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Preface

The term ‘‘veterinary medicinal product’’ describes those medicines devel-
oped specifically for use in animals. The development of these products
involves an enormous amount of intellectual effort and physical labour as
well as a considerable amount of financial investment in order to ensure that
animals have available products that are of the appropriate quality and with
the correct degree of effectiveness. These products also need to be safe for
the animal patient as well as for the user, for the consumer of edible animal
products and for the environment. On the other hand, the term ‘‘veterinary
drug’’ is misleading, as the majority of drugs used in veterinary medicine,
with very few exceptions, either are used in human medicine or have been
used in the past in human medicine. As a consequence, we tend to know a
considerable amount about the toxicity of veterinary drugs from their use in
human medicine. We only know a little regarding the safety of veterinary
medicinal products in humans from their use in animals.

This books attempts to bring together some of this knowledge and experi-
ence to assess the safety of veterinary medicinal products. As described in the
pages that follow, this involves user safety and safety of those who consume
products derived from animals treated with veterinary medicines, and for the
most part this means examining their toxicological and pharmacological
properties. However, some veterinary drugs are also microbiologically active,
and this presents certain hazards that also need to be taken into account.
Finally, like human drugs, these products also eventually find their way into the
environment. As a result, to examine the potential hazards arising from
veterinary medicine, we need to evaluate their toxicological and pharmacolo-
gical properties, and we need to consider their microbiological properties and
their eventual fate in the natural environment. This latter aspect is of concern
not only because organisms might encounter the remnants of veterinary
medicines as a result of environmental contamination, but also because of the
potential effects for human health from the contamination of land and drinking
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water. I have tried to reach a balance, and review the main issues that might
impact on human safety arising from the use of veterinary medicinal products.
It is not possible to cover every product or drug in a work of this nature, and I
have made no attempt to do so. Some products are used infrequently, and some
are only used in certain countries. Many others are human drugs that are used
off-label in animals. I have attempted to cover the major drug classes as well as
some individual drugs of interest. Some of these are now of historical interest as
many have fallen out of use or have been replaced with more effective and safer
alternatives. Nevertheless, it would be remiss to avoid discussion of these where
they may have impacted human safety in the past, so I have included them here.

I would like to thank the authors who have invested significant efforts by
providing chapters for this book – Dr Tim Marrs, Derek Renshaw and Pro-
fessor Peter Silley. I would also like to thank my family – and dogs – for their
forbearance and patience while I have been working on this project.

Kevin Woodward
Surrey
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CHAPTER 1

Occupational Health and Safety
Among Veterinarians and
Veterinary Workers

1.1 Introduction

Many people use, and are therefore potentially exposed to, veterinary medicinal
products. These include the pet-owning public, farmers, animal breeders and
keepers, and, of course, veterinarians and other veterinary staff such as veter-
inary nurses and practice receptionists. The public may be intermittently
exposed to veterinary medicinal products, apart from those with animals with
chronic conditions such as epilepsy and diabetes where exposures may be more
frequent. Farmers may be responsible for the administration of a wide variety
of drugs and, occasionally, exposures have the potential to be significant, for
example when dipping sheep and mixing or administering in-feed antimicrobial
agents. Veterinarians and veterinary nurses are potentially exposed to a wide
range of veterinary drugs including anaesthetics, euthanasia agents, anti-
neoplastic agents and non-steroidal anti-inflammatory drugs. It is thus
tempting to assume that these professionals are assailed on a daily basis by the
combined actions of a number of pharmacologically and toxicologically active
agents, and if these could be removed from veterinary practice, the world, or at
least the veterinary world, would be a better place in which to live and work.

However, just as it would be wrong to assume that the industrial workplace
is a chemophobe’s nightmare, or a toxicologists dream, it is equally incorrect to
think of the veterinary surgery or clinic as a toxicological playground.
Although industry, especially the chemical industry, has had its fair share of
chemical disasters, such as those involving asbestos, benzene, vinyl chloride

Issues in Toxicology No. 14

Toxicological Effects of Veterinary Medicinal Products in Humans: Volume 1

By Kevin N. Woodward

r The Royal Society of Chemistry 2013

Published by the Royal Society of Chemistry, www.rsc.org

1

D
ow

nl
oa

de
d 

on
 0

6 
M

ar
ch

 2
01

3
Pu

bl
is

he
d 

on
 3

1 
D

ec
em

be
r 

20
12

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/9

78
18

49
73

54
83

-0
00

01



monomer and a number of halogenated hydrocarbons to name but a few, the
vast majority of mortalities and morbidities in industry arise from accidents
including those involving machinery, explosions and fires. Similarly, it would
be incorrect to assume that veterinary workers are immersed in toxic soups of
pharmacologically active materials. Even if they were, there are numerous other
hazards, with associated risks, which may pose greater dangers than the
majority of pharmaceutical or biological agents encountered in veterinary
practice.

The main topic of this book is the potential for veterinary pharmaceutical
products to cause harm to human beings, especially through toxicological
modes of action. However, just as with industry, this must be seen in per-
spective with all other potential hazards and this chapter attempts to review this
perspective.

1.2 Physical Injuries

1.2.1 Accidents and Related Incidents

In a study reported in 1988 of a survey of members of the American Veterinary
Medical Association where 995 people responded, nearly 65% had suffered a
major animal-related injury.1 Of these, 17% were hospitalised and 25%
required surgical intervention. The main body regions affected were the hand
(53%), arms (28%), head (21%), thorax (8%), genitals (4%) and abdomen
(3%).

Injuries arose from kicks (36%), bites (3%), crush (12%) and scratches (4%).
Other causes of injury involved goring, head butting, pushing and animals
falling onto the veterinarian. Cattle (47%), dogs (24%) and horses were the
animals most frequently involved in incidents. Car crashes arising from work-
related activities were also common.

Ten years later in 1998, of 1797 companion animal veterinarians approached
in another survey, 735 (41%) responded.2 From these respondents, 55%
reported that they had had at least one incident. These included dog and cat
bites, lifting injuries and slips, trips and falls. Exposure to potentially hazardous
substances formed a small category. In this study, professional assistants,
veterinary technicians and lay people were affected as well as veterinarians.

In 2010, in a study of veterinarians in the Kampala region of Uganda, the
incidence of animal-related injuries was 72%, a surprisingly high figure.3 The
majority of these were accounted for by cattle (72%), followed by cats (25%),
dogs (23%) and birds (13%). Injuries caused by poultry did not require hospital
treatments, unlike those caused by the other animals encountered. The upper
limb was the most frequently injured part of the body (68%), while vaccination
was the major activity associated with injury.

In fact several studies have demonstrated the dangers to veterinarians
of working with animals including dogs, cats, pigs, cattle and horses, and
as already described these include bites, kicks and crushing injuries. Horse-
associated injuries, especially kicks, may result in fractures, which, in one
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survey, were the most common cause of horse-inflicted injury with the head,
face and lower limbs being the most affected parts.4–14 In an unusual case, a
veterinarian suffered a dissection to the internal carotid artery resulting in
cerebral ischaemia with cranial nerve involvement, because of the exertions
involved in the caesarean delivery of a calf.15

These occupational hazards may be exacerbated when the animals are even
larger than cattle and horses, particularly when those animals are wild. Deaths
of handlers and veterinarians have been associated with elephants and tigers,
and following attacks by venomous animals.16–18 Working with exotic species
in zoos is associated with major animal-related injuries, back injuries, injuries
incurred during necropsies, formalin exposures, animal allergy, zoonotic
infection and insect allergies.19

Some effects of working with animals are less obvious in their origins. An
orthopaedic surgeon in Canada encountered a few cases where large-animal
veterinarians who had regularly carried out rectal examinations on farm ani-
mals reported right shoulder and neck pain, associated with neurological deficit
in the median, ulnar and radial nerves. He subsequently organised a survey of
large animal practitioners to investigate the extent of this problem. It became
clear that these symptoms were relatively common in large animal practi-
tioners, at least in Canada, but they could be ameliorated by periods of rest and
by adopting correct postures during the examination procedures.18

In fact, lifting patients, handling patients using awkward grip and hand
movements, surgery, rectal examinations and repetitive movements result in or
contribute to shoulder injuries, back pain and other musculoskeletal disorders
in veterinarians.19–25

Perhaps the most bizarre, if somewhat untypical, accident involving a
veterinarian occurred in Antarctica when a young female veterinarian involved
in field work with Adélie penguins, fell into a crevasse while driving a quad
bike, and was crushed between the vehicle and the crevasse wall six metres
below the surface. She developed hypothermia and abdominal injuries and
underwent two emergency surgical procedures before being evacuated by
helicopter and ship and eventually making a recovery.26

Certain areas of animal production, notably those involving intensive
farming methods, offer significant opportunities for occupational health pro-
blems to arise. Aquaculture is an obvious example. Aquaculture enterprises are
often based in relatively hostile environments or at least in environments that
have the capacity to become hostile because of seasonal influences or changes in
the weather. In the United Kingdom, salmon production is based in northerly
locations in Scotland, and in Scandinavian countries at even more northerly
locations. Fish farming may be conducted in isolated areas in Scottish sea lochs
and in some fjords. In all cases, these areas are subject to wide variations in
climatic conditions with cold and heat at the extremes, and with rain, snow, ice,
winds and gales among the weather conditions for aquaculture workers to
contend with.

Farmed fish, like all farmed animals, are susceptible to various viral,
bacterial, fungal and parasitic conditions and an armoury of prophylactic
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products, mainly vaccines, and chemotherapeutants, including antimicrobial
drugs and antiparasitic agents, have been developed to combat or treat the
various conditions and to ensure the viability of the industry. The diseases are
diagnosed by veterinarians and others involved in animal health and welfare,
and, similarly, the drugs and vaccines are administered by fish farm employees,
usually under the direction of a veterinarian. Hence, the environments where
fish farms are frequently located, or more specifically the environments where
salmon (and other cold water fish) are located, offer particular challenges in
terms of occupational safety.

Musculoskeletal disorders are common from lifting nets within cages where
the fish are reared and the feedstuffs used in aquaculture may attract rats, which
create a risk for leptospirosis. Other hazards include exposure to hydrogen
sulfide that arises from anaerobic reactions in the bottom of fishponds,
drowning, hypothermia, electricity, sunburn, fire and explosions from oxygen
exposure and ice-related accidents.27–29

1.2.2 Needlestick Injuries

Needlestick injuries are a specific and common type of accident among veter-
inarians, veterinary nurses, physicians and nurses. In general, they involve
‘‘dry’’ needles i.e. needles with little or no pharmaceutical product on their
surface or contained within them and they therefore represent a physical hazard
rather than a chemical one as the dose of any drug will be minute. However, it
must be recognised that some needlestick injuries with some potent pharma-
cological acting agents might represent a pharmacological or even toxicological
hazard. Similarly, with live vaccines containing zoonotic organisms there is a
risk of an adverse outcome. Nevertheless, the usual result is a physical injury
rather than a biological or pharmacological insult.

In the UK, the agency responsible for regulating veterinary medicinal pro-
ducts, the Veterinary Medicines Directorate (VMD), reports the results of its
pharmacovigilance scheme, the Suspected Adverse Reactions Surveillance
Scheme, annually in the Veterinary Record, the journal of the British Veterinary
Association. In the report for 1990, the VMD first noted that some of the
reports involving adverse reactions to veterinary medicinal products in humans
involved simple needlestick injuries.30 This was barely mentioned thereafter
until ten years later when it was noted that 28 reports submitted to the agency
concerned needlestick injuries.31 Since that time, the occurrence of needlestick
injuries has featured regularly in the VMD’s reports.32–39 These are illustrated
in Table 1.1.

It is evident from Table 1.1 that needlestick injuries in the UK are a common
feature of the VMD’s reports. However, even allowing for the under-reporting
that is a frequent feature of all adverse reaction reporting schemes, whether for
human or veterinary adverse reaction reporting schemes, the actual incidence is
very low when compared with the vast numbers of injectable products admi-
nistered daily to both companion and farm animals. The UK’s expert body, the
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Veterinary Products Committee, has made various recommendations for
improving the UK scheme, one of which addresses the under-reporting of
needlestick injuries.40

These injuries are by no means restricted to UK veterinarians and similar
reports have been made elsewhere.19,41–46 Although needlestick injuries tend to
be associated with treatment of terrestrial animals, they have also been reported
in operators vaccinating fish.27,28,47

Although needlestick injuries are frequently considered to be ‘‘simple’’
physical injuries, they carry with them the risk of inflammatory reactions,
infection and transmission of zoonotic agents from vaccines.27,28,42,44,46,48–50

Thus, needlestick injuries in veterinary practice and animal care and production
have much in common with needlestick injuries in human medicine where
similar concerns exist.51–75

1.2.3 Zoonotic Diseases

Veterinarians and others involved in animal health and welfare are exposed to
zoonotic agents not only through the use of live vaccines, but also through
exposure to animals themselves and to their environments. For some diseases,
veterinarians are recognised as being at high risk. These include rabies, avian
and swine influenza, brucellosis, toxoplasmosis, salmonellosis, leptospirosis,
Lyme disease, echinococcosis, Q fever, psittacosis, Rift Valley fever, cat scratch
disease (Bartonella henselae), cutaneous larva migrans, anthrax, bovine tuber-
culosis, yersiniosis, blastomycosis, listeriosis and methicillin-resistant Staphy-
lococcus aureus (MRSA).76–125 Where possible, the risks associated with these
biological hazards should be mitigated by preventive measures such as vacci-
nation, personal hygiene and containment measures.

1.2.4 Dermatoses

Non-infectious dermatoses are common among veterinarians. For example,
among a survey of veterinarians in Kansas, some 60% responded and, of these,
24 reported non-infectious recurrent or persistent dermatoses of the forearm, of
which 66% were related to work.126 In a European study, dermatologists were
questioned about their experiences with dermatoses in veterinarians. Seven
dermatologists had experiences with dermatoses in a total of 58 veterinarians

Table 1.1 Needlestick injuries reported to the VMD.

2003 2004 2005 2006 2007 2008 2009 2010

Total human adverse reactions 90 70 104 126 138 145 107 94
Needlestick injuries 19 24 –a –b –c –d –e 36

a90% of human reactions involving vaccines or other injectable products were needlestick injuries.
b91% of human reactions involving vaccines or other injectable products were needlestick injuries.
c84% of human reactions involving vaccines or other injectable products were needlestick injuries.
d88% of human reactions involving vaccines or other injectable products were needlestick injuries.
e86% of human reactions involving vaccines or other injectable products were needlestick injuries.
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and, of these, 12 cases were infectious disease. The remaining 46 cases could be
classified as contact urticarial, irritant or allergic contact dermatitis.127 Similar
results have been seen in other studies128–132 Responsible agents included ani-
mal protein fluids during obstetric procedures, antiseptic agents, canine milk
and canine seminal fluid.133–138

1.2.5 Allergies

In addition to the allergic dermatoses (see Section 1.2.4), veterinarians and
others who work with animals are susceptible by the nature of their work to
other conditions with an allergic basis. These include animal-related allergic
rhinitis, asthma, cough, chest tightness, sneezing and reductions in lung func-
tion and may be due to exposure to animal fur, feathers and other sources of
animal protein, including urinary proteins. Companion animals (mainly cats
and dogs) and farm animals (cattle, pigs and horses) have been implicated in
the aetiology of these conditions.139–150

1.2.6 Neoplastic Diseases

Veterinarians are exposed to a range of agents, some of which may be
carcinogenic. These include pesticides, solar radiation, ionising radiation for
diagnostic and therapeutic purposes and pathogens. There have been a number
of studies undertaken to determine if veterinarians are at risk from particular
types of cancer.

A study of the health status of veterinarians in Illinois in 1981 suggested that
the incidence of cancer was low (1%).151 However, this study examined what
may have been an unusually healthy population of currently working indivi-
duals. A separate study of US veterinarians suggested a higher incidence of
some forms of cancer, notably leukaemia and Hodgkin’s lymphoma, and
cancers of the skin and brain for the period 1966–1977.152 When this was
expanded to cover the period 1947–1977, there were elevated numbers of
lymphatic and haematopoietic neoplasms as well as cancers of the colon, brain
and skin and it was postulated that for the excess incidence of leukaemias, there
may have been an association with the early uses of diagnostic radiation.153

There is also some evidence to suggest that veterinarians, along with other
occupational groups, may be at risk from multiple myeloma,154 while another
study suggested an increased incidence of cancer of the large bowel, specifically
in those with more than 30 years in the veterinary profession in the US and
malignant melanoma for those with more than 20 years.155 In Sweden, a study
of cancer incidence among male veterinarians suggested increased risks from
cancers of the oesophagus, colon, pancreas and brain as well as an increased
risk of malignant melanoma.156

When studies of cancer in veterinarians are taken together, and notably
cohort studies, the main conclusions are that veterinarians probably have an
increased risk from lymphomas, leukaemia, melanoma and colon cancer
although the latter is marginal.157 The excess of melanoma is almost certainly
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due to exposure to the sun, which may not be surprising as veterinarians, or at
least large-animal practitioners, spend a considerable proportion of their time
outdoors. There is no convincing explanation for the excess risk of lympho-
haematopoietic cancers, although exposure to ionising radiation is thought
to play a role. However, there are excess risks of these types of cancer in
agricultural workers who are unlikely to be exposed to radiation.158,159 It has
been suggested that zoonotic viruses may play a part in the aetiology of these
neoplasms. Unfortunately for this hypothesis, the zoonotic diseases encoun-
tered by veterinarians and agricultural workers are not thought to be carci-
nogenic, while the oncogenic viruses encountered in animals, such as feline and
bovine leukaemia viruses, are not known to cause disease in humans.

The use of X-ray units, including that of portable units, is not thought to
contribute a major radiation hazard to operators, especially with modern
equipment and better understanding of its safe use, and the precautions that
veterinarians and veterinary technical staff take to reduce unnecessary and
inadvertent exposures.160–168

1.2.7 Specific Risks for Women

The effects described so far may affect male and female veterinary workers
equally. However, pregnant veterinary workers may be vulnerable to other
hazards that in general are not relevant, or are less relevant, to men or to non-
pregnant women. These include ionising radiation, physical trauma and lifting
injuries and exposure to agents causing zoonotic disease such as toxoplasmosis
and listeriosis, all of which may have adverse effects on pregnancy.169,170

Exposure to anaesthetic gases also poses a risk for pregnancy outcome and this
is discussed further in a separate chapter.

A number of studies suggest that female veterinarians are at risk from
spontaneous abortion, and possibly, for ‘‘small for gestational age’’ births,
although the incidence of malformations does not appear to be affected.171–177

The reasons for these findings are unclear but exposure to high doses of
radiation (more than 5 to 10 X-ray films per week) carried an increased
risk.172,174 If anything, these findings emphasise the need for hygiene and
protective measures from biological, physical and chemical hazards, not only in
female veterinarians, veterinary staff and animal handlers, but also in their male
counterparts,169,173,178 particularly as some research suggests that the children
from both male and female veterinarians may be at elevated risk of developing
some cancers.179

1.2.8 Mental Health

There is evidence that veterinary surgeons, across a number of countries, suffer
from depressive symptoms and anxiety. For example, in the UK, veterinarians
have a much higher degree of these conditions than the general population.180

Some of these effects appear to arise from working conditions, with good rela-
tionships with colleagues producing a good outcome, and anxiety and depressive
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symptoms being associated with poor working conditions.181 Other contributing
factors include time pressures due toworkload, longworking hours, dealing with
difficult clients and inadequate periods of free time.182,183 Stress associated with
euthanizing animals was also a major factor.184–187 Similar findings have been
made in other countries.10,23,153,182,183,188,189 These stresses can lead to alcohol,
tobacco and drug abuse as well as to accidents.182,189–192

The effects described above may eventually lead to suicidal thoughts and
suicidal behaviour.185,193 Moreover, the suicide rate among professionals,
including veterinarians and physicians, is higher than that of the general
population in several countries, including the UK, USA and Australia.194–200

There may be some influence on suicide rates in veterinarians and healthcare
workers by the fact that they have ready access to suitable means. For veter-
inarians this means both drugs and fire arms.194,197 This latter phenomenon is
common in specific groups with access to the means of suicide. For example,
patients with diabetes, and occasionally their physicians, may use insulin
overdose as a means of suicide.201–205

1.3 Conclusions

Veterinarians and veterinary workers in general face many hazards and their
associated risks in the course of their daily lives. These hazards may be faced in
the veterinary clinic, on farms, in zoos or even while travelling between
workplace locations. They may be physical, biological or psychological.
However, and returning to the theme of this book, veterinarians, veterinary
nurses and their assistants, and indeed veterinary students, use veterinary
pharmaceuticals and biologics in the course of their normal working day, and
the hazards and associated risks must be considered. Nevertheless, they must be
seen in the context of the other occupational hazards already described in the
preceding paragraphs, as many of these are far more significant in terms of
health impact, well-being and even lethality than is exposure to the majority of
veterinary drugs and vaccines.

It is also important to recognise that in addition to veterinarians, veterinary
medicinal products are also handled and administered by a variety of other
groups including farmers, fish farm workers and members of the pet-owning
public. In addition, consumers may be potentially exposed to residues of
veterinary drugs and the other components of the product when they eat food
of animal origin, such as meat, offal, meat products, milk and dairy products,
fish, eggs and honey. These issues will be addressed in this work.
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CHAPTER 2

Regulation of Veterinary
Medicines

2.1 Introduction

Disasters frequently precipitate legislation, and medicines are no exception to
this observation.1,2 Thalidomide was introduced in the late 1950s to treat
morning sickness during pregnancy but it was soon discovered to be terato-
genic, producing limb defects (phocomelia) and other abnormalities in the
children of women who had taken the drug.3–8 In 1937 in the USA, Elixir of
Sulfanilamide was given to 353 patients over the course of one week. This
resulted in what was estimated to be 105 deaths including those of 34 children.
It was due to the use of diethylene glycol as the solvent in this product.
Diethylene glycol is nephrotoxic and it results in acute renal failure due to
cortical tubular degeneration and proximal tubular necrosis.9–12 This has been
shown to be due to the metabolite diglycolic acid.13

These events led directly to the regulation of human and veterinary medi-
cines in the UK and the USA, and, ultimately, in most other developed
countries.11,14 In the UK, the thalidomide disaster resulted in the establishment
of the Committee on Safety of Drugs, often referred to as the Dunlop
Committee after its chairman Sir Derek Dunlop. Oddly, at least by modern
standards, this committee had no regulatory powers but worked with the
pharmaceutical industry in a voluntary manner. In a similar way, veterinary
medicines had also been dealt with on a voluntary basis. Many veterinary drugs
were similar to their human drug counterparts and so were handled in a similar
manner on the advice of the Veterinary Products Committee (VPC). Others had
more in common with pesticides or at least their active ingredients were also
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used in pesticide products, and the Advisory Committee on Pesticides and
Other Toxic Chemicals provided advice on these. However, following the
introduction of the Medicines Act 1968, human and veterinary medicines
succumbed to statutory control and government ministers responsible for these
activities (the Licensing Authority) were advised by the Committee on the
Safety of Medicines (CSM) for human drugs and the VPC for veterinary drugs.
These committees were statutory bodies constituted under the terms of Section
4 of the Medicines Act 1968.15–18

Applications for marketing authorisations (MAs) in the UK are now made
to the Veterinary Medicines Directorate (VMD) for veterinary medicinal
products and to the Medicines and Healthcare products Regulatory Agency
(MHRA) for human medicinal products. Each is advised by a number of expert
committees, with the principal ones being the VPC and Commission on Human
Medicines, respectively.

