, 299 
- DNA function inhibitors 274-275 
- effects and points of attack 266, 267 
- indications 266, 267 
- diarrhea (bacterial causes) 188 
-- Helirobacter pylori eradication 184, 185 
-- inflammatory bowel disease 362, 363 
-- septic shock 332, 333 
- narrow-spectrum 266 
- pore formers 272-273 



- prindples 266, 267 
- protein synthesis inhibitors 276-279 
- resistanre to 266, 267, 270, 271 
- tetrahydrofolate synthesis inhibitors 272-

273 
antibodies 90, 91, 304,305 
- anticancer drugs 376 
- Fab fragments 20, 21, 148 
- Fe segments 304 
- against harmful inflammation 376-377 
anticanrer drugs 296-303 
- adverse effects 296, 297 
- antibodies 376 
- cell proliferation signaling interfer-

ence 300-301 
- cytostatic see cytostatic agents 
- kinase inhibitors 378 
- resistanre 302, 303 
- supportive therapy 298, 342, 350 
- targeted pharmacotherapy 302, 303 
anticholinergics 234, 334 
antiCOilgulants, oral 160, 161 
- in atrial fibrillation 152, 153 
anticonvulsants see antiepileptic drugs 
antidepressants 44, 1 12, 226 
- adverse effects 228 
- mechanism of action and latency 226, 227 
- SSNRis 124, 132, 226, 228, 229 
- SSRJs 132, 133,226,227, 228 
-tricyclic 126,226,228,229 
antidiabetic drugs, oral 260, 262-263 
antidiarrheal agents 188-189 
antidiuretic hormone (ADH; vasopressin) 176, 

177,180,181,182,236 
- deficiency/excess 180, 182, 183 
- mechanism of action 180, 181 
- release 236, 237 
antidotes 308-31 1 
antiemetics 1 28, 129, 130, 342-343 
- ondansetron 132, 133, 298, 342, 343 
antiepileptic drugs 191,336-337,336-339 
- adverse effects 338 
- indications 336, 337 
- mechanism of action 336, 338, 339 
- in pregnancy 94 
- prophylactic 337 
antiestrogen active principle 252-253, 254 
antifungal drugs 282-283 
antigens 90, 91. 304, 305, 360, 362, 363 
- presentation 304, 360, 365 
- recognition, interference 304, 305 
antihistamines 130, 131, 184 
- antiemetic action 342, 343 
- in atopy/allergies 354, 355 
- H1 130,232,342,343,354,355 
- H2 130, 184, 185 
- sedating 344 
- unwanted effects 130 
antihypertensive agents 136, 146, 322, 323 
- ACE inhibitors 142, 174,322, 323 

Subject Index 

- a-sympathomimeticsjsympatholytics 114, 
115 

- angiotensin II receptor antagonist 142, 143 
- Jl-blockers 322, 323 
- calcium antagonists 140, 141,322,323 
- combination 322 
- diuretics 174. 322, 323 
- vasodilators 136, 137 
anti-inflammatory drugs 272 
- bronchial asthma 356, 357 
- COPD 358, 359 
- glucocorticoids 242, 244 
- see also glucocorticoids; nonsteroidal anti-

inflammatory drugs (NSAIDs) 
antileprosy drugs 280, 281 
antileukotrienes 354, 355 
antimalarial drugs 292-293 
antimetabolites 285 
- fungal 282, 283 
- virostatic 284, 285, 286, 287 
antimigraine therapy 340-341 
antimuscarinic drugs see muscarinic ACh re-

ceptors, antagonists 
antimycobacterial drugs 280, 281 
antiparasitic drugs 290-291 
anti parkinsonian drugs 126, 128, 129, 191, 

334-335 
anti platelet drugs 158, 328 
- after myocardial infarction 328 
- see also acetylsalicylic add (ASA) 
antiprogestin active principle 252-253 
antipsychotic drugs see neuroleptics 
antipyretic analgesics 200, 201, 332, 333 
antiretroviral drugs 288-289 
antithrombin 162, 163 
antithrombotics 158-167 
- direct inhibitors of coagulation 158, 159 
- fibrinolytics 164--165 
- heparin 162-163 
- platelet aggregation inhibitors 166-167 
- vitamin K antagonists 160, 161 
antithyroid drugs 240-241 
at-antitrypsin, defidency 358 
antituberculosis drugs 280, 281 
antiviral drugs 284-289 
anxiolytics 222-225, 345 
aortic pressure 324 
apixaban 158,159 
apolipoproteins 170, 171 
apomorphine 128 
apoptosis 296, 349 
apparent volume of distribution (Yawl 46, 62, 

65 
appetite center 352 
appetite suppressants 352, 353 
apraclonidine 114 
aprepitant 134, 298, 342, 343 
aquaporins (AQJ>) 42, 176, 177, 180 
aqueous humor 346 
arachidonic add 198, 199,200, 203,332 
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Subject Index 

arachniddes 290, 291 
2-arachnidonylglycerol 312 
area postrema 128, 132, 148,314 
area under plasma level-time curve (AU C) 64, 

65 
arecoline 122, 123 
arginine vasopressin (AVP) see antidiuretic 

honnone (ADH; vasopressin) 
aripiprazole 234 
aromatase 246, 247,254 
- inhibitor5 254-255, 300 
aromatic amino acid decarboxylase (MDC) 

104 
arrestin 108 
arrhythmias see cardiac arrhythmias 
artemesinin derivatiVI!s 292 
artemether 292, 293 
arterial thrombosis 158 
arteriolar resistance 324 
arteriolar resistance Vl!ssels 324 
arteriolar vasodilators 136 
Arthus reaction 90, 91 
artificial ventilation 194, 195, 216, 332,333 
asenapine 230 
asthma see bronchial asthma 
atenolol 27, 61, 116 
atherosclerosis 170, 316,322,323,324 
- plaque rupture 328, 329 
atomaxetine 112 
atopy 354-355 
atoquavone 292 
atorvastatin 44, 172 
atosiban 144, 145 
atovaquone 292, 293 
ATP 42, 43, 44 
ATPase 42 
AlP-binding cassettes 44, 45 
AlP-dependent transporter 42, 43 
atracurium 194, 195 
atrial fibriilation 148, 149, 150, 158 
- treatment 152, 153, 160 
atrial flutter 148 
atriOVI!ntricular (AV) node 150, 151 
- drugs affecting 150, 151, 152 
Atropa belladonna 18, 19, 125, 126 
atropine 118, 124, 125, 126, 150 
- adverse effects 88, 89, 126 
- bradycardia 150, 151 
- mechanismofaction 118,124,125,126 
- organophosphate poisoning 310 
- plant source 18, 19, 125 
- poisoning 126 
- receptors 88, 89 
attention defiCit hyperactivity disordl!l" (ADHD) 

112 
AUC (area under plasma lelll!l- time curve) 64, 

65 
autoantibodies 92, 93 
autoimmune disorders, treatment 304 
- multiple sclerosis 364, 365 
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autonomic nervous system (ANS) 102, 146, 
314,315 

autophosphorylation 300 
autumn crocus (Colchicum auturmurle) 18, 19, 

350 
avanafl.l 136 
axitinib 378 
axolemma 206, 207 
axoplasm 206, 207 
azacitidine 298 
azathioprine 96, 298, 299, 304, 360, 361 
- cytostatic a~nt 298, 299, 304 
- inflammatory bowel disease 362 
- multiple sclerosis 364, 365 
O!Zithromycin 278 
OIZO!e antifungal drugs 282, 283 
aztreonam 270, 271 

B 
badtradn 267, 268, 270 
badofen 134, 135, 190, 191,318 
bacteria 
- dihydrofolate synthesis 272, 273 
- DNA damage 274, 275 
- DNA synthesis and inhibitors of 274-275 
-Gram-negative 268,269,270,272,278 
- Gram-positive 268, 269, 270, 272, 276, 278, 

332 
- gut flora 362, 363 
- transport systems 278 
bacterial cell membrane 268, 272 
- pore formers 272, 273 
bacterial cell wall 268, 269 
- synthesis inhibitors 268-271 
bacterial infections 266 
- treatment 266-281 
-- see also antibacterial drugs (antibiotics) 
bacteriddal effect 266, 267, 268 
bacteriostatic effect 266, 267, 272 
balanced anesthesia 216, 217 
barbiturates 220, 222, 344 
baroreceptorreflex 114,115,183 
barriers, to drug uptake 38-39 
basal membrane 58 
basement membrane 40, 191 
basic myelin protein 304, 364, 365 
basilar artery 72, 73 
basilbdrnab 20,21,304,305,376 
basket wiilow 18 
Bateman function 64, 65 
bathmotropic effect 106 
bazedoxifen 252 
bcr-Gbi fusion gene 96, 302 
bedaquiline 280,281 
belatacept 304, 376 
bellmumab 377 
benign prostatic hypertrophy 114, 115, 126, 

246 
benserazide 334 
benzbromarone 350 



benzocaine 208 
benzodiazepines 134, 135, 191, 222-225 
- activity/effects 222, 223 
- adverse effects 222, 224 
- agonistsfantagonists 222 
- dependence potential 222, 224 
- half-lives 224, 225 
- hypnotic action 344, 345 
- indications 222 
-- epilepsy 336, 338 
- mechanismofaction 134,135,191,222, 

223 
- metabolism{biotransformation 224, 225 
- pharmacokinetics 224-225 
- withdrawal reactions 222, 224 
benzothiadiazines 178 
benztropine 335 
benzyl benzoate 290, 291 
benzylpenicillin see penicillin G (benzylpenicil­

lin) 
Jlragonists see P2-sympathomimetics (ago-

nists) 
P-blockers (JJ-sympatholytics) 116--117 
- adverse effects 116, 117 
- analogues 26 
- P1 and~Jl 116,117 
- effect on heart 146 
- indications for use 117 
-- angina pectoris 326, 327 
-- congestive heart failure 330, 331 
-- hypertension reduction 322, 323 
-- migraine 340, 341 
-- myocardial infarction 328, 329 
-- sinus tachycardia 150 
-- thyrotoxic crisis 240 
- selective and non-selective 116, 117 
- structures 27,116,117 
- therapeutic effects 116, 117 
- in WHO Model Ust of Essential Medi-

cines 26 
P-lactam antibiotics 268, 270 
P-lactamases 268, 270, 271 
P-lactam ring 268 
p-phase (elimination phase) 64 
betaxolol 27 
bell!! chewing 122, 123 
~umab 20,21,300,301,302,303,376 
bezafibrate 172 
"biased signaling" 108 
bicaiutamide 246 
bicarbonate 178 
biguanide derivatives 262, 263 
bile 56 
bile adds 172 
bile canaliculi 44, 50, 51, 57 
bilharziasis 294, 295 
biliary colic 124, 144, 145 
bimatoprost 346 
binding assays 74, 75 
binding forces (drug-receptor) 76-77 
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bioallethrin 290 
bioavailability 64 
biochemicai-pharmacologicai investiga-

tions 22 
bioequivalence 64 
biogenic amines 128-135, 334 
- opioid agonists increasing action 214 
- selective reuptake inhibitors 228, 229 
biological weapons 310 
"biologics" 20 
- imitators (analogues) 20, 26 
biosimilars 20, 26 
biotransformation of drugs 49, so-51, 52-53, 

60, 160 
- antiepileptic drugs 338 
- benzodiazepines 224, 225 
- cutaneous adverse reactions 92 
- delayed,toxiceffects 96 
- in liver 48, 49,50-51, 52-53,60, 160 
- reactions 52-53 
biperiden 127, 334 
bipolar disorder 226, 23o-23t 
bisacodyl 57, 186 
bisoprolol 27, 116 
bisphosphonates 348, 349 
bivalirudin 158, 159 
bladder, overactive 106 
bleeding 
- drug-induced 160, 161, 162 
- management 168-169 
bleomycin 298 
blood-brain barrier 40, 41,42 
- L-dihydroxyphenylalanine transport 334 
- morphine and morphine-6-glucuro-

nide 212, 215 
blood cells 
- cytotoxic reaction effect 90 
- formation, stimulation 1 68 
blood flow, intrahepatic 50 
blood glucose 258, 259, 260, 261, 262 
bloodletting 308 
blood loss 46 
- management 168-169 
blood pressure 24, 136, 322 
- elevated 116, 136, 322-323 
- see also hypo!i!nsion 
blood supply, liver 50 
blood-testicle barrier 40 
blood-tissue barriers 40-41, 46, 47 
blood transfusion 168 
blood vessels 
- acetylcholine action 120 
- histamine action 130, 131 
blood viscosity 174, 175 
blood volume 168,174,182 
- acute depletion, management 168 
B-lymphocytes 90, 304, 305, 362 
Bm.x (maximum binding) 74 
boceprevir 286 
body mass index (BMI) 352, 353 
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body weight 46, 47, 352, 353 
bone 
- calcium homeostasis 264, 265 
- density 348, 349 
- structure/remodeling 348, 349 
bone disorders 348-349 
bone marrow 
- depression 200, 296, 297, 298 
- erythropoiesis 154, 155 
bortezomib 300, 301 
bosentan 136 
bosutinib 378 
botulinum toxin 190, 191, 194 
bowel atony 186, 187 
bradyt:ardia 150, 151 
bradykinin 53 
brain 
- alcohol abuse effect 318 
- morphine and morphine-6-glucuro-

nide 212, 215 
brain capillaries 40, 44 
breast cancer 98, 252, 253, 254, 255, 300, 376 
- trastuzumab action 302, 303 
breast milk, drugs In 94, 95 
brentuximab vedotin 376 
brimonidine 114,346 
British Anti-Lewisite (BAl.; dimercaprol) 308, 

309 
bi'OIIIaZA!pam 224, 225 
bromoaiptine 128, 144, 236, 334,335 
brooch~ drug administration 30, 31 
bronchial asthma 90, 106, 116, 145,356-357 
- Jl:ragonists (sympathomimetics) 145,354, 

355, 356, 357 
- bronchodilators 106,144,145,356, 357 
- glucocorticoids 60, 354, 355, 356, 357 
- leulcotriene receptor antagonist 354 
- pathophysiology 356, 357 
- prophylactic measures 356, 357 
- severe attack, treatment 356,357 
- step scheme of management 356, 357 
- theophylline 145, 354, 355, 356 
bronchial cancer 316, 317 
bronchial epithelium 30, 31 
bronchial mucus 30 
bronchial musculature 355 
bronchial secretion, inhibition 124, 125 
bronchioles, aerosolized drug penetration 30, 

31 
bronchitis, chronic 316,317, 358 
bronchoconstriction, histamine action 130, 

131 
bronchodilation 106,355,356,357 
bronchodilators 144,145,356,357 
- bronchiahsthma 106, 144,145, 356,357 
- COPD 358, 359 
bronchospasm 116,356,357 
brotizolam 224, 344, 345 
Brufe~ 27 
brush border 38, 39, 44 
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buccal route of administration 34, 35, 38 
Buchheim,Rudolf 14,15 
budesonide 61, 362 
bufotonin 312 
bulk laxatives 186 
bupivacaine 208 
bupranolol 27 
bupropion 314 
buserelin 236, 237, 246 
N-butylsmpolamine 124, 127, 144, 145 
butyrophenones 128, 232, 234, 235 

c 
cabergoline 334 
cabozantinib 378 
calcifediol 264 
calcineurin 306 
- inhibitors 305, 306, 307 
calcitonin 264, 265, 348, 349 
caldtriol 264 
calcium (Ca2+) 84, 85, 1 06, 120 
- administration 348 
- chelation, tetracyclines 276 
- clotting and 158 
- electromechanical mupling 194, 264 
- electroseaetory coupling 194, 264 
- excretion 178 
- heartmnduction 146, 147,148,149 
- homeostasis 264, 265 
- drugs maintaining 264-265 
- influx, NMDA receptor 336 
- normal levels 264 
- par.~thormone effect 264, 265 
- renal reabsorption 264, 265 
- transport 44 
- transport proteins 1 06 
- vitamin D hormone action 264, 265 
caldum antagonists ( ea~· channel blockers) 

136,137, 140-141,150 
- adverse effects 140, 141 
- angina pectoris 326, 327 
- catamphiphilic 140, 141 
- dihydropyridine derivatives 140, 141 
- hypertensionreduction 140,141,322,323 
- indications 140, 141 
- vasoselective 140, 141 
caldum(Ca2.)ATPase(SERCA) 146,147 
caldum channels 84, 106 
- antibodies to proteins of 190 
- L-type 106, 146, 147, 191 
- voltage-gated 150, 151 
caldum sensitizers 146 
calmodulin106 
caloric restriction 260 
camptothecin 298 
canagliflozin 262 
canakinumab 3n 
canalicular space 50 
cancer 296 
- drug treatment see anticancer drugs 



Ca!ldida albiams 282 
cangrelor 166, 167 
cannabinoid(s) 312,313 
- endogenous 312 
cannabinoid receptors 312, 352 
- CB1 receptor blockade 352, 353 
canrenone 180, 181 
capecitabine 298 
capillary beds 40, 41, 46 
capillary endothelium 40, 46, 58, 59 
capsules 28, 29 
captopril 52, 142, 143 
carbachol 122, 123 
carbiunates 122 
carbiunazepine 337,338,339 
carbapenems 270, 271 
carbetDcin144 
carbidopa 334, 335 
carbimazole 241 
carbohydrate intake 258, 260, 262 
carbon dioxide, carbonic anhydrase action 178 
carbonic anhydrase (CAH) inhibitor 178, 179 
carboplatin 298 
carboxyl adds 56 
carcinogenic effects/carcinogenicity 22, 296, 

316 
cardiac arrest 106, 126 
cardiac arrhythmias 148,150,152,328 
- drug-induced 148 
- treatment 150-153 
cardiac catheterization 328 
"cardiac dropsy", treatment 18 
cardiac drugs 146-153 
cardiac failure see heart failure 
cardiac glycosides 146, 148-149, 152 
- congestive heart failure 330, 331 
- indications 148 
- intoxication, signs 148, 149 
- mechanism of action 148,149 
cardiac impulse 150, 151 
- conduction 126 
cardiac inhibition, by local anesthetics 205, 

208 
cardiac musde, endothelial cells 40 
cardiac output 136 
cardioacceleration 126 
cardiogenic shock 332 
cardiosteroids 148, 149 
cardiostimulation 1 06, 107 
cardiotonic glycosides 148, 149 
cardiovascular disease 322-333,323 
carfentanyl 16, 213, 214 
carrier proll!ins 38, 42, 43, 44 
carb!olol 27 
carticaine 208, 209 
carvedilol 27, 116 
case-control study 98 
caspofungin 282, 283 
castor oil 186 
cab!chol 1 1 0 
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cab!cholamine(s) 
- actions 106-107 
- cardiostimulation 106, 1 07 
- controlled-volume therapy 332 
- low lipophilicity 11 o 
- metabolic effects 108, 109 
- receptor desensitization 108, 109 
- smoothmusdeeffects 106,107 
- structures 110 
- see also dopamine; epinephrine; norepi-

nephrine 
cab!chol 0-methyltransferase (COMT) 104, 

110,111,112,113,129,335 
- inhibitors 112, 113, 334,335 
catumaxomab 376 
CB1 and CB:z receptors 312,352 
CD3 304 
CD4 304 
CDS 304 
CD28 304 
CDB0/86 304 
eDNA 20 
cefalexin 270, 271 
ceftlzidime 271 
celecoxib 202, 203 
celiprolol 27 
cell(s) 36, 47 
cell division, interference. anticancer 

drugs 300, 301 
cellmembrane 36,37,47,176 
- drug permeation 42, 43, 46 
- drug target 36, 37 
- functional membrane proteins 38 
- hydrophobic interior 36, 37 
- phospholipid bilayer 36, 37. 42, 43 
- structure 36, 37 
- transport systems 36 
cell metabolism. disruption 304 
cell proliferation signaling 301 
- interference, anticancer drugs 300-301 
cellular expression system 20 
cellulose acet.lte polymer 28 
central musde relaxants 190, 191 
central nervous system (CNS) 
- blood-tissue barrier 40,41 
- cardiac glycoside effects 1 48, 149 
- damping effect of parasympatholytics 126 
- drugs acting on 216-235 
- nicotinic ACh receptors 314, 315 
centrifugal (efferent) nerves 102 
centripetal (afferent) nerves 102 
cephalosporins 267,268,270,271 
cerivastatin 172 
certolizumab 360, 361,377 
cetirizine 130, 131 
cetrorelix 236, 237 
cetuximab 300, 301,376 
C-fibers 196,204 
CFI'R chloride channel 96 
Chagas disease 294 
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channel proteins 84 
channels, drug transport 42, 43 
charmal, medicillil1188 
chelating agents, in poisoning 308, 309 
chemical modification of drugs see biotransfor-

mation of drugs 
chemokines 362 
chemotherapy 296-303 
- see also anticancer drugs 
Chinese hamster ovary(CHO) cells 20, 164 
chiral molecules 80 
chlorambucil 298 
chloramphenicol 267, 276, 277, 278, 279 
chloride ions (Cl-) 182 
chloride ions (Cl-) channel 82, 222, 223, 336 
chloroquine 292, 293 
chlorphenothane (DDT) 290, 291 
chlorpromazine 53, 232 
- receptors 88 
chlorthalidone 178 
cholecalciferol (vitamin D) see vitamin D 
cholera 188 
cholesterol 170 
- metabolism 170,171,172,173 
cholesterol-lowering drugs 170, 171, 172, 173 
cholestyramine 170,171,172,188,362 
choline 120 
choline acetyltransferase 120, 121 
cholinergic activity 
- Parkinson's disease treatment 334, 335 
- see also acetylcholine (ACh) 
cholinergic synapse 120-121 
cholinesterase 192 
choline transporter (CHT) 120 
choroid plexus-blood barrier 40 
Christmas rose (Helleborus niger) 18 
chronic heart failure 180 
chronic inflammatory bowel disease 362-363 
chronic myelogenous leukemia 302, 303 
chronic obstructive pulmonary disease (COPD) 

116,124,358-359 
chronotropic effect, positive 106,107 
chylomicrons 170 
cidosporin 54, 55, 304, 306, 307 
- mechanism of action, nephrotoxicity 54, 

306 
- rheumatoid arthritis 360, 361 
cilastatin 270 
ciliated epithelium 38, 39 
cilostazol 136 
cimetidine 130, 131, 184 
cinacalcet 264, 265 
ciproflaxacin 274 
circulatory failure 333 
cirrhosis 318,319 
cisplatin 298 
citalopram 228 
dadribine 298 
darithromycin 278 
dathrin 42, 43 
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clavulanic add 270, 271 
dearance of drug, defurition 62 
dearance rates, drugs 48 
dindamycin 267, 278 
dinical testing of new drugs 22, 23 
dinical trials 22, 23 
- placebo-controlled 98 
dofazimine 280, 281 
dofibrate 172 
domifene 250, 252, 253 
donazepam 190, 339 
donidine 114, 115, 346 
dopidogrel 60,158,159, 166,167 
Clostridium difficile 270, 274 
dotrimazole 282, 283 
dotting, blood 158,159 
dotting disorders 158 
dotting factors 158, 160 
- direct inhibitors 158, 159 
dozapine 234, 235 
coagulation cascade 159 
- direct inhibitors 158, 159 
coagulation factors 158, 160 
coated tablets 28 
cobicistat 54 
cocaine 104, 112, 312 
codeine 17, 200, 210, 212 
colchidne 18, 19, 350, 351 
Colchicum autumnale 18, 19, 350 
cold remedies 112 
colestipol 172 
collateral circulation 318 
collecting duct, principal cell 177 
colloids 168 
colon cancer 300, 302, 303, 376 
compensatory mechanisms, cardiac func-

tion 330, 331 
competitive antagonists 78, 79 
complement, activation 90, 91 
compliance (patient) 66, 67, 68 
concentration-binding curves 74-75 
concentration-effect curves 72, 73, 78, 86, 87 
concentration-effect relationship 72, 73 
concentration of drugs 62-67 
- as function of time 62-63 
- during irregular intake 66, 67 
- measurement of effect as function of 72, 73 
- during repeated dosing 66, 67 
- time course 64-65 
conduction anesthesia 204 
congeneric drugs 26 
congenital malformations 94, 95 
congestive heart failure 136, 138, 142, 148, 

330-331 
- diuretics 174, 178 
conjugated estrogens 246, 247 
conjugation of drugs 50, 51, 52, 53, 54, 56 
conjugation reactions 56, 57 
connexins 38,150 
conotoxin 208 



constipation 126, 184 
- morphine-induced 210, 214 
contact dermatitis 90 
contraceptives, oral 248,250-251 
contractures 192 
controlled drug legislation 212, 214 
controlled-volume catecholamine therapy 332 
Conwllaria majalis (lily of the valley) 18 
convulsants 191 
copper, chelation 308 
corifollitropin a 250 
coronary arteries 72, 73, 324, 325 
- stenosis/restenosis 328 
coronary blood flow 324, 325 
coronary heart disease 322, 323 
- ~-blocker action 116 
- prognosis improvement, drugs 326, 328 
- smoking and 316, 317 
- see also angina pectoris; myocardial infarc-

tion 
coronary sderosis 324, 325, 326, 327 
coronary spasm 138, 324, 326, 327 
coronary thrombosis 328, 329 
corticosteroids 
- high-dose 358 
- see also glucocorticoids 
corticotropin 236 
corticotropin-releasing hormone (CRH) 236, 

237,244 
cortisol 242, 243, 244, 245 
cost-benefit relationship 22 
cotransporter 42 
co-trimoxazole 272, 273 
cournarins 158, 160 
counter-regulatory responses, diuretics 174, 

175 
counter -transport 60 
covalent bonding 76 
COX-1 166, 198,202 
COX-2 198, 202,360 
- induction, in septic shock 332 
- inhibitors 200, 201, 202, 203 
-- rheumatoid arthritis 360, 361 
COX inhibitors 166, 167 
creams, dermatological 32, 33 
crizotinib 378 
Crohn disease 362, 363 
cromoglycate ( cromolyn) 130, 354, 355, 356 
crystalline zinc insulin 256, 257 
CJLA.-4 304, 376 
curare 195, 216 
Cushing disease 220, 236 
Cushing syndrome 242, 304 
- prevention/management 244 
cutaneous reactions, to drugs 92-93 
cyanide poisoning 310,311 
cyanocobalamin see vitamin B12 
cydicAMP(cAMP) 84,85,106,108,128 
cydic GMP (cGMP) 136, 138 
y-cyclodextrin 194 
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cydoguanil 292 
cydooxygenases 166, 198, 199,200,202, 203 
- COX-1 166,198,202 
- COX-2 see COX-2 
- inhibitors 197, 200, 202, 203 
- nonselective inhibitors 202, 203 
cydophilin 306, 307 
cyclophosphamide 298, 304, 360, 361 
CVP2C9 50 
CVP2D6 50, 96 
CYP3A enzymes, inhibitor 54 
CYP3A4 enzymes 54, 55, 60, 278, 279, 306 
CYP17 inhibitors 246, 247 
CYP19 254 
CYP inducers 54, 55 
cyproterone 246, 247 
cystic fibrosis 96, 97 
cystine stones 308, 309 
cystinuria 308, 309 
cytarabine 298, 299 
cytochrome oxidase 50, 60, 92 
- inhibition 131 
cytochrome P450 50, 54-55, 60, 68, 166, 200, 

254 
- drug interactions and 54, 55 
- drug metabolism by 54-55 
- genes and isoenzymes 50, 54, 96 
- inhibition, by macrolides 278, 279 
- site/location 54 
- substrates, inhibitors and inducers 54, 55 
- see also entries beginning CYP 
cytokines 242, 304, 333, 360 
- production, inhibition 304, 305 
cytomegaloviruses 286, 287 
cytoplasmic kinases 300, 301 
cytostatic agents 296, 297 
- adverse effects 132, 134, 296, 297 
- combination therapy 298 
- as immunosuppressive drugs 304, 305 
- mechanism of action 296-299 
- in multiple sclerosis 364, 365 
- resistance 302, 303 
- supportive therapy 298, 342 
cytostatic antibiotics 298, 299 
cytostatic-induced emesis 132, 134 
cytotoxic reaction {type 2 reaction) 90, 91 
cytotoxic T -lymphocytes 284, 304, 305 

D 

dabigatran 158, 159 
dabrafenib 378 
dacarbazine 298 
dadizurnab 305 
danaparoid 162 
dantrolene 191, 194 
dapagliflozin 262 
dapsone 280,281 
daptomycin 267, 272, 273 
darbepoetin alfa 168 
darifenacin 124, 127 
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darunavir 288 
dasatiirlb 302,378 
daunorubicin 298 
DDT (chlorphenothane) 290,291 
deadly nightshade (Atropa beUadonna) 18, 19, 

125, 126 
dealkylation reaction 52, 53 
decamethonium 192 
decarbaminoylation 122, 123 
decarboxylation 122, 334 
decitabine 298 
decongestants 114 
deconjugation 57 
deep vein thrombosis 158 
defecation 184, 186, 187 
defensins 362, 363 
deferoxamine 308, 309 
degarelix 246 
de~d 280,281 
delayed hypersensitivity (type IV) reac-

tions 90, 91, 92, 93, 305 
delivery of drugs 
- dermatological agents 32, 33 
- inhalational drugs 30, 31 
- oral drugs 28, 29 
- rate, adverse effects and 88 
demyelination 364, 365 
dendritic cells 362, 363 
denosumab 348, 349, 377 
dephosphorylation, indirect parasympathomi-

metics 122 
depolarization 
- cardiac 106, 146, 147 
- muscle relaxants 192, 193 
- nerves, local anesthetic effect 204. 205 
- succinylcholine action 192, 193 
depolarizing muscle relaxants 192, 193 
depression/depressive illness 226-229 
- endogeno\IS 226, 227,230 
- neurotic (dysthymia) 226 
- reactive 226 
- treatment 226-229 
dermatitis, contact 90 
dermatological agents 32-33 
- as drug vehicles 32, 33 
dermatophyte infections 282 
descending antinociceptive sysiEm 196 
desensitization 84, 108 
- receptors 1 08, 109 
desflurane 218 
desipramine 112, 228, 229 
desmethyldiazepam 224, 225 
desmoglein 92 
desmopressin 180, 181, 183 
detrusor muscle tone 124, 126 
dex.amethasone 243, 298 
dexmedetomidine 81, 114 
dextran solutions 46 
dextro-rotatory 80 
diabell!s insipidllS 180, 182 
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diabell!s mellitus 256-263 
- hypoglycaemia and ]3-blockers 116 
- insulin therapy see insulin 
- type I 256, 258, 259 
- type II 256,260-261,352 
-- oral antidiabetic drugs 260, 262-263 
diacylglycerol (DAG) 84, 85 
2,4-diaminopyrimidine 272 
diamorphine 212 
diarrhea 188, 189 
diastereomers 80 
diastole 146, 14 7 
diastolic wall tension (preload) 324, 325, 326 
diazepam 222, 224, 225, 345 
diazoxide 136 
diboll!rmin 348 
diclofenac 61, 203 
dicloxacillin 270 
didanosine 288 
diethylcarbamazepine 294 
diethylstilbestrol 94 
diffusion barriers 36,38-39,40,41 
- for eye drops 346,347 
diffusion of drugs 42, 43, 44, 58 
Digitalis spp. 18, 19, 148, 149 
digib»dn 56,148,149,330,331 
d~n 44,148,149,330,331 
- plant sources 18, 19 
dihydralazine 137 
dihydroergotamine 340, 341 
dihydrofolate (DHF) 272, 273, 298, 299 
dihydrofolate reductase, inhibition 292, 298, 