In the United States, human medicines are regulated by the Food and Drug
Administration (FDA), while conventional veterinary drugs (pharmaceuticals)
such as antibiotics, anti-inflammatory agents and anaesthetics are controlled by
the FDA’s Center for Veterinary Medicine (CVM). However, there are separate
agencies for the control of vaccines and other biologics, and for ecto-
parasiticides. The former are regulated by the United States Department of
Agriculture (USDA) and the latter by the Environmental Protection Agency
(EPA). In contrast, in Europe, and in many other territories, these two groups
of products are regarded as veterinary medicines and are dealt with by veter-
inary medicine regulatory agencies. The notable exception to this is Germany.
Here, veterinary pharmaceuticals and ectoparasiticides are regulated by the
Bundesampt für Verbraucherschutz und Lebensmittelsicherheit (BVL; Federal
Office of Consumer Protection) and veterinary biologics by the Paul-Erlich-
Institute (PEI).18–22

2.2 Criteria for Evaluation and Authorisation of

Veterinary Medicinal Products

In almost all jurisdictions, veterinary (and human) medicinal products are
assessed using three criteria: quality, efficacy and safety. Quality in this context
refers to pharmaceutical quality and aspects surrounding synthesis of the active
ingredient(s) and other components of the formulation, manufacturing and
product stability. Efficacy refers to the performance of the drug for its intended
purpose. Specifically this means not so much ‘‘does it work?’’ but does it do
what its sponsor claims it should do. The term ‘‘safety’’ might appear to be self-
explanatory and for human medicines this primarily means ‘‘safety for the
patient’’. However, for veterinary drugs this term is broader. It includes not
only patient safety, but also safety for the environment, for the user and, for
products intended for use in food producing animals, safety for consumers.
These criteria are shown in more detail in Table 2.1.20
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For companion animal products (cats, dogs, ornamental fish, mice, rats,
guinea-pigs, hamsters and other pet animals), safety data usually comprise a
package of toxicology data that is primarily used to assess user safety. Hence,
the major issue being addressed is what might the consequences be of human
exposure during use, misuse or abuse. For food-producing animals, this is still a
very important aspect of product assessment although the user safety elements
become more important as there may be more animals to treat, even possibly a
flock or herd, and those animals may be larger and more difficult to control,
which may exacerbate user safety concerns not only from the use of the drug,
but also from the behaviour of the animals (see Chapter 1).

User safety data usually take two forms. Firstly, a package of toxicity data
with which to assess the inherent biological hazards of the formulation and
data on physico-chemical properties, particularly those related to user safety,

Table 2.1 Major aspects of quality, safety and efficacy.

Quality
Manufacturing methods and dosage form/presentation
Composition
Analysis
Control of starting materials
Control of finished product
Stability and shelf-life
Labelling and product literature
Packaging
Quality related to safety (toxic degradation products or contaminants,
microbiological contaminants, leaching of potentially toxic materials from
packaging e.g. from plastic containers)

Sterility

Efficacy
Pharmacodynamics
Pharmacokinetics
Laboratory studies e.g. in vitro studies of mode of action or studies using
artificial infection/infestation

Clinical trials

Safety
Consumer safety (food animals only)
User safety
Environmental safety
Target animal (patient) safety
Residues (food animals only)
Pharmacokinetics
Residues depletion (using either/both radiolabelled and unlabelled material)
Residues analysis
Routine analytical method for residues surveillance

23Regulation of Veterinary Medicines
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for example vapour pressure (and so likelihood of respiratory exposure), par-
ticle size (for similar reasons), pH, flammability and explosivity. Secondly, a
package of data relating to exposure or possibilities for exposure (respiratory,
ocular, self-injection, dermal) during use, and an appraisal of the risks in view
of the known hazards.19,20,23 This is discussed further in Chapter 4.

Consumer safety also requires a package of toxicity data. This is used in the
elaboration of maximum residue limits (MRLs) in the European Union
(Chapter 3). In the US, there is a similar approach but unlike the EU, which has
separate legislation for authorisation of veterinary medicinal products and for
establishing MRLs, here the approval process and the evaluation of residues is
integrated. Moreover, the MRL approach is not employed in the US but a
similar parameter, the safe concentration, is used instead.

2.3 European Union Legislation

The European Union (EU) began its life as the European Economic Com-
munity in 1958 when it had just six members – Belgium, (West) Germany, Italy,
Luxembourg, France and the Netherlands. Since then, it has expanded con-
siderably, with Romania and Bulgaria being the last countries to join what is
now the EU in January of 2007. In addition to the now 27 members of the EU,
there are also three countries that comprise the European Free Trade Area
block, Iceland, Norway and Liechtenstein, which have agreed to enact legis-
lation in certain areas including social policy but which are not members of the
EU. These countries enjoy the ‘‘four freedoms’’ available to full members – free
movement of goods, free movement of persons, free movement of services and
free movement of capital – but have no decision-making roles and do not
receive any funding from the EU. Much of EU legislation concerns these four
freedoms, especially by removing barriers to trade. As certain aspects of
sovereign legislation in pharmaceuticals could constitute barriers to trade and
hence compromise at least one of the four freedoms, free movement of goods,
then one of the driving forces behind EU pharmaceuticals legislation is the
removal of barriers to trade through the harmonisation of requirements,
labelling and establishment of pan-EU MRLs.19,20,24

The 27 EU countries may later be joined by a number of states waiting
accession. These comprise Turkey, Croatia and the former Yugoslav Republic
of Macedonia. The existing EU countries are shown in Table 2.2.

In the US and many other countries, there is a single route to obtaining an
approval or licence for a veterinary medicinal product. An application is
made to the regulatory authority in that country and an approval or licence
is issued to sell the product, again in that country. It is not quite so
straightforward in the EU. EU legislation is complex and it has evolved over
time with various amendments being added on. In the early 2000s it was
revised substantially, and this process continues. The essential elements of
EU veterinary legislation are shown in Table 2.3. The various EU procedures
are discussed below.
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2.3.1 The National Procedure

The national procedure is essentially what most EU countries had in place prior
to joining the EU. The system provides for a marketing authorisation in a
single EU member state, authorised in accordance with the requirements of EU
legislation. If the sponsor wishes for the product to be authorised in two or
more EU countries, then the national route cannot be used.

2.3.2 The Mutual Recognition Procedure

This was originally allowed for under Article 17 of Directive 81/851/EEC but is
now a provision of Directive 2001/82/EC (as amended). The procedure can be
initiated either by a member state or by the applicant, the latter being the
predominant approach. In the mutual recognition procedure, the applicant first
obtains a national authorisation as described in Section 2.3.1. Next, the
applicant identifies those member states where a marketing authorisation is

Table 2.2 European Union Member States in 2012.

Country Symbol Accession Date

Belgium BE 1958
France FR 1958
Germanya DE 1958
Italy IT 1958
Luxembourg LU 1958
Netherlands NL 1958
Denmark DK 1973
Ireland EI 1973
United Kingdom UK 1973
Greece EL 1981
Spain ES 1986
Portugal PT 1986
Austria AT 1995
Finland FI 1995
Sweden SE 1995
Cyprus CY 2004
Czech Republic CZ 2004
Estonia EE 2004
Hungary HU 2004
Latvia LV 2004
Lithuania LI 2004
Malta MT 2004
Poland PO 2004
Slovakia SK 2004
Slovenia SI 2004
Bulgaria BG 2007
Romania RO 2007

aGermany acceded originally as West Germany but the name now applies to the reunified country
derived from West and East Germany.
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desired, and it then informs the original member state, who now becomes the
Reference Member State (RMS), while the others, which might be just two or
three, or the entire trading block of 27 EU countries plus the EEA states,
become the Concerned Member States (CMSs). The original application made
to the RMS is updated and resubmitted, and submitted to all CMSs. The
procedure can be complex, and may frequently result in a relatively long list of
scientific questions arising from the newly involved member states. However,
once all of the issues have been resolved, the procedure concludes and
marketing authorisations can be issued. It is important to recognise that the
outcome of this procedure is the issuance of individual albeit harmonised
marketing authorisations by national regulatory authorities. If 15 countries are
involved, 15 marketing authorisations are issued; if 27, then 27 marketing
authorisations are issued.

Table 2.3 Major elements of EU veterinary legislation, 1965 to 2010.a

Legislation Main Provisions

Directive 65/65/EEC 1965: Formed basis for future legislation for human and
veterinary medicines

Directive 81/851/EEC 1981: Regulatory framework and requirements for
authorisation of veterinary medicinal products in what
are now EU countries

Directive 81/852/EEC 1981: Sets out testing and scientific requirements for
quality, efficacy and safety for authorisation of veterinary
medicinal products in what are now EU countries

Regulation (EEC) No.
2377/90

1990: Establishment of MRLs for pharmacologically active
substances

Regulation (EEC) No.
2309/93

1993: European Medicines Evaluation Agency (EMEA)
opens in 1995, centralised and mutual recognition
procedures commence

– 2000: Review of the veterinary legislation begins
Directive 2001/82/EC Consolidates much of existing veterinary legislation, in part

to facilitate its review
Directive 2004/28/EC 2004: Introduces numerous amendments to 2001/82/EC

and adds new procedure for authorisation of veterinary
medicinal products, the decentralised procedure

Regulation (EC) No.
726/2004

2004: Also introduces numerous changes and renames
EMEA the European Medicines Agency (EMA) in
recognition of its wider remit

Directive 2009/9/EC 2009: Amends Directive 2001/82/EC as ‘‘Annex 1’’. Sets out
updated requirements for testing and scientific data for
quality, efficacy and safety required to support marketing
authorisation applications

Regulation (EC) No.
470/2009

2009: New requirements for the establishment of MRLs

Regulation (EU) No.
37/2010

2010: Tables of consolidated MRLs and related
classifications published

aNote: this table omits many amending Directives, and legislation on peripheral issues e.g. fees
payable to the EMA and variations.
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2.3.3 The Decentralised Procedure

The decentralised procedure shares many of the elements of the mutual recog-
nition procedure and, like the mutual recognition procedure, it is also a provision
of Directive 2001/82/EC (as amended). The main difference is that there is no
initial application for a single national marketing authorisation. A simultaneous
application is made to the RMS and to the CMSs. The benefit of this procedure
is that, in theory, it is more rapid than the mutual recognition procedure pre-
cisely because it omits that initial national step. In practice, one of the main
benefits of the national procedure is the useful feedback from the national reg-
ulatory authority. This can be consolidated into the dossier intended for mutual
recognition prior to submission to the CMSs. There is no scope for this during
the Decentralised Procedure and so the applicant must have high confidence in
the content and standard of the dossier before choosing this route. However, the
end result of this procedure is the same as that for the mutual recognition pro-
cedure: two or more harmonised marketing authorisations issued by the national
regulatory authorities in the countries concerned by the application.

2.3.4 The Centralised Procedure

The Centralised Procedure was originally provided for under Regulation (EEC)
No. 2309/93 but is now governed by Regulation (EC) No. 726/2004. Appli-
cations are made to the European Medicines Agency, where a rapporteur and
co-rapporteur are appointed from the membership of the Committee for
Medicinal Products for Veterinary Use (CVMP, previously the Committee for
Veterinary Medicinal Products), which is established under the regulation. The
rapporteur and co-rapporteur work together to assess the scientific content of
the application dossier and present this to the CVMP. The CVMP may ask
questions of the applicant and at the end of the procedure it can issue either a
negative or a positive opinion. If the opinion is positive, it is transmitted to
the European Commission in Brussels, which then issues an EU-wide
marketing authorisation valid in all EU and EEA countries. The Centralised
Procedure is mandatory for some types of product including those derived
from biotechnology and recombinant DNA technologies and optional for
so-called novel products including those that employ novel means of
administration, contain new active ingredients or are intended for new indi-
cations. It is popular with the veterinary pharmaceutical industry because it
involves a single list of questions from a single body, the CVMP, and hence has
a higher degree of predictability than the Mutual Recognition or Decentralised
procedures.

The CVMP also plays a role in both the Mutual Recognition and Decen-
tralised Procedures. If a dispute occurs between national regulatory authorities
involved in one of these procedures over the assessment of a dossier, or there is
a difference of scientific interpretation, then a scientific deadlock might result
that cannot be resolved. The legislation makes provision for this and it is
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possible for the problem to be referred to the Co-ordination Group for Mutual
Recognition and Decentralised Procedures (veterinary) or CMDv. This group,
established under Directive 2001/82/EC, is made up from representatives of the
national authorities and it attempts to resolve these outstanding issues. It has
had considerable success in its interventions. However, not all such disputes can
be resolved through the CMDv and these are then referred to the CVMP. The
CVMP can take the side of one of the proponents in the dispute, or it can reach
a compromise position. The outcome, as with the Centralised Procedure, is a
negative or a positive opinion on the issue at stake. This opinion is again
transmitted to the European Commission and it eventually becomes a point of
European law that is binding on all member states.

2.3.5 Maximum Residue Limits

MRLs, as already noted, are the subject of a separate chapter. However, it
should be noted that the procedures underlying the establishment of MRLs
mirror those of the Centralised Procedure. Applications are made to the EMA
and a rapporteur and co-rapporteur are appointed. Their assessment is then
considered by the CVMP and a negative or positive opinion is issued, usually
after a list of questions has been transmitted to the applicant and a satisfactory
response has been despatched.19,20,25,26 The positive opinion is then transmitted
to the European Commission and the MRLs are adopted and eventually
published in the Official Journal of the European Union. Summary reports that
provide the scientific basis for the establishment of each MRL can be found on
the EMA’s website (http://www.ema.europa.eu/).

In 1990, Regulation (EEC) No. 2377/90 entered into force. This first
introduced the concept of the MRL to the veterinary area (it had been used
previously for pesticide residues) and it required that all pharmacologically
active ingredients intended for use in food animals be entered into Annexes
I–III of the regulation before a marketing authorisation could be granted in the
EU. It was applied retrospectively to all existing pharmacologically active
ingredients and any not entered into Annexes I–III were lost for use in food
animals. The term ‘‘pharmacologically active ingredient’’ is not synonymous
with ‘‘active ingredient’’. It includes any ingredient used in a veterinary med-
icinal product, including vaccines, which has pharmacological activity or more
specifically pharmacodynamic activity. Thus, solvents, antioxidants, stabilisers
and colouring agents are also subject to the requirements of the regulation.
The applications to the EMA are supported by a package of safety (mainly
toxicology) and residues depletion data generated in the food animal or com-
modity (e.g. milk, eggs or honey) concerned. The overall intention is to ensure
that consumers of food of animal origin are protected from potentially harmful
drug residues. This is achieved by establishing withdrawal periods, the time that
must elapse between drug administration and slaughter of the animal or the
collection of food of animal origin (milk, eggs, honey). Withdrawal periods
form part of the terms of marketing authorisations for food animal medicines
and appear in the product literature and on labels.
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The three Annexes were:

� Annex I – full MRLs (examples include the major active ingredients;
MRLs are usually cited as micrograms of substance per kilogram of edible
tissue – muscle, fat, liver, milk etc.)

� Annex II – no MRLs required on public health grounds (examples include
biologically inert materials or substances that are rapidly metabolised by
the animal to innocuous metabolites, substances not absorbed from the
animal’s gastrointestinal tract and substances of plant origin such as
vegetable oils and sugars)

� Annex III – provisional MRLs (a temporary position, usually because of
some minor deficiency in the data package. Once resolved, Annex III
substances are usually transferred to Annex I)

There was one further Annex, Annex IV. This was the destination of sub-
stances, ten in total, considered unsafe on consumer safety grounds. These
substances, and substances where the CVMP was unable to reach a positive
opinion, may not be used in veterinary medicinal products intended for use in
food animals. Similarly, substances for which no applications have been made
and which have not been considered by the CVMP may not be used in food-
producing animals. For the purposes of this Regulation specifically, and EU
veterinary legislation generally, food producing animals include cattle, pigs,
sheep, goats, horses, poultry and other farmed or kept game birds, rabbits,
reindeer, deer, farmed fish and bees.

In 2009, Regulation (EEC) No. 2377/90 was replaced and repealed by
Regulation (EC) No. 470/2009, which introduced a number of improvements
and modifications to the original regulation. It also removed the four annexes
referred to above. The consolidated list of MRLs now appears in Regulation
(EU) No. 37/2010 and the four annexes are replaced by two tables. Table 1 lists
all those substances that were originally in Annexes I to III as ‘‘allowed sub-
stances’’ with the terms of the entry set out in six columns, while Table 2,
‘‘prohibited substances’’, lists the previous occupants of Annex IV.

2.3.6 Pharmacovigilance

Pharmacovigilance is a term used to describe the gathering of information on
adverse drug reactions. It is an integral part of the regulatory environment for
both human and veterinary medicines in the EU, the US and elsewhere.20,27–29

In the EU, pharmacovigilance requirements for veterinary medicinal pro-
ducts are set out in Directive 2001/82/EC (as amended) and, for the operation
of the centralised procedure, in Regulation (EC) No. 726/524.

Veterinary pharmacovigilance at the EU level had already operated in some
countries for some time, as it was originally required by Directive 81/851/EEC
as amended by Directive 93/40/EEC and Directive 540/95/EEC. At the
national level in the EU Member States, pharmacovigilance requirements were
implemented to varying degrees ranging from almost non-existent in some
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countries, to the more complex systems that existed in France, Germany and
the Netherlands. In the UK, the VMD’s Suspected Adverse Reactions
Reporting Scheme (SARRS) has operated successfully since 1987. Following
the creation of the EMA, the introduction of the Centralised Procedure and the
effective functioning of the mutual recognition and the decentralised proce-
dures, and particularly since the review of the legislation already described,
there has been an increased impetus behind veterinary pharmacovigilance in
the EU.

2.3.6.1 Pharmacovigilance Requirements for Veterinary
Medicines in the EU

The scope for pharmacovigilance parallels the regulatory requirements for
medicines. That is to say that wherever there is a need to show some scientific
aspect for the properties of a medicine, there is a need to monitor that
requirement as part of pharmacovigilance activities. For example, and very
simply, applicants for MAs for human or veterinary medicinal products must
conduct studies to demonstrate that those products are safe for use in patients,
and they must make use of pharmacovigilance activities to monitor patient
safety once those products are marketed. As mentioned earlier, medicinal
products must meet strict criteria of quality, efficacy and safety and they are
therefore subject to post-marketing surveillance, pharmacovigilance, to ensure
that these carry forward into clinical use in humans and animals.

Clearly for veterinary medicinal products, like their counterparts intended
for use in humans, safety to the patient is crucial. Indeed, to help to ensure this,
veterinary medicinal products are tested in the intended patients at the thera-
peutic dose and at multiples of the therapeutic dose, and for the intended
duration of use, and with multiples of the duration of use, in what are known as
target animal safety (TAS) studies. These studies form part of the submission
dossier and underpin the terms of the eventual MA. Taken together with data
obtained from preclinical studies in laboratory animals, and information
gained from clinical trials, it is possible to use these TAS studies to evaluate
safety during clinical veterinary use. Of course other more specialist studies
may also be needed. For example, investigations in juvenile animals and studies
during pregnancy and in lactation may also be required (or contraindications
included in the product literature).

Medicines given to companion animals pose minimal environmental risks.
However, this may not be true of medicines used to treat food-producing
animals. Food animals are usually reared on a herd or flock basis, and if
animals are treated on a herd or flock basis then there may be potential for
environmental exposure, albeit local in many circumstances (e.g. the farm
where they are kept), from excreta in particular. The excreta are usually
applied to the land as manure, often to arable land, and so there is a potential
risk of environmental contamination. In some circumstances, this potential
may be even greater. For example, sheep suffer from various ectoparasites and
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one of the ways of treating these is to dip the animals in a solution of ecto-
parasiticide. These dip baths are often situated near to watercourses to provide
a ready source of solvent i.e. water, for their constitution. This also means that
they can easily contaminate the same watercourses either through run-off from
dipped sheep or from surrounding land or by accidental or deliberate dis-
charge of the dip contents. As these dips contain substances that could
potentially harm the environment, such as synthetic pyrethroids or organo-
phosphorus compounds, then this is an obvious cause for concern. Drugs used
in aquaculture to treat fish (usually salmon or trout in the UK and northern
Europe but other species such as cod are being introduced) appear to pose an
even greater potential problem as they are usually administered directly into
the aquatic environment. For all these reasons, veterinary medicinal products
in the EU are subject to what is known as a Phase I environmental risk
assessment. This uses predictors of environmental contamination and con-
centration, along with data on stability, solubility, chemical and biodegrad-
ability and other physico-chemical properties, to examine (among other
things) the possible degree of environmental penetration and persistence.
Based on the outcome of this Phase I assessment, Phase II studies may be
required. These may include, but are not restricted to, studies of the toxicity of
the product to aquatic organisms, effects on the food web and phytotoxicity.
Marketing authorisations will only be granted once regulatory authorities are
assured that the product in question does not pose an unacceptable environ-
mental risk. Environmental risk assessment in other countries such as the USA
follows a similar approach.

There must also be confidence that the veterinary medicinal product does not
offer an unacceptable risk to users and to others potentially exposed. This
might mean veterinarians, veterinary nurses, kennel or cattery employees,
farmers and farm workers (including fish farms), and members of the pet-
owning public. In addition, for medicines applied dermally to companion
animals, exposure might also occur on stroking or carrying. Applicants for
marketing authorisations for veterinary medicinal products must assess user
safety under European user safety guidelines, and make judgments of the
degree and extent of potential user exposure, and evaluate the risks from such
exposures based on the hazards identified in preclinical studies such as acute or
repeat dose toxicity, skin or eye irritation or dermal sensitisation, or from
physico-chemical properties.

2.3.6.2 Specific Pharmacovigilance Requirements

Essentially, any breaches of any of the aspects of safety described above, and
any suspected lack of efficacy, are reportable adverse reactions to veterinary
medicinal products. For purposes of illustration, some examples of the safety
areas covered by veterinary pharmacovigilance are given in Table 2.4.

Any such events should be reported to the relevant competent authorities
within the EU. Serious adverse reactions are subject to expedited reporting (see
later), and reactions should be classified where possible as to whether or not
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they were expected (cited on the label and product literature) or unexpected.
Moreover, adverse reactions should be classified in terms of their causality
using the ABON notation. Briefly, this requires the investigator to allocate a
coding (A, B, O or N) depending on the degree of association of the adverse
reaction with the veterinary medicinal product administered.

The ABON coding criteria are briefly summarised below:

A Reasonable association temporally between administration and onset
of adverse reaction, clinical plausibility (e.g. based on toxicology and
pharmacology, no other equally plausible explanation)

B Causality associated with drug is one possible cause but does not meet
criteria of A

O Evidence suggests beyond doubt that drug was not responsible
N No reliable or adequate evidence to make a causality assessment

Prior to the review of the legislation mentioned earlier, one of the major aspects
of the old legislation was the system of renewals. All marketing authorisations
were issued for a period of five years, after which, and every five years for
the life-span of the product, they were subject to an application for renewal.
The system was applied in an inconsistent manner across the EU with some
countries requiring merely an application form, while others demanded updates
to the dossier to include new safety, quality and efficacy data, frequently merely
to comply with EU Guidelines adopted since the granting of the marketing

Table 2.4 Examples of safety aspects of EU veterinary pharmacovigilance.

Safety area Examples

Animal (patient) Adverse idiosyncratic or expected toxic or exaggerated
pharmacological effects e.g. hepatic necrosis, cardiomyopathy,
central nervous system effects, hypersensitivity reactions

Human (users) Adverse skin or ocular effects following contamination, toxic
effects e.g. following inadvertent oral exposure (hand-to-mouth
contamination of food or smoking materials), systemic effects
following use of medical gases/gaseous anaesthetics, accidental
self-injection, needlestick injuries

Environmental Environmental contamination incidents; ecotoxicity following
such incidents e.g. poisoning of fish, invertebrates, birds;
phytotoxicity

Consumer Violation of MRL values, discovery of residues of substances in
Table 2 of Regulation (EU) No. 37/2010 or substances
prohibited by other EU legislation e.g. growth-promoting
hormones, or substances not entered into Table 1 of Regulation
No. (EU) 470/2009, and either not considered under the
Regulation, or with the CVMP unable to give a positive opinion.
Toxicity following ingestion of residuesa

aExcept in exceptional circumstances, it is highly unlikely that residues in food of animal origin
would elicit a toxic response in a consumer. It is equally unlikely that an association would be made
if such an event did occur.
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authorisation or the last renewal. Needless to say, the veterinary pharmaceu-
tical industry had a severe dislike of this system and during the review of the
legislation it campaigned vigorously against it. It was successful in this and the
renewals system was replaced with what has been described as an ‘‘enhanced’’
system of pharmacovigilance.