299 
dihydropyridine derivatives 140, 141. 322 
dihydrotestosterone 246, 24 7 
diltiazem 140, 141, 150, 326 
dimercaprol (BAL) 308, 309 
dimercaptopropanesulfonic acid 308, 309 
dimers, hormone-receptor complexes 82 
4-dimethylaminophenol 310 
]3-dimethylcysteine, chelation 308, 309 
dimethylfumarate 364 
dinitrogen monoxide see nitrous oxide 
dinoprostone 144, 198 
diphenhydramine 131,342,344 
diphenolmethane derivatives 186 
dipole-dipole iniEraction 76, 77 
dipole-ion interaction 76, 77 
dipyrone (metamizole) 200, 201 
direct renin inhibitor 142 
disease-modifying agents 
- multiple sclerosis 364 
- rheumatoid arthritis 360, 361 
disintegration of drugs 28 
disorientation 126 
Disse spaces 40, 50, 51 
dissociation constant 58 
dissociative anesthesia 220 
dissolution of drugs 28 
distribution of drugs 34-35, 38-49, 64, 65 



- blood-tissue barriers 40-41, 46, 47 
- external barriers of body 38-39 
- membrane permeation 42-43 
- modes 46-47 
- plasma protein binding 46, 47, 48-49 
- transporters 44-45 
diuretics 174-181 
- adverse effects 174, 178 
- counter-regulatory responses 174, 175 
- indications 174, 175 
-- antihypertensive therapy 174, 322, 323 
-- congestive heart failure 174, 330, 331 
- loop 177,178,179 
- osmotic 176 
- potlssiwn-sparing 180, 181 
- renal actions 174, 175, 176, 177 
- sulfonamide type 178-179 
-~de 177,178,179,180,322,323 
divalent metal transporter 156 
DMPS (dimercaptopropane sulfonate) 308, 

309 
DNA damage 274,275 
DNA-dependent RNA polymerase, inhibi­

tion 274, 275 
DNA function inhibitors 274-275 
DNA polymerase (viral), inhibition 285, 286, 

287 
DNA repair 302 
DNA strand breakage, induction 298, 299 
DNA synthesis 274, 275, 285 
DNA synthesis inhibition 
- antibacterial drugs 274-275 
- antiviral drugs 284, 285 
- cytostatic drugs 296, 297, 298, 299 
dobutamine 80, 111.334, 335 
docetaxel 296 
dolutegravir 288 
domperidone 128, 340, 342, 343 
donepezil 122 
L-dopa 104, 105, 128, 129,334,335 
dopa decarboxylase 334, 335 
- inhibitors 334 
dopamine 112, 128-129, 334, 335 
- actions and pharmacology 128,129 
- agonists 128 
- deficiency 334, 335 
- excessive levels 334 
- as neurotransmitter 128 
- release 1 04, 112. 128, 129 
- reuptake inhibitor 112, 229, 230 
- substitution 334, 335 
- synthesis 104, 105 
- as therapeutic agent 128, 129 
dopamine ~hydroxylase 104 
dopamine receptors 128, 129,229 
- agonists 334, 335 
- antagonists 128, 129, 232 
- Dt 128 
- D:z 128,232 
-- agonists 128, 129, 236, 237 
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-- antagonists 232, 234, 235, 340, 342, 343 
-- neuroleptic affinity profiles 235 
- D4o antagonist 234 
dopamine reuptake inhibitors 112, 229, 230 
dopaminergic ganglion cells 334, 335 
dopamine transporter (OAT) 112, 113, 128 
doripenem 270 
dorzolamide 178, 346 
dosage schedule 68 
dose 70 
- drug accwnulation and 66, 67, 68-69 
- natural products/extracts 16 
dose-effect relationship 70, 71 
dose-frequency relationship 70, 71 
dose-linear kinetics 86, 87 
dose-response curves 70-71, 88 
dose-response relationship 70-71 
dosing intervals 66, 67, 68-69 
doxazosin 114, 115 
doxorubicin (Adriamycin) 298 
d~ine 276,277,292 
doxylamine 344 
dromotropic effect 106 
dronedarone 151, 152 
dropsy, plants treating 18 
drug(s) 
- absorption see absorption of drugs 
- absorption quotient 38 
- accwnulation 66, 67, 68-69 
- actions 36-37 
-- enantioselectivity 80-81 
-- mechanisms 36, 37 
-- quantification 70-75 
-- sites 36, 37 
- administration see administration of drugs 
- adverse effects see adverse drug effects 

(ADEs) 
- aerosols 30, 31 
- affinity see affinity (drug) 
- allergy to see allergic reactions and allergy 
- approval 22, 23 
- benefit assessment 24, 25 
- binding to plasma proteins 46, 47, 48-49 
- binding to receptors 74 
- bioavailability 34 
- biotransformation, in liver see biotransfor-

mation of drugs 
- clearance, deflllition 62 
- clearance rates 48 
- concentration see concentration of drugs 
- congeneric 26 
- conjugation 50, 52, 53 
- delivery see delivery of drugs 
- desired (principal) effect 88 
- development 22, 23 
- diffusion barriers see diffusion barriers 
- dissolution 64 
- dissolved, aqueous space for 46 
- distribution see distribution of drugs 
- effective concentration 48 
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- elimination see elimination of drugs 
- essential 26 
- external barriers of body 38-39 
- free. concentration 48, 49 
- granules 28 
- harmonization 24 
- metabolism see metabolism of drugs 
- names, dilll!rsity 26- 27 
-new 
-legal assessment of benefits 24,25 
-names 26 
-- number approved vs synthesized substan-

ces 22, 23 
-- number assessed lbr benefit 24, 25 
--value 26 
- origin of term 16 
- overdosage 308 
- penetration in respiratory tract 30 
-permeation 40,41,42- 43,46,60 
- prelll!ntion of disease 24 
- price 24 
- reabsorption 58, 59 
- release 
-- oral drugs 28, 29 
-- transdennal delivery 34 
- resistance to 
-- antibiotics 266, 267, 270, 271 
-- antimalarials 292 
-- cytDstatic drugs 302, 303 
- sales strategy 26 
- sources 16-27 
- human proteins 20-21 
-plants 16, 17,18-19 
- tartets 36-37 
- time course, plasma levels see time course 
- toxicity in pregnancy (lactation 94-95 
-- see also adlll!rse drug effects (ADEs) 
- trade names 379-403 
- transport see transport of drugs 
- transporters 44-45 
- uptalce 64 
- - barriers to 38-39, 40, 41 
- withdrawal reactions 94 
drug eruptions, fixed (exanthems) 92, 93 
drug-independent effects 98- 99 
drug index 376-403 
drug-induced vomiting 132, 342, 343 
drug interactions 44, 48, 50 
- ACE inhibitors 142 
- acetylsalicylk add and phenprocou-

mon 202 
- antacids and iron absorption 156 
- antiepileptic drugs 338 
- cytochrome P450 and 54, 55 
- lll!rapamil 140 
drug-receptor coq>lexes 42, 43 
drug-receptor interactions 76-87 
- agonists-antagonists 78, 79 
- enantioselectivity 80- 81 
- mechanisms (molecular) 78-79 
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- receptor types 82- 83 
- time course of plasma levels and effects 86-

87 
drugs of abuse 212, 213, 246 
drug lll!hides, dermatological agents as 32, 33 
drymouth 126 
dualstericor bitopkal binding 82 
duloxetine 124, 132 
duodenal ulcers, treatment 184-185 
dusting powders 32, 33 
dust particles, inhaled 316, 317 
dutasteride 246 
dyskinesia 234, 334 

E 
ECso 72, 73 
echinocandins 283 
econazole 282 
ecstasy (MDMA) 112, 312 
ectoparasitic infestation, treatment 290-291 
eculizumab 377 
edema. diuretic actions 174, 175, 180 
edoxaban 158, 159 
EDT A, in lead poisoning 308, 309 
efavirenz 288 
efferent nerves 102 
efficacy, of agonists 78, 79 
efflux pumps 38 
efflux transporters 44, 45 
EGF receptor 96 
eicosanoids 198-199 
elderly, atropine poisoning 126 
electrocardiography (ECG) 328, 329 
electroencephaiOiJ"aphy (EEG) 336,337 
electrolyte disorders 182- 183 
electromechanical coupling 146, 147, 194,264 
electrosecretory coupling 264 
electrostatic attraction 76, 77 
elephantiasis 295 
elimination of drugs 44, 50-61 
- biliary 56, 57 
- biotransformation see biotranslbrmation of 

drugs 
- enterohepatic circulation and 56, 57 
- exponential characteristics 62, 63 
- impaired 68 
- increased/impaired during therapy 68 69 
- kidney role 58-59, 62 ' 
-- free drug vs plasma protein-bound 

drug 48,49 
- lilll!r role 50-51, 62 
- metabolism see metabolism of drugs 
- presystemic 60-61 
- slow, optimal plasma levels 68 
- time course 64, 65 
elimination rate constant (k) 62, 63 
eltrombopag 168 
elvitavir 288 
elvitegravir 54 
Em..: (maximally possible effect) 72, 73 



embryo-fetal alcohol syndrome 318,319 
emesis see vomiting 
emetic center 342 
emetics 308 
emodines 186 
empagliflozin 262 
emphysema 358 
emulsifying ointments 32 
emulsions 32, 33 
enalapril 52, 53, 142, 143 
enalaprilat 53, 142, 143 
enantiomers 80 
enantioselectivity, drug action 80-81 
-inverse 80 
endemic goill!r 238, 239 
endocannabinoids 352, 353 
endocrine system, drugs acting on 236-264 
endocytosis, receptor-mediated 42, 43, 108, 

109 
endocytotic activity 40 
endometrial cancer 252 
endoneural space 206, 207 
endoparasitic infestation. treatment 290-291 
endoplasmic reticulum 50 
Jl-endorphin 21 1 
endosomes 42 
endothelial cells 40, 46, 132, 158 
endothelin (ET) receptors 136 
- antagonists 136, 137 
endothelium-derived relaxant factor (EDRF) 

120, 138 
endoxifen 96, 97 
enl!rgyprovision 108,109 
enflurane 218 
enfuvirtide 288, 289 
enkephalins 188, 211 
enoxadn 274 
entacapone 112, 334, 335 
Entamoeba hisrolyticu 274, 275, 294, 295 
entecavir 286, 287 
enteral absorption 38, 39, 149 
enteric-coated tablets 28, 29 
enll!rochromaffin (EC) cells 132 
enll!rochromaffin-like (ECL) cells 130, 131, 

185 
enterocytes 38, 170 
enterohepatic drculation 56, 57, 148 
enzalutamide 246 
enzymes 
- enantioselectivity 80 
- in endoplasmic reticulum 50 
- genetically engineered 20 
- in hepatocyli!S 50 
- lig;md-regulall!d 82, 83 
ephedrine 112 
epilepsy 222, 336, 337 
- childhood 338 
- see also antiepileptic drugs; seizures 
epinephrine 104,105,110 
- actions/functions 104, 1 05, 106, 315 
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- adrenoceptorinteraction 110,111 
- affinity for receptors 110 
- anaphylactic shock 354 
- antagonists 116, 117 
- local anesthetics with 206, 207 
- release, nicotine elfect 315,316 
- structure-activity relationship 110, 1 11 
- vasoconstriction 114 
epirubicin 298 
epithelial brush border 38, 39 
epithelial thickness, drug uptake 38 
eplerenone 176,180,181, 330,331 
epoxidation reactions 52, 53 
Epsom salt 186 
eptifibatide 166, 167 
eptotermin 348 
equilibrium dissociation constant (Ko) 74 
erectile dysfunction 136 
ergometrine 144,145 
ergosterol 282, 283 
ergot alkaloids 144, 145,340, 341 
ergotamine 145, 340, 341 
ergotism 144 
erlotinib 300, 301, 378 
erythema, toxic 92 
erythromycin 277, 278, 279 
erythropoiesis 154, 155 
erythropoietin (epoetin) 20, 154, 155, 168 
- genetically engineered analogues 168 
Escherichia coli 269 
Escherichia coli Nissle 362 
eslicarbazepine 339 
esmolol 27 
esomeprazole 184 
esophageal spasm 144 
essential drugs 26 
essential hypertension 116, 136, 322-323 
ester hydrolysis 52, 53 
estradiol 61,246, 247,248,249 
- chronic administration 252 
- SERMvs 252 
- structure 247, 249, 255 
- synthesis, aromatase role 254 
- transdermal delivery 248 
estrogen 248-249, 254 
- bone resorption reduction 348, 349 
- conjugall!d 248 
- exogenous, oral contraceptive 250, 251 
- formation 254 
-- inhibition 254, 255 
- preparations 248 
- receptors and antagonists 252, 253 
- selective receptor modulators (SERM) 252, 

253 
estrone 249, 254, 255 
etanercept 360, 361, 377 
ethambutol 280, 281 
ethanol see alcohol 
ethinylestradiol 246, 247, 248 
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ethinyltestosterone (ethisterone) 246,247, 
248 

ethosuximide 339 
etomidate 220, 221 
etoposide 298 
etoricoxib 202, 203 
Euler-Uljestrand mechanism 358 
Euonymus europaeus 18 
European Medicines Agency (EMA) 22 
European plants 18, 19 
euthyroid goiter 238 
everolimus 306 
exemestane 254, 255 
exenatide 262 
exercise, angina pectoris 324, 325 
exponential (first-order) rate process 62,63 
external barriers of body 38-39 
extracellular fluid (ECF} 46, 182 
extracellular fluid volume (EFV) 46, 174 
extracellular space 46 
extracts, from plants 16 
eye diseases 346-347 
eye drops, diffusion barriers 346, 347 
ezetimibe 171, 172 

F 
Fab antibody fragments 20, 21, 148 
factor>Ca/IIainhibitors 158,159,160 
familial hypercholesterolemia 172 
famotidine 130, 184 
"fast acetylators" 96 
fatty adds 36 
Fe segments 304 
FeZ+ compounds 156,157 
Fel+ salts 156, 157 
febrile convulsions 338 
febuxostat 350 
felbamall! 339 
felodipine 140 
felypressin 180, 181,206 
fenestrations 40, 46 
fenofibrall! 172 
fenoterol 
- asthma and COPD 106, 354, 355,356, 358, 

359 
- premature labor prevention 1 06, 144, 145 
fentanyl 16, 213,214, 215, 216 
- balanced anesthesia 217 
fentanyl patches 212 
ferric ferrocyanide 310, 311 
ferroportin 156 
ferrous gluconate 156 
ferrous sulfate 156 
fesoteridine 124 
fetal alcohol syndrome 318,319 
fetal damage, by drugs 94, 95 
fexDfenadine 130 
fibric add agents 172 
fibrin 52, 158, 159, 164 
fibrinogen 159, 164, 166 