These requirements are now set out in Directive 2001/82/EC as amended
by 2004/28/EC. Briefly, they can be summarised as follows:

� Member States to encourage reporting of suspected adverse reactions
(SARs) and may impose specific requirements on veterinarians and others
to report

� Member States shall establish a pharmacovigilance system, and notably
for adverse reactions in animals and in humans exposed to veterinary
medicinal products. Relevant information to be collated and sent to other
Member States and to the EMA

� The marketing authorisation shall have a Qualified Person for Pharma-
covigilance responsible for establishment and maintenance of a database
for SARs and providing information and responses to regulatory
authorities

� Marketing authorisation holder shall maintain detailed records of all
SARs

� Except in exceptional circumstances these shall be sent electronically to the
authorities

� All serious and human adverse reactions must be reported within 15 days
to Member State on which they occurred

� All serious unexpected adverse reactions, all adverse reactions in humans,
or transmission of an infectious agent via a veterinary medicinal product
occurring in a third country, must also be reported within 15 days to the
EU Member States and to the EMA

� Provision of Periodic Safety Update Reports (PSURs) at 6, 12, 18, 24 and
36 months, then at 3-year intervals

� The EMA, Member States and the Commission to establish a data pro-
cessing network for pharmacovigilance

� European Commission, with the EMA, Member States and interested
parties, will draw up Guidelines on collection, verification and presenta-
tion of SARs, and on electronic reporting

� Member States may vary, suspend or withdraw marketing authorisations
in response to pharmacovigilance data and, where required, take urgent
action

Regulation (EC) No. 726/2004 reflects much of the content of the Directive
but it focuses on the operation and the regulatory requirements affecting the
Centralised Procedure, and the roles of the EMA and the CVMP. For example,
all relevant pharmacovigilance data for products authorised under the Cen-
tralised Procedure must be reported to the EMA. Similarly, the frequency of
PSURs became 6, 12, 18, 24 and 36 months and then every 3 years, this being
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one of the aspects of the enhanced pharmacovigilance referred to earlier. Under
the previous provisions of the legislation, where the emphasis was placed on
renewals, the timing of PSURs was 6, 12 and 18 months, and 2, 3 and 5 years
and then every 5 years. Under the new system, renewals are restricted to one
after 5 years and the products are then subject to the more frequent PSUR
regime. However, less frequent PSURs can be requested by the marketing
authorisation holder, and more frequent ones demanded by the CVMP and
EMA, on the basis and justification of the available evidence.

2.3.6.3 Events to be Reported

All suspected adverse reactions should be reported but only those that are
serious or that occur in exposed humans, usually after occupational exposure,
need to be reported within 15 days – the so-called expedited reports. In addi-
tion, and as mentioned above, serious unexpected adverse reactions occurring
in third countries should be reported in an expedited manner. Neither the
Directive nor the Regulation define or provide any clear detail as to what
constitutes a suspected adverse reaction. However, guidance is provided in
Volume 9B of the Rules Governing Medicinal Products in the European
Union, Guidelines on Pharmacovigilance for Medicinal Products for Veter-
inary Use. The human medicines version was published as Volume 9A in
September 2008 but the veterinary equivalent was only published in late 2011.
These documents are available from the European Commissions Eudralex
website at http://ec.europa.eu/health/documents/eudralex/index.

Volume 9B defines a SAR as a reaction which is harmful and unintended and
which occurs at doses normally used in animals for the prophylaxis, diagnosis
or treatment of disease or modification of physiological function. A serious
SAR is one that results in death, is life-threatening, produces significant
disability or incapacity, is a congenital anomaly or birth defect or one that
results in permanent or prolonged signs in treated animals. However, even
this leaves room for interpretation. For example, undoubtedly, the death of a
dog or a horse following treatment with a veterinary medicinal product is
‘‘serious’’, but Volume 9B makes it clear that for animals that are intensively
reared, such as poultry, fish or bees, then death of a certain number of
animals might be expected or considered normal, and thus the term ‘‘serious’’
might not apply. Death of course is not a serious SAR (for veterinary
medicinal products) when it is the intended outcome of the treatment i.e. for
euthanasia products, although failure to induce death is an example of lack
of efficacy.

In addition, PSURs should also include details of all adverse reactions,
serious and non-serious, information on any adverse environmental effects,
reports of lack of efficacy and, with reference to the final item described in the
Introduction, any violations of MRLs that might be suggestive of misuse of the
product (e.g. overdosing), failure to observe the correct withdrawal period or
that the withdrawal period is inadequate.
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2.3.6.4 Guidelines and Guidance

Volume 9B provides a wealth of information on matters relating to
veterinary pharmacovigilance. However, there are also several Guidelines
available in the veterinary section of the EMA’s website under Pharma-
covigilance. A number of these guidelines, which have been drafted by
the CVMP’s Pharmacovigilance Working Party, are intended for the indus-
try, while others are aimed at practising veterinarians or competent authority
regulators. There are a number of adopted guidelines, draft guidelines or
points to consider documents, in addition to the EMA’s Crisis Manage-
ment Plan for centrally authorised products. Of the adopted guidelines
the most important from the point of view of marketing authorisation
holders are:

� Note for Guidance on pharmacovigilance of veterinary medicinal pro-
ducts – Guidance on procedures for MAHs, EMEA/CVMP/183/96 – the
essential guide for the industry on the major matters relating to veterinary
pharmacovigilance

� Guideline on harmonising the approach to causality assessment for adverse
reactions to veterinary medicinal products, EMEA/CVMP/552/03 –
an essential guideline for assigning causality, which provides a systematic
approach

� Veterinary pharmacovigilance in the EU – a simple guide to reporting
adverse reactions, EMEA/CVMP/PhVWP/110607/2005

� Procedures for competent authorities for pharmacovigilance information
for veterinary medicinal products, EMEA/CVMP/98-Rev.1-FINAL

� Strategy for triggering pharmacovigilance investigations preceding reg-
ulatory actions by EU competent authorities, EMEA/CVMP/900/03-
FINAL

� Recommendation for the basic surveillance of EudraVigilance veterinary
data, EMA/CVMP/PhVWP/471721/2006

The International Cooperation on Harmonisation of Technical Requirements
for Registration of Veterinary Medicinal Products, VICH, the veterinary
counterpart of the perhaps better known ICH, which covers human pharma-
ceuticals, has also been developing a range of guidelines, some of them in the
area of pharmacovigilance. Three VICH pharmacovigilance guidelines have
been finalised or are near to finalisation – management of adverse event reports
(GL 24), management of PSURs (GL 29) and a controlled list of terms (GL 30) –
and others are in development including GL35 (electronic standards for transfer
of data and GL42 (data elements for submission of adverse events reports. For
further details see http://www.vichsec.org/. The European industry representa-
tive body IFAH-Europe, which represents the interests of the animal health
industry, has also provided guidance in the form of a Good Veterinary Phar-
macovigilance Practice Guide. This is an excellent document that succinctly
describes the regulatory requirements and expectations.
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2.3.6.5 Pharmacovigilance Inspections

Directive 2001/82/EC as amended by Directive 2004/28/EC and Regulation
(EC) 726/2004 require that EU Member State competent authorities and
EMEA monitor pharmacovigilance activities in the EU and ensure the com-
pliance with a number of principles including ‘‘pharmacovigilance obliga-
tions’’. One way of carrying out these duties is to conduct pharmacovigilance
inspections. As the pharmaceutical industry has the major responsibility for
product stewardship and pharmacovigilance reporting, it is the industry that is
inspected.

The legal basis for pharmacovigilance inspections is Article 80 of the
amended Directive. This allows the competent authorities to make both
announced and unannounced inspections in a number of areas including
pharmacovigilance. Article 44(1) of the Regulation places the onus on Member
States to ensure that the requirements of the Regulation, including pharma-
covigilance requirements, are verified and enforced. Several EU Member States
now have functioning pharmacovigilance inspection units that cover veterinary
medicinal products.

Pharmacovigilance inspections are intended to ensure that companies have
functioning veterinary pharmacovigilance systems that comply with the
requirements of the EU and national legislative requirements. These include the
presence of a qualified person, a system for pharmacovigilance activities –
usually a computer database – compliance with reporting requirements, follow-
up of initial adverse reaction reports, continuous monitoring of the safety
profiles of marketed products and timely preparation and submission of
PSURs. Training records are also likely to be subject to scrutiny as are orga-
nisational charts and reporting responsibilities. Any shortcomings noted by the
inspectorates will require remedial attention.

2.4 Conclusions

Veterinary medicinal products are subject to extensive control in the EU and in
most of the world’s other countries. One of the cornerstones of those controls is
the consideration of quality, efficacy and safety, and the data that support
these. Only when regulatory authorities are content with these aspects will a
marketing authorisation, licence or approval be granted. The assessment of
human safety, especially from the vantage points of user and consumer safety,
is based on a number of key data sets and, of these, one of the most important is
a set of toxicity data.

Assessment does not finish once a product is marketed. As part of the
continuous assessment of quality, efficacy and safety, most regulatory autho-
rities, including those in the EU, are responsible for a complex collection of
pharmacovigilance requirements. This will help to ensure that safety, including
safety to humans exposed to veterinary medicinal products, is constantly
monitored. Toxicological responses in humans, if detected, must be reported
under these pharmacovigilance provisions.
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The veterinary legislation is once again the subject of review in the EU. The
likely outcome of this exercise is still unclear although there are initiatives to
ensure that the operation of the legislation and the regulatory procedures can
by streamlined and made much more efficient.30–33 Regardless, the emphasis on
safety is likely to remain.
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CHAPTER 3

Consumer Safety – Maximum
Residue Limits

3.1 Introduction

In the European Union (EU), the prime purpose of maximum residue limits
(MRLs) for veterinary drugs is to protect the health of those who consume food
of animal origin. Thus, these MRLs, as will become clear later, are based firmly
on safety data, and primarily on the results of toxicity testing.

Directive 2001/82/EC as amended by Directive 2004/28/EC stipulates that
pharmacologically active substances intended for use in food animals must
have MRLs, or an MRL is not required, on public health grounds, before
marketing authorisations can be granted in the EU. Until the recent past this
meant that pharmacologically active substances must be entered into one of the
Annexes I to III of Council Regulation No. (EEC) 2377/90, the so-called MRL
Regulation.1–5 The purpose of this legislation was to ensure that substances
intended for use in food animals are adequately assessed for their harmful
potential, and notably their toxicity, and that consumers of food of animal
origin are adequately protected. However, toxicity was not the only concern.
Pharmacologic properties, especially pharmacodynamic properties, which may
be highly desirable for sick animals, may not be at all desirable if they occur in
the consumer who has eaten animal products. This sentiment applies not only
to pharmacodynamic effects of drugs expressed in the animal (e.g. b-adrenergic
effects, various hormonal effects, anaesthesia, analgesia), but it is also true of
other effects such as microbiological properties, as will become evident later in
this chapter. The presence of a drug residue in an edible product is not in itself
problematic. What is critical is how much of the drug is present, and how long
it persists. Veterinary drug residues may be composed of the original substance,
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the parent drug and, frequently, various metabolites, or a combination of
parent drug and metabolites. Some of these may be present as residues that are
covalently bound to macromolecules such as proteins or nucleic acids.6–9 These
bound residues are subject to various metabolic processes including eventual
conversion to non-toxic metabolic products including water and carbon
dioxide and other physiological substances, and excretion in the urine, expired
air or bile. In other words, they will eventually decrease in concentration as
time passes, as a result of the animal’s metabolism. This is known as residues
depletion or depuration. Consequently, the risks posed by residues of a
veterinary drug depend not only on its toxic, pharmacological and micro-
biological activities, and those of its metabolites, but also on its rate of
disappearance from the animal.

3.2 Establishment of MRLs in the EU

As already described briefly in Chapter 2, MRLs are established in the EU by
the Committee for Medicinal Products for Veterinary Use (CVMP), following
applications made to the European Medicines Agency (EMA). Specifically, the
CVMP issues an opinion after consideration of the available toxicological and
residues depletion data and the information on the proposed analytical
method, provided by the applicant. This opinion used to take the form of an
entry into one of the four Annexes of Regulation (EEC) No. 2377/90. The
actual decision, in legal terms, was taken by the European Commission, and
the Annex entries were published in the Official Journal of the European Union.
The nature of the Annexes is shown below:

� Annex I: Full MRLs; the data supplied are adequate to address safety and
residues concerns

� Annex II: On public health grounds, MRLs are not necessary. These
entries include those for simple salts, innocuous substances and com-
pounds that are rapidly converted in the animal to non-toxic metabolites

� Annex III: Provisional MRLs. The majority of data in the supporting
dossiers are satisfactory but some relatively minor points need addressing.
Satisfactory resolution leads to Annex I (or possibly Annex II) entry

� Annex IV: Substances not considered safe on public health grounds.
Annex IV entries include the nitrofurans, nitroimidazoles, chlor-
amphenicol and dapsone

However, Regulation (EEC) No. 2377/90 has now been replaced and
repealed by Regulation (EC) No. 470/2009. This made some changes and
amendments to the requirements for MRLs and also dispensed with the Annex
format. Substances are now entered into one of two tables. Table 1, ‘‘allowed
substances’’, lists those drugs that previously would have been included in
Annexes I to III while Table 2, ‘‘prohibited substances’’, lists the ten substances
that used to be listed in Annex IV. Regulation (EU) No. 37/2010 provides a
consolidated list of all the substances, in Tables 1 and 2, which were previously
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included in Annexes I to IV of Regulation (EEC) No. 2377/90. The general
requirements and provisions of the original regulation still apply under the new
regulation, Regulation (EC) No. 470/2009.

Companies wishing to market a veterinary medicinal product for use in food-
producing animals must therefore supply sufficient data to satisfy the CVMP
that the pharmacologically active agent is safe for consumers and that MRLs
can be established or are not required. The major components of these data are
toxicological, pharmacological and microbiological, along with data on resi-
dues depletion and analytical methodologies. In fact, the two major compo-
nents of an MRL application are termed the safety file and the residues file, and
the outline contents of these are shown in Tables 3.1 and 3.2.

From the studies outlined in the safety file, the critical areas of toxicology,
microbiology and pharmacology can be identified and a toxicological profile,
or perhaps more appropriately a biological profile, can be constructed. From
these data no-observed effect levels (NOELs) can be identified and, from the
point of view of hazard assessment, the lowest NOEL is usually chosen unless
there is good reason for it not to be chosen (e.g. because the toxicity noted is
species-specific to the animal used in the test system or the effect is discountable
on mechanistic or dose-response considerations).

The NOEL is a key component of the MRL because it forms the basis of the
calculation of the acceptable daily intake or ADI. The ADI concept was
developed in 1957 by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA),10 and its use described by the World Health Organization’s
Environmental Health Criteria 70.11 This concept was largely based on the ideas

Table 3.1 Major contents of the safety file.

� Safety Expert Report
� Characterisation (e.g. name, structure, impurities, molecular weight)
� Physico-chemical properties (e.g. melting and boiling points, vapour pressure,
solubility in water and organic solvents, pH, density)
� Pharmacology

J Pharmacodynamics – major effects, especially those related to its therapeutic mode
of action e.g. anaesthesia, analgesia, hormonal effects

J Pharmacokinetics – absorption, biotransformation, tissue distribution and
excretion

� Toxicological studies
J Single dose (acute toxicity)
J Repeat dose (at least 90 days’ duration)
J Reproductive toxicity
� Study of effects on reproduction
� Embryotoxicity/teratology

J Genotoxicity
J Carcinogenicity
� Microbiological effects on human gut flora
� Pharmacological, microbiological and toxicological observations in humans (where
available)
� Effects on food processing e.g. microbiological effects on starter cultures used in
yoghurt production
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of René Truhaut.12,13 In the ADI calculation, the NOEL is divided by a suitable
safety factor, usually 100, to give the ADI value. The 100-fold safety factor
concept is empirical and arises from the contention that there is a10-fold
human variability in susceptibility, and a 10-fold animal-human variability,
giving the overall safety factor of 100. It is therefore logical that in those few
examples where the NOEL is derived from human studies, the safety factor
used to calculate the ADI is usually 10.3,14–20 However, higher safety factors
may also be used, for instance where there are minor flaws in the data package
such as too few animals surviving in a particular study, or because of the nature
of the toxicity observed. As an example, irreversible effects such as ter-
atogenicity may sometimes attract a higher (and somewhat arbitrary) safety
factor. As the NOEL is usually expressed as mg of substance per kg body
weight, mg/kg body weight/day, the ADI is based on the same units:

ADI¼NOEL

100
mg=kg bodyweight

It is often considered useful to factor in the average human body weight, taken
by several regulatory authorities including the EU as 60 kg, to give the ADI in
terms of mg per person:

ADI¼NOEL�60
100

mgper person

The ADI has received critical attention over the years, not least because of
the arbitrary nature of the safety factor and the lack of scientific justification for
its 10-by-10-fold nature. It has been suggested that increased scientific knowl-
edge of pharmacokinetics and pharmacodynamics for specific molecules could
be used to determine safety factors that are more scientifically sound. Thus,
rather than a factor of 10 for species differences, and a further factor of 10 for
human differences, there would be subfactors for species differences in kinetics

Table 3.2 Major contents of the residues file.

� Residue Expert Report
� Characterisation (e.g. name, structure, impurities, molecular weight)
� Physico-chemical properties (e.g. melting and boiling points, vapour pressure,
solubility in water and organic solvents, pH, density)
� Pharmacokinetics in target animals (sheep, pigs, cattle, fish etc.)
� Residues studies

J Residues depletion studies in each target species
� Studies with radiolabelled drug
� Studies with unlabelled drug

� Elaboration of MRLs
� Routine Analytical Methods

J Description of the method
J Validation of the method (e.g. precision, accuracy, limit of detection, limit of

quantification, susceptibility and interference, practicability and applicability)
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and dynamics, and human differences in kinetics and dynamics for specific sub-
stances,21 and so differences in absorption, first pass metabolism, renal plasma
flow and plasma half-life could be taken into account.22 However, the major
drawback to such an approach is the lack of relevant data, particularly from
human exposure, that would leave part of the safety factor incomplete, and would
require more animal data to contribute to other aspects of the calculation. There
are few examples where all of the necessary data are available.23 Other
approaches, including graphical representation of data24 and the fitting of dose
response models to toxicological data,25 suffer from other drawbacks, but, as with
the pharmacokinetic and pharmacodynamic approach, they require more data
than are currently provided by routine laboratory testing. Although the ADI
concept and the magnitude of the safety factor used to derive it have been
addressed and refined by Renwick and others in recent years,21,26–28 the con-
siderations have yet to be extended toADI calculations for veterinary drugs.What
ismore, there is nowa large catalogue of drugs thatwould need tobe re-evaluated if
the approach to the calculation of the ADIwas altered and it is still questionable if,
even then, it would have any effect on the dimensions of the MRL. More impor-
tantly, it should be recognised that the ADI can change if new studies become
available and, in any case, the value is a regulatory standard, not a scientific fact.29

The ADI is defined as the quantity of a substance or, in the context of this
chapter, residues of a veterinary drug that can be ingested by humans over the
course of a lifetime without causing adverse effects.30 Clearly this definition too
presents some problems, although these could be considered semantic in most
cases. Consider a drug that is otherwise non-toxic, but causes some degree of
foetotoxicity. The NOEL is then established on the basis of foetotoxicity, and
the ADI calculated accordingly. It is likely that this ADI is applicable to only a
limited part of the population, namely pregnant women, and probably only for
a limited period of gestation (the sensitive stage of organogenesis). As it is the
lowest NOEL that has been employed, then it can be argued that the entire
population is protected. However, it does call into question the ADI definition
and its concept of lifetime exposure. There is also concern about the ADI’s
ability to protect groups who might be more sensitive to the adverse effects of a
substance such as the elderly, pregnant women and the very young.31,32 While
this is probably addressed by the current very large safety factors used in the
ADI calculation, and further assumptions made in the elaboration of MRLs, it
cannot be answered with any degree of certainty.

The microbiological safety of residues is also considered in the identification
of NOELs. The issues here are not toxicological, but arise from several areas of
concern on the possible adverse effects of residues of antimicrobial drugs.33–37

These can be summarised as follows:
They might:

� Perturb the bacterial ecology of the gastrointestinal tract, particularly that
of the colon

� Weaken the barrier effect of the gastrointestinal flora allowing the ingress
and growth of pathogens
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� As a result, thus increase the susceptibility and vulnerability of the con-
sumer to pathogenic bacteria and, significantly, to bacteria pathogenic to
the gastrointestinal tract

� Provide conditions that could lead to the colonisation of the gastro-
intestinal tract by other organisms, although not necessarily pathogens,
including bacteria and fungi

� Provide conditions that could be conducive to the development of anti-
microbial resistance.

Many of these concerns arise from the use of antimicrobial drugs in humans
as therapeutic doses may lead to some of these effects. Indeed, sometimes the
perturbations in colonic flora can be dramatic following the therapeutic use of
antibiotics in humans and some antibiotics are used to sterilise the contents of
the gastrointestinal tract prior to surgery. However, there is no firm evidence
that minute quantities of residues present in food of animal origin can have
such effects in humans and, as the concentrations of residues in food to which
humans are exposed are extremely low, it seems highly unlikely that major
adverse effects would occur. Nevertheless, it is considered prudent to investigate
the potential of residues of antimicrobial drugs to adversely affect the human
gastrointestinal flora. Unfortunately, there are no well-validated or even widely
accepted experimental models for this, but several approaches are available:

Studies in humans – These involve human volunteers given doses of the test
compound. The faeces are then examined for population changes in
species of bacteria.

Studies in gnotobiotic animals – Gnotobiotic animals are animals whose
own gut flora is absent. They are implanted with human gut flora and
treated with antibiotic drugs to determine whether there are any adverse
effects on the adopted bacteria. These studies are notoriously difficult to
interpret, not least because the effects of the host animal on the
implanted gut flora may be greater than those of the administered drug.
Nevertheless, a recent study with germ-free mice investigated the effects
of ciprofloxacin on the implanted human gut flora. The drug sig-
nificantly decreased the populations of anaerobic bacteria, and notably
the population of Enterobacteriacae. In mice challenged with a strain of
Salmonella the bacteria were found in the faeces, suggesting a break-
down of the barrier effect. The NOEL in this study was found to be less
than 0.125mg/kg bw, the lowest dose used.38 The study demonstrates
the potential utility of this type of experiment in investigating the effects
of antimicrobial substances on the human gut flora.

In vitro studies – These in vitro studies may examine a number of end-
points, including the development of antimicrobial drug resistance.39–41

They generally involve determination of the so-called minimum inhi-
bitory concentrations (MIC50 values) or some similar measurement,
either through serial dilution or using continuous culture methodologies
that aim to model microflora interactions, the ecology of the human
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colon and the effects of pH and anaerobiosis. It seems likely that a more
systematic approach, using both in vitro and in vivo models, is likely
to be employed in the future along with harmonised guidelines and
approaches to hazard assessment.39,42–44

Many antimicrobial drugs have the capacity to disrupt fermentation due to
toxic effects on the microorganisms involved. This is important if the drug is
intended for use in lactating animals, where the milk may be employed to
produce cheese or yoghurt. Under these circumstances it is necessary to con-
duct studies with dairy starter cultures to determine the likely inhibitive effect of
the antimicrobial in question, and to identify the inhibitive concentration
(Table 3.1). As these tests are very sensitive, this value usually plays a leading
role in establishing the MRL and it may take precedence over the ADI value,
especially if it is significantly lower.

Occasionally, the main biological effects of a drug may be pharmacological
rather than toxicological, and again these may involve animal studies or inves-
tigations in humans. Such effects may be more significant with some substances
such as anaesthetics, analgesics and b-agonists, as noted earlier with clenbuterol,
than classical toxicological effects, and in those circumstances the NOEL, and
the subsequent ADI, may be based on the pharmacological properties. Never-
theless, the important issue is to identify the residue of toxicological concern (or
where relevant of microbiological or pharmacological concern) and to under-
stand their pharmacokinetic and biological behaviours in vivo.45–47

The major requirements for EUMRLs are set out in a number of Guidelines
issued by the CVMP through the EMEA, as well as in the Rules Governing
Medicinal Products in the European Union, Volume 8. Together, these provide a
major source of advice and guidance on all aspects relating to MRLs in the EU
including such aspects as minor species, injection site residues and acceptable
daily intakes. They are shown in Table 3.3.