424 

fibrinolytic.s 158,159,164-165,329 
Pick's law 62 
fidaxomidn 274 
fight-or-flight actions 102, 103 
filariasis 294 
fllgrastim 298 
fmasteride 114, 246,247 
fmgolimod 364, 365 
frrst -order (exponential) rate process 62, 63 
frrst-pass elimination 30,34 
fJXed drug eruptions 92 
FK-binding protein 306, 307 
flecainide 152 
fludoxadllin 270, 271 
fluconazole 282 
flucytosine 282, 283 
fludarabine 298 
fludrocortisone 242 
fluid compartments 46 
fluid retention 174, 175, 176. 177 
flumazenil 222, 223, 308, 344, 345 
flunarizine 340, 341 
fluoroquinolones 274, 275 
5-fluorouradl 282, 283, 298, 299 
fluoxetine 133, 228, 229 
fluphenazine 232, 235 
flutamide 246,247 
fluvastatin 172, 173 
folic add 154, 155,272, 298, 299 
- deficiency 154 
follicle-stimulating hormone (FSH) 236, 237, 

248,249,252,254 
- oral contracepti\'\! effect 250 
follicular growth 248-249, 250 
follitropin 250 
follow-on preparations 26 
fondaparinux 162 
food allergy 130 
Food and Drug Administration (FDA) 22 
food intake, regulation 352 
forrnestane 254, 255 
forrnoterol 106, 354,356 
fosaprepitant 342 
foscamet 286 
foxgl011\! (Digitulis) 18 
freeze-dried plasma products 168 
fulvestrant 252 
functional antagonism 78 
fungal infection treatment 282-283 
furosemide(frusemide) 61,178 

G 
GABA 134, 135, 222, 336, 337 
- mechanism of action 134, 135, 223 
- structure 135, 337 
GABA, receptors 82, 83, 134, 135 
- activation, injectable anesthetics 220, 221 
-GAM.\ receptors 134,135,190,191,219, 

220 
-- antiepileptic drug action 336 



-- benzodiazepine action 222, 223 
-- chloride channel 82, 83 
-- inhalational anesthetic action 218,219 
-- interneuron action 222 
- GABAB receptors 134, 135, 190 
gabapentin 337, 339 
galantamine 122 
Galen, Claudius 1 4, 15 
y-aminobutyric acid see GABA 
gandclovir 285, 286, 287 
ganglia 104 
ganirelix 236 
gap junction 150 
gas exdlange disorders, opioid effect 210 
gastric add 184 
- neutralization 184, 1 85 
gastric lavage 308 
gastric secretion 184 
- inhibition 124, 184, 185 
gastric ulcers, treatment 184-185 
gastritis 184, 185 
gastrointestinal tract 
- drugs acting on 1 84-189 
- flora 362, 363 
- inrect:ion 276 
- mucosal barrier 362, 363 
- opioid action 210 
gefitinib 378 
gelatin colloids 168, 169 
gelatin polymers 168 
gemdtabine 298 
gemeprost 198 
gemfibrozil 172 
general anesthesia/anesthetics 216-221 
- elimination routes 218, 219 
- goals 217 
- induction 216,217 
- inhalational 216, 218-219 
- injectable 216, 220-221 
- mechanism of action 218,220 
- monanesthesia vs balanced anesthesia 216, 

217 
- potency 218,219 
- rates of onset and cessation 218, 220 
- termination of effect by redistribution 220, 

221 
- total intravenous 220 
generic drugs 26 
genetic engineering 20, 21 
genetic polymorphism 96, 97 
- of biotransformation 50 
genotoxidty 22 
gentamicin 278, 279 
Germany 
- ibuprofen preparations 27 
- new drugs, benefit assessment 24, 25 
ghrelin 352 
gingival hyperplasia 338 
glatiramer acetate 304, 305, 364, 365 
glaucoma 1 16, 178, 346 
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- angle-dosure 126,346 
- local treatment 346-347 
- open-angle 346 
glibenclamide 262, 263 
glimepiride 262 
"gliptins" 262 
"glitazones" 262, 263 
glomerular filtration 58, 59 
glucagon 258 
glucagon-likepeptide-1 (GIP-1 ) 262,352 
glucocorticoids 242, 243 
- adverse effects 242, 243, 244 
- drcadian administration 244, 245 
- cytokine production inhibition 304, 305 
- effect on cortisol synthesis 244, 245 
- indications 
-- adrenocortical atrophy p11!111!ntion 244, 

245 
-- atopy/allergies 242, 354, 355 
-- bronchial asthma 354, 355, 356, 357 
-- inflammatory bowel disease 362, 363 
-- multiple sclerosis 364 
-- rheumatoid arthritis 360, 361 
- inhalational 244, 354, 356, 357 
- local application 244 
- presystemic elimination 60 
- receptors 242, 243 
- replacement therapy 242-243, 244 
- therapeutic actions 242, 243, 244 
gluconeogenesis 242 
- reduced 262 
glucose 
- blood levels 258, 259, 260, 261, 262 
- renal reabsorption, inhibition 262 
glucose preparations 258 
glucuronic add 52, 53, 56, 200 
JJ-glucuronidase 56, 57 
glucuronidation 
- benzodiazepines 224, 225 
- morphine 212 
N-glucuronides 56 
D-glucuronides 56 
glucuronyl transferases 56, 57 
glutamate (glutamic add) 82, 134, 135 
- receptors 134, 135,336 
-- see also NMDA receptors 
glutamine 56 
glycemic control 258, 259 
glycerol 36 
glyceryl trinitrate (GTN) 138, 139, 326, 327, 

328 
glycine 56, 82,134,190,191 
glycine receptor 
- activation, injectable anesthetics 220, 221 
- inhalational anesthetic action 218,219 
glycogenolysis 108, 109 
glycoprotein Ilbfnia antagonists 166, 167, 329 
glycoproteins 20 
glycosides, cardiac see cardiac glycosides 
goiter 238 
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- endemic 238, 239 
- euthyroid 238 
gold rompounds 360, 361 
golimumab 360, 361,377 
gonadotropin(s), secretion increase 250 
gonadotropin-releasing hormone (GnRH)(go-

nadorelin) 236,237, 246. 300 
- antagonists 236, 237, 246, 247 
- pulsatile release 236, 237, 250 
- superagonists 236, 237, 246,247 
gonorocci 269 
goserelin 236 
gout 18,350-351 
GP llb{llla 1 66 
GP llb{llla antagonists 166, 1 67, 329 
G-pnxein 82,84,85, 106,108 
- dopamine receptors coupled 128 
- epinephrine-receptor interaction 110 
- unroupling 108,109 
G-protein-roupled receptors 82, 83, 108 
- malignant tumors and 300 
- mode of action 84-85 
- P2Y12 166 
- sphingosine-1-phosphate (SIP) recepiDr 364 
- see also adrenoceptors 
Gram-negative bacteria 268, 269, 270, 272, 

278 
Gram-positive bacteria 268, 269, 270, 272, 

276, 278, 332 
granisetron 132,342 
granulocyte colony-stimulating factor (G-CSF) 

168 
grapefruitjuice 60 
Graves disease 240, 241 
griseofulvin 282, 283 
growth factors 300, 301 
growth hormone (GH) 236,352 
growth hormone release-inhibiting hormone 

(GHRIH) 236, 237 
growth hormone-releasing hormone (GHRH) 

236,237 
gut flora 362, 363 
gyrase inhibitors 267, 274, 275 

H 
Ht-antihistamines 130,232,342,343,354, 

355 
Ht-histamine receptors 228 
Hz-antihistamines 130, 184, 185 
Hahnemann, Samuel 98 
hair loss 296, 297 
hairpin countercurrent mechanism 176, 177 
half-life (tl/2) 62, 63, 66, 68,86 
half-maximal effect (ECSO) 72, 73 
hallucinations 126, 232, 312, 318 
hallucinogens 31 2-313 
haloperidol 232, 234, 235 
halothane 218, 219 
haptens 90, 92 
hashish 312 
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hay rever 354 
HCV protease 286, 287 
heart 
- action potential 146,147,150,151 
- calcium antagonist effect on 140, 141 
- catecholamine effects 106, 107 
- conduction 146, 147, 150, 151, 152 
- contraction and relaxation 146, 147 
- drugs influencing 146, 147 
- macrolide adverse effects 278, 279 
- muscarinic M2 receptors 121 
- see also entries beginning cardiac 
heart failure 116, 1 36, 146 
- acute 106 
- compensatory mechanisms 330, 331 
- congestive see rongestive heart failure 
heart rate 146, 148, 1 50, 324 
heavy metal poisoning 308, 309 
hedgehog signaling pathway 300 
Helicobacter pylori 184, 185 
Helleborus niger 18 
heme 156 
heme oxygenase 156 
hemoglobin 157 
- impaired synthesis 154 
hemophilia 158 
hemosiderosis 156 
hemostasis 158, 159 
Henle, loop of 176, 177, 178, 179 
heparan sulfate 162 
heparin 158, 162-163, 328 
- adverse effects 162, 163 
heparinoid 162 
hepatitis B, drug treatment 286, 287 
hepatitis C. drug treatment 286, 287 
hepatitis viruses, drug treatment 286, 287 
hepatocytes 50,51,56 
hepcidin 156 
hephaestin 156 
HER1 and HER2 300, 301, 302, 303 
herbal products, sleep disorders 344 
heroin 212, 213,214 
herpes simplex viruses 284, 285, 286, 287 
heterodimeric recepiDrs 82, 83 
high-density lipoprotein (HDL) 170, 171 
hirudin and derivatives 1 58, 159 
histamine 90, 130-131,355 
histamine receptors 130, 131 
- antagonists 130, 354, 355 
- see also antihistamines 
histidine 131 
history, of pharmarology 14-15, 18 
histotoxic hypoxia 31 0 
HIV, replication 288, 289 
HIV inrection 288, 289 
- abacavir hypersensitivity reaction 96, 97 
- treatment 54, 288-289 
HIV protease inhibiiDrs 288, 289 
W fK'" ATPase 42, 43 
HIA B"5701 96, 97 



HMG-CoA (hydroxymethylglutaryi-CoA) 170 
HMG-CoA reductase 170, 172, 173 
HMG-CoA reductase inhibitors (statins) 170, 

171,172,173 
- accumulation and effect in liver 172, 173 
Hohenheim, Theophrastus von 14, 15 
homatropine 124,127 
homeopathy 98, 99, 344 
homodimeric receptors 82, 83 
hormone(s) 36,236-264 
- hypothalamic and hypophyseal 236-237 
- receptors 36, 37 
- thyroid 238-239 
- see also individual hormones 
hormone-receptor complexes 82, 83 
hormone replacement 
- estrogens/progestins 248, 249, 252 
- testosterone 246, 247 
human chorionic gonadotropin (HCG) 250, 

252 
human epidermal growth factor receptor 

(HER) 300, 301, 302, 303 
human immunodeficiency virus (HIV) see en-

tries beginning HIV 
human menopausal gonadotropin (HMG) 250 
human proteins, as medicines 20 
hydrochlorothiazide 178, 179 
hydrocyanic acid, poisoning 310,311 
hydrogel 32, 33 
hydrolysis, of drugs 52, 53 
hydrophilic (aqueous) cream 32, 33 
hydrophilic drugs 32, 33, 46 
hydrophilicity 52 
hydrophobic interactions 76, 77 
hydrophobicity 48 
hydroxyapatite 264, 349 
hydroxycarbamide 298 
hydroxychloroquine 360, 361 
hydroxycobalamin 154, 310 
4-hydroxycoumarins 160, 161 
hydroxyethyl starch 168, 169 
hydroxylamines 52 
hydroxylation, hepatic 50, 51, 52, 53 
hydroxyprogesterone caproate 247 
17a:-hydroxyprogesterone caproate 248 
17fl-hydroxysteroid dehydrogenase 254 
5-Hydrox:ytryptamine (5-Hr) see serotonin 
hydroxyurea 298, 299 
hyperacidity, treatment 184, 185 
hypercalcemia 264 
hyperglycemia 178, 258, 259 
hyperglycemic coma 256, 258 
Hypericum per:foratum (Stjohn's wort) 44, 54, 

55,92,226 
hyperinfusion syndrome 176 
hyperinsulinernia 260 
hyperkalemia 180, 182, 183,330 
hyperlipoproteinemia 170, 171 
hypematremia 182,183 
hyperparathyroidism 264 
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hyperpolarization-activated cyclic nucleotide-
gared (HCN) channels 150, 151 

hyperreactivity 88 
hypersensitivity reactions 90 
- to penicillin 268, 269 
- type I (anaphylactic) 90, 91 
- type II (cytotoxic) 90,91 
- type In (immune-complex vasculitis) 90,91 
- type IV(delayed, contact dermatitis) 90, 91, 

92,93,305 
hypertension 116, 136, 322-323 
- drugs reducing see antihypertensive agents 
hyperthermia 126 
hyperthyroidism 116, 238, 240-241 
hyperuricemia 178, 350 
hypnotics 344-345 
hypocalcemia 348 
hypoglycemia 116, 242, 258,262, 263 
hypoglycemic shock 258 
hypo~emia 178,182,183,186,187 
hyponatremia 182,183 
hypophyseal hormones 236-237 
hyposensitization therapy 354 
hypotension 136, 137,332 
- controlled 138 
hypothalamic hormones 236-237 
hypothalamic releasing hormones 236, 237 
hypothalamus 236,244,352 
hypothyroidism 238 
hypovolemia 182 
hypovolemic shock 168,332 
hypoxanthine 350, 351 

90Y ibritumonab tiuxetan 376 
ibuprofen 26, 203 
- trade names 27 
idarubicin 298 
idoxuridine 285 
ifosfamide 298 
lgA antibodies 362, 363 
lgE antibodies 90, 91, 92, 130, 354, 356 
- inactivation 354 
illusions, drugs causing 312, 313 
iloprost 136 
imatinib 96, 300, 301, 302, 303, 378 
imidazole derivatives 282, 283 
imiglucerase 21 
imipenem 270, 271 
imipramine 227, 228,229 
immune-complex vasculitis 90, 91 
immune diseases 354-365 
immune modulators 304-308 
immune response 90, 91, 304, 305 
- gastrointestinal tract 362, 363 
- inhibition 304-307 
- viral infections 284 
immunogens 90 
immunological memory 90 
immunological signaling pathways 300 
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immunosuppression 296, 304, 306 
immunosuppressive drugs 54, 96, 304-307 
- cytostatic agents 296 
- glucocorticoids 242, 304, 305 
- inflammatory bowel disease 362 
incretin mimetics 262 
indacaterol 358, 359 
indapamide 178 
indinavir 288 
infectious disease 266 
- septic shock 332, 333 
- see also specific infections 
infertility 236, 296 
infiltration anesthesia 204 
inflammation 
- acute systemic 333 
- antibodies against 376-377 
inflammatory bowel disease 272, 362-363 
inflammatory mediators 198, 199,242, 333 
- COPD 358 
- inflammatory bowel disease 362, 363 
- rhewnatoid arthritis 360, 361 
- septic shock 332, 333 
inflammatory reactions/response 90, 91, 198, 

199,361 
- glucocorticoid therapy 242, 356, 357 
- inflammatory bowel disease 362, 363 
- multiple sderosis 364 
- rhewnatoid arthritis 360, 361 
infliximab 360, 361' 362, 363, 377 
influenza viruses, drug treatment 286, 287 
infusion rate of drugs 68, 69 
inhalation, drug administration by 30-31,34, 

35 
inhalational anesthetics 216,218-219 
inhalational glucocorticoids 244 
inhibitory intemeurons 190, 222 
injectable general anesthetics 216, 220-221 
inositol trisphosphate (IP3) 84, 85, 106,230 
inotropic agents 106, 107, 148, 149 
- congestive heart failure 330, 331 
insecticides 290, 291, 31 0 
insomnia 344 
insulin 
- amino add sequence variations 256, 257 
- control of release from injection site 256, 