3.3 MRLs – Other Considerations

Elaboration ofMRLs is far more problematic in many ways than the calculation
of ADI values. This is because a number of factors have to be taken into account.
Fundamentally, the magnitude of the MRLs has to be such that consumers of
food of animal origin do not exceed the ADI. In addition to this, theMRL values
established for different tissues have to be practicable; there is little point in
setting the MRL for muscle at an order of magnitude higher than that for liver
for a particular species if pharmacokinetics and residues depletion data show
that in reality the values are likely to be the other way around. Consequently,
patterns of residues depletion across a limited range of tissues must also be
considered and there is no simple equation to determine MRL values.

Some information on the distribution and metabolism of a specific drug in a
particular animal species is provided by pharmacokinetic studies in that animal.
However, the main information is provided by determination of specific
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Table 3.3 Major EU Guidelines relevant to the establishment of MRLs.

Guideline Content

Rules Governing Medicinal Products in
the European Union. Volume 8. Notice
to Applicants and Note for Guidance.
Establishment of maximum residue
limits (MRLs) for residues of veterinary
medicinal products in foodstuffs of
animal origin.

Covers all requirements for contents of the
Safety file and Residues file, and provides
advice on studies, methodology and legal
requirements.

EMEA/CVMP/SWP/66781/2005
Safety and resides data requirements
for veterinary medicinal products
intended for minor uses or species.

Provides extensive advice on approach to be
taken when developing data to support
MRLs intended for a minor veterinary use
or in a minor species.

EMEA/CVMP/153a/97-FINAL
Note for guidance on the establishment
of maximum residue limits for minor
animal species.

General guidance on the approach to minor
species and MRLs.

EMEA/CVMP/153b/97-FINAL
Note for guidance on the establishment
of maximum residue limits for
Salmonidae and other fin fish.

Establishes criteria and procedures for
determining MRLs for fish, notably for
salmon.

EMEA/CVMP/SWP/139646/2005-
CONSULTATION
Concept paper on guidance on the
approach to demonstrate whether
a substance is capable of
pharmacological activity.

Sets out ideas for developing a guideline to
demonstrate pharmacological activity (or
lack of it). Especially intended for use
where sponsor attempts to demonstrate
lack of pharmacological activity and
hence exemption from MRL
requirements.

EMEA/CVMP/542/03-FINAL
Guideline on injection site residues.

Provides advice on scientific, procedural
and regulatory aspects of injection site
residues, including how to address the
injection site from the sampling and
analytical chemistry viewpoints.

EMEA/CVMP/SWP/122154/2005-
CONSULTATION
Concept paper on a guideline on the
assessment of pharmacological/
pharmacodynamic data to establish
a pharmacological ADI.

Establishes ideas to determine where
appropriate pharmacological ADI on the
basis of pharmacodynamic data.

EMEA/CVMP/276/99-FINAL
Note for guidance for the assessment of
the effect of antimicrobial substances
on dairy starter cultures.

Provides guidance for the conduct and
interpretation of studies designed to
investigate inhibitory effects of anti-
microbials e.g. on yogurt and cheese
starter cultures.

EMEA/CVMP/187/00-FINAL
Note for guidance on risk analysis
approach for residues of veterinary
medicinal products in food of animal
origin.

Discusses extrapolation of MRLs from
major to minor species or from several
species to ‘‘all food species’’ based on risk
analysis approach (see also EMEA/
CVMP/069/02, Implementation of note
for guidance on risk analysis approach for
residues of veterinary medicinal products
in food of animal origin).
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residues depletion profiles. Groups of the intended target species, cattle,
sheep, pigs or fish for example, are given the drug at the therapeutic dose,
sometimes in the intended market formulation, and subgroups of animals are
then serially slaughtered (or milk and eggs collected at sequential time points)
and tissues (or milk or eggs) collected for chemical or radiochemical analysis. In
practice, the major tissues designated for analysis are muscle, liver, kidney and
fat except for pigs, fish and poultry where skin, which is also eaten, is addi-
tionally analysed.

The amount of residue consumed by humans depends not only on how
much is present in tissues and organs, but also on how much food containing
the residue is eaten. Consequently, a ‘‘market basket’’ approach to food
intake has been adopted. This makes use of food intakes that are certainly in
excess of what might be considered normal but, in doing so, it does take
into account individuals who might be considered to be extreme consumers.
The values used in the EU are given in Rules Governing Medicinal Products
in the European Union, Volume 8 and are shown in Table 3.4. This approach
could be improved by a more accurate knowledge of actual dietary
intake and better information on dietary food and food commodity
consumption.48–50

Thus, MRLs are elaborated rather than calculated by considering the
practical aspects of pharmacokinetic factors and residues time-depletion
profiles, particularly the depletion of the marker residue while bearing in
mind the ADI, and ensuring that in considering the magnitude of the MRLs,
the ADI values will not be exceeded. Under the requirements of Regulation
No. (EC) 470/2009, MRLs must be practicable, and that is taken to mean, in
part, that there is an adequate analytical method with which to determine
the drug or its metabolites. Indeed, there is a direct requirement for the
provision of an analytical method suitable for use in residues surveillance
(Table 3.2).

Similar requirements for toxicity and residues depletion data exist under
legislation in the United States.4,51–55 Many of the issues surrounding the cal-
culations of ADI values, the types of toxicity and residues studies to be con-
ducted, the use of microbiological safety studies, to name but a few, apply here
also.56–59 In the US, there is no separate MRL legislation as such, and in fact
the approach to determining safety limits is subtly different from that of
the EU. Having calculated an ADI, the next step is to calculate a safe

Table 3.4 Daily food intake factors (grams) used in the EU in the elaboration
of MRLs.

Large animals Poultry Fish/bees

Muscle 300 Muscle 300 Muscleþ skin 300
Liver 100 Liver 100 Honey 20
Kidney 50 Kidney 10
Fat 50 Fatþ skin 90
Milk 1500 Eggs 100
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concentration for a particular tissue, for example for liver. Using an ADI value
of 0.1 mg per kg per day, the safe concentration calculation (SC) is:

SC¼ ADI� human weight

Daily Tissue Intake

SC¼ 0:1 mg=kg per day� 60 kg

0:1 kg=day
¼ 60 mg=kg¼ 60 ppb

Using this value, and data from total residues depletion studies, a tolerance for
liver can be established for the drug. The same process can then be conducted
for other tissues and for milk.51,56 Food consumption values used in the United
States are essentially similar to those used in the EU and are shown in Table
3.4. The tolerance is essentially equivalent to the MRL although the use of
simple arithmetic to derive it makes it somewhat easier to understand. A dif-
ferent approach is used for carcinogenic veterinary drugs. The Federal Food,
Drug and Cosmetic Act prohibits the use of carcinogenic drugs in food animals
unless it can be shown that no residues are present as a result of drug treatment.
Clearly, this is almost impossible as modern methods of analysis are capable of
detecting minute amounts of compound. To ensure food safety, a model is used
to estimate an upper limit of low-dose risk based on a lifetime risk of one per
million as an ‘‘insignificant risk’’ for cancer. Due to uncertainties, including the
uncertainties of animal to human extrapolation and those concerned with the
magnitude of the risk, the model has numerous conservative elements in-built,
thus ensuring consumer safety.60

The MRL and tolerance values are employed to derive withdrawal periods
for marketed veterinary medicines.61 The withdrawal period is the time from
administration of the medicine, or last administration in a multidose regime, to
the point where residues have depleted to below the MRL or tolerance. This is
done by conducting studies where animals are treated with the medicine in
question, as the formulation to be marketed, and then slaughtering the animals
at intervals and analysing the key tissues of muscle, fat, liver and kidney.
Similar studies are conducted with dairy cattle for milk and with poultry for
eggs. A withdrawal period can be then derived by examining the time-
dependent issue depletion (or depletion in milk or eggs) against the MRL or
tolerance values. In practice, use is made of various statistical models in cal-
culating the withdrawal period. The withdrawal period, or milk/egg withhold
time, then becomes part of the terms of the marketing authorisation, and
appears as such in the product literature and on the product label.4,56 Farmers
are then required to observe these withdrawal times after their animals have
been treated with veterinary medicines to ensure that any residues present are
below the relevant MRL or tolerance values.

The MRL process in the EU applied not only to new pharmacological
substances, but also to existing ones used in food-animal products. From 1990
onwards, the CVMP undertook a major programme of work reviewing these
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older substances while at the same time dealing with applications for new
chemical entities. Perhaps inevitably, some of these fell by the wayside and
found their way into the prohibited list for safety reasons. Others were with-
drawn by the sponsor either because of the costs of providing data packages,
often for off-patent materials, or because the CVMP was unable to reach a
conclusion on safety on the basis of the available data. The consequences for all
of these materials are exactly the same – they cannot be used in veterinary
medicinal products intended for food animals. Over the period 1992 to the
present, a whole range of therapeutic substances was entered into one of the
Annexes I to III of Council Regulation (EEC) No. 2377/90.62,63 The majority of
the substances entered into Annex I are antimicrobial drugs and antiparasitic
agents including ectoparasiticides and endectocides. Similarly, a range of
substances, mainly excipients, was entered into Annex II. These include salts,
vitamins, medical gases, solvents, polymers and substances approved for use in
foodstuffs. These substances are now listed in Table 1 of Regulation (EU) No.
37/2010.

3.4 The Joint FAO/WHO Expert Committee on

Food Additives (JECFA)

JECFA began evaluating the toxicity and residues data on veterinary drugs in
the mid-1980s, with a view to establishing MRL values.64 The MRLs developed
are subsequently used by the Codex Alimentarius system, which, like JECFA, is
a joint FAO andWHO body, as part of its food standards programme, through
the Codex Committee on Residues of Veterinary Drugs in Food.15,16,65–68 In
practice this means that veterinary drug assessments and MRL values are
available to developing countries that might not have the means to conduct
scientific assessments themselves, and that scientific monographs on toxicity
and residues characteristics are readily available in the public domain. It also
means that the deliberations and decisions of the JECFA are transparent as
these are published in a separate report series.

Occasionally, the MRLs set by JECFA are different from those set by the EU
or from US tolerances. Or JECFA might set an MRL whereas other bodies felt
unable to do so. For example, the EUhas not published anMRL for the anabolic
steroid trenbolone acetate, whereas JECFA established an MRL.69 This raises
the spectre of trade disputes between the EU and countries that adopt the
JECFA MRL, or at least its scientific approach, or those that develop and use
their own national standards. Differences in scientific opinions can differ for a
number of reasons including scientific approaches, attitudes to risk assessment,
different risk-benefit conclusions or even from political influence.70–73 However,
some of the variations in MRLs that arise from various national, multinational
(e.g. the EU) and international bodies (e.g. JECFA andCodex) arise not because
of differences in the interpretation of toxicity data, but because different food
intake values are used in their elaboration. Approaches to resolve this problem,
which could lead to disputes between various trading blocks, would be either to
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harmonise food intake values across regulatory authorities and international
bodies, or to determine the equivalence of MRLs to reveal whether or not the
ADI values in each country are being exceeded.74,75 However, the development
of international food standards should not only help to protect consumers at the
global level, but should also eventually prevent the erection of barriers to trade
and ensuing international trade disputes,17,76,77 in the same way that EUMRLs
facilitate inter-community trade.

The risks involved in exceeding the ADI are dependent on the biological
properties of individual drugs. The nature and magnitude of these risks can
only be evaluated through knowledge of the extent of human consumer
exposure and the dose response of the drug in the studies from which the
NOEL (and hence the ADI value) were derived.78 As violative residues form a
part of veterinary pharmacovigilance in the EU, it is important that not only is
there adequate residues surveillance, but also that any ensuing risks are seen in
perspective. The MRL has a number of in-built conservatisms including the
safety factors used in the calculation of the ADI and the magnitude of the food
intake values. Exceeding the MRL by no means suggests that the ADI will be
exceeded and, if it is, individual scientific analysis is required to determine if this
presents a consumer safety issue. This may have specific implications if the
concept of hormesis, adverse effects induced by very low levels of potentially
toxic agents, is shown to have foundation.79–84

3.5 Practical Uses of MRLs

The major use of MRLs is in the determination of withdrawal periods. The
withdrawal period, as already described, the period between treatment or last
treatment in a multidose regimen and when the animal may be slaughtered for
human consumption, is derived from the point when residues deplete to below
the MRL in all target tissues in all the animals in a group. Similar concepts
apply for milk and eggs, although here of course residues do not deplete and the
commodity has to be discarded until residues fall below the MRL values for
milk or eggs.1,85 Honey often presents a particular problem as bees, which are
treated on a hive basis, often need medication during the period of maximum
honey flow. If this results in residues of honey above the MRL, it will mean that
the honey produced is not suitable for human consumption, as the residues
do not deplete. Consequently, drugs for the treatment of diseases in bees need
to be formulated so that MRLs for honey are not exceeded in the first instance.
Fish are poikilothermic animals but possess extensive drug-metabolising
capacities.86–91 Their rates of metabolism and indeed the nature of their
metabolic processes can vary with the ambient water temperature, depending
on the species of fish, as well as season, sex and prior exposure to inducers
of cytochrome P-450.2,86,88,92–102 Hence, whereas withdrawal periods for
mammals and avian species are quoted in days, those for fish are quoted in
degree days to take account of the dual effects of time and temperature.2

Withdrawal periods are legal requirements in the EU and in several other
countries and are established during the authorisation process. In the EU, the
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withdrawal period, even if it is zero, must appear in the product literature and
on the label for veterinary medicines intended for food-producing animals.
However, it is futile imposing withdrawal periods if these are not observed in
practice. Withdrawal periods and MRLs must be monitored and enforced
through surveillance for residues of veterinary drugs in food of animal origin.

A number of problems can arise with MRLs and their practical application.
One issue that can cause problems is the persistence of residues at the intra-
muscular or subcutaneous injection site.85,103–111 This is particularly noticeable
in the case of irritant drugs, which may cause inflammation, necrosis, fibrosis
and encapsulation of the injection site leading to enhanced drug persistence. It
is particularly significant as some products are designed to act in this way to
provide a convenient depot effect. These can lead to long withdrawal periods,
which experience suggests are more likely to be ignored, and they can result in
violative residues as a consequence. There is now growing regulatory opposi-
tion in some parts of the EU and elsewhere to the authorisation of such
formulations.

Injection site residues are usually taken into account by basing the with-
drawal period on depuration of residues at that injection site that is treated as
normal muscle. This generally results in long withdrawal times, which not only
may result in the affected veterinary product being regarded as less commer-
cially attractive, but also may mean that the withdrawal period is ignored, with
the consequence of violative residues occurring. One solution is to discount the
injection site either in the establishment of MRLs or in the setting of with-
drawal periods. This would mean that residues at the injection site were eval-
uated toxicologically to ensure consumer safety without having a formal MRL
value in place. These issues need to be resolved, not only to assure consumer
safety, but also to prevent disruption of international trade in meat and meat
products.112 In the EU, the CVMP has developed a guideline on this issue
(Table 3.3).

Problems can also arise when drugs are used off-label.113 The MRL is based
on the residues depletion and hence pharmacokinetic behaviour in the target
animal. If used in another species, residues problems could occur, although this
is probably unlikely. One way around this problem is to have very long with-
drawal periods. This approach is used in the EU where standard withdrawal
periods are employed. These are greatly in excess of any withdrawal period that
is likely to have been arrived at through the conventional use of residue
depletion studies. Another approach is used in the US through establishing safe
concentrations for off-label use. Other proposals employ provisional acceptable
intakes to assess safety and establish withdrawal periods and risk-based
approaches.114,115

As already alluded to, generating the safety and residues data to support
MRL applications is extremely expensive. Not surprisingly, manufacturers
prefer not to make this investment for either minor therapeutic uses (e.g. rare
diseases) or for minor species (e.g. rabbits, goats, deer, reindeer, ducks, turkeys
and fish) and generating the data required to support MRL applications may
result in a fall in innovation in the pharmaceutical sector and a concomitant rise
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in innovation in the biologics area. Even when toxicity data are available to
establish MRLs for major species it still leaves a significant cost to generate
residues depletion and pharmacokinetic data in the minor species, to develop a
validated analytical assay and then to generate depletion data post-MRL to
determine withdrawal periods. In view of this, the CVMP has drawn up gui-
dance and advice for establishing MRLs for minor species. Historically, MRLs
have been established on a species-specific basis but the CVMP has used a
risk-based approach to extrapolate MRLs from major species to minor or from
major species to ‘‘all food species’’ or ‘‘all ruminant species’’, depending on the
available data. This has served to make MRLs ‘‘available’’ to food species that
would otherwise have been left without and, consequently, deprived of
appropriate medications.

However, evenwith this provision, the costs of generating species-specific data
for post-MRLwithdrawal period depletion studies can be significant. This often
means that sponsors are deterred from investments in minor species products.
This is particularly important with fish for although it might be economic to
generate data for a major fish species such as Atlantic salmon, it might prove less
attractive to go on further and to generate data packages for other species, even
related ones like rainbow trout. Faced with a range of chemotherapeutic pro-
ducts for use in aquaculture, and a number of species,116–120 this obviously raises
major issues for therapeutic treatment and animal welfare. This has led to the
concept of crop grouping where a surrogate species represents a number of
species or even many species. In addition to water temperature, a number of
factors affect drug metabolism, distribution and excretion in fish including gill
ventilation volumes and rate, gill anatomy, intestinal anatomy and motility and
cardiac output and oxygen consumption rate. Taking these factors into account
along with phylogenetic considerations and typical habitat temperatures, it
should be possible to group types or species of fish together and generate
regulatory data in one to satisfy requirements for all.121,122 The US authorities
have expressed an interest in this approach, providing the concept of crop
grouping stands up to scientific scrutiny.123 However, there currently appears
to be no enthusiasm for this approach outside of the US and the CVMP has
instead embarked on the route of extrapolating MRLs from major species
to minor species based on a minimal data set.

3.6 Residues Surveillance

The EU and the United States have in place extensive systems for residues
surveillance so that residues can be monitored and violations of statutory limits
such as MRLs can be detected.3,4,58,63,124–127 This not only provides significant
confidence for consumers, but also allows offenders who have permitted vio-
lations to occur to be prosecuted. The results of residues monitoring are pub-
lished in many countries including the US and the UK. These results
demonstrate that residues of veterinary medicines are indeed generally very low
in food of animal origin, and that MRL and tolerance violations are extremely
rare.58,126,128,129

53Consumer Safety – Maximum Residue Limits
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Violative residues may occur because withdrawal periods have not been
observed (or are inadequate), because higher doses or longer periods of
administration than those authorised and specified in product literature have
been used or because illegal or unauthorised drugs have been given. The pur-
pose of residues surveillance is to monitor the levels of compliance in a country
or geopolitical area.

However, regulatory systems of any type depend on two main factors as a
measure of success – compliance by those they are aimed at and public con-
fidence by those they aim to protect. If lack of compliance comes to be regarded
as the norm, then public confidence may collapse. Once that collapse has
occurred, it is extremely difficult, and occasionally virtually impossible, to
regain the trust that has been lost. Establishing the safety and residue depletion
profiles of veterinary drugs, and elaborating MRLs and subsequently deter-
mining withdrawal periods for food of animal origin, is an interesting (and
expensive) but ultimately futile exercise, if those withdrawal periods are then
ignored or rendered useless by overdosing or by dosing for periods longer than
those recommended. Similarly, the system will fall into disrepute, and again
may be seen as failing, if drugs prohibited on the basis of potential human
health risks are used to treat food-producing animals. Even if these abuses fail
to materialise, through consumption of food from third countries, where dif-
ferent MRLs are employed, or where MRLs have not been established for some
or all veterinary drugs used in food animals, consumers may be exposed, at
worst, to potentially hazardous residues and, at best, to residues arising from
drugs that have not been fully evaluated.

It is clearly in the interests of government institutions to ensure that legis-
lation is enforced and is seen to be enforced effectively, particularly on issues
related to food safety. In the United States too, food safety lobbying is a reality
and consumer-based advocacy groups lobby Congress in attempts to
strengthen legislation and enforcement.124

Concerns over the safety of residues, particularly their potential toxic effects,
have been expressed over the last 30 years.31,49,50,53,55,65,82,112,124–127,130 Some of
these issues have been addressed elsewhere in this chapter. However, it is
concerns such as these that have initially led to and later refined legislation
relating to the registration of veterinary drugs, the establishment of MRLs and
surveillance of residues of veterinary drugs in food of animal origin.

3.6.1 Residues and Residues Studies

Residues are the metabolites of veterinary drugs, and their associated parent
compounds, that remain in the animal or its produce (eggs, milk and honey)
after treatment. Their behaviour depends on the nature of the drug and its
metabolites and on the pharmacokinetics of the drug in the animal concerned.
Those that are metabolised and excreted rapidly also rapidly deplete in the
treated animal. Those that are slowly metabolised may also deplete rapidly if
their excretion is not dependent on metabolism. Others may be subject to slow
excretion, especially those that bind to macromolecules and are thus not
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available for metabolism and/or excretion. The majority of animals that are
now farmed, including fish and shellfish, are susceptible to arrays of bacterial,
fungal or parasitic disease and there are ranges of drugs available for the
treatment of these conditions as indeed there are for a variety of non-infectious
diseases. Some drugs may be metabolised largely to physiological substances
such as water, bicarbonate and carbon dioxide, and be excreted relatively
rapidly. Others may be converted to a variety of metabolites, which together
with any remaining parent drug may depurate over shorter or longer periods
of time.

Residues may be found in all edible tissues. Although the behaviour of drugs
in animals may be examined through residues depletion studies, a more com-
prehensive understanding may be gleaned through well-conducted pharmaco-
kinetic studies so that metabolism, distribution and excretion can be
investigated, along with some of the determining factors.128 This also assists in
demonstrating species differences, if any, between animal species and, together
with results from similar studies in laboratory species, provides a better picture
of the processes involved, the nature of the metabolites and the rates of
clearance and excretion. A good understanding of the pharmacokinetic beha-
viour of drugs, especially in the food animals to be treated, can underpin the
design of formal residues studies and help to reduce costs and the need to repeat
work. Furthermore, targeted analytical chemistry and other physico-chemical
methods of analysis for residues can only be attempted if the likely metabolites,
or more appropriately analytes, are known and understood.1,95,59,63,129–135

Milk and fish are frequently regarded as ‘‘healthy’’ foods of high nutritional
value. The presence of drug residues in these foods, and particularly the pre-
sence of antibiotic residues, is regarded by consumers as especially troublesome
(if not hazardous) because of this perception. However, residues of veterinary
drugs can and do find their ways into these commodities.136–149 Similarly, the
presence of residues in eggs and poultry products also gives rise to consumer
concerns,150–154 while residues of almost any substance regarded as a pesticide,
despite their veterinary use, can lead to consumer concerns and such substances
are found in food of animal origin.135,137,141,155,156

In the EU, the hormonal growth promoters such as testosterone and tren-
bolone acetate were banned from use in food animals in 1988 (although they
are still authorised in some non-EU countries; see Chapter 13). This was partly
on consumer health grounds, although this was not considered at the time to be
a critical issue and socioeconomic and trade issues played a major part in the
story,69,157–160 largely because residues of these drugs are low in concentration
and for natural hormones, generally within normal physiological limits.
Directive 96/22/EC confirmed this prohibition and added other substances such
as thyrostatic compounds, drugs with oestrogenic, androgenic or gestagenic
activity and some b-agonists. Some of these substances, for example testos-
terone, zeranol, trenbolone acetate and allyl trenbolone, had previously been
used, some quite legally, as growth promoters or production enhancers, par-
ticularly in cattle.161–172 A number of these possess potent endocrine activ-
ity173,174 but a recent report by the UK’s Veterinary Products Committee
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recognises some potential hazards and associated risks arising from the use of
these hormonal substances, but fails to give a firm endorsement of the EU-wide
ban.175 Other drugs, such as the b-agonists salbutamol and clenbuterol, had
been authorised for therapeutic purposes including tocolysis in cattle, but not
for performance enhancement purposes. These drugs have repartitioning
effects, reducing body fat while increasing lean tissue deposition.176 Under
Directive 96/22/EC the uses of many of these agents were restricted to thera-
peutic uses (e.g. testosterone and some b-agonist drugs) or prohibited alto-
gether for use in food animals (e.g. trenbolone and its derivatives and zeranol).
The milk production enhancer bovine somatotropin (BST) was also prohibited
in the EU but this was largely for socioeconomic reasons although animal
welfare concerns were cited at the time.177 Regardless, BST has been used for
several years in the US and in other countries without any major animal health
problems.

To ensure regulatory compliance, residues surveillance is conducted in all
EU countries.1,4,63,178–180 Under Directive 96/23/EC, the competent authorities
of EU member states are required to submit each year to the European
Commission for approval an annual plan for sample collection and residues
analyses to be conducted the following year. The numbers in each plan, and the
analytes to be determined, are largely based on the results of previous years and
on risk assessments.1 Applicants for MRLs are required to submit an analytical
method suitable for determining reasons with their submission. This may be
used, with or without adaptation, for residues surveillance for the drug in
question. In addition, EU control and reference laboratories develop their own
methods for products of interest while there is a bewildering array available in
the literature or in specialised texts.1,77,181–187 The analytical methods used
must comply with the requirements of Commission Directive 2002/657/EC,
which establishes performance characteristics for these methods.

3.6.2 Residues Surveillance for Veterinary Drugs in the UK

As already described, veterinary drug residue surveillance in the United
Kingdom is part of a broader European Union exercise that is permanently in
place. The competent authority for drug residue surveillance in the UK is the
Veterinary Medicines Directorate (VMD), which has been responsible for the
scheme for many years and which since 2001 has devolved parts of that task,
including the provision of guidance and advice to the Veterinary Residues
Committee (VRC), which has recently been reconstituted as a committee of
experts. The VRC is an independent committee that ‘‘provides oversight into
how the UK’s surveillance for residues is carried out’’. The reports of veterinary
surveillance in the UK are published annually and provide a detailed source of
data, one of the main reasons why the UK model was chosen to exemplify
residues surveillance activities.129,188–201

In the UK, the exercise conducted under the EU legislation is known as the
Statutory Surveillance Scheme. In addition to this there is a Non-Statutory
Surveillance Scheme funded by UK government that is based on UK rather
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than on EU priorities. It is a more limited programme, which examines residues
in foods eaten by average consumers or of foods consumed by susceptible
groups such as infants.

In the Statutory Scheme the numbers of MRL violations were low in 2001.
Most of these were related to tetracycline and sulfonamide residues in pig
kidney but these occurred in 2–8 samples out of over 1000 tested. Similarly,
only a small number of samples of hen kidney and turkey kidney appeared to
have residues of antimicrobial drugs above the MRL. One sample of cattle liver
from 331 tested had residues of avermectin drugs above the MRL. Only one
sheep sample, of 746 tested, had residues of organophosphorus compounds
above the MRL. This might appear surprising in view of the numbers of sheep
dipped in organophosphorus formulations each year. However, various surveys
of organophosphorus residues in a number of food commodities have shown
that concentrations of these compounds are generally very low.135 Several
unauthorised or prohibited drugs were detected, but the numbers in all cases
were low.

In 2006, the overall numbers were again very low and only small numbers of
samples from each category proved positive by exceeding the reference point.
The major finding of note was nicarbazin residues in 26 of 305 samples of
broiled liver and 17 cattle with progesterone concentrations in excess of the
reference point in 17 of 373 samples. In the latter case, the majority of the 17
samples only marginally exceeded the reference point of 0.5 mg/kg and it remains
likely that the material was of endogenous, rather than exogenous, origin.

The Non-Statutory Scheme looked at a number of areas. Again, the numbers
of residues violations were low. For 2001, there were 1320 samples included in
the plan and 7726 analyses intended while in 2006 there were 1483 samples and
5030 analyses. In this latter scheme in 2006, some 34 residues were detected at
concentrations above the action limits and of particular interest and concern
were residues of nitrofurans found in warm-water crustacean samples, a finding
that will undoubtedly promote further research and regulatory action.

For the latest year for which results are available, 2010, residue concentra-
tions were usually below the MRL or other limits in most of the samples
examined.201 The notable findings were nicarbazin in chicken liver in 29 out of
639 samples analysed and low positive rates for all of the antimicrobial drugs
in cattle tissue (Table 3.5). A small number of cattle and sheep urine samples
gave positive results for the prohibited steroid hormones boldenone and
nortestosterone.

Similar findings were made in the scheme for the 2002 to 2009 period.193–200

These results provide significant reassurance on the safety of food of animal
origin available in the UK. They are similar to the results obtained in previous
years.175–192 Although some of the MRL violations almost certainly arose from
failure to observe withdrawal periods, there is probably also a significant
contribution from contamination of unmedicated feed with components of
medicated feed at feed mills. Here, MRL violations may occur as a result of the
contamination (or carryover) of unmedicated feed with sulfonamide, chlorte-
tracycline, penicillins and ionophore antimicrobials such as monensin,202–211
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which is of concern because of the implications for monitoring and control and
as other contaminants, particularly microbiological varieties, might also be
present.212 An ADI approach has been suggested to evaluate the impact of this
problem.213 The surveillance results are similar to those found for residues
surveillance in the United States, although here penicillin and streptomycin are
major contributors. Failure to observe withdrawal periods was a major factor
in the origin of violative residues in the US.58,127

Residue violations in fish tissue might occur from environmental exposure to
veterinary medicines. However, far more likely is contamination arising from
other environmental pollutants.214,215 For example, a recent survey of residues
in farmed salmon from around the world has revealed polychlorinated dibenzo-
p-dioxins, dibenzofurans, DDT, chlordane and heptachlor epoxide.216 Never-
theless, environmental contamination with veterinary drugs has given rise to

Table 3.5 Occurrence of unauthorised or prohibited drugs in the Statutory
Surveillance Scheme, 2010.

Commodity Analyte
Number of
samples

Number with drug
above reference point

Egg Nicarbazin 465 2
Trout muscle Malachite green/

leucomalachite green
101 1

Milk Nitroxynil 498 6a

Triclabendazole sulfone 1
Broiler liver Ionophores and nicarbazin 639

Diclazuril 3
Maduramycin 1a

Nicarbazin 29a

Calf kidney Oxytetracycline 185 3a

Sulfadiazine 1a

Cattle kidney Florfenicol 101 3a

Cattle kidney Dihydrostreptomycin 1318 2a

Cattle kidney Nitrofurans 158 1
Cattle kidney Ibuprofen 735 3
Cattle serum Testosterone 567 1
Cattle urine Steroids 2178

Boldenone 11
Nortestosterone 6

Cattle urine Thiouracil 409 3
Cattle urine Zeranol 314 3
Horse kidney Phenylbutazone 60 5
Pig kidney Chlortetracycline 840

Sulfadiazine 2a

2a

Sheep kidney Dihydrostreptomycin 2780 1a

Sheep liver Oxfendazole 961 1a

Sheep urine Steroids 450
Alpha-boldenone 7
Alpha-nortestosterone 10

aIn excess of EU MRL; remainder in excess of other limit such as limit of quantitation of the
analytical assay.
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concern over the eventual occurrence of residues in food of animal origin,205

particularly from farmyard slurry.217 Concern has also been expressed over
contamination of surface waters in the USA by the anabolic growth promoter
trenbolone, a constituent of feedlot effluent,218 and whether oestrogenic growth
promoters in the environment might evoke adverse events.173 Some of these
issues are discussed in more detail in Chapter 16.

Although reports of adverse effects in humans from residues of veterinary
drugs in food are rare, they have occurred following ingestion of veal liver
containing residues of the b-agonist drug clenbuterol,219–221 and, in 2003, 39
people in Liaoyang, China, were affected by pork containing clenbuterol resi-
dues with 29 requiring hospital treatment for symptoms including involuntary
twitching and acute thirst.222 In general, however, it is difficult to associate
human health problems with residues of veterinary drugs. Any adverse effects
are likely to be acute rather than chronic, as illustrated by the example of
clenbuterol.56,58,124,125,223 The determination of NOELs involves laboratory
animal studies and relatively high doses of test compounds, while the calcula-
tion of ADI values makes use of large safety factors, and so the elaboration of
MRLs errs on the side of consumer safety. Hence, it is extremely unlikely that
minor violations have any significant public health implications.184

Residues surveillance indicates that residues concentrations, particularly
those of antimicrobial drugs, are low in milk, but there are reports of so-called
bulk tank failures.223,224 These occur not because of violation of any MRL by
specific substances, but because the tests used by the dairy producers are
inherently more sensitive and these are used as industry standards rather than
as regulatory or consumer safety limits.225–228 The Delvotest SP, a specific test
used widely by the dairy industry, can detect several antibiotics used in cattle,
including cloxacillin, framycetin, neomycin, penicillin G and sulfonamides, at
concentrations below the MRL.229 Such tests can therefore cause major pro-
blems for farmers. Although they may have observed the requirements of the
product literature, including the withdrawal period, and although the con-
centration of the antibiotic may be well below the MRL, the milk may still fail
the ‘‘standard’’ imposed by the dairy industry and the farmer is then faced with
a financial penalty.229–231 This is complicated by the fact that some of the
available tests are sensitive to natural inhibitory substances found in milk, such
as those produced soon after calving.229 Although failure in these tests can
often carry a financial penalty, they are not a pharmacovigilance issue unless
confirmatory methods of analysis demonstrate that there has been a violation
of the MRL.

3.7 Residues Avoidance

Clearly, the most appropriate way of avoiding residues in food of animal origin
is to use only those veterinary medicines authorised for the specific use in the
species concerned at the recommended doses, for the recommended dosing
periods and subsequently observing the recommended withdrawal periods.
However, clinical necessity occasionally requires that animals, including
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food-producing animals, be treated with non-authorised drugs when there is no
suitable alternative available and this is foreseen and permitted under certain
circumstances by EU legislation. Directive 2001/82/EC, as amended by
Directive 2004/28/EC, requires EU Member States to permit a veterinarian,
under ‘‘his direct personal responsibility’’, and specifically in the interests of
animal welfare, to make some exceptions to the use of authorised products,
where there is no suitable authorised product in the Member State concerned.
These are:

� To use a product authorised in the Member State for another species, or
for the treatment of another condition in the same species

� If no product exists, to use a product authorised for human use in the
Member State concerned or

� To use a product authorised in another EU Member State for use in the
same species or in another food-producing species for the condition or for
another condition or

� To use a product prepared extemporaneously by a person authorised to do
this under national legislation in the Member State concerned.

If any of these alternatives, widely known as the cascade, are followed, then
prolonged withdrawal periods, commonly referred to as standard withdrawal
periods, must be applied in accordance with the Directive. These are:

� Eggs – 7 days
� Milk – 7 days
� Meat from poultry and mammals – 28 days
� Fish – 500 degree days

Use of these extended withdrawal periods for off-label use should ensure that
residues have depleted to safe and non-violative concentrations in the com-
modity concerned and any risk must be seen as being restricted to produce from
individual animals as the cascade is not envisaged for use in large numbers – for
the majority of diseases of livestock and other food animals, authorised med-
icinal products are available. Further reassurance can be obtained where
necessary using a withdrawal estimator algorithm.232

Withdrawal periods are established in the EU and in other countries using
statistical methods that are the subject of EU Guidelines. Readers should be
aware that other methods of determination are available.232–236 Suitable
withdrawal periods, the awareness of the responsibilities placed on them by
farmers and veterinarians, adequate record keeping and ensuring Good Agri-
cultural (and Veterinary) Practice should together serve to ensure that the
chances of obtaining violative residues are minimised.237–244 Some product
formulations, especially those intentionally formulated for depot effects, can
prolong residues depletion.245,246 This is particularly true for products intended
for intramuscular or subcutaneous injection, as discussed earlier, where pro-
longed absorption can be both a therapeutic benefit and a residues risk,
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especially at the site of the injection itself. Persistence of residues at the injection
site is a major problem with injectable formulations.85,104–107,109–111,247 As a
result of inter-animal variations, these products do not easily lend themselves to
the use of statistical methods for withdrawal period calculation and, under
these circumstances, risk management techniques, including basing withdrawal
periods on the basis of the temporal depuration of residues at the injection site
to below the MRL for muscle, may be the only practical resort, even though
this may result in exceptionally long withdrawal periods.11,85,245,105,248 This
brings with it the problem of observance of withdrawal periods – they may well
be ignored by farmers if there are what are considered to be overriding eco-
nomic or animal husbandry considerations, even though the risk of an indi-
vidual eating an injection site is low and the hazard presented is an acute one
rather than the long-term option embodied in the MRL concept through the
use of the ADI. Consequently, it is in the interests of sound science to establish
practicable withdrawal periods where injection sites are involved on the basis of
residues depletion focussed on an acute factor rather than on the MRL.11,85

The effects of cooking have been examined for a limited range of products to
determine if this could reduce residue concentrations. Some cooking proce-
dures can lead to reductions in residue content although the mechanisms
involved are obscure as only small amounts of drug appear to be leached into
the cooking liquids (which themselves may be used for culinary purposes). For
example, some cooking methods significantly reduced concentrations of resi-
dues of nicarbazin in some food commodities whereas other methods had little
effect.249 Cooking had minimal or no effects on concentrations of chloram-
phenicol, oxytetracycline, streptomycin, sulfadimidine (sulfamethazine) or
ampicillin in beef.250 Benzylpenicillin was stable at 65 1C but not at higher
temperatures. Up to 50% of residues present in meat passed into cooking
fluids.251 Oxytetracycline and tetracycline residue concentrations were sig-
nificantly reduced by cooking,252,253 while sulfadimidine was found to be
thermally stable.254 Oxfendazole residues were seemingly reduced at high tem-
peratures for prolonged periods, but this resulted in the formation of an amine
derivative, formed from hydrolysis of the carbamatemoiety,255 which then raises
questions over the safety of this material. The quinolone drugs oxolinic acid and
flumequine were stable during cooking of fish.256 Levamisole and clenbuterol
were stable in boiling water but unstable at 260 1C in cooking oil.257,258 Iver-
mectin was also stable, although up to 50% of total residue was leached by the
cooking liquids.259 Ronidazole was converted to a 2-hydroxy derivative in
aqueous conditions, whereas dimetridazole was seemingly stable.260 With most
of these substances, the relevance to human food safety is unclear as the identities
and biological properties of the degradation products are unknown.261 Some
sulfonamide drugs appear to degrade on prolonged frozen storage but were
seemingly stable for up to 3months.255,262 Sulfadimidinemay be converted to the
N4-glucopyranosyl derivative on prolonged storage in pig liver263 but, once
again, the implications of this for consumer safety are unknown.

All of this demonstrates that reliance on cooking and food processing to
reduce residue concentrations in food is unwise. While processing may have
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some beneficial effects in diluting residue concentrations, too little is known
about the fate of these residues and the safety of any degradation products to
place any reliance on cooking, freezing or any other form of processing in
ensuring consumer safety.

3.8 Conclusions

Residue violations usually occur because animals have been overdosed with
drug or because the withdrawal period has not been observed. As MRLs are
intended to protect consumer health from any potential harmful effects of
residues in food of animal origin, then clearly violation of MRLs may con-
stitute a public health risk. However, the consumer is only likely to be at risk if
the ADI value is also exceeded and, even then, there are a number of con-
servatisms built into the ADI and the MRL to ensure that, in most cases, there
will be no significant health risk. Nevertheless, policing of concentrations of
residues of authorised drugs, and indeed policing of residues of illegal or
prohibited drugs is of importance to prevent veterinary drug misuse and abuse
and to ensure sound public health practices are maintained. It is clearly in the
interests of international trade to ensure that MRLs are harmonised, and that
food commodities are not the subjects of violative residues or of trade disputes
(see Chapter 13).

The MRL concept is a more practical approach to the evaluation of the
safety of veterinary drug residues in food of animal origin than any of
the possible contenders, including zero tolerance and widespread application of
the precautionary principle,264,265 and they are likely to be around, in one form
or another, for some time to come, despite the fact that they can be regarded by
some as counter-productive and contrary to the use of scientific principles in
safety assessment.266,267

Violative residues are problematic in that infringements are generally
‘‘invisible’’. A veterinarian, milk processor, farmer or butcher cannot know if
an animal has violative residues, unlike the situation with adverse drug reac-
tions where an obvious and reportable event usually occurs. In general, vio-
lative residues are only detected by government agencies in pursuit of
surveillance schemes of the types described here. However, other agencies do
examine food for residues. These include milk suppliers and processors and
food retailers and the onus is very much with them to report any residue vio-
lations that they detect to the responsible authorities. Under these restricted
circumstances, reporting of residues violations are analogous to other areas of
reporting in pharmacovigilance activities. Failure to observe withdrawal peri-
ods may lead to violative residues and subsequent recalls of affected food
commodities as happened recently in the UK with residues, including residues
of doramectin in lamb where breeding animals were inadvertently sent to
slaughter.268,269 However, with doramectin at least, residues may deplete at
different rates in parasitised and non-parasitised sheep270 and this may be
representative, or at least indicative, of residue depletion in other animals with
other drugs and diseases.
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Together, the MRL approach, which is primarily based on consumer safety
considerations, and the residues surveillance systems in place across most of the
globe, offers a valuable service in providing consumers of animal produce with
a large measure of reassurance.
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CHAPTER 4

The Assessment of User Safety

4.1 Introduction

In assessing the safety of medicinal products, whether for human or for veter-
inary use, safety for the patient is of paramount importance. However, many
veterinarymedicines offer unique opportunities for exposure of those involved in
administering the drug and they too must be protected from any harmful effects.
This is particularly important for those products that are given under circum-
stances not normally associated with the conventional administration of medi-
cines, for example those given on the farm or in the aquaculture industry.

Many veterinary medicines contain the same active ingredients as their
human drug counterparts. These include many antimicrobial drugs, anaes-
thetics, anti-inflammatory agents, antineoplastic drugs and some anthelmintic
products. On the other hand, some are different. Furthermore, some veterinary
drugs are formulated or used in such a way that there is greater opportunity for
user exposure than with the majority of human medicines. Some examples of
these are given in Table 4.1. Veterinary vaccines are generally species-specific
and are used to prevent diseases in the animal concerned. Vaccines are available
for the prophylaxis of disease in most common species including cats, dogs,
sheep, cattle, pigs, horses, goats and poultry and are usually given by injection
although some poultry vaccines, and notably those for the prevention of coc-
cidiosis, are given orally. Vaccines used in fish, generally those encountered in
aquaculture operations, may be given by injection or by bath treatments.

Regulatory authorities in most jurisdictions now assess user safety aspects of
veterinary medicinal products prior to granting a marketing authorisation or
approval. In the European Union this process has been formalised through the
implementation of specific guidelines on user safety.1,2 Applicants for mar-
keting authorisations are required to conduct a user safety risk assessment,
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which takes into account the hazards, including toxicological hazards, asso-
ciated with the active ingredient and the formulation, and to interpret these
hazards in terms of risk and the communication of any risks through the
product literature. There are two guidelines available, both of which have been
developed by the Committee for Medicinal Products for Veterinary Use
(CVMP) working within the European Medicines Agency (EMA). One set of
guidelines covers pharmaceuticals (including ectoparasiticides) and the other
covers biological products including vaccines.3,4 The purpose of both guidelines
is clear. They are intended to provide guidance for drug sponsors to assess the
hazards and risks associated with a medicinal product, taking into account its
intended use, its mode and extent of use, its physico-chemical, toxicological and
other biological properties, the possible degree of user exposure and any risk
mitigating factors, and then to convey information about the hazards and risks
to the end users including veterinarians, veterinary staff, farmers and the
animal-owning public, so that recommended precautionary measures can be
followed. The legal basis is enshrined in Directive 2001/82/EC as amended
by Directive 2004/28/EC and Directive 2009/9/EC.

The current versions of both the pharmaceutical guideline and the immu-
nological guideline provide comprehensive guidance and advice on the hazard
and risk assessment processes. However, this has not always been the case. The
CVMP originally produced a user safety guideline for veterinary pharmaceu-
ticals which came into effect in 2003.5 This provided an extensive commentary
on many of the aspects involved in user safety assessment but, unfortunately,
it failed to provide any substantive advice on the processes involved.6,7

Table 4.1 Some veterinary medicinal products and possible routes of
exposure.

Type of product Examples of drug type Route of exposure

In-feed Antimicrobial drugs,
antiparasitic drugs

Dermal, inhalation

Drinking water Antimicrobial drugs,
coccidiostats

Dermal

Dips and spray
applications

Organophosphorus
compounds, synthetic
pyrethroids

Dermal (including contact with
treated animals); inhalation from
aerosols

Pour-on formulations;
spot-on products

Organophosphorus com-
pounds, synthetic pyre-
throids, anthelmintics

Dermal (including contact with
treated animals)

Administered by
drench

Anthelmintics Dermal

Vaccines Numerous types Percutaneous, particularly when
using pressurised automatic
vaccination equipment

Volatile anaesthetics Halothane, isoflurane Inhalation, notably when used in
poorly ventilated areas and
without suitable gas scavenging
equipment

Euthanasia drugs Barbiturates Self-injection
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Following a consultation exercise, the CVMP revised the guideline and
produced the more practicable version that is currently in use and referred to
above. This chapter will examine the provisions of the guidelines from the
practical viewpoint of having to write a user risk assessment.

4.2 The Assessment Process

As described above, the major aim of the user safety risk assessment is to
identify hazards and risks associated with the intended use of a veterinary
medicinal product, and then to determine how the risks might be minimised or
otherwise mitigated, and then to communicate that information to users, and
recommend measures that should be taken to minimise risks. This process is
summarised in Figure 4.1.

Depending on the type of product, the main hazards may be toxicological,
microbiological, flammability, explosivity (pharmaceuticals) or immunological,
including potential exposure to zoonotic organisms used as antigens in vac-
cines. Thus, drawing on the advice set out in the guidelines, and as set out in
Figure 4.1, the major aspects may be regarded as:

� An assessment of the toxicity, pharmacological properties, physico-
chemical properties or potential for zoonotic infection (vaccines)

� An assessment of how and when the user will be exposed to the product
� Conclusions on the hazards and potential exposures that may lead to risks

to the user and how these risks might be characterised and quantified
� Information to pass to the user to reduce risks.

4.2.1 Hazard Identification and Assessment

Pharmaceutical active ingredients used in veterinary medicinal products are
subject to an extensive array of testing to provide data to regulatory authorities
as part of the pre-authorisation process. The same is true of components used
in veterinary vaccines and other biological products. These tests may include:

� Pharmacological studies to identify and quantify therapeutic effects and
pharmacokinetic behaviour in laboratory and target animal (the patient)

� Safety pharmacology studies
� Range of toxicological studies
� Range of microbiological studies e.g. to investigate effects on the human

gut flora
� For vaccines, reversion to virulence and potential for zoonotic infection

e.g. brucellosis and rabies vaccines
� Target animal safety (tolerance) studies at the intended dose and at mul-

tiples of the intended dose.

The majority of the studies described above will already be available for
other purposes within the dossier. For example, for food animals, safety
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Hazard Identification

and Assessment

Identification of

immunological,

toxicological and

physical hazards

Exposure Assessment

Degree of exposure based

on product type, intended

use and methods of

administration where

possible with predicted

exposure levels

Risk Assessment

The likelihood that a

hazard will occur

under predicted

exposure

circumstances

Risk Management

Identify appropriate

and practical

measures to reduce

exposure and

mitigate risks

Risk Communication

Provide information to user

to advise on potential

hazards and risks, and

measures to be taken to

avoid or reduce risks

Figure 4.1 Visualisation of user safety assessment for veterinary medicinal products (based on Fairhurst, 2000, and Tennant, 20018,9).
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pharmacology and toxicology studies will have been generated to provide data
for establishing maximum residues, while reversion to virulence studies for
vaccines are required to support the general safety of vaccines. Safety infor-
mation may also be available from the use of the drug in human medicine,
including data derived from pharmacovigilance activities. In general, the stu-
dies set out in Table 4.2 are required to identify the pharmacological and
toxicological profiles of the molecule and to identify no-observed effect level
(NOELs) and dose-response relationships. However, it may also be necessary
to conduct studies with the formulation to identify particular safety issues
associated with the formulation, and constituents of the formulation such as
solvents. These generally include skin and eye irritation and skin sensitisation,
but they may also include oral and dermal toxicity studies. For gaseous,
aerosol, volatile or dusty formulations, inhalation toxicity studies may be
required. If the drug or components of the formulation are known to cause
hypersensitivity reactions other than skin sensitisation, then this aspect may
need further investigation.13,14 A number of drugs used topically in human
medicine are known sensitisers and some of these are also used in veterinary
medicine where they are suspected of causing occupational dermatitis.15–20 The
identification of skin sensitisers has for many years relied on tests in the guinea
pig, and notably the guinea pig maximisation test, which occasionally provides
disparate results.21–24 The development and validation of newer tests such as

Table 4.2 Toxicity studies generally required to support applications for
marketing authorisations for veterinary medicinal products in
the EU.