257 
- conventional therapy (fixed-dose) 258, 259 
- deficiency 260 
- extended-action 256 
- formulations, and dosage forms 256, 257 
- geneticallymodifiedhuman 20,21,256, 

257 
- hypoglycemia due to 258 
- intensified therapy 258, 259 
- intermediate-acting preparations 256 
- long-acting analogues 256, 258, 259 
- overdosage 258 
- presystemic/systemic actions 259 
- rapidly-acting analogues 256, 258, 259 
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- receptors 82, 83, 256, 260, 261 
- recombinant 256 
- release 256, 258, 260, 262 
- replacement methods 258, 259 
- resistance 256, 260 
- secretory capacity decrease 260, 261 
- sensitivity of target organs 260 
- slaw-acting preparations 256 
- solutions and suspensions 256 
- structure 256, 257 
- synthesis 256 
insulin aspart 256 
insulin degludec 256 
insulin detemir 256 
insulin glargine 256, 257 
insulin glulisine 256 
insulin-like growth factor 1 (IGF-1) 236, 256 
insulin lispro 256, 257 
integrase (retroviral), inhibitors 288, 289 
intercellular adhesion molecule (!CAM) 364 
interferons (IFN) 284, 285 
- interferon alfa 286, 287, 300 
- interferon-J3 (IFN-J3) 364, 365 
interindividual drug responsiveness 70 
interleukin( s) 242 
- inhibitors 304, 306, 307 
interleukin-1 (fi.-1) 304,360 
interleukin-1 (U.-1) receptor antagonist (!L-

IRA) 20,21 
interleukin-113 (U.-tj3) 332 
interleukin-2 (11.-2) 300, 304, 305 
- inhibition 304, 306, 307 
International Nonproprietary Name (INN) 26 
International Normalized Ratio (INR) 160 
intemeurons 190,222 
interstitial fluid 46, 47, 174 
intestinal mucosa-blood barrier 38 
intestinal tract see gastrointestinal tract 
intracellular fluid 46 
intracellular space 46 
intracranial pressure, elevated 342 
intramuscular injection 34, 35, 60, 65 
intraocular pressure (lOP) 346 
intravascular distribution of drugs 46, 47 
intravenous administration 34, 35, 60, 65 
intrinsic activity 78 
- enantioselectivity 80, 81 
intrinsic factor 154 
intrinsic sympathomimetic activity (!SA) 116 
inverse agonists 78 
inverse enantioselectivity 80 
iodine 238 
- administration 238, 240,241 
- defidency 238 
iodine-131 (1311) 240 
iodized salt prophylaxis 238 
ion channels 38, 42 
- G-protein action and 84-85 
-ligand-gated 82,83 
- see also specific ions 



ionic interaction 76, 77 
ionpumps 38 
ipecac syrup 308 
ipilimumab 376 
ipratropium 124, 126, 127, 144, 146.358,359 
irinotecan 298 
iron 156 
- administration and fate 156, 157 
- chelation 308 
- deficiency 156 
- overload 156 
iron deficiency anemia 154, 156--157 
irritantlaxatives 186 
isobutylamine 27 
isoflurane 218,219 
isolated organs, experimentation 72, 73 
isoniazid 280, 281 
isonicotinic acid 280, 281 
isopropylamine 27 
isoproterenol (isoprenaline) no 
isosorbide dinitrate (ISDN) 138, 139, 326, 327 
isosorbide mononitrate 138, 139, 326, 327 
isoxazolylpenidllins 270 
isradipine 140 
itraconazole 44, 54, 55, 282 
ivabradine 150, 151,326,330 
lvacaftor 96, 97 
ivermectin 294 

JC virus infection 364 
Joint Federal Conunittee (G-BA; Germany) 24, 

25 

K 
kainate receptors 134, 135 
kala-azar 294 
kanamycin 278, 279 
I<' -channels see potassium (I<') channels 
keratinized squamous epithelium (skin) 38, 39 
keratinocytes 92, 93 
ketamine 135,220, 221 
kidney 
- drug excretion 58-59, 62, 64 
- Nad reabsorption 174, 175, 176, 177 
kinase inhibitors 378 
kinetosis, prophylaxis 126 

L 
Iacosamide 339 
Jl-lactam antibiotics 268, 270 
- atypical 270 
Jl-lactamases 268, 270, 271 
- inhibitor 270, 271 
Jl-lactam ring 268 
lactation, drug toxicity during 94-95 
lactic acidosis 262, 263 
lactulose 186 
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Lambert-Eaton syndrome 190 
lamivudine 286,287, 288 
lamotrigine 336,337, 339 
lanreotide 236 
lansoprazole 184 
lapatinib 378 
lasofoxifen 252 
latanoprost 346 
laudanum(opiumtincture) 16,17 
"laughing gas" see nitrous oxide 
lawofmassaction 74 
laxatives 184, 185, 186, 187, 189 
- chronic use and dependency 186, 187 
- classification 186 
- indications 184 
- osmotic 308 
- in poisoning 308 
lead, chelation 308, 309 
leflunomide 360, 361 
left ventricular failure 330 
leishmaniasis 294, 295 
lenograstim 298 
lepirudin 158 
letrozole 254, 255 
leukemia 
- acute myeloid 130 
- chronic myelogenous 302, 303 
leukocytes 
- migration mechanism/inhibitors 364, 365 
- see also lymphocytes 
leukotrienes 198, 199,354,356 
- receptors antagonists 354, 355, 356, 357 
leuprorelin 236, 246 
levetiracetam 336, 337, 339 
levobunolol 27 
levocetirizine 130 
levodopa (L-dopa) 104,105,128,334,335 
levomedetomidine 81 
levo-rotatory 80 
levosimendan 146 
liberation of drug 28 
lidocaine 53, 150, 208, 209, 328 
ligand(s) 
- affinity for binding sites 74 
- binding, topography 82 
ligand-gated ion channels 82, 83 
ligand-receptor complexes 82, 83 
ligand-regulated enzyme 82, 83 
lily of the valley (Convallaria majalis) 18 
lincosamides 278 
lindane 290, 291 
linezolide 267, 276,277 
lipase inhibitor 352, 353 
lipid bilayers 36, 37, 42, 43 
lipid-lowering agents 170-173 
lipocortin 242 
lipodystrophy 258 
lipohypertrophy 258 
lipolysis 108, 109 
lipophilic (oily) cream 32, 33 
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lipophilic drugs 32, 33, 38, 46 
- reabsorption (renal) 58 
- uptake by liver 50 
lipophilicity, inhilational anesthetics 218, 219 
lipophilic ointment (oil ointment) 32, 33 
lipoprotein(s).meubolism 170,171 
lipoprotein lipase 170 
lipoxygenases 198, 199,203 
liraglutide 262 
lisuride 334 
lithium ions cu·) 230, 240, 241 
lithium salts, in thyrotoxicosis 240 
lithium therapy 230- 231 
liver 50 
- alcohol metabolism 318 
- blood supply 50 
- cholesterol synthesis 170, 172 
-cirrhosis 318, 319 
- cytochrome P450 enzymes 54, 55 
- damage, alcohol abuse 318,319 
- drug biotransformation 48, 49, 50-51, 52-

53,60,160 
- drugelimlnation 50- 51 , 62,64 
- drug eXI:hange 40 
- drug uptake 34 
lixisenatide 262 
local anesthetics 204- 209 
- adverse effects 204, 205, 208 
- amide-type or ester-type 206,208 
- concentration, diffusion and effect 206, 207 
- distribution in tissue 206, 207 
- forms and administration 204 
- lipid membrane-permeable form 208, 209 
- mechanism of action 204, 205 
- pH value 208, 209 
- pK. 206, 208 
- structures 206 
- vasoconstrictxlrs with 206, 207 
lomitapide 172 
lomustlne 298 
loop diuretics 177, 1 78, 179 
loperamide 44, 188, 189 
loralildine 130 
lorazepam 344, 345 
losartan 142, 143 
lotions 32, 33 
lovastalin 172, 173 
low-density lipoproteins (IDL) 170, 171, 172 
- recepiXIrs 170,172, 173 
low-molecular-weight heparin 162, 163 
loxapine 234 
Lugol solution 240 
lurnefantrine 292, 293 
lung, drug distribution and 34 
lung cancer 316, 317 
luteinizing hormone (UI) 236, 237, 246, 248, 

249,250 
Lyell syndrome (toxic epidermal necrolysis) 

92 
lymphocytes 90 
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- activation inhibition 364 
- 8-l}'IIllhocytes 90, 304, 305, 362 
- margination, adhesion 364 
- multiplication inhibition 364 
- passage into CNS, inhibition 364 
- release iniXI circulation. inhibition 364 
- T -cells see T-lymphocytes 
lymphokines 90, 91 
iypl'I!Ssin (8-L-lysine-vasopressin) 180 
lysergic add derivatives 144, 334 
lysergic add diethylamide (LSD) 133, 144, 

312. 313 
lysosome 42,43, 47, 108,266 

M 
Maalox184 
macitentan 136 
macrolides 267, 276, 277, 278, 279, 306 
macrophages 18, 90, 156,304,350, 360,362 
magnesium (M~+), excretion 178 
magnesium hydroxide 184 
major histocompatibility complex (MHC) 304 
malaria, drug treatment/prevention 292-293 
malignant neuroleptic syndrome 232 
malignant tumor chemotherapy see anticancer 

drugs 
manic states 226, 230-231 
mannitol 176 
mannose-6-phosphite residues 20, 21 
maraviroc 288, 289 
margin of safety 88 
marketing of drugs 22 
mast cells 355 
- histamine release 90, 91, 130, 131 
- stabilization 354,355 
mast cell stabilizers 130, 131,354, 355,356 
matrix-type tablet 28 
maximal effects of drugs, concentration 72, 73 
maximally possible effect (E.,.,.) 72, 73 
maximum binding (Bm.x) 74 
Mcells 362 
mebendazole 290, 291 
mechlorethamine 298, 299 
meclozine 342, 343 
medetomidine 80, 81 
medroxyprogesterone acetare 247,248 
mefloquine 292, 293 
megaloblastic anemia 154, 338 
melatonin 344 
melatonin recepiXIr agonist 228 
melphalan 298 
membrane permeation 40, 41,42-43 
membrane potential 192, 193 
membrane transport sysrems 36, 37 
memory cells 90 
menadione 160, 161 
menopause 252, 253, 254 
menotropin 250 
menstrual cycle 248, 249, 251 
mepivacaine 208, 209 



mercaptopurine 96, 97, 298,299 
meropenem 270 
mesalazine 272, 273, 362, 363 
mescaline 312 
metabolic autoregulation 324, 325 
metabolic disorders 20, 35D-353 
metabolic syndrome 260, 352 
metabolism, catecholamine actions 108, 109 
metabolism of drugs 60 
- by cytochrome P450 54-55, 60 
- genetic variants 96, 97 
- phasel~lreactions 50,51,52,53,54,56 
metabotropic receptors 134, 135 
metamizole ( dipyrone) 200, 201 
met-enkephalin 213 
metformin 262, 263 
methadone 212,215 
methamphetamine 58, 353 
methemoglobin 310,311 
methimazole 241 
methohexital 220, 221 
methotrexate 298, 304, 361 
- cancer 298, 299 
- inflammatory bowel disease 362 
- rheumatoid arthritis 360, 361 
methoxyflurane 218 
methoxy PEG-epoetin beta 168 
methylene dioxyamphetamine (MDMA) 112, 

312 
methylnaltrexone 214 
methylphenidate 112 
methylxanthines 354, 355 
metipranolol 27 
metoclopramide 128, 340, 341, 342, 343 
metoprolol 27,116,117,340 
metronidazole 274, 275, 294 
mezlodllin 270 
micafwtgin 282 
miconazole 282 
microtubules 18, 296, 297, 350 
midazolam 220, 221, 222,224, 225 
mifepristone 252, 253 
miglitol 262 
migraine 116,132,340,341 
mineralocorticoids 242, 244 
- see also aldosterone 
minimum alveolar concentration (MAC) 218 
minipill 250, 251 
minocycline 276 
minoxidil 136 
mirabegron 106 
misoprostol 198 
mitochondria 47 
mitomydn 298 
mitotic spindle damage, cytostatic drugs 296, 

297 
mitoxantrone 364, 365 
mivacurium 194 
mixed-function oxidases or hydroxy lases 50 
moclobemide 112, 228 
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modafmil 112 
molecular weights, of drugs(metabolites 58 
molsidomine 138, 139, 326 
monoamine oxidase (MAO) 104, 110, 111. 

112, 113, 129 
monoamine oxidase inhibitors (MAO!) 112, 

1 13, 228, 276 
- MAO-B inhibitors 334, 335 
monoanesthesia 216, 217 
monobactams 270, 271 
monoclonal antibodies, therapeutic 376-377 
montelukast 354, 355, 356 
mood disorders 226 
"morning-after" pill 250 
morphine 210,212 
- addiction potential (formulation) 215 
- administration and bioavailability 213 
- adverse effects and overdose 88, 89, 210, 

214 
- controlled-release tablets 212 
- derivatives 212 
- distribution in brain 212, 215 
- dose dependence, in mice 70, 71 
- extraction from opium 16, 17,210 
- metabolism 212, 213 
- structure 21 1 
morphine-6-glucuronide 212, 215 
morpholines 282, 283 
motion siclmess 126, 342 
motor end plate 191, 192, 193,314 
motor function, drugs affecting 190-195 
motor neurons 190, 191 
- local anesthetic effect 204, 205 
motor system 190, 191.334 
moxonidine 114 
mRNA 276, 277 
MRP2 (multidrug resistance associated protein 

2) 50 
MRP3 (multidrug resistance associated protein 

3) 50 
mTOR 306 
mucociliary transport 30, 31,316 
mucosal barrier, gastrointestinal 362, 363 
mucosal block 156 
mucovisddosis (cystic fibrosis) 96,97 
multidrug resistance 266 
multidrug resistance proteins 44, 50 
•multikinase• inhibitors 378 
multiorgan failure 332, 333 
multiple myeloma 300, 301 
multiple sderosis 304,364-365 
murein lattice 268, 332 
muromonab-CD3 305, 377 
muscarinic ACh receptors 88, 118, 120, 124, 

125 
- antagonists 124, 125 
-- COPD 358, 359 
-- Parkinson's disease 334, 335 
- subtypes and actions 120, 124 
musde 
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- chronically deneiVated 192 
- paralysis 194 
muscle relaxants 192-193, 217 
- central 190, 191 
- depolarizing 192-193 
- nondepolarizing 192, 194-195 
- poisons 194, 195 
muscle spasm 190,194 
mutagenic effects, drugs 296 
mutagenicity 22 
myasthenia gravis 122 
Mycobacterium infections 274,275 
- treatment 280-281 
Mycobacterium leprae 274, 280, 281 
Mycobacterium r:uben:ulosis 274, 280, 281 
mycolic adds 280, 281 
mycophenolate mofetil 304 
mycoses, treatment 282-283 
mydriatics 124 
myelinated nerve fibers 196 
myelin basic protein 304, 364, 365 
myelin sheath 154,204, 365 
- multiple sclerosis 304, 364, 365 
myocardial blood flow 324, 325, 328, 329 
myocardial contraction and relaxation 146, 

147 
myocardial failure 330, 331 
myocardial hypoxia 324, 325 
myocardial infan:tion 322,323, 328-329 
- NSTEMI 328, 329 
- STEM! 328, 329 
myocardial ischemia 324, 325 
myocardial oxygen demand/supply 324, 325, 

326,327 
myometrial relaxants ( tocolytics) 106, 108, 

144 
myometrial stimulants 144 
myosin light chain kinase 106 

N 
Na• see sodium 
Nalca-EDTA 308, 309 
Na2ca-~entetate 308 
Na•tca • exchangers 44, 146, 147 
Na+-channel see sodium (Na+) channel 
NaO reabsorption 142, 174, 176, 177, 178, 

180,182 
Na•fglucose cotransport 188 
Na•tw antiporter 178 
Na•tr symporter 240 
Na•tr ATPase 180,240 
- cardiac glycoside action 1 48, 149 
- direct inhibition 184 
Na•-K'"exchange,inhibitDrs 180,181 
nalbuphine 214 
naloxone 211,214 
naltrexone 214 
naphazoline 354 
naproxen 203 
nasal decongestants 114 
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natalizumab 362, 363, 364, 365, 377 
nateglinide 262 
natural products/extracts 16 
nausea, cytostatic agents causing 296, 298 
nebiwlol 27, 116 
nebulizer 30 
nedocromil 130 
negative feedback 238, 250 
nelfinavir 288 
neo~n 278,279 
neonates 
- drug toxicity 94, 95 
- opioid sensitivity 210 
neostigmine 122,123,194,217 
nephron 176, 177 
nephrotoxicity 278, 279, 306 
neprilysin, inhibitor 142 
nerve impulse, local anesthetic effect 204, 205 
neuraminidase inhibitors 286, 287 
•neurogenic inflammation• 132 
neurohypophyseal (NH) hormones 236, 237 
neurokinin (NK) receptors 134, 135 
- NK1 receptor antagonist 342, 343 
neuroleptanalgesia 216 
neuroleptics 128, 129, 232, 233, 342 
- adverse effects 232 
- atypical 234, 235 
- classical 232, 233, 235 
- effects in schizophrenia 128 
- uses/dosages 234 
neurological diseases 334-345 
neuromuscular blocking agents 192, 193,216 
neuron(s) 
- fJrst (cholinergic) 104, 105 
- second (noradrenergic) 104, 105 
neuronal norepinephrine and/or serotonin re-

uptake inhibitors 352, 353 
neuropathic pain 196, 197 
neurotoxicity 290 
neurotransmitters 315 
- acetylcholine as 118, 119, 120, 121, 190, 

314 
- dopamine as 128 
- GABA (inhibitory) see GABA 
- glutamic acid (excitatory) 82, 134, 135 
- norepinephrine as 1 04, 105 
- parasympathetic neiVOus system 118, 120 
- serotonin as 132 
- spinal cord 190 
- sympathetic neiVOus system 102, 103, 104, 

105 
- transporters, substrates/inhibitors 112, 113 
neutrophils 18, 90, 91,350,351,362 
nevirapine 288 
New York Heart Association (NYHA) Functional 

Qassification 330, 331 
NF-KB 332, 348 
nicardipine 326 
Nicotiana tabacum 316, 31 7 
nicotine 180, 181,314-315 



- absorption and plasma levels 316 
- actions/effi!Cts 314,315 
-withdrawal symptoms 314 
nicotine patches/gum/spray 314 
nicotinicAClt receptors 118,120,190,191, 

314,315 
- AClt binding to 82, 83, 190, 191 
- agonistsjantagonists 118 
- localization 314,315 
- nicotine binding to 118, 120,314, 315 
- partialagonist 314,315 
nicotinic add 281 
nicotinic add preparations 172 
nifedipine 61,140,141,144,326 
nifedipine retard 326 
nilotinib 302, 378 
nimodipine 140 
nisoldipine 140 
nitrate(s), organic see organic nitrates 
"nitrate pauses" 138, 326 
"nitrate-tolerance" 138, 139, 326 
nitrazepam 53, 224, 225, 344, 345 
nitrendipine 140 
nitric oxide 116, 120, 130, 138, 139 
nitrogen mustard 298 
nitroglycerin 138, 139, 145, 326,327 
nitroimidazole derivatives 267, 274, 275 
nitroprusside sodium 137, 138, 139 
nitrostigmine 122 
nitrous oxide 197,217,218 
- potency and elimination 218, 219 
nizatidine 130 
NMDA 220, 335 
NMDA receptors 134, 135, 220, 335 
- alcohol effect on 318 
- antagonist 318 
- antiepileptic drug action 336 
- inhalational anesthetic action 219 
- injectable anesthetic action 220, 221 
NNT (number needed to treat) 24, 25 
nociception 196, 197,216 
nociceptive impulses 196, 197,216 
nociceptive neurons 196, 197 
- substance P 134, 135 
nociceptors 196, 197 
nocturnal enuresis 180 
NOD-like receptors (NIR) 362 
nonapeptides 236 
noncovalent bonding 76 
nondepolarizing muscle relaxants 192, 194-

195 
nonkeratinized squamous epithelium (skin) 

38,39 
nonnucleoside reverse transcriptase inhibi­

tors 288, 289 
nonsteroidal anti-inflammatory drugs 

(NSAIDs) 56, 200,201,203 
- adverse effects 202, 203 
- antipyretic analgesics vs 201 
- ingout 350 

Subject Index 

- in migraine 340, 341 
- non-selective COX inhibitors 202, 203 
- see also acetylsalicylic acid (ASA) 
nordiazepam 224 
norepinephrine (noradrenaline) 104, 110 
- actions/functions 104, 105,315 
- affinity for receptors 110 
- antagonists 116, 117 
- appetite reduction 352, 353 
- congeners 112 
- in heart failure 330 
- mechanisms for increasing 112, 113 
- as neurotransmitter 1 04, 1 OS 
- receptors 11 0, 111, 229 
- reuptake inhibition 112, 113 
- a-sympatholytics inhibiting 114, 115 
- synthesis 104, 1 OS 
- vasoconstriction 114 
norepinephrine and serotonin reuptake inhibi­

tor 124, 132, 226, 228, 229 
norepinephrine (noradrenaline) transporter 

(NET) 104, 110 
- substrates and inhibitors 112, 113 
norfloxacin 274 
noscapine 17 
NSIEMI 328, 329 
nuclear factor of activated T cells (NFAT) 306, 

307 
nucleobase synthesis inhibition 298, 299 
nucleoside reverse transcriptase inhibi-

tors 288, 289 
nucleotide synthesis, inhibition 298, 299 
nucleus 47 
number needed to treat 24, 25 
nystatin 282, 283 

0 
obesity 261, 352-353 
- diabetes mellitus and 260, 261 
- sequelae 352, 353 
obidoxime 310 
obinutuzumab 376 
ocriplasmin 164 
octreotide 236 
ofatumumab 376 
ofloxadn 274, 275 
oil-in-water emulsion 32 
oil ointment 32, 33 
ointments 32, 33 
olanzapine 234, 235 
omalizumab 354, 355, 356 
omeprazole 184 
onchocerdasis 294 
oncogenidty 22 
oncotic pressure 174 
ondansetron ., 132, 133, 298, 342, 343 
"opiate hunger" 21 o 
opioids (opiates) 188, 21{}-215 
- addiction 210, 212,215 
- administrationjbioavailability 212, 213 
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- agonists 214, 215 
- antagonists 214,215 
- disposition rate 213 
- effects (stimulint/dampinJ) 211 
- endogenous 210, 211 
- "high" 210,212,215 
- indications 212 
-analgesia 197 
- metabolism 212, 213,214 
- presaibins regulations 212.214 
- ~ptor(s) 188,189, 210,211, 212,214 
- side elfects 21 0 
- tolerance 210 
- withdrawal symptoms/treatment 212 
opipramol 228, 229 
opium, morphine extraction from 16, 17, 210 
opium tincture 16, 17, 188 
oral administration 28-29, 34, 35, 60 
- dose and dose intervals 68, 69 
- drug absorption 28, 29, 34, 60, 64, 65 
- time course of drug concentration 64, 65 
oral antidiabetic drugs 260, 262-263 
oral contraceptives 248,250-251 
oral dosage forms 28, 29 
oral mucosa 34, 38 
oral rehydration solutions 188 
organic nitrates 136, 137, 138-139, 145,326, 

327 
- mechanism of action 326, 327 
- unwanted reactions 138 
- uses and mechanisms 138, 139 
organic phosphoric add compounds 310 
organophosphates 122, 31 0 
orlistat 352, 353 
ornipressin 181 
oropharynx, aerosolized drug penetration 30, 

31 
orthosteric activation 82 
oseltamivir 286,287 
osmoLality 182, 183 
osmo~ptors 183 
osmotically active substances 186 
osmotic diuretics 1 76 
osteoblasts 348, 349 
osteoclasts 264, 348, 349 
osteomalacia 338 
osteoporosis 348-349 
- postmenopausal 252, 253, 348 
osteoprote,erin 348, 349 
ototoxidty 270, 278, 279 
ovarian cycle 248, 249 
overdosage 
- adverse elfects due to 88, 89 
- drugs counteracting 308, 309 
ovulation 248-249 
- inhibitors 250, 251 
- stimulation 250 
oxadllin 270 
oxallplatin 298 
oxazepann 224,225,345 
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oxazolidinones 276, 277 
oxidation reactions 50, 51, 52, 53 
axprenolol 27 
oxygen 
- inCOPD 358 
- myocardial demand/supply 324, 325, 326, 

327 
oxymetazoline 114, 354 
oxytocin 144, 145, 236, 237 

p 

P2Y12 166 
P2Y 12 antagonists 166, 167 
P450 isozymes see cytochrome P450 
PABA {p-aminobenzolc add) 272, 273, 281 
pacemalcErcells(cardlac) 150,151 
pacemalcErs (devices) 152 
paclitaxel 296, 297 
Paget disease 264 
pain 
- causes 196, 197 
- mechanisms/pathways 196-197 
- neuropathic 196, 1 97 
- relief see analgesics/analgesia 
palifermin 298 
paliperidone 234 
palonosetron 132 
PAMBA (p-aminomethylbenzoic add) 164 
paocreas 40 
paocuronium 194, 217 
panitumumab 96, 97, 376 
paotoprazole 184 
papavoerine 17,210 
Papaversomn!(trum 210 
Paracelsus 14, 15, 88 
paracrine regulation 36 
paraoxon 122, 123,311 
parasitic infections, treatment 290- 291 
parasympathetic nervous system 1 02, 118-

128 
- actions/functions 118, 119 
- activation, responses to 118, 119 
- anatomy 118 
- blockade 124-125 
- heart function and 146 
- neurotransmitters 118, 120 
- stimulation 122, 123, 124, 125 
parasympathetic nuclei, opioid stimula-

tion 210 
parasympatholytics 88,124- 125,144 
- actions/uses 124, 125, 126 
- adverse effects 126 
- antiemetic action 342. 343 
- cardiac function and 146 
- mntraindications 126 
- poisoning. antidotes 122 
- structures 127 
- therapeutic use 124, 125, 126, 127 
parasympathornimetics 122- 123 
- cardiac function and 146 



- direct, or indirect 122, 123 
- in glaucoma 346, 347 
- therapeutic use 122 
parathion 122 
parathyroid hormone (P'IH; parathormone) 

264,265 
- bone remodeling 348, 349 
- deficiency 264, 348 
parecoxib 202 
Parkinson disease 128, 334-335 
parkinsonism 126, 234,334-335 
paromomycin 278 
paroxetine 228 
partial agonists 78, 79 
pasireotide 236 
passive diffusion 58 
passivesmoking 316,317 
passive transport 42, 43 
paste (oil paste) 32, 33 
patent protection 26 
patient compliance 66, 67, 68 
pazopanib 378 
PEG-fllgrastim 168 
pegvisomant 236 
pemphigus-like reactions 92, 93 
penbutolol 27 
D-penidllamine 308, 309, 361 
- adverse reactions 92 
penicillin(s) 267, 268-269 
- adverse cutaneous reactions 92 
- structures 268, 269, 271 
pl!nicillinasl! 268, 269, 270 
- resistanCI! 270, 271 
penicillin derivatives 270, 271 
penicillin G (benzylpenicillin) 90, 268, 269 
- adverse effects 268 
- dose{plasma level time course 86, 268 
- preparations 268 
pl!nicillin V (phenoxymethylpenicillin) 270, 

271 
Penicillium notutum 268, 269 
pentavalent antimonial compounds 294 
pentobarbital 345 
peptidases 52 
peptidoglycan lattice 268 
perampanel 339 
perchloraiE 240 
pergolide 334 
perineurium 206, 207 
peristalsis 184, 186, 188 
- histamine action 130, 131 
- stimulation 186, 187 
permeation of drugs 40, 41, 42-43, 46, 60 
pernicious anemia 154 
peroxisome proliferator -activated receptor 

(PPARa) 172 
peroxisome proliferator -activated receptor 

(PPARy) 262, 263 
pertuzumab 376 
P-glymprntein 44, 60, 188, 306 

Subject Index 

- drug (back )transport 38, 44, 45, 54, 60, 130, 
306 

- inhibitorsfinducers 44, 54, 55 
- synthesis, cytostatic resistance 302 
phagocytosis 90, 348, 350 
phagolysosome 42, 43, 266 
phagosomes 42, 266 
pharmaceutical laboratories, establishment 14 
pharmacodynamics, genetic variants 96, 97 
pharmacogl!netics 70, 96 
"pharmacokinetic booster" 54 
pharmacokinetics 22, 60, 62-69 
- genetic variants 96, 97 
pharmacovigilance 22 
phase I reactions (drug metabolism) 50, 51, 

52,53,54 
phase II reactions (conjugation) 50, 51, 52, 53, 

54,56 
phase I-IV studies (clinical testing) 22, 23 
phenacetin 53 
phenethylamine structure 1 1 0 
phenobartrital 50,51,337,338,339 
- elimination 58 
phenothiazines 128, 130, 232, 233, 235 
phenoxymethylpenicillin (penicillin V) 270, 

271 
phenprocoumon 161,202 
phenylephrine 110,111,114 
phenytoin 338, 339 
Philadelphia chromosome 302, 303 
phosphate 264, 265 
phosphodiesterase 84 
- inhibition 136, 354 
phosphodiesterase-4, inhibitor 358 
phospholipaseA2 199 
phospholipase( 84,85, 106,107,109,121 
phospholipids 36,37,42 
- membrane bilayer 36, 37, 38 
phosphoric acid 36 
phosphorylation 82, 84, 301 
photoallergic reactions 92, 93 
photosensitivity 92, 93, 276 
phototoxic reactions 92, 93 
physicochemical properties, drugs 80, 81 
physostigmine 122, 123, 126 
pigmentation, as adverse effect 280, 281 
pilocarpine 122, 346, 347 
pindolol 27 
pioglitazone 262, 263 
piperacillin 270, 271 
piperaquine 292 
pirenzepine 124 
piretanide 178 
pitavastatin 1 72 
pi(. 58,59 
placebo 98, 99 
placebo effect 98, 99, 226 
placental barrier 40, 94 
plants 
- cutaneous reactions to 92 
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- drugsounES 16, 17, 18,19 
plasma 168,169 
- drug level fluctuations 66, 67, 68, 69 
- freeze-dried 168 
- substitutes 168, 169 
- time course of drug concentration 64-65 
- volume 62, 174 
plasmalemma 42, 82, 146, 190, 194,284 
- drug action at 36, 37, 272, 273 
- receptor tyrosine kinases 300 
plasma proteins 48, 168,169 
- drug binding 46,47, 48-49 
plasma volume expanders 168-169 
plasmin 164 
- inhibitors 164 
plasminogen 164,165 
plasminogen activators 164, 165 
Plasmodiumfolciparum 292,293 
Plasmodium ovale 292, 293 
Plasmodium vivax 292, 293 
platelet(s) 202 
- activation 166, 167 
-aggregation 158,159,162,163,166 
--inhibitors 158, 166-167, 199,202 
--smoking effect 316,317 
-- stimulation 199 
- serotonin action 132 
platinum-containing anticancer drugs 298, 