Study Comments

Safety
pharmacology

May be available if the drug is also used in human medicine

Pharmacological
studies

Often available for drugs to support mode of action e.g. analgesic
effects, anaesthetic effects, hormonal effects

Acute toxicity For older drugs, LD50 studies are usually available. For drugs
developed in recent years, studies designed to reduce the numbers
of animals and to look at end-points other then death may have
been conducted9,10

Repeat dose
studies

To examine organ specific toxicity, dose response effects and no-
observed effect level (NOEL) values

Reproductive
effects

Examine effects on reproductive performance and fertility, and
embryotoxicity, foetotoxicity and teratogenicity. These effects are
important in the context of women of child-bearing age working
with veterinary medicinal products

Genotoxicity Studies for the ability of drugs/formulations to induce mutations and
clastogenic effects

Carcinogenicity These studies are usually only required if genotoxicity studies are
positive or if the drug or formulation is related to known
carcinogens11,12

Studies of other
effects

Studies of specific toxic (e.g. immunotoxic) or pharmacologic (e.g.
hormonal) effects or mechanistic studies underlying particular
aspects of toxicity
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the local lymph node assay or studies of the responses to lymphocytes may ease
this problem and facilitate the classification of more substances and formula-
tions, including those used in veterinary medicines, as skin sensitisers.25–28

Vaccines usually contain innocuousmaterials such as bacteria- or virus-derived
proteinaceous materials, which act as antigens for prophylaxis of the disease
caused by the pathogens fromwhich theywere derived (or frombacteria or viruses
closely related to such pathogens). Inmost circumstances, the excipients in vaccine
formulations such as solvents, adjuvants and other materials, some derived from
the manufacturing process, are also innocuous. However, some vaccines contain
mineral oils as adjuvants and these have been associated with adverse effects,
notably following user self-injection when administered by high-pressure equip-
ment. These accidents aremedical emergencies, which, if left untreated, may result
in tissue damage and, when injected into the confined anatomical space of a digit
or the hand, damage may arise from a combination of the kinetic energy of the
deliveredmaterial and the pressure with which it is delivered (see Chapter 14).29–41

Some veterinary drug formulations contain organic solvents that may be
flammable, as may some aerosol-forming products, and these may even pose
hazards and risks of explosions. Gaseous and volatile products, if tox-
icologically or pharmacologically active, may offer the possibility of systemic
exposure, and subsequent adverse effects. Assessment of occupational aerosol
exposure can be problematic.42,43

4.2.2 Exposure Assessment

The probability of an adverse effect to a veterinary drug occurring in a user such as
a veterinarian or member of the pet-owning public following exposure is a func-
tion not only of the product’s innate hazards, but also of the type and extent of
exposure. Hence, exposure assessment is a crucial part of user safety risk assess-
ment. The degree to which a user is exposed may depend on a number of factors
including the nature of the product, its method of application, the type of animal it
is intended for and the ability of the user to administer the product. The scope for
user exposure, except from deliberate consumption, may be illustrated by the
following examples:

� Low potential for user exposure: tablets, capsules, boluses and sustained-
release devices, flavoured medicated chews

� Medium potential for user exposure: topical creams and liquids for
manual application, spot-on products for application to companion ani-
mals (including exposure to the product on the animal following treat-
ment), pharmaceutical liquid formulations and vaccines intended for
conventional (i.e. manual) injection

� High potential for user exposure: Pour-on liquid formulations for large
animal treatments, high-volume injectable products including poultry and
fish vaccines, especially if given by high-pressure injection, products given
in feed or drinking water to production animals, ectoparasiticide products
administered by dipping, spraying or showering.
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However, it is not sufficient to concentrate on administration of the product
to the animal, important though this may be, and especially for recalcitrant
animals whose behaviour could affect human exposure to the product. Some
other tasks involving veterinary medicinal products may lead to exposure.
These include:

� Diluting and mixing concentrated liquid products such as organo-
phosphorus sheep dip formulations, antimicrobial drugs for addition to
drinking water on farms and some vaccines given orally (poultry) or using
bath treatments (fish)

� Removing dipped, showered or sprayed sheep from the dipping area
� On-farm mixing of antibiotic premixes with unmedicated feed
� Connecting containers containing large volumes of vaccine for mass

administration to the administration device
� Charging an anaesthetic delivery device with liquid anaesthetic
� Administering some drugs used in aquaculture (due to climatic conditions

and notably ice (falling and self-contamination with formulation) and
wind (product dispensed into sea cages blowing back onto operator)

� Opening product packs.

Physical injuries may also arise from lifting and carrying heavy containers or
bags of products, while needlestick injuries, as with human medical practice,
are relatively common (Chapter 1).

The major question that needs to be addressed is not ‘‘will exposure occur?’’
but ‘‘if exposure is likely to occur, how often will it happen, to what extent and
what will be the duration of exposure?’’. There is a large difference between
spilling a liquid formulation onto the hands, and subsequently washing to
remove any material, and spilling material onto clothing, which is then worn for
a substantial period of time. Equally important is the duration between repeated
exposures. If exposure does occur, the degree of absorption needs to be esti-
mated. This is particularly difficult for dermal exposures as frequently there is a
lack of information about the degree of absorption and systemic exposure e.g.
from toxicokinetics studies, and estimates are replaced by educated guesses or,
worse, by assumptions. This is problematic because the most frequent exposures
tend to be dermal because of spills, drips, leaks and breakages. Syringesmay part
company from needles during injections and result in contamination of the
hands and face. If data are available from absorption studies, then these can be
used to make estimates of possible systemic exposures but in the absence of such
information, other approaches will need to be taken.

4.2.2.1 Dermal Exposure

A number of models have been developed to predict the degree of percutaneous
absorption but, unfortunately, access to these is not always guaranteed.44–50

Many of these have some aspects in common such as the use of physico-
chemical properties and values (viscosity, volatility) and factors for determining
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the degree and likely extent of dermal exposure including the chances of a
spillage occurring, and the number of events likely. Information derived
from questionnaires such as known splashing rates and worker cleansing
habits may also be included and, together, the information can be used to make
some estimates of the degree and extent of dermal exposure.50–52

If dermal exposure is predicted, then knowledge of pharmacokinetics (e.g.
from percutaneous absorption studies in animal models or possibly even in
humans) can be used to estimate the fraction of the dose likely to be absorbed.
Other data can be used to support the results of these studies or they can be
used in mathematical models of percutaneous absorption. These data would
include physico-chemical properties that might allow some predictions on
passage of the material through skin (polarity, solubility in lipophilic solvents,
octanol-water partition coefficients).53–56 Sometimes, exposure is not to the
drug itself, but to the animal that has been treated. Ectoparasiticides, anti-
inflammatory drugs and some antimicrobial drugs may be topically applied and
there is then a risk of user or owner contamination through contact such as
handling or stroking the treated animal or animals. This might lead to dermal
contamination and subsequently, through hand-to mouth transfer, to oral
exposure producing risks, especially to children who handle companion ani-
mals. Adverse reactions have been reported in companion animal owners
through this route of exposure.57 Estimates of potential exposures through this
route may be made by using absorbent pads or gloves to stroke treated animals,
followed by solvent extraction and determination of the amounts of drug
removed.58

Both the Organisation for Economic Co-operation and Development
(OECD) and the European Commission have produced helpful guidelines on
dermal exposure and dermal absorption.59,60 The former considers chemicals in
general while the latter focuses on plant protection products. However, both
documents examine various aspects of absorption and factors that affect it such
as the nature of the chemical, the nature of the vehicle, dermal metabolism and
models of percutaneous absorption. The European Commission document is
currently under review by the European Food Safety Authority and a revised
draft is available.61,62 These documents can be usefully employed to consider
dermal absorption in the context of veterinary medicinal products. Supple-
mental information and advice can be found in the International Programme
on Chemical Safety’s Environmental Health Criteria 235 (dermal
absorption).56

In the past, several predictive models for dermal (and inhalation) exposure to
pesticides have been used for registration purposes.63–65 A specific model has
been developed in the EU to handle exposures to biocides and other chemicals.
This is the European Union System for the Evaluation of Substances (EUSES),
which is available for download at the European Chemicals Bureau (ECB).66

This is designed to evaluate exposures and effects, including environmental
exposures, but it also addresses occupational exposure through the incor-
poration of the EASE (Estimation and Assessment of Substance Exposure)
model. This makes use of physico-chemical properties, toxicological data and
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containment measures such as ventilation or full containment to predict dermal
and inhalation exposures.67–69 The EASE model has been validated for a
number of exposure scenarios.69–71 This has an enormous potential for use in
user exposure to veterinary medicinal products and, indeed, it has been
employed to effect by this author for estimation of dermal and inhalation
exposures. Other models have been developed for exposure to ectoparasiticides
during shearing of sheep.72 A separate and earlier model, the European Pre-
dictive Operator Exposure Model (EURO POEM), appears to be less devel-
oped and is seemingly no longer being actively pursued.73–75

4.2.2.2 Accidental Self-injection

Needlestick injuries and actual self-injection of veterinary medicinal products
are potentially hazardous accidents. Needlestick injuries generally have a benign
outcome as the amount of formulation involved is minimal; it usually amounts
to a wet needle (see Chapter 1). However, actual self-injection may lead to the
systemic exposure to the active constituent and its excipients. These may be
toxicologically or pharmacologically active e.g. the prostaglandins, steroid
hormones, analgesics, injectable anaesthetics and the euthanasia agents. There
have been incidents including fatalities with the immobilising drug etorphine and
with the antimicrobial drug tilmicosin, again including fatalities.40,76–83

However, it must be stressed that such instances are rare. The two examples
mentioned above depended on unusual circumstances. Etorphine is an excep-
tionally potent opiate (see Chapter 13) and humans are exquisitely sensitive to
its effects, while tilmicosin is a cardiac toxicant that is more toxic when given
intravenously. Thus, in most circumstances, the extreme effects noted with
these two drugs will not be expected or, indeed, predicted.

For needlestick injuries with a wet needle i.e. a needle contaminated with the
liquid formulation under review, it is reasonable to assume that the maximum
amount transferred due to the injury is 0.1ml. Where self-injection may be
forecast as a reasonable exposure scenario, it must be assumed that some
fraction of the syringe contents will be injected. It is extremely difficult to
predict what this dose may be as it will depend on the size of the syringe, which
in turn may depend on the size of the animal being injected. The most realistic
approach is to assume that a fraction of the syringe contents of around 10 to
50%, dependent on the syringe size and the viscosity of the formulation (and
therefore, ease of delivery), may be injected. Automated, high-pressure injec-
tion equipment is normally used to deliver vaccines, usually for the mass
vaccination of poultry. With this equipment, the desired dose volume is usually
pre-set and in these circumstances it must be assumed that the entire intended
or recommended dose will be delivered. However, here the hazards are mainly
physical and are associated with high-pressure injuries rather than toxicological
or pharmacological hazards (see Section 4.2.1). Nevertheless, self-injection of a
veterinary vaccine containing hydrocarbon material as the adjuvant has
resulted in an autoimmune response while self-injection with Johne’s disease
(Mycobacterium paratuberculosis; paratuberculosis), a product that also
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contained Freund’s complete adjuvant, resulted in tissue damage at the injec-
tion site in veterinarians using the products. This was similar to the effects that
have been reported after injections with Freund’s adjuvant (a preparation
containing inactivated and dried mycobacteria, mineral oil and water) alone
and with other formulations containing Freund’s adjuvant.37,38,84–88 Self-
injection injuries are discussed in Chapters 1 and 14.

4.2.2.3 Inhalation Exposure

It is often difficult to obtain data on the possible extent of inhalation exposure
to dusty medicated feeds, volatile liquids and gaseous products. Nevertheless,
the potential for inhalation exposure must be addressed if there is any like-
lihood that inhalable material will be encountered during use. Consequently,
the sponsor of the veterinary medicinal product or the author of the user risk
assessment needs to consider suitable approaches that may prove to be
acceptable to regulatory authorities.

It is possible to argue that inhalation is unlikely or of low importance based
on scientific considerations such as low volatility, use of ventilation or exhaust
systems where the product will be used, use of scavenging systems, use of dust
suppressants in dusty medicated feed formulations or that any particles of dust
that are in the product are not in the respirable range. Alternatively, it may be
possible to state that the product is intended for outdoor use only and that any
vapours or gases produced will dissipate. Finally, it may be possible to suggest
that as the product is of low toxicity by the inhalation route (and by other
routes leading to systemic absorption), inhalation exposure will offer no undue
risks for human health.

Some products used in veterinary medicine offer scope for inhalation
exposure. Among them is the volatile anaesthetic halothane (see Chapter 5). A
small number of human patients given the drug develop severe and potentially
fatal hepatic injuries, which are thought to arise from the action of reactive
metabolites formed in the liver with proteins, the products of which then elicit
an immune response.89,90 For this reason, and because of other health concerns
such as neurotoxicity, occupational exposure to halothane in human medicine
is recognised as a health problem.89–105 As a result, extensive efforts have been
made to reduce workplace exposure.106–121 This has led to major concerns over
the safety of veterinarians and veterinary workers exposed to halothane and
other volatile anaesthetics during surgical procedures.122–137 However, these
concerns have led in turn to recommendations for safer use and for better
occupational hygiene measures (see Chapter 5).138–141

For any product where there is a possibility that atmospheric contamination
with dust, gas or vapour may occur, the practical option may be to attempt to
determine occupational concentrations during typical operations such as
emptying containers, mixing, provision or administration to animals and dis-
posal. These studies are often complex and are best left to individuals or
organisations that have experience with their conduct. However, a few points
are worth making. Exposure studies should model the actual use of the
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veterinary medicinal product under realistic conditions similar to those that will
occur during normal use. This may mean that such studies will have to be
carried out on-farm or in circumstances that replicate on-farm conditions,
using equipment that would normally be used e.g. feed mixers. Sampling may
need to be conducted at various points, including those where the containers or
bottles are opened, those where mixing (e.g. of medicated feed with premix)
occurs and those points at which product is provided or administered to the
animals (e.g. feed-lot or during veterinary surgery). Sampling can then be
carried out using automated equipment or using personal sampling devices,
preferably placed at lapel level to measure concentrations in the breathing
zone.142–147

It is not practicable to suggest advice on the numbers of samples to be taken
or on the positioning of samplers other than those designed for personal use. In
fact the numbers will depend on the workplace environment (e.g. veterinary
clinic, dairy farm or pig production unit). Other factors such as temperature,
particle size, sample stability and the extent of ventilation, as well as statistical
considerations, will need to be taken into account.147–150

The types of samplers will depend on the nature of the veterinary medicinal
product being studied e.g. whether it is a gas, a volatile liquid, an aerosol or a
dusty formulation. In sampling dusty materials, particle size must also
be taken into account.151–153 Other considerations include air movement
conditions, the re-suspension of dust from clothing and the entrapment of dust
in areas of the sampler other than the filter as this may introduce measurement
bias.154–156 It is also essential to identify the components of the dust collected if
this is at all possible. Specifically, the pharmaceutical content needs to be
distinguished from inert materials such as feed, minerals and inorganic
carriers such as limestone, and the particle sizes determined as only those
in the respirable range will have any repercussions for toxicological risk
assessment.157–159

If experimental procedures and simulated exposures are impractical for
scientific or economic reasons, then modelling may be a realistic alternative.
The EASE model referred to earlier, as part of the EUSES suite, is an ideal
candidate that can incorporate physico-chemical, toxicological and other
measurements or models such as those dealing with particle size and pulmonary
deposition.160–162

4.2.2.4 Oral Exposure

The major route for oral exposure to veterinary medicines is likely to be hand to
mouth. This may arise from direct contact with contaminated hands or by
transfer through food and smoking materials. It is extremely difficult to predict
the likely doses arising in these circumstances and, as with self-injection, the
only practical solution is to consider fractions of the intended dose for the
animal, based on the likelihood and degree of exposure, which to some extent
will be based on physical properties of the product (dustiness, viscosity,
volatility).
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Oral exposure may also arise as a result of inhalation exposure. Particulate
material may adhere to the tongue and buccal cavity or they may be retrieved
from the respiratory system where they have lodged or as a result of expulsion
from the lungs. The total exposure must then be assumed to be the total of the
inhaled fraction and the oral fraction.

In this respect the particle size is important. In fact, it is essential to take into
account the aerodynamic diameter of the particle that is related to its physical
diameter and its density.163

Aerodynamic diameter¼ physical diameter�ðdensityÞ2

As an illustration, a particle of physical diameter 2 mm and density of 4 g cm–3

will behave identically to a particle of 4 mm and a density of 1 g cm–3. Hence,
when considering respirable particles and the overall respirable fraction, the
aerodynamic diameter is the measurement of interest, and not purely the
physical diameter.

Oral exposure may also occur as a result of deliberate misuse or abuse, and
the possibility that children may consume veterinary medicinal products also
has to be considered. The latter appears to be rare but it needs to form part of a
user risk assessment, especially as children may be more sensitive to the
pharmacological or toxicological effects of the formulation.164,165

4.3 Biological Monitoring

Biological monitoring can be used to confirm and quantify exposure or to
determine if adverse effects are occurring. The data can be generated prior to
drafting a user risk assessment and the results included, or they can be pro-
duced post-authorisation to confirm the results of safety, including user safety
assessments. Biological monitoring implies either a prior knowledge of possible
adverse effects that can be readily detected, or of pharmacokinetic behaviour,
either in animals or in humans, so that specific metabolites or markers of
exposure can be identified and quantified as appropriate and specific bio-
markers selected.8,166–173 In turn, this may involve development of indices of
exposure, possibly including physiologically based pharmacokinetic model-
ling.169,174–180 However, as the majority of exposures to veterinary medicinal
products is usually likely to be low, such measures will normally only be
required under exceptional circumstances and then only for more toxic sub-
stances or formulations such as organophosphorus compounds of the type used
in sheep dips.181,182

Biomonitoring may also be conducted by examining biological adverse
effects in exposed individuals, for example by investigating genetic damage in
workers and other populations exposed to benzene, pesticides, other chemicals
and environmental pollutants.183–197 These techniques have been employed in
the biomonitoring of healthcare workers including nurses and pharmacists
handling and administering cytotoxic drugs such as cyclophosphamide,
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ifosfamide and 5-fluorouracil and some of these studies have confirmed a
higher occurrence of genetic damage indicated by increases in micronuclei,
sister chromatid exchanges, chromosome and DNA damage, as well as muta-
genic activity in the urine, in exposed personnel.198–232 There are no compar-
able studies for veterinary personnel, possibly because cancer treatments
generally take place in general clinics as there are relatively few facilities
dedicated to veterinary oncology when compared with human medicine.
Nevertheless, concern has been expressed about the exposure of veterinary
personnel to cytotoxic drugs, and the UK regulatory authority, the Veterinary
Medicines Directorate, has in the past published advice about their safe
use.233–235 Exposure to cytotoxic drugs is considered to be possible not only
through direct contact, but also with the urine and other fluids of treated
animals (see Chapter 7).236–239

4.4 Risk Assessment

Risk is the probability that a hazard will be realised or expressed. Conse-
quently, when considering veterinary medicines and user risk assessments the
issue under consideration is whether the hazards identified (pharmacological,
toxicological, physico-chemical) earlier in the process of assessment will be
expressed during use and, if so, what probability does this carry? However,
there is usually insufficient information to make this quantitative assessment.240

Consequently, the process of risk assessment in these circumstances is really
one of risk estimation. The toxicology and pharmacology may well be char-
acterised and NOELs identified but the question arises as to whether any effects
might be expressed in exposed workers or other users.

Nevertheless, an attempt has to be made to try to determine, even if in only
semi-quantitative terms, what risks users of the product might expect. To do
this in a meaningful way, it is often helpful to assume that users will be totally
unprotected so that the effects of exposure might be predicted and then, in the
next phase of the assessment, identify specific ways of mitigating any risks. The
most convenient way of doing this is to compare likely exposure levels and
assumed doses with NOEL values or, if these are not available, with lowest
observed effect levels (LOELs), taking into account the likely routes of expo-
sure that are most realistic and comparing these with the results of toxicology
studies and the routes of exposure used in these. Where appropriate, the
duration of exposure expected from use should be compared with the results
from the corresponding toxicity studies. For example, single or intermittent and
infrequent exposure should be compared with the results of acute toxicity
studies, while prolonged exposure needs to be viewed in light of the results of
repeat dose toxicity studies. If the major route of occupational exposure is
inhalation, then the results of acute inhalation and repeat dose inhalation
toxicity studies will become relevant. However, if the major route of exposure is
dermal then not only are the results of percutaneous toxicity studies and skin
absorption of interest, but so are those from skin irritation and dermal
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sensitisation studies. If skin absorption is likely to occur, then the likely or
estimated degree of absorption is important.

The potential for local effects must be considered if skin or eye contact is
likely or possible, so knowledge of the irritant and sensitising potential of the
drug and the formulation is crucial. Dermal effects are important because skin
contamination may be the major route of exposure as it is for many chemicals
and other products. Adverse effects have been reported in users with several
veterinary drugs following skin contamination. For example, the antimicrobial
drug olaquindox has been reported to cause allergic and photoallergic effects,
notably in pig farmers, while the macrolide antibiotic spiramycin has resulted in
contact dermatitis and bronchial asthma.241–247

Qualitative risk and quantitative risk are terms that are often used in risk
assessment. These terms may be regarded as unhelpful as risk implies a
quantitative assessment. In producing a user risk assessment, the terms are
possibly even more misleading as neither the drug sponsor nor the author of the
user risk assessment are trying to calculate the probability of an adverse event
occurring. They are in fact attempting to assess what might happen if exposure
occurs under normal conditions of use. As a result, and in general, abuse and
misuse, freak accidents and extreme user conditions are not normally con-
sidered. Indeed, the user safety guidelines make it clear that the exposure sce-
narios should be realistic and that the degree of exposure or contamination
should be related to the toxicology of the compound or formulation.

This can be exemplified by reference to oral exposure. In this case, the likely
dose, or an estimated dose can be compared with the NOEL (or NOELs)
identified in toxicity studies. However, it is also valid to compare the exposures
with the acceptable daily intake, the ADI (see Chapter 3), as this value is based
on oral consumption and is derived by dividing a suitable NOEL, frequently
the lowest identified, by an appropriate safety factor. If the product is used only
in companion animals, and there is no ADI available for consumer safety
purposes, there is no reason why the investigator cannot calculate a value using
the usual criteria2,248–254 (see also Chapter 3).

The degree of exposure expected can then be compared with the NOEL or
the ADI to determine the margin of exposure (MOE). A number of factors
need to be considered when calculating the MOE, including the likely degree of
systemic absorption, the severity of the adverse effect, the numbers of people
likely to be exposed, the differences between routes of exposure in animal
models and the dose-response relationship. If the MOE is low, then risk
management measures may not be required. However, if the MOE is large, then
suitable measures and recommendations will be needed to protect human
health.

For substances that may be inhaled, occupational exposure limits for use in
the industrial setting may be available. Examples of these include the threshold
limit value, or TLV, developed by several regulatory organisations but notably
by the American Conference of Governmental Industrial Hygienists.255–258

Unfortunately, the entries for pharmaceuticals or for substances that can be
used as pharmaceuticals in the UK exposure limit list are limited to enflurane,
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halothane, isoflurane, nitrous oxide, paracetamol (acetaminophen) dust,
nitrous oxide and carbon dioxide259 (see also Chapter 5). However, occupa-
tional exposure limits can be derived de novo using toxicology and pharma-
cology data, assumptions on pulmonary absorption and suitable safety factors
to allow for intra- and inter-species variability and other variables.260–265 Some
of these are based on industrial and manufacturing environments but that does
not limit their utility and all of these methods can be supplemented, where
relevant, with physiologically based pharmacokinetic models.266–268

4.5 Risk Management

Risk management can be defined in a number of ways. The Royal Society in the
UK defined it as ‘‘the making of decisions concerning risk and their subsequent
implementation’’, while the World Health Organization described it as ‘‘the
managerial, decision making and active hazard control process to deal with
those environmental agents for which the risk evaluation has indicated the risk
is too high’’.269 Risk management, or risk reduction, sets out the measures to
reduce exposure and hence to mitigate risk. This implies that any precautions
made are practical and any specialist equipment or protective clothing is
practicable and readily available. There must be a reasonable expectation that,
in practice, any precautionary measures will be followed. If these measures are
not practical, almost certainly users of veterinary medicinal products will
ignore them.

There are a number of measures available to regulatory authorities to con-
trol exposure to veterinary formulations and one of these is to restrict the
availability of the product, for example to classify the product as ‘‘prescription
only’’. However, the veterinarian may still prescribe the product for use on pets
at home meaning that untrained professionals will be required to administer it,
while, on the other hand, there is no guarantee that trained professionals like
veterinarians will use the product safely. Nevertheless, many potentially
hazardous products will be used on farms or in the veterinary clinic by trained
professionals. Examples of products include anaesthetics, sedatives, vaccines
containing attenuated zoonotic organisms and euthanasia agents. Closed
delivery systems can be used or recommended for some potentially hazardous
materials, while dusty medicated feeds may (and usually do) have some method
of dust suppression such as the admixture with vegetable oil or propylene
glycol.

Packaging and containers can be designed to reduce potential exposures and
methods of administration modified such as the use of pour-on formulations
rather than sprays. It may also be appropriate to limit the size of packs to
reduce the amount of material available for use and minimise the quantities left
over as waste. Personal protective equipment (PPE) may also be recommended
and this may include the use of impervious gloves, masks, goggles, and pro-
tective clothing including impervious aprons and boots, as appropriate.
However, as already described, these should only be recommended if they are
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practicable for administration of the product. The recommendations for pro-
tective clothing and equipment are more likely to be observed in practice if
these are practical under normal conditions of use. For example, it is of little
utility recommending the use of impregnable gloves and aprons, heavy boots,
respirators and goggles for heavy manual work such as dipping sheep. Almost
certainly these recommendations will be ignored. The EU user safety guideline
recommends that ‘‘PPE must be readily available to the user and measures
should not hamper the use of the product. . .’’.

Measures recommended should therefore be appropriate, proportional and
adequate to provide the necessary degree of protection and should be suitable
for the intended use. For example, recommending the use of gloves may be
inadequate if the gloves that are likely to be used, frequently household gloves,
are permeable to a solvent in the formulation or if the gloves are likely to be
damaged by components of the formulation. Respirators must be suitable for
the protection intended as those designed for use with solvents may be unsui-
table for dusts. They should be selected for use with the hazard in questions
such as fine dusts, coarse dusts, vapours, aerosols as appropriate.270,271 They
must also have the correct workplace protection factor (WPF) for the use
intended. This is defined as the ratio of the concentration of dust or aerosol
outside the respirator with that inside the respirator, while the device is worn in
the work environment.272,273 There is, however, a wide within-wearer varia-
bility of WPF across respirator users and this has led in turn to the develop-
ment of assigned protection factors (APFs) to reduce the effects of these
variations and to facilitate equipment choice.273,274

4.6 Risk Communication

In the context of veterinary medicinal products, the purpose of risk commu-
nication is to convey information about risks to the end user of the product.
That is, to disseminate information on hazards and risks associated with a
product, and the measures necessary under risk management to reduce expo-
sure and mitigate risks. For veterinary medicinal products this generally means
information, warnings and recommendations for safe use provided in the
product literature or on the label, or for posters and warning notices displayed
in the workplace. In the EU, this also means in the Summary of Product
Characteristics (SPC) that forms the basis for the subsequent label. The pur-
poses of risk communication are four-fold: to provide information on the risks
involved; to provide information on specific exposures to avoid; to suggest how
these can be avoided or reduced; and to provide information on what should
happen if exposure occurs. An example is given below:

Avoid skin, eye or mucosal contact.
Immediately after exposure wash the exposed skin with large amounts of

fresh water.
Remove contaminated clothes that are in direct contact with skin.
If symptoms occur, seek the advice of a doctor.
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In the case of accidental oral intake or self-injection, seek medical advice
immediately and show the package leaflet to the doctor.

Unfortunately, risk communication has its own problems ranging from
complacency on behalf of the audience for which it is intended, overburdening
that audience with messages about risks and hazards and people’s individual
perceptions of risk.275–283 Moreover, extensive information on product labels
or package inserts is liable to go unread, especially where the label is small and
the font size even smaller. Nevertheless, education accompanied by attitude
changes on behalf of users of veterinary medicines and the provision of clear
messages that are commensurate with the risks involved should help to ease
these problems.277,281 After all, the benefits of this hazard and risk assessment
process will only be realised if the target audience actually reads the advice.

Finally, it has to be recognised that if it is not possible to achieve a suitable
risk assessment, for example if any necessary advice is likely to be ignored or if
there is evidence that the product has inherent properties that mean that it
cannot be used safely, then the only viable option for the regulator is either not
to grant a marketing authorisation or approval or, if it is already being mar-
keted, to suspend or revoke authorisations or approvals.

To facilitate user compliance, in addition to avoiding cramming warnings
and recommendations on to labels, labels should be designed to be clear and
uncluttered and safety precautions should be concise and unambiguous.

4.7 Conclusions

The approaches described here, although largely based on the EU model, are
applicable anywhere. The evaluation of user safety, with or without complex
guidelines, follows the same model in almost all regulatory jurisdictions and is
essentially that depicted in Figure 4.1. It is a logical process that considers the
hazards of a substance coupled with the risks to human health that those
hazards are associated with in the preparation and administration of the
product.

The major aim of this process, indeed perhaps the only aim, is to ensure that
instructions and recommendations regarding safe use actually reach the user
regardless of whether that user is a veterinarian, another veterinary profes-
sional, a farmer, a fish farmer or a pet owner. Many of the judgments made in
the review process are cautious or even precautious. That is, the assessment
process tends to build worst case on to worst case (e.g. the lowest NOEL from
toxicity studies, the highest degree of exposure during exposure assessment, the
worst possible outcome if exposure does occur and the repeated asking of
‘‘what if’’ – what if he/she falls into it, drinks the whole container of it, is
uniquely sensitive to its effects, is working on a remote farm miles away from a
doctor, and so on). As already described, the outcome of risk assessment may
be not to authorise a product or to take one off of the market. However, this
has to be seen in terms of benefits and not just risks, and those benefits can be
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societal as well as therapeutic. For example, the risks associated with using a
cytostatic anticancer drug in dogs and cats must be weighed against the benefits
to the animals and with the needs of the owner, the latter often being solely
emotional. In such circumstances, authorisation must be considered, but
carefully controlled conditions of use implemented.284–286

It must also be remembered that authorisation is not the end of the story.
Most countries now have modern and efficient pharmacovigilance systems in
place to detect adverse drug reactions, not only in treated animals but also in
exposed humans including those occupationally exposed.39,40,287–289 Findings
from pharmacovigilance programmes (see Chapter 2), especially adverse events
in exposed users, can be used to refine risk assessments and to amend product
label warnings and recommendations.

The process of user safety risk assessment is not difficult but it is rarely
straightforward except for the simplest of products. It may be complicated with
toxicological issues such as defining NOELs and agreeing ADI values. In the
EU the process is facilitated by the now clear and helpful guidelines for phar-
maceuticals and vaccines. The overall aim of the assessment must be to balance
the hazards and the associated user risks, along with other risks (environmental
and patient) with the benefits of treating the animal and with those for its owner
and the public in general. Balancing benefits and risks is never easy even in
human medicine where the risks are frequently borne by the patient – the
individual who stands to gain most from treatment.290–293 This becomes more
difficult with veterinary drugs where the risks are borne not only by the patient
but also by those treating them (and often eating them). A well-considered user
risk assessment facilitates the regulatory process and focuses major safety issues.
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CHAPTER 5

General Anaesthetics

5.1 Introduction

Prior to the mid 1800s the only anaesthetic substances available for surgery in
human medicine were alcohol and opiates, despite the fact that Joseph Priestly
and Humphrey Davy had commented on the anaesthetic properties of nitrous
oxide at the beginning of that century. Some years later, Michael Faraday
noted that diethyl ether produced anaesthetic effects similar to those of nitrous
oxide. The introduction of diethyl ether and nitrous oxide as anaesthetics was
largely due to the efforts of dentists. These agents were followed by chloroform
and cyclopropane.1–2

These substances are ideal for use as inhalation anaesthetics as they are either
gases (nitrous oxide and cyclopropane) or volatile liquids (chloroform and
diethyl ether). However, they also have disadvantages. Chloroform is hepato-
toxic and induces cardiac depression, while cyclopropane and diethyl ether are
flammable and, at certain concentrations, they form explosive mixtures in air.
Over time diethyl ether, like some other ethers, forms a peroxide through
oxidation and this too is explosive. Nitrous oxide is non-flammable but it
supports combustion. At high temperatures, it decomposes to form oxygen and
nitrogen and it has been used as a rocket propellant and in high-performance
internal combustion engines. These molecules have left a legacy as modern
inhalation anaesthetics are either halogenated hydrocarbons (e.g. halothane) or
halogenated ethers (e.g. isoflurane). Nitrous oxide continues to be used as an
inhalation anaesthetic, especially in dentistry and in childbirth.2–5 The major
inhalation anaesthetics are shown in Table 5.1.

In veterinary surgery, the major inhalation anaesthetics are halothane, iso-
flurane and sevoflurane. Nitrous oxide is used, but usually in combination with
one of the halogenated compounds.3

Issues in Toxicology No. 14

Toxicological Effects of Veterinary Medicinal Products in Humans: Volume 1

By Kevin N. Woodward

r The Royal Society of Chemistry 2013

Published by the Royal Society of Chemistry, www.rsc.org

117

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
17



Injectable anaesthetics are administered to rapidly produce a state of
unconsciousness. In most cases they are given prior to an inhalation anaes-
thetic. Examples include the barbiturates (thiopental and methohexital), keta-
mine, tiletamine and etomidate. Propofol (2,6-diisopropylphenol) is a rapid
acting general anaesthetic used in human and veterinary medicine.2,3,6,7

5.2 Human Health Concerns

The general anaesthetics are administered to animals by veterinary profes-
sionals trained in their use. They are not used by others involved in the care and
welfare of animals such as farmers and the pet-owning public. Although they
are potent pharmacologically active agents, these drugs are not generally
regarded as toxic except at high concentrations in the case of inhalation
anaesthetics or at high doses in the case of injectable anaesthetics. Veterinary
personnel may be exposed to the inhalation anaesthetics through faulty
administration equipment, through ill-fitting masks and through exhalation
from the anaesthetised animal. Occupational exposure to injectable anaes-
thetics is likely to be due to spillage onto skin or by way of self-injection.
However, some of these drugs may also be abused or misused.

5.3 Inhalation Anaesthetics

Several inhalation anaesthetics have been used over the years including diethyl
ether and chloroform. These fell out of favour for a number of reasons but
notably for the flammability and explosivity of the former and the toxicity of
the latter. The inhalation anaesthetics now in veterinary use are discussed
below.

Table 5.1 Some inhalation anaesthetics.

Common name Chemical name Derivative of:

Vapour pressure
mmHg (kPa)
at 20 1C

Nitrous oxide Nitrogen oxide; dinitrogen
oxide

– 38723 (51550)

Halothane 2-Bromo-2-chloro-1,1,1-
trifluroethane

Ethane 243 (32.32)

Isoflurane 1-Chloro-2,2,2-trifluoroethyl
difluoromethyl ether

Methyl ethyl ether 238 (3165)

Sevoflurane 1,1,1,2,3,3-Hexafluoro-2-
(fluoromethoxy) propane

Methoxy propane;
isopropyl methyl
ether

1181 (157)

Enflurane 2-Chloro-1,1,2-trifluoroethyl
difluoromethyl ether

Methyl ethyl ether 172 (22.8)

Methoxyflurane 2,2-Dichloro-1,1-difluoro-1-
methoxy ethane

Methyl ethyl ether 22.5 (2.99)
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5.3.1 Nitrous Oxide

Nitrous oxide (N2O) is a colourless, odourless gas that is unusual as it is the
only inorganic gas suitable for routine anaesthesia.3–5 It is used either alone or
in combination with other volatile anaesthetics where it increases the rate of
uptake of the second anaesthetic through the ‘‘second gas effect’’. The main
route of elimination is through exhalation.3

Nitrous oxide is a dissociative anaesthetic that produces anaesthesia by
inhibiting the ascending transmission from the unconscious to the conscious
parts of the brain. These agents produce analgesia and anaesthesia without
significantly affecting respiratory function.2,3,8 They also produce delirium,
excitement and distorted perception and, in the case of nitrous oxide, euphoria,
hence its alternative name ‘‘laughing gas’’. As a result of these effects, nitrous
oxide, irrespective of its origins (human or veterinary use), has been the subject
of abuse. In addition, nitrous oxide is used as a propellant for whipped cream
products and the bulbs containing the gas (‘‘whippet’’) have been used for
abuse purposes.9,10

Some of the major effects of nitrous oxide abuse include oxygen deprivation,
loss of motor control, hypotension and respiratory depression.2,11,12 As a result
of the extreme cold associated with nitrous oxide liquid, and the cold due to
evaporation, physical injury may also result from frostbite.13–15

However, the major adverse effect arising from repeated exposure to nitrous
oxide, either therapeutically or through abuse, including abuse from nitrous
oxide in whipped cream products is a neuropathy or, specifically, a myelo-
neuropathy similar to that which occurs with vitamin B12 deficiency. Indeed,
nitrous oxide causes deficiency in this vitamin, probably by lowering its bio-
availability, and its toxicity may be even more pronounced in individuals with
vitamin B12 deficiency. Symptoms include amnesia, limb weakness, numbness
and incoordination affecting the extremities, usually as a result of multiple
exposures.9,10,16–27 The condition may mimic Guillain–Barré syndrome.28

There is also concern that it may have reproductive toxicity, and there is
some evidence to suggest that it induces spontaneous abortion and reduces
fertility.21,29 It may also induce DNA damage in exposed personnel.30

No studies of occupational safety or exposure have been conducted with the
veterinary use of nitrous oxide. However, medical and dental uses do result in
occupational exposure,31–33 leading others to suggest the need for adequate gas
scavenging and ventilation equipment in dental surgeries, operating theatres
and recovery rooms.34,35 Obviously, such sentiments apply equally to veter-
inary surgeries where nitrous oxide is used.

5.3.2 Halothane

Halothane (Figure 5.1) is an important general anaesthetic in both human and
veterinary medicine. However, its use is in decline in human medicine because
of concerns over its safety and as alternatives with better efficacy profiles
become available. Halothane, along with isoflurane and nitrous oxide, is on the
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World Health Organization’s (WHO) Model List of Essential Medicines for
human use.36

In clinical use in human medicine, halothane causes a dose-dependent
reduction of arterial blood pressure. This hypotension arises from direct
depression of the myocardium and from depression of the normal baroreceptor
mediated tachycardia. Cardiac output may be reduced by 20 to 50% during
normal surgical procedures where halothane is used. There is also a depression
of ventilation and a degree of muscle relaxation. These effects are unlikely to be
experienced in exposed personnel, as they require therapeutic doses of the drug
to occur.2

One of the major adverse reactions noted with halothane in humans is
hepatotoxicity. In an estimated 20–25% of surgical procedures using halo-
thane, there may be mild abnormalities in hepatic enzymes, suggestive of a
minor degree of liver toxicity. This quickly resolves following the procedure.
However, a more severe form of liver toxicity may develop. Patients develop
jaundice around 11 days after a single exposure or 6 days after multiple
exposures. The liver injury is severe resulting in fulminant hepatic failure and
there is approximately 50% fatality and treatment frequently requires liver
transplant. In 1993, deaths due to halothane toxicity were estimated to be
around 1 in 35,000, which was much higher than a previous estimate of 1 in
110,000 in 1976. In Sweden, halothane and a number of other drugs including
paracetamol and flucloxacillin were the drugs most frequently associated with a
fatal outcome and hepatotoxicity. The mechanism underlying this hepato-
toxicity is still not fully understood. However, the greater severity and fre-
quency in patients who have previously been given halothane anaesthesia
suggests an immunological component.37–43

Halothane undergoes biotransformation to trifluoroacetyl chloride and tri-
fluoroacetic acid and the former may acetylate hepatic proteins and other
macromolecules to precipitate a toxic response. Antibodies isolated from
patients with halothane toxicity or from animal models reacted to specific liver
proteins in animals exposed to halothane. Alternatively, the trifluoroacetylated
antigenic determinant may be mimicked by an endogenous protein that cross-
reacts with antibodies from humans or animals exposed to halothane to initiate
liver toxicity.44–48 Hepatic metabolism of halothane involves the cytochrome
P450 superfamily of enzymes, and this may also result in lipid peroxidation
while P450 2E1 appears to be an autoantigen associated with halothane
hepatitis, possibly through covalent binding of the trifluoroacetyl moiety. A
study in mice suggested that interleukin-17 may also be involved in this

F

F

F

H

Br

Cl

Figure 5.1 Chemical formula of halothane.
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hepatotoxic response to halothane. Plasma interleukin-17 increased following
exposure to halothane, as did hepatic macrophage inflammatory protein 2
expression and neutrophil expression. Neutralisation of interleukin-17 reduced
the hepatotoxicity. Neutrophil recruitment in halothane toxicity may be
regulated by the actions of natural killer T cells.49–54

The toxicity of halothane, combined with its capacity as a gas to pervade and
contaminate operating areas and through exhalation by anaesthetised patients
in recovery rooms and hospital wards, caused serious concerns over occupa-
tional exposure and safety to those involved including surgeons, anaesthetists,
dental surgeons and nursing staff and, as a result, efforts have been made to
monitor exposure and to reduce it through ventilation and gas scavenging
equipment.55–72 These concerns have been strengthened by reports of neuro-
toxicity, hepatotoxicity, spontaneous abortions and congenital anomalies
among anaesthetists and other exposed medical workers.44,73–83

As a consequence, concerns have been expressed over the exposure of
veterinary personnel and laboratory animal workers exposed to halothane
during surgical procedures and various recommendations have been made for
improved ventilation and the use of efficient gas scavenging systems.84–103

There are no well-documented reports of liver disease associated with halo-
thane exposure in veterinarians although there have been reports of hepato-
toxicity in laboratory animal workers potentially exposed.104,105 However,
there are a number of reports that suggest that occupational exposure to
halothane by pregnant veterinarians may lead to preterm births, spontaneous
abortion and low birth-weights but the data were not entirely convincing due to
the retrospective nature of the studies and lack of statistical significance.105–109

In fact, there is little or no evidence for increases in congenital malformations in
children of female veterinarians.110,111 Despite these comments and the see-
mingly negative evidence for the induction of birth defects, there is no reason
for the relaxation of standards. Normal workplace hygiene considerations
demand that employees should not be exposed to undue concentrations of
potentially toxic or, for that matter, non-toxic airborne materials. Moreover, in
most countries occupational exposure levels have been established for airborne
materials in the workplace. In the UK, for example, the long-term exposure
limit (8-hour time-weighted average reference period) for halothane is 10 ppm
or 82mg/m3 in air, and similar limits apply in other European Union countries
and elsewhere in the world for halothane and other anaesthetic gases.112,113 In
the USA, the corresponding values established by the American Conference of
Governmental Industrial Hygienists (ACGIH) for halothane are 50 ppm or
404mg/m2.114 These, and the occupational exposure limits for some other
volatile anaesthetics are shown in Table 5.2.

5.3.3 Isoflurane

Isoflurane (Figure 5.2) is widely used in veterinary anaesthesia.4 It undergoes
very little biotransformation in animals and humans when compared with
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halothane and only minimal amounts of trifluoroacylated proteins are pro-
duced.4,12,115 Moreover, it is rapidly excreted by the pulmonary route thus
reducing the capacity for metabolism.116

As with halothane, occupational exposure to isoflurane can occur during
human and veterinary surgical procedures.99,117–121 The hepatotoxicity profile
of isoflurane in human patients is far superior to halothane, possibly due to its
lack of biotransformation to potentially hepatotoxic metabolites, noted
immediately above. Nevertheless, there are concerns over its possible effects on
genetic material as a result of occupational exposure to isoflurane, particularly
when in combination with nitrous oxide, including the induction of DNA
damage and sister chromatid exchanges.122–124 There are also concerns that
isoflurane, along with other general anaesthetics, may affect the development of
the brain in neonates and of the embryo in utero. Most of these concerns arise
from studies in laboratory animals and the major target population is therefore
the paediatric surgical one. However, it also raises issues of the safety of
pregnant personnel exposed occupationally to isoflurane and to other anaes-
thetic waste gases.125–129

There are also concerns over the drug’s ability to deplete T-cells in exposed
personnel. The percentages of T-cells were reduced in anaesthetists but the
numbers of natural killer cells increased.130 The biological significance, or
more importantly the immunological significance, of these effects, if confirmed,
is unclear. Occupational exposure to isoflurane during human surgical

Table 5.2 Occupational exposure values for volatile anaesthetics.

UK exposure limit
(long-term exposure limit,
8-hour time-weighted
average reference period)112

US American Conference of
Governmental Industrial
Hygienists (ACGIH) Threshold
Limit Values (TLVs) for 8-hour
day, 40-hour week114

Anaesthetic ppm mg/m3 ppm mg/m3

Nitrous oxide 100 183 50 90
Halothane 10 82 50 404
Isoflurane 50 383 – –
Sevoflurane – – – –
Methoxyflurane – – – –
Enflurane 50 383 75 566

OF

F

F

F

F

Cl

Figure 5.2 Chemical formula of isoflurane.
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procedures has resulted in allergic contact dermatitis and asthma in exposed
anaesthetic workers.131–133

To date, there have been no reports of ill effects in veterinary or laboratory
animal workers despite intensive use of isoflurane as an anaesthetic for animal
use. This probably reflects the safer profile of isoflurane when compared to
halothane as well as the introduction of better anaesthetic hygiene practices
into veterinary medicine.

5.3.4 Sevoflurane

Sevoflurane (Figure 5.3) is a fluorinated isopropyl methyl ether derivative,
which, unlike some other halogenated hydrocarbons or ether general anaes-
thetics, has low irritant potential.2 It is subject to only limited metabolism
in vivo but, nevertheless, it is converted to hexafluoroisopropanol and fluoride
in mammals, including humans.134 Studies with human liver microsomes
indicate that cytochrome P450 2E1 is the major and specific P450 isoform
responsible for this metabolism.135,136 The hexafluoroisopropanol is rapidly
subject to glucuronic acid conjugation and is subsequently excreted in the urine.136

Sevoflurane has an excellent safety profile and is not associated with sig-
nificant hepatotoxicity or nephrotoxicity in human patients.2,136,137 However,
like isoflurane, it produces dose-dependent CNS, cardiovascular and respira-
tory depressant effects,138 but these are only expected to occur at therapeutic
concentrations and not those that might be encountered under most conditions
of occupational exposure. However, and also like isoflurane, there have been
reports of genotoxic effects, notably increases in sister chromatid exchanges
and DNA damage, in anaesthetists involved in human medicine proce-
dures,139,140 although the health implications of such findings are not clear.
Sevoflurane is known to escape into the operating room area, even to the extent
of being detectable in the exhaled air of some operating room personnel.141–144

Like isoflurane, sevoflurane has been implicated in the development of occu-
pational asthma and contact dermatitis in staff involved in anaesthesia in
human medicine.132 Thus far, there have been no reports of adverse effects in
veterinarians potentially exposed to sevoflurane.