299 
pneumococci 269 
poison( s ), muscle relaxing 194, 195 
poisoning 38, 88 
- antidotes and treattnent 308-311 
- symptomatic measures 308 
polidocanol 208 
polyarthritis, chronic (rheumatoid arthritis) 

304,308,360-361,376 
polycystic ovary syndrome 252 
pol)'l!ne antibiotics 282, 283 
polyt!thylene glytol (PEG) 20 
polymorphisms see genetic polymorphism 
polymyxins 267, 272 
polypharmacy, CYP inducers/inhibitors 54 
ponatinib 378 
"poor metabolizers• 96 
portal vein 34, 50, 51, 56, 72,73 
posaconazole 282 
postganglionic fibers 204 
postganglionic synapses 104, 120, 121 
postlicensing studies 22 
post-marketing surveiUance 22, 24 
postmenopausal osteoporosis 252, 253, 348 
postsynaptic membrane 120,121, 190 
potassium (!C) 
- depletion 178, 179, 186, 187 
- homeostasis disorders 182, 183 
- secretion 178, 179, 180, 181 
- therapeutic 148 
potassium (!C) channels 150 
- ATP-gated, sulfonylurea drug action 262 
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- blockers 151, 152 
- openers 136 
potassium-sparing diuretics 180, 181 
potency of agonists 78, 79 
potencyofdrugs 16 
potentiation 98, 99 
pralidoxime 31 0, 31 1 
prasugrel 167 
pravastatin 172 
praziquantel 290, 291, 294 
prazosin 114 
preclinical testing 22, 23 
prednisolone 243 
pregabalin 339 
preganglionic neurons 104, 118 
pregnancy 
- antiepileptic drugs in 94, 338 
- drug toxidty 94-95 
- folic add deficiency 154 
- smoking during 316 
- tetracycline contraindication 276 
- time of drug use 94 
- vomiting in 342 
- see also teratogenicity 
pregnanediol 248 
preload 324, 326 
premature labor, prevention 106, 108, 144, 

145 
premedication drugs 216,217 
presystemic elimination 60-61 
prevertebral ganglia 104 
prilocaine 208, 209 
primaquine 292, 293 
primary active transport 42, 43 
primary adrenocortical insufficiency 242 
primidone 338 
probenecid 268, 350, 351 
probiotic bacteria 362, 363 
procaine 208, 209 
procaine penidllin G 268 
procarbazine 298 
prodrug 52,53 
proenkephalin 210,211 
progesterone 247, 248 
progestin 248-249, 250 
- oral contraception 250, 251 
- preparations 248, 250, 251 
progestin receptor 
- antagonist 252, 253 
- modulator 252 
progressive multifocalleukoencephalopathy 

(PML) 364 
proguanil 292, 293 
prolactin 128,237 
- inhibitors 128, 129 
prolactin release inhibiting hormone (PRIH) 

236,237 
promethazine 89, 130, 232 
proopiomelanocortin 210,211 
propafenone 152 



propofol 220, 221 
propranolol 27, 53, 61, 116, 117,340 
propylthiouracil 241 
prostacydin 136, 198. 199,202 
prostaglandin(s) 144. 197 
- myometrial stimulation 144, 145 
- origin and actions 198, 199 
- PGE1 136 
prostaglandin E2 (PGE2) 198, 199 
prostaglandin F:zu (PGF:zu) 198, 199 
prostaglandin b (PGh, prostacydin) 136, 198, 

199,202 
prostaglandin synthase inhibitors 360, 361 
prostanoids 360 
prostate cancer 236, 246, 300 
protamine 162 
protamine zinc 256 
proteasome inhibitors 300, 301 
protein(s) 
- constructs to inhibit signaling 20 
- genetic engineering 20, 21 
- human, as medicines 20, 21 
- synthesis 276, 277 
-- inhibitors (bacterial) 276-279 
protein binding (of drugs) 46, 47, 48-49 
protein kinase A 84, 85, 106, 107, 108 
protein synthesis-regulating receptors 82, 83 
protirelin 236 
protonat.ed amine 58, 59 
pro!Dn pump inhibitors 42, 184, 185 
prucalopride 132 
Prussian blue 310,311 
pseudomembranous enterocolitis 270 
pseudoparkinsonism 234 
psilocin 312 
psilocybin 312 
psychedeHcs 312- 313 
psychosis, treaonent 232-235 
psychosomatic reactions 222 
psychotherapy 226, 318, 344 
psychotic excitement (agitation) 126 
psychotomimetics 312- 313 
pulmonary arteriolar constriction 358 
pulmonary edema 176, 178 
pulmonary embolism 158 
pulmonary emphysema 358 
pulmonary hypertension 136 
pupil, dilatation 210 
pupillary sphincter tone, lowering 124 
purine antimetabolites 298, 299 
purine metabolism. gout and 350, 351 
pyrazinamide 280, 281 
pyrethroids 290, 291 
pyridostigmine 122 
pyrimethamine 293 
pyrimidine antimetabolites 298, 299 
pyrophosphate 349 

Q 
Qinghaosu 292 
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QT interval prolongation 234, 274, 278, 279 
quinagolide 128 
quinine 292, 293 

R 
rabeprazole 184 
racecadotril 188, 189 
racemates 80, 81 
radioiodine 240 
radiolabeled drugs, binding to receptors 74 
raloxifene 252, 253, 348, 349 
raltegravir 288 
ranibizurnab 20, 21, 302 
ranitidine 130, 131, 184, 185 
RANK ligand (RANKL) 348, 349 
ranolazine 326 
rapamycin (sirolimus) 305,306,307 
rasagiline 334 
rasburicase 350 
rashes (skin) 92 
reactive hyperaemia 114 
reboxetine 112, 228, 229 
recep!Dr(s) 36, 74, 82 
- agonists/antagonists binding to 78, 79 
- blockade 20 
- desensitization 108, 109 
- drug binding. Jdnetics 7 4 
- drug complexes 42, 43 
- drug interactions see drug-receptor interac-

tions 
- G-protein-ooupled see G-protein-coupled 

receptors 
- homodimeric and heterodimeric 82, 83 
- "recycling" 108 
- types 82-83 
receptor-mediated endocytosis 42,43 
receptor tyrosine kinases 300, 301, 302 
- inhibitors/antibodies 300, 301, 378 
recombinant tissue plasminogen activator (rt-

PA) 164 
recreational drugs 112, 312-319 
rectal administration 34, 35 
red blood cells 154 
Sa-reductase 247 
- inhibitors 114, 246,247 
reduction reactions 52, 53 
regional anesthesia 216 
regorafenib 378 
rehydration solutions 188 
"relins" 236, 246 
rernifentanil 214 
renal colic 124, 144, 145 
renal failure prophylaxis, diuretics 174 
renal tubules 58, 1 n 
- diureticaction 176,1n,178, 179, 180, 181 
- NaOreabsorption 142,174,176,1n 
- Na• reabsorption 174, 175, 176, 1 n, 178, 

180,182 
- reabsorption of drugs 58, 59 
renin 142,143,174 
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- inhibitors 136, 137, 142, 143 
renin-angiotensin-aldosrerone (RAA) sys-

tem 13~, 137,142,174,175,182, 183 

- CO!Jiestive heart failure 330, 331 
- inhibitors 142-143 
repaglinide 262 
replacement therapy 20, 21 
resistance plasmlds 266 
respiratory center 210 
respiratory depression, opioid-induced 88 89 

210, 212 ' ' 

respiratory failure 358 
respiratory tract 38 
- depth of drug penetration 30 
retarded drug release 28, 29 
reteplase 164, 165 
retigabine 339 
reverse transcriptase 288 
- inhibitors 288, 289 
rhabdomyolysis 172 
rheumatoid arthritis 304,308,360-361 376 
rhodopsin 110 ' 

ribavirin 286, 287 
ricinoleic add 186 
rifabutin 27 4 
rifampicin (rifampin) 267,274, 275,280 281 
- adverse reactions 92, 280 ' 

- cont raindications 54 
- CYP3A4 Increase 54, 55 

- mycobacte~ infections 274, 275, 280 
- P-glyroprotem Inducer 44 
- Stjohn's wort interaction 54,55 
rifaximin 274 
diht atrial pressure 324, 325 
ri&ht heart failure 358 
rilpivirine 288 
rimonabant 312, 352, 353 
riodguat 136, 138, 139 
risedronate 348, 349 

rlsk-be~fit analysis 22, 23, 88 
- drugs m pregnancy 94 
risperidone 234. 235 
ritonavir 288 
rituximab 376 
rivaroxaban 158, 159 
rivastigmine 122, 123 
"river blindness" 294 
RNA polymerase, viral, inhibitors 286 
RNA synthesis, cytostatics action 298 299 
rocuronium 194,195 ' 

rofecoxib (Vi~) 202 
roflumilast 358 
romiplostim 168 
ropivacaine 208, 209 
rosuvastatin 172 
rough endoplasmic reticulum (rER) 50 
roxithromydn 278 
rufmamide 339 
ruxolitinib 378 
ryanodine receptors 146, 14 7 
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s 
sacubitril 142 
salbutamol 106, 145, 354,355, 356 
sales strategy, drugs 26 
salicylic acid 18, 19, 52, 57 202 203 
salix spp. 18, 19 ' ' 

salmeterol 106, 354, 356 
5abnonella typhi 269, 270 
saltatory impulse conduction 204, 205 
saluretics S« diuretics 
saphenous vein 72, 73 
saquinavir 288, 289 
sarcoplasmicreticulum 146,147 
"sartans" 142, 143 
saturabillty 74 
scabies 290, 291 
Schistosoma manson! 294 295 
schistosomiasis 294, 295 ' 

schizophrenia, treatment 128, 232-235 

Schmiede!Jerg, Oswald 14, 15 
scopolamme 18, 126, 127, 145,342,343 
Secale comutum 144, 145 
secondary active transport 42, 43 
secondary adrenocortical insuffldency 242 

second-submission successor preparations 26 
27 • 

sedatives 222, 224, 344, 345 
seizures 336, 338 
- children 338 
- diagnosed, classification 336 
- partial and generalized 336, 337 
- see also epilepsy 
selectins 364, 365 
selective biogenic amine reuptake inhibi­

tors 228,229 
selective estrogen receptor modulators (SERM) 

252,253 
selective norepinephrine reuptake inhibitors 

(SNRis) 104,228,229 
selective serotonin and norepinephrine reup­

take inhibitors (SSNRI) 124 132 226 228 
229 ' ' • ' 

selective serotonin reuptake inhibitors (SSRis) 
132,133, 226,227. 228 

selectivity, lack of, adverse elfects of drugs 88 
89 ' 

selegiline 112, 334, 335 
sensitivity to drugs 
- genetic variants 96, 97 
- increased, adverse elfects 88, 89 
- interindividual differences 70 
sensory nerves, sensitivity tn local anes-

thetics 204, 205 
septic shock 332- 333 
serine/threonine kinase 300 301 
- inhibitors 300, 301, 378 ' 
serotonin (5-lff) 132-133 
- inactivation 132 
- inhibitors 132 
- as neurotransmitter 132 



- occurrence and functions 132, 133 
- promoters of effects 132 
- reuptake 132 
- reuptake inhibitors 132, 133,226, 227, 228 
-- appetite suppression 352, 353 
- structure 133 
serotonin receptors 132, 228, 229, 234 
- agonists 234, 340, 341 
- antagonists (5-HT3) 298,342,343 
- subtypes 132,340, 341 
serotonin transporter (SERT) 132 
- substrates and inhibitors 112, 113 
sertatonazole 282 
sertraline 228 
Sertilmer, F.W. 16 
serum sickness 90, 91 
"Setrons" 132 
sevoflurane 218 
shaking palsy (Parkinson disease) 128, 334-

335 
shock 
- cardiogenic 128,332 
- hypovolemic 332 
- septic 332-333 
sibutramine 352, 353 
side effects of drugs see adverse drug effects 

(ADEs) 
signaling pathways/transduction 82, 84, 85 
- interruption 20, 21 
-- anticancer drugs 300, 301 
sildenafll 136 
silodosin 114 
siltuximab 376 
simile principle 98, 99 
simvastatin 172 
sinoatrial node 150, 151 
- drugs controlling 150, 151 
sinoatrial node, drugs controlling 146 
sinus bradycardia 146 
sinus t:achycardia 150 
sirolimus 305, 306, 307 
sitagliptin 262 
sitaxentan 136 
skin 
- barrier role 38 
- occluded, dermatological agents 32, 33 
skin protectants, dermatological agents as 32, 

33 
skin reactions. to drugs 92-93 
SLC ("solute carrier") transport proteins 44 
sleep deficit 344 
sleep disorders 344-345 
sleeping sickness 294, 295 
"slow acetylal:ors• 96 
"slow metabolizers• 96 
slow-release tablets 28, 29, 68 
smoker'scough 316 
smoking 314,358 
- cessation 314,316 
- consequences 316-317 
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- see also nicotine 
smooth endoplasmic reticulum (sER) 50 
- "hypertrophy" 50 
smoothened 300 
smooth muscle 
- catecholamine effects 1 06, 107 
- drugs influencing 144-145 
- muscarinic M3 receptors 121 
- organic nitrate action 138, 139 
- relaxation, parasympatholytics 124 
- vasodilator action 136 
- see also vascular smooth muscle 
SNAP-25 190, 191 
sodium (Na•) 182 
- gradients 42, 43 
- homeostasis disorders 182, 183 
- influx, local anesthetic inhibition 204, 205 
- NMDA receptor action 336 
- overload 182 
- reabsorption 142, 174, 175, 176-177, 178, 

180,182 
- renal excretion 174,178,198 
- transport in kidney 176, 177 
sodium bicarbonate 184 
sodium (Na•)-channel 150, 204,205 
- blockade, local anesthetic action 204, 205, 

206 
- blockers, antiarrhythmic drugs 150, 151 
- fast channels 208 
- local anesthetic action 208 
- muscle action potential 192 
- structure 204, 205 
sodium chloride (Nad) reabsorption 142, 174, 

175,176-177,178,180,182 
sodium methohexital 220, 221 
sodium nitroprusside 137, 138, 139 
sodium picosulfate 186 
sodium thiopental 220, 221 
sodium thiosulfate 310 
sofosbuvir 286, 287 
solifenacin 124 
"solute carrier" (SLC) transport proteins 44, 45 
somatic mutations 96, 97 
somatic nervous system 102 
somatomedin C 236, 256 
somatomedins 236 
somatorelin 236 
somatosensory peptidergic nerve endings 134 
somatostatin 236, 237 
sorafenib 300, 301, 378 
sorbitol 176 
sotalol 151, 152, 153 
spasmolytics 124, 144, 145 
specificity, of drug binding 74 
sphingosine-1-phosphate (SIP) receptor 364, 

365 
spinal anesthesia 204,216 
spinal cord, impulse transmission 190, 196 
spindle poisons 296, 297 
spindletree (Euonymus europaeus) 18 
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spironolactone 176, 177, 180, 330, 331 
spray dispenser 30 
sprays, drug administration 30 
squamous epithelium 38, 39 
St Anthony's f!l'e 144 
staphylococci 268, 269, 270 
Starling's law of heart 146 
statins see HMG-CoA reductase inhibitors (sta-

tins) 
status epilepticus 222, 336, 338 
stavudine 288 
steady state concentration (C..) 66, 67, 68 
STEM! 328, 329 
stereoisomers, nonchiral 80 
"steroid-diabetEs" 242 
steroid hormone, receptors 82, 83 
Stevens-johnson syndrome 92, 93 
stibogluconate 294 
stiripentol 339 
Stjohn's wort 44, 54, 55, 92, 226 
Straub tail phenomenon 70, 71 
streptococci 269 
streptokinase 164, 165 
Streptomyces 276, 277 
Streptomyces hydroscopicus 306 
Streptomyces pilosus 308 
Streptomyces tsukubaensis 306 
streptomycin 278, 279, 280, 281 
stress 342 
stress incontinence 124 
stroke, prevention 152 
strontium ranelate 348, 349 
structure-activity relationships, sympathomi-

metics 110-111 
strychnine 190, 191 
subcutaneous injection 34, 35, 60, 65 
subliminal dosing 70 
sublingual route, administration 34, 35, 38 
substance P (SP) 134-135, 196, 342 
- actions 134, 135 
successor preparations 26, 27 
succinylcholine 192,193 
- adverse effects 192 
sugammadex 194,195 
suicide 226 
sulbactam 270, 271 
sulfamethoxazole 272, 273 
sulfapyridine 272, 273 
sulfasa~e 272,273,360,361 
sulfentanil 214 
sulfonamides 92, 267, 272 
sulfonylurea drugs 262, 263 
sulfotransferases 56, 57 
sulfoxidation reactions 52, 53 
sulfuric add 52, 56, 57 
sulprostan 198 
sulprostone 144 
sumatrtptan 61,132,133,340,341 
sunitinib 300, 3 78 
supraventrtcular tachyarrhythmia 140 
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suramine 294 
surface anesthesia 204, 208 
surgical anesthesia see general anesthesia/ 

anesthetics 
suxamethonium 192,193 
sweat glands 1 02 
sympathetic nervous system 102-117 
- activation, response to 102, 103, 104, 136, 

137 
- function and actions 102, 103 
- heart function and 146 
- neurotransmitters 102, 103, 104, 105 
- structure 104-105 
sympatholytics, cardiac function and 146 
a-sympatholytics 114-115 
Jl-sympatholytics see Jl-blockers 
sympathomimetics 110-113, 144 
- cardiac function and 146 
- direct -acting 11 0, 111 
- indirect 110, 112-113 
- structure-activity relationships 110-111 
a-sympathomimetics 106, 114-115,354,355 
jJ2-sympathomimetics (agonists) 106, 108, 

144 
- allergy/atopic 354, 355 
- asthma 355, 356, 357 
- COPD 358, 359 
synapsin 120 
synaptobrevin 191 
synaptotagmin 191 
syncytiotrophoblast 94 
synovial membranes, inflammation 360 
syntaxin 191 
"systemic lytic state" 164 
system's receptor reserve 78 
systole 146, 147 
systolic wall tension (afterload) 128, 140, 142, 

146, 324, 325, 326 

T 

tachyarrhythmias 116 
tachycardia 106, 108, 126 
tachykinins 134 
tachyphylaxis 108, 112, 138 
tacrolimus 306 
tadalafil 136 
tafluprost 346 
talinolol 27 
UUIU»tifen 96, 97,252, 253,254 
tamsulosin 114, 115 
tapentadol 214 
tardive dyskinesia 234, 334 
taxoids 296, 297 
tazobactam 270 
"tecans" 298 
teeth discoloration 276 
telaprevir 286 
telbiwdine 286 
temazepam 344, 345 
temozolomide 298 



temsirolimus 306 
tenecteplase 164, 165 
tenoposide 298 
teratogenicity 22, 94 
- cytostatic drugs 296 
- DNA function inhibitors 274 
- thalidomide 300 
terazosin 114, 115 
terbinafine 282 
terbutiline 354, 355 
terrenadine 130 
teriflunomide 364 
teriparatide 264 
terlipressin 180 
testosterone 61, 246,247, 254, 255 
- competitive antagonist 246 
testosterone derivatives 246, 24 7 
testosterone ester 246, 247 
testosterone heptanoate 246 
testosterone undecanoate 246, 247 
tetanus toxin 134, 190, 191 
tetracyclines 94, 267, 276,277, 279 
- adverse effects 276 
- therapeutic use, actions 279 
~9-tetrahydrocannabinol (TIIC) 312, 352,353 
tetrahydrofolate synthesis inhibitors 272-273, 

298 
tetrahydrofolic acid (lHF) 272, 273, 298, 299 
tetrahydrozoline 354 
thalidomide 88, 94, 300 
thallium salts, poisoning 310, 311 
theophylline 144, 145,354,355,356 
therapeutic l!ffects, physician's power of sug-

gestion 98, 99 
therapeutic index 88 
thiamazole 241 
thiazide diuretics 177,178,179,180,322,323 
thiazolidinedione derivatives 262, 263 
thioamides 240,241 
thiocyanate 310 
thiopental 220, 221 
thiopurine methyltransferase (TMPT) 96, 97 
thiotepa 298 
thiourea-derivatives 240, 241 
thrombi 158, 166, 167 
thrombocytopenia, heparin-induced 158, 162, 

163 
thromboembolism 250 
thrombopoetin 168 
thrombosis 161, 166. 167, 174 
- arterial, or venous 158 
- coronary 328, 329 
- prophylaxis and therapy 158-161 
thromboxaneA2 166,167,198,199,202 
thymidine kinase 286, 287 
thymoleptics 226 
thyroglobulin 240 
thyroid gland 238 
- adenoma 240 
- overactivity 238, 240, 241 
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- short-term suppression 240,241 
thyroid hormones 238-239 
- effects and degradation 238, 239 
- receptors 82, 83 
- release 238, 239, 240 
thyroid peroxidase 240 
thyroid-stimulating hormone (TSH) 237, 238, 

239,240,241 
- receptors, and antibodies to 240, 241 
thyroid suppression therapy 238 
thyrotoxic crisis 240 
thyrotoxicosis 240-241 
thyrotropin releasing hormone (TRH) 236, 

237 
thyroxine (T4 ) 238, 239, 240 
- therapy 238, 239 
tiagabine 336, 339 
tianeptine 228 
ticagrelor 166, 167 
tigecycline 276 
tight junction 38, 40 
time course, of drug concentration 64--65 
- dose-dependence of effect 86, 87 
- during irregular intake 66, 67 
- during repeated dosing 66, 67 
time-effect curves 86, 87 
timolol 27,346 
tincture 16 
tinidazole 274 
tiotropium 124,127,144,145,358,359 
tipranavir 288 
tirofiban 166, 167 
tissue plasminogenactivator(t-PA) 164,165 
- recombinant 164 
T -lymphocytes 90, 91, 304, 305 
- activation, inhibition 364 
- calcineurin inhibitor action 306, 307 
- helper cells (TH) 306,307, 354, 360,362, 

364,365 
tobacco 316-317 
tobramycin 277, 278 
tocilizumab 304, 360, 377 
tocolysis, tocolytics 106, 108, 144 
tolcapone 334 
toll-like receptors (TI.R) 332, 333, 362 
tolonium chloride 310,311 
tolterodine 124 
toluidine blue 310, 311 
tolvaptan 180,182, 183 
topoisomerase I inhibitors 298 
topoisomerase 11 (gyrase) inhibitors 274,275, 

298, 299, 364 
topotecan 298 
torasemide 178 
torsad~de-pointes arrhythmias 152 
total clearance of drug (Clm~:) 62 
total intravenous anesthesia (TIVA) 220 
toxic epidermal necrolysis (TEN) 92, 93 
toxic erythema 92 
toxidty (drug) see adverse drug effects (ADEs) 
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tnxicologicalinvestfgations 22 
tnxinsftnxic substances 
- absorption 38 
- motor system affected 190 
trabectin 298 
trachea. aerosoliz.ed drug penetration 30, 31 
trade names 22, 26, 379--403 
tramadol 212,214 
tranexamic acid 1 64 
transcription factors 54, 55, 242, 243 
transcytosls 42, 43 
transcytotic activity 40 
transdermal delivery 34, 35 
transferrin 1 56 
transient receptor potential (TRP) type recep-

tors134 
transpeptidase 268, 269 
- inhibition 270, 271 
transplacental passage, of drugs 94 
transplant rejection, prevention 304, 306, 307 
transport of drugs 40, 41, 42-43, 44, 45, 64 
- activefpasslve 42, 43 
transport proteins 36, 37, 48 
- enantioselectivity 80 
trastuzumab 300, 302, 303, 376 
trastuzumab emtansine 376 
"traveler's diarrhea" 188 
tremor, essential 116 
'Jreponema palJidwn 269 
triamcinolone 243 
triamterene 180, 181 
triazolam 224, 344, 345 
triazole derivatives 282, 283 
Trichinella 290, 291 
Trichomonas vasinalis 274, 275 
tricyclic antidepressants 226, 228, 229 
- overdose 126 
triflurldine 284, 285 
triglyt:erides 170, 172, 260 
triiodothyronine (T3) 238, 239 
trimethaphan 118 
trimethoprim 267, 272, 273 
triptans 132, 340, 341 
triptorelln 236 
tRNA 276, 277 
tropical diseases, treatment 292- 295 
tropicamide 124 
troplsetron 342 
TRVP1 (vanilloid receptor 1) 134 
D'ypanosoma bl'tlui 294, 295 
D"ypanosoma cruz! 294 
trypanosomiasis 294 
tuberculosis 280, 281 
d-tubocurarine 118, 194 
tubular epithelium 58, 59 
tubular reabsorption Sft renal tubules 
tubulin 18, 296, 297 
tumor cells, genetic variants of pharmacody­

namics 96 
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tumor necrosis factor a (TNFa) 332, 360, 361 
3~ ' 

-inhibitors 360,361, 3~, 377 
L-tyrosine 104, 105 
tyrosine hydroxylase 1 04 
tyrosine kinase 82, 83, 300, 301, 302, 303 
- inhibitors 300,301, 302, 378 
tyrothricin 272 

u 
ubiquitin 300, 301 
UDP-a-glucuronic acid 57 
ulcerative colitis 362, 363 
ulipristal acetate 252 
umeclidinium 124 
undecanoic acid 246 
unfractionated standard heparin 162 
unmyelinated nerve fibers 196 
urate crystals 350, 351 
urate levels, blood 350, 351 
urate oxidase 350 
urea 177 
urge incontinence 124 
uric acid 178, 179, 350, 351 
uricolytics 350 
uricostatic agents 350, 351 
uricosuric drugs 350, 351 
urinary flow, maintenence, diuretics 17 4 
urine 
- alkalinization 58 
- drug elimination In 58, 59 
-pH 58, 59 
- volllllle, vasopressin and 180 
urokinase 164, 165 
urticaria 92, 93 
ustekinumab 304, 377 

v 
V1 receptors (vasopressin) 180 
Vz receptors (vasopressin) 180 
- antagonist 180, 182, 183 
valaciclovir 285, 286, 287 
valgancidovir 286 
valproatefvalproic add 336, 337,338, 339, 

340 
valsartan 142 
vancomycin 267, 268, 270, 271 
van der Waals forces 48, 76, 77 
vandetanib 378 
vanilloid receptor 1 134 
vardenafll 136 
varenicllne 314 
varicella-zoster virus 286,287 
varicosities, sympathetic nerve 104, 105 
vascular cell adhesion molecule (VCAM) 364 
vascular disease, smoking causing 316, 317 
vascular endothelial growth factor (VEGF) 20, 

300, 302 
- antibodies against 300, 301, 302 



- inactivation 20, 21 
vascular smooth muscle 
- calcium antagonist actions 140, 141 
- drugs influencing 144-145 
- organic nitrate action 138, 139 
- permeability, allergy 355 
- vasodilator action 136, 137 
vascular space 46 
vasculitis, immune-complex 90, 91 
vasoconstriction 72, 73, 106, 107, 114, 128 
- in allergy 354, 355 
- angiotensin II 142 
- antidiuretic hormone excess 181 
- ~-blockers and 116 
- dopamine and 128, 129 
- mediatnrs, vasodilators protecting 

against136 
- serotonin action 132, 133 
vasoconstrictors 72, 73 
- local anesthetics with 206, 207 
- in septic shock 332, 333 
- topical 114 
vasodilatation 106, 107,355 
- histamine action 130 
- local anesthetic effect 204 
- serotonin action 132, 133 
vasodilators 136-141 
- arteriolar 136 
- calcium antagonists 140-141 
- counter-regulatory responses due to 136, 

137 
- effect in cardiac disease 138, 139, 146 
- mechanism ofaction 136, 137 
- organic nitrates 136, 138-139 
- uses 136, 137 
vasopressin see antidiuretic hormone (ADH; 

vasopressin) 
vasopressin receptors 180 
vasorelaxant mediatnrs 136 
vecuronium 194 
vedolizumab 377 
vemurafenib 378 
venlafaxine 226, 228 
venous congestion 174,330, 331 
venous thrombosis 158 
venous tnne 136 
venous vasodilators 136 
verapamil 61, 140, 141. 150, 152,326 
vemakalant 152 
vertebral fracture, prevention 24, 25 
very-low-density lipoprotein (VIDL) 170, 171 
vesicles 
- acetylcholine in 120, 121, 190 
- norepinephrine in 1 04, 105 
vesicular acetylcholine transporter (YAChT) 

120 
vesicular monoamine transporter (VMAT) 

104, 105, 112, 128, 132 
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vesicular transport ( transcytosis) 42, 43 
vestibular toxicity 270, 279 
vigabatrin 336,337, 339 
vildagliptin 262 
vinblastine 296, 297 
vinca alkaloids 296, 297 
vincristine 296, 297 
viralinfections 284,286 
- HIV 288, 289 
- treatment 284-289 
virilization 246 
virostatic antimetabolites 284, 285, 286, 287 
viruses, replication 284, 285 
visceral sensory system 134, 135 
vismodegib 300 
vitamin A, derivatiVI!s, teratogenicity 94 
vitamin 81~ 154, 155,310 
- deficiency 154, 155 
vitamin Btzo 310 
vitamin D (cholecalciferol) 264 
- administration 348 
- deficiency 264 
- synthesis 264, 265 
vitamin D hormone 264, 265 
vitamin K 160 
- antagonists 160, 161 
vitamin K1 160, 161 
vitamin K-dependent dotting factors 158, 

160,161 
- inhibition 160, 161 
volume depletion, acute 168, 169 
volume of distribution 46 
- apparent 46, 62, 65 
vomiting 132,342-343 
- drug-induced 342, 343 
-- cytostatic-induced 132 
-- opioids inducing 210 
- in pregnancy 342 
- see also antiemetics 
von Willebrand disease 180 
von Willebrand factor 166 
voriconazole 282, 283 

w 
water 
- deficit 182 
- excretion, excess 182 
- retention 174,175, 176,177 
waterdisorders 182-183 
water-soluble ointment 32, 33 
weight loss 260, 322, 352, 353 
Wepfer,johannjakob 14,15 
Wernicke-Korsaknff syndrome 318 
white willow (Salix alba) 18, 19 
WHO Model List of Essential Medicines 26 
Wilson disease 308 
withdrawal bleeding 250 
withdrawal reactions/symptoms 94 
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- benzodiazepines 222, 224 
- nicDtine 314 
- opioids 212 
wonn infestations, drug treatment 290, 291 
WUchemia bancrofti 294, 295 

X 
xanthine 350, 351 
xanthine oxidase 350, 351 
- inhibitors 350 351 
xipamide 178 ' 
xylomettzoline 114 

z 
zaldtabine 288 
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zaleplon 344, 345 
zanamivir 286, 287 
zero-order kinetics 62 
ziconotide 208 
zidovudine 288, 289 
ziprasidone 234, 235 
zolpidem 222, 344, 345 
zonisamide 339 
zonulae ocdudentes 38, 206 
zonula ocdudens 38, 40 
zopiclone 344, 345 
Z-substances 322, 344 
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