F

F

F

F F

F

OF

Figure 5.3 Chemical formula of sevoflurane.
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5.3.5 Enflurane

As with halothane, enflurane (Figure 5.4) produces a decrease in arterial blood
pressure in human patients as the depth of anaesthesia progresses. It also
results in respiratory and CNS depression.2,145,146 Like other halogenated
anaesthetics, enflurane is metabolised to fluoride and trifluoroacyl derivatives
in vivo in humans115,147–149 and, as with sevoflurane, possibly involving the
intermediacy of cytochrome P450 2E1.150 In addition, a number of thioether
and thiol compounds, which subsequently lead to S-conjugates, are also
formed.151

Enflurane is hepatotoxic, but not to the same degree as halothane, and it is
also nephrotoxic. Moreover, the formation of trifluoroacylated proteins by
both halothane and enflurane may lead to cross-reactivity with immune-
mediated hepatotoxicity in patients exposed to both compounds.147,152

Occupational exposure of operating theatre personnel to enflurane is known to
occur.69,153,154 Hence, the biotransformation products of enflurane, including
plasma fluoride and urinary thiol compounds, have been detected in operating
room personnel exposed to enflurane.148,155 As with other halogenated anaes-
thetics, the major adverse effects reported following occupational enflurane
exposure (or in vitro exposure) are chromosome anomalies, sister chromatid
exchanges and DNA damage.156–159

5.4 Injectable Anaesthetics

There are a number of agents available for use as injectable veterinary anaes-
thetic drugs and of these the most important currently in use are propofol, the
barbiturates, etomidate and the dissociative drugs ketamine and tiletamine.
These drugs have found uses in both small- and large-animal medicine as well
as in human medicine.

5.4.1 Propofol

Propofol (2,6-diisopropylphenol; Figure 5.5) is a non-barbiturate sedative and
hypnotic agent. It is poorly soluble in water and so is supplied as a lecithin-
containing emulsion. This formulation is capable of sustaining microbial
growth and unused propofol must be discarded.3 Propofol is normally

O

F

Cl

F

F

F

F

Figure 5.4 Chemical formula of enflurane.
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administered as a bolus intravenous dose for the induction and maintenance of
anaesthesia in human and animal patients. It permits rapid recovery with few
side effects. Those that do occur include excitement during induction and
recovery, pain on injection and muscle tremors, although respiratory depres-
sion and apnoea may occasionally occur.2,3,160–162 Keratitis has also been
reported in humans.163 However, the most important, albeit rare, reaction with
propofol during normal human clinical use is known as propofol infusion
syndrome. Common clinical features of this include hyperkalaemia, hepato-
megaly, lipaemia, metabolic acidosis, myocardial failure and rhabdomyo-
lysis.164–166 The mechanism underlying this syndrome is unknown but it
appears to be related to a number of factors including impaired tissue oxyge-
nation, sepsis, serious cerebral injury and propofol dosage and duration of
anaesthesia. Mitochondrial injury, which may also be related to poor oxygena-
tion, may also be involved.164–168 A similar syndrome has been observed in
rabbits after prolonged administration with relatively high doses of the drug.
Here, organ toxicity occurred in the lungs, liver, gallbladder and urinary blad-
der.169 Despite this, propofol is recognised as a safe general anaesthetic that has
the added benefit of reducing occupational exposure to volatile anaesthetics,
although low-level exposure to the drug itself may occur in operating rooms for
human surgery.170–173 None of the adverse effects noted above in human (or
animal) patients are likely to be observed following occupational exposure in
human or veterinary medicine as these tend to occur at therapeutic doses.

At doses higher than the optimal therapeutic doses, signs of pharmacological
or toxicological significance may occur. These cases tend to arise after sys-
tematic abuse of the drug, and they occasionally involve individuals who have
access to the drug such as health professionals, including anaesthetists. In
young children and infants (less than two years), where the induction dose for
anaesthesia is higher (2.9mg/kg bw) than in older children or adults (around
2.2mg/kg bw), accidental overdoses of up to five times the therapeutic dose
may result in mild hypotension, reduced heart rates and abnormal blood
oxygenation, while higher doses may result in myocardial dysfunction.174,175 In
one case, a dose of 20mg/kg bw per hour infused over 15 hours was initially
survived by a 3-year-old child who had developed respiratory perturbation and
metabolic acidosis. However, on recovery the patient was given further pro-
pofol (4mg/kg bw per hour) and this resulted in intractable bradycardic dys-
rhythmias that led to fatal cardiac insufficiency.176 Hence, medication errors
may lead to exaggerated pharmacological responses and eventually to frank
toxicity. These effects may be exacerbated by faulty medical equipment.177

OH CH3

CH3

CH3

H3C

Figure 5.5 Chemical formula of propofol.

125General Anaesthetics

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
17

View Online



However, medication errors do not pose the greatest risks. Propofol is fre-
quently abused. As noted by one poison control centre, ‘‘propofol has alluring
and addictive properties that lend itself to potential recreational abuse
dependence’’. This may lead to recreational abuse, tolerance, dependence,
withdrawal effects and death.178 Propofol is also favoured for use in suicide
attempts, frequently successful, and in homicides.179–186

All of the effects noted with propofol underline the need for proper medical
or veterinary supervision of the use of the drug during anaesthesia procedures,
something that was emphasised by the death of the singer Michael Jackson
following propofol administration for non-medical use. In the hospital envir-
onment, human or veterinary, propofol is a very safe and effective anaesthetic
agent. However, following self-administration, the drug may have lethal effects
that are sometimes the intent of the abuse. On other occasions, it may be used
for homicide attempts. As the veterinary and human propofol formulations
currently available are identical, then for practical purposes it is immaterial as
to the source of the product. Clearly, whether intended for veterinary or human
clinical use, propofol should be securely kept when not in use.

5.4.2 Barbiturates

The barbiturates are derivatives of barbituric acid (malonylurea; Figure 5.6),
a substance that is only slightly soluble in water. However, conversion of
this into water-soluble derivatives has allowed the development of many
compounds that have found use as therapeutic agents. Several barbiturates are
used in veterinary medicine and the choice of drug is frequently determined
by the desired duration of activity (Table 5.3) and the structures of two of
these, phenobarbital sodium and pentobarbital, are shown in Figure 5.6. The
barbiturates may be used as injectable anaesthetics or as induction agents prior
to use of other anaesthetic drugs such as isoflurane.3,6 They are also used
as veterinary euthanasia agents and for the treatment of epileptic seizures,
especially in dogs.186–190

The major effect of the barbiturates in animals and humans is depression of
the central nervous system from increased inhibitory activity, which leads to
fatigue, changes in cognitive function, anaesthesia or at higher doses to death
and, consequently, barbiturates are frequently used in suicides.191–199 As phy-
sicians have access to drugs, barbiturates are frequently used in suicides by this
occupational group, especially anaesthetists.200 Although veterinarians may be
at elevated risk of suicide, there are no substantive data to suggest that the
ready availability of barbiturates or indeed other drugs plays a role in
this.201,202 However, barbiturate formulations specifically marketed for veter-
inary use have featured in suicides including suicides by veterinarians.203–206

Barbiturates are known to induce hepatic microsomal enzymes and hence
to enhance the metabolism and sometimes the toxicity of other chemicals
including other drugs. Indeed, in experimental toxicology and carcinogenesis,
phenobarbital has long been used for such purposes.207
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5.4.3 Etomidate

Etomidate (ethyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate; Figure 5.7) is
a unique drug, being the only anaesthetic in this chemical class in clinical use,
although several other candidate compounds were synthesised.208 In veterinary
and human medicine, intravenously administered etomidate is frequently used
for short surgical procedures and it is preferred to barbiturates due to its high
therapeutic index.6,208 Etomidate possesses a chiral carbon atom, resulting in a
chiral centre and two enantiomers, the R(þ) and S(–) compounds. Studies have
demonstrated that the R(þ) isomer is around 10- to 20-fold more potent as a
hypnotic drug than the S(–) isomer.208–210 Etomidate has been shown to

HN N

OO

O
–

Na
+

H3C

Barbituric acid

HN NH

OO

H3C

O

CH3

CH3

Phenobarbital sodium

N

N

CH3

OO

CH3

Pentobarbital

Figure 5.6 Chemical formulae of barbituric acid, phenobarbital sodium and
pentobarbital.
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interact with the GABAA receptors, the major inhibitory neurotransmitter
receptors in the brain.208–213

It has been shown to be an exceptionally safe drug when used for
general anaesthesia. Side effects include pain on injection, myoclonic move-
ments, post-operative nausea and vomiting.208 Adrenal toxicity has been
reported in human patients after prolonged etomidate infusions.214–216 It has
been shown to suppress adrenocortical activity in humans and in experimental
animals.217–222 Etomidate, or a metabolite of etomidate, may block ascorbic
acid metabolism and, subsequent to this, inhibit steroidogenesis.223

It may also inhibit mitochondrial function, at least in part through the
inhibition of nitric oxide synthase, producing ischaemic injury in the brain.224

Etomidate (and propofol) may also severely depress neuronal firing of neurons
in the cat cortex, thalamus and reticular formation.225

Clearly, the side effects and toxicity noted with etomidate are related to
clinical use of the drug and are unlikely to be seen following occupational
exposure, even accidental self-injection, during normal veterinary use.

5.4.4 Ketamine

Ketamine (2-(chlorophenyl)-2-(methylamino)cyclohexanone; Figure 5.8) is a
dissociative anaesthetic structurally related to phencyclidine (1-(1-phenylcyclo-
hexyl)piperidine), a substance previously used as an anaesthetic but which is
now solely used as a recreational drug under the names PCP or angel dust.
Ketamine is also structurally related to tiletamine (2-(ethylamino)-2-(2-
thienyl)cyclohexanone).

Table 5.3 Some barbiturates used in veterinary medicine.

Barbiturate Duration of action

Phenobarbital sodium Long acting
Barbital sodium Long acting
Amobarbital sodium Intermediate acting
Pentobarbital/pentobarbital sodium Short acting
Secobarbital sodium Short acting
Thiopental sodium Ultrashort acting
Thiamylal sodium Ultrashort acting
Thialbarbital sodium Ultrashort acting
Methohexital sodium Ultrashort acting

HN NH

O

OO

Figure 5.7 Chemical formula of etomidate.
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Phencyclidine was developed for use in human medicine but its use was
abandoned because of hallucinations and psychological problems and it was
replaced with ketamine, which has a lower frequency of such effects.2,226,227

Both ketamine and tiletamine are used as anaesthetic agents in veterinary
medicine. Indeed, they have a wide range of uses in companion, farm and exotic
animals. Both are frequently used in combination with other drugs, and tilet-
amine is supplied as a fixed combination with zolazepam (Telazol).2,6,228–255

Phencyclidine, ketamine and related drugs are N-methyl-D-aspartate
(NMDA) antagonists and this activity may be associated with the induction of
apoptosis in the rat and primate brain, and notably in young rats during the
period of synaptogenesis.256–263 Anaesthesia for periods of 9 hours or greater
was associated with significant nerve cell death in monkeys.260 Certain agents,
including yohimbine, lithium and xenon, exert a protective effect in this neu-
rotoxicity.264–266 The exact mechanism is not yet understood but it may involve
enhanced expression of the NMDA receptor subunit mRNA and interactions
with neuronal growth factors.256–258,260,261 Such findings raise concern over
the paediatric use of ketamine, although simple overdose in children, even with
100 times the recommended dose, appears to result mainly in prolonged
sedation.267,268 However, the effects may not be restricted to neonatal animals
thus giving rise to concerns for older patients and for drug abusers.269 Intra-
thecal and subarachnoid administration of ketamine is also associated with
neuronal degeneration in animals.270–273 Similar effects have been reported in
human patients given ketamine intrathecally for the control of cancer
pain.274,275 Ketamine given by continuous subcutaneous infusion appears to be
a safer treatment option for the treatment of refractory cancer pain.276

Ketamine also may induce hepatotoxicity, adverse effects on the urogenital
system and, in mice at least, cardiotoxicity when given with alcohol.277–279

Ketamine was used to treat American soldiers injured in the Vietnam war and,
shortly afterwards, along with phencyclidine, it became a drug of abuse.227 Its
effects include an altered state of consciousness, and a feeling of being ‘‘high’’.
However, its abuse can result in memory deficits and behavioural chan-
ges.280,281 In animal models, it produces behavioural changes and effects that
are suggestive of a schizophrenia-like state.282–285 In humans, it produces
changes in speech that mimic some aspects of schizophrenia.286 Chronic abuse
may result in cholestasis and biliary dilatation.287 In animal models, ketamine
has been shown to induce hepatic microsomal enzymes and hence it may affect
the metabolism and toxicity of other chemical agents.288–291 Such findings are

HN

O
CH3

Figure 5.8 Chemical formula of ketamine.
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important as ketamine continues to be abused, especially as a ‘‘club’’ drug, along
with rohypnol, methamphetamine and gamma-hydroxybutyrate.227,292–299

Clearly, the origins of the drug, whether intended for use in human or in
veterinary medicine, are irrelevant but, whatever use is intended, the
evidence suggests that ketamine should be kept securely. Nevertheless, ketamine
is frequently abused by health professionals, including anaesthetists.300 Tileta-
mine, as the tiletamine-zolazepam formulation, induced a movement disorder
after abuse of the product by a veterinarian over a 2-week period.301 In another
case, a zoo worker who injected herself with the veterinary formulation and
a diazepam product became obtunded and arousable only to deep painful
stimuli but quickly recovered. She was found to be a regular abuser of the
veterinary formulation.302 Fatalities with Telazol have included at least one
veterinarian.303,304

5.5 Conclusions

Some of the volatile anaesthetics offer significant potential for adverse effects in
circumstances that provide prolonged or repeated exposures such as those that
pertain with occupational exposure. The associated risks can be mitigated with
normal occupational hygiene measures including adequate ventilation and gas
scavenging measures as well as ensuring that anaesthetic delivery devices are
well maintained and, crucially, are free from leaks.

Injectable anaesthetics also need to be used with normal occupational
hygiene measures in mind, including the avoidance of needlestick injuries and
self-injection. However, under most circumstances, it is unlikely that pharma-
cological effects will be evoked due to the very small amounts of substance that
are likely to be delivered in such accidents. The major concern with these drugs
(and to an extent with nitrous oxide) is substance abuse, especially with keta-
mine. The drugs need to be kept in a secure environment to prevent them from
becoming available for any purpose other than their intended therapeutic uses.
Veterinarians and other veterinary staff have free access to these drugs and,
clearly, the prevention of abuse under these circumstances may be problematic.
Adequate record keeping of the amounts of these drugs being employed in
practice may serve to highlight missing quantities that may be being used for
illicit purposes.
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158. M. Reitz, K. DasGupta, G. Löber and P. Kleemann, Variations of
DNA damage in human lymphocytes after enflurane exposure in vitro,
Arzneimittelforschung, 1998, 48, 120–124.

159. R. Pasquini, G. Scassellati-Sforzolini, C. Fatigoni, M. Marcarelli, S.
Monarca, F. Donato, S. Concetti and F. M. Cerami, Sister chromatid
exchanges and micronuclei in lymphocytes of operating room personnel
occupationally exposed to enflurane and nitrous oxide, J. Environ. Pathol.
Toxicol. Oncol., 2001, 20, 119–126.

160. J. A. Smith, J. S. Gaynor, R. M. Bednarski and W. W. Muir, Adverse
effects of administration of propofol with various preanesthetic regimens
in dogs, J. Am. Vet. Med. Assoc., 1993, 202, 1111–1115.

161. J. H. Kanto, Propofol, the newest induction agent of anaesthesia, Int. J.
Clin. Pharmacol. Ther. Toxicol., 1988, 26, 41–57.

162. W. W. Muir and J. E. Gadawski, Respiratory depression and apnea
induced by propofol in dogs, Am. J. Vet. Res., 1998, 59, 157–161.

163. M. B. Reddy, Can propofol cause keratitis? Anaesthesia, 2002, 57, 206.
164. T. M. Kang, Propofol infusion syndrome in critically ill patients, Ann.

Pharmacother., 2002, 36, 1453–1456.
165. D. E. Withington, M. K. Decell and T. Al Ayed, A case of propofol

toxicity: further evidence for a causal mechanism, Paediatr. Anaesth.,
2004, 14, 505–508.

166. A. Chukwuemeka, R. Ko and A. Ralph-Edwards, Short-term low-dose
propofol anaesthesia associated with severe metabolic acidosis, Anaesth.
Intensive Care, 2006, 34, 651–655.

167. K. Ahlen, C. J. Buckley, D. B. Goodale and A. H. Pulsford, The ‘propofol
infusion syndrome’: the facts, their interpretation and implications for
patient care, Eur. J. Anaesthesiol., 2006, 23, 990–998.

168. T. G. Short and Y. Young, Toxicity of intravenous anaesthetics, Best
Pract. Res. Clin. Anaesthesiol., 2003, 17, 77–89.

169. P. Ypsilantis, M. Politou, D. Mikroulis, M. Pittiakoudis, M.
Lambropoulou,M.Tsigalou,V.Didilis,G. Bourgioukas,N. Papadopoulos,
C. Manolas and C. Simopoulos, Organ toxicity and mortality in propofol-
sedated rabbits under prolonged mechanical ventilation, Anesth. Analg.,
2007, 105, 155–166.

170. T. Kiringoda, A. E. Thurm, M. E. Hirschtritt, D. Koziol, R. Wesley, S. E.
Swedo, N. P. O’Grady and Z. M. Quezado, Risks of propofol sedation/
anesthesia in a clinical research center, Arch. Pediatr. Adolesc. Med., 2010,
164, 554–560.

171. J. W. Devlin, S. Mallow-Corbett and R. R. Riker, Adverse drug events
associated with the use of analgesia, sedatives and antipsychotics in the
intensive care unit, Crit. Care Med., 2010, 38(6), S231–S243.

140 Chapter 5

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
17

View Online



172. M. M. Zestos, D. Bhattacharya, S. Rajan, S. Kemper and M. Haupert,
Propofol decreases waste anesthetic gas exposures during pediatric
bronchoscopy, Laryngoscope, 2004, 114, 212–215.

173. J. L. Merlo, B. A. Goldberger, D. Kolodner, K. Fitzgerald and
M. S. Gold, Fentanyl and propofol exposure in the operating room:
sensitization hypotheses and further data, J. Addict. Dis., 2008, 27,
67–76.

174. B. Patemann, S. Buzello, M. Dück, M. Paul and S. Kampe, Accidental
overdose of propofol in a 6-month old infant undergoing elective
craniosynostosis repair, Anaesthesia, 2004, 59, 912–914.

175. M. Seyedhejazi, G. Abafattash and R. Taheri, Accidental five fold over-
dosage of propofol for induction in a 38-days-old infant undergoing
emergency bilateral inguinal hernia repair, Saudi J. Anaesth., 2011, 5,
417–418.

176. J. Holzki, C. Aring and A. Gillor, Death after re-exposure to propofol in a
3-year-old child, Paediatr. Anaesth., 2004, 14, 265–270.

177. C. Koch, C. Hollister and P. H. Breen, Infusion pump delivers over-
dosage of propofol as a result of missing syringe support, Anesth. Analg.,
2006, 102, 1154–1156.

178. C. Wilson, P. Canning and E. M. Caravati, The abuse potential of
propofol, Clin. Toxicol., 2010, 48, 165–170.

179. R. R. Kirby, J. M. Colaw and M. M. Douglas, Death from propofol:
accident, suicide, or murder, Anesth. Analg., 2009, 108, 1182–1184.

180. E. F. Kranioti, A. Mavroforou, P. Mylonakis and M. Michalodimitrakis,
Lethal self administration of propofol (Diprivan). A case report and
review of the literature, Forensic Sci. Int., 2007, 167, 56–58.

181. T. C. Lee, D. S. Lo, P. P. Chui and T. H. Koh, The first fatal dose of 2,6-
di-isopropylphenol (propofol) poisoning in Singapore: a case report,
Forensic Sci. Int., 1994, 66, 1–7.

182. S. Iwersen-Bergmann, P. Rösner, H. C. Kühnau, M. Junge and A.
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CHAPTER 6

Veterinary Products Containing
Pesticide Active Ingredients

6.1 Introduction

Veterinary medicinal products containing active ingredients also used as
pesticides, usually insecticides, are used to treat a number of conditions in
animals, usually ectoparasites. In most countries, including the European
Union, ectoparasiticides applied topically to animals are regulated as veterinary
medicinal products as they are used to treat diseases of animals. Hence the
regulatory authorities that deal with pharmaceuticals and biological products
such as vaccines usually control them. The notable exception is the United
States where the Environmental Protection Agency (EPA) regulates pesticides,
including those used as ectoparasiticides, whereas pharmaceuticals are con-
trolled by the Food and Drug Administration’s Center for Veterinary Medicine
(CVM) and vaccines and other biologicals by the United States Department of
Agriculture. In contrast, products given orally or parenterally are controlled by
drug regulatory authorities.1–4

Cat and dog fleas and other external parasites are conveniently susceptible to
external treatments such as insecticides, including the synthetic pyrethroids
(excluding cats, as these are susceptible to the toxic effects of this group) and
selamectin.5–8 Nuisance and other flies and ticks of sheep and cattle can be
controlled with a variety of agents including pour-on formulations and insec-
ticidal ear tags.9–17 Sheep, cattle and other animals are prone to attack from
blow-fly strike and myiasis, a condition where the larvae of various flies infest
living or necrotic tissues.18–21 In addition, sheep suffer from sheep scab caused
by the sheep scab mite Psoroptes ovis.22,23 These diseases can be treated, and
frequently prevented, by a variety of chemotherapeutic agents including those
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containing organophosphorus compounds, synthetic pyrethroids, dicyclanil
and cyromazine. They are applied by spraying, plunge dipping or topical
applications.22,24–32 Newer agents have been introduced in recent years
including imidacloprid, spinosad, lufenuron and fipronil for the treatment of
fleas on cats and dogs.33–40

In aquaculture (fish farming), several agents are used for the treatment and
control of sea lice infestations caused by Lepeophtheirus salmonis and Caligus
spp. on Atlantic salmon. Azamethiphos, cypermethrin, deltamethrin, hydrogen
peroxide, emamectin benzoate, diflubenzuron and teflubenzuron are currently
used or have been used as chemotherapeutic agents, while in the past dichlorvos
and trichlorfon have been widely used.41–46

6.2 Toxicity of Individual Substances

6.2.1 Pyrethroids

Pyrethroids that do not contain an a-cyano group such as permethrin and
allethrin give rise to pronounced repetitive activity in sense organs and sensory
nerve fibres resulting in the so-called T-syndrome. This is characterised by fine
or coarse tremor, hypersensitivity to stimuli and aggressive sparring. Pyre-
throids in this group are classified as Type I pyrethroids. The data available
suggest that these compounds act directly on the axon through interference
with sodium channel gating mechanisms.47–50

Pyrethroids that possess an a-cyano group such as deltamethrin, cyhalo-
thrin, cyfluthrin and cypermethrin produce the so-called CS-syndrome. This is
characterised by marked choreoathetosis (sinuous writhing), salivation (hence,
CS), coarse tremor, and convulsions. Pyrethroids in this group are classified as
Type II pyrethroids. The data demonstrate that a-cyano pyrethroids act on
sodium channels in the nerve membrane and cause persistent prolongation of
the transient increase in sodium permeability of the membrane during excita-
tion. Type II pyrethroids tend to be more toxic than Type I compounds, and
more potent than the naturally occurring pyrethrins obtained from Chry-
santhemum cinerariaefolium.47,51–53 It has been postulated that Type II pyre-
throids exert some of their effects through binding to the GABA receptor
although they are only moderately inhibitory to this.54

Type I pyrethroids act on peripheral nerves whereas Type II act primarily on
the CNS. The results of studies indicate, for example, that deltamethrin con-
centrations in the brains of mice correlate with the severity of the Type II
response and Type II agents injected intracerebrally are more potent than when
given by the intraperitoneal route, and when compared with those causing Type
I responses.55–57

The main mode of action is thought to involve alteration of the sodium
channels in the excitable membrane of nerve cells resulting in prolonged sodium
permeability of the neuronal membrane.49,50 Cyhalothrin (and permethrin) has
been shown to be a potent inhibitor of the mitochondrial complex I in vitro.
Using rat liver isolated mitochondria, there was a concentration-dependent
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inhibition of glutamate and succinate stage 3 respiration suggesting that an
effect on cellular respiration may be a contributory factor to the effects of
pyrethroids.58

6.2.1.1 Type II Pyrethroids

The toxicity of cyhalothrin typifies the effects of the Type II pyrethroids.
Cyhalothrin is the ISO name for (RS)-a-cyano-3-phenoxybenzyl (Z)-(1RS,3RS)-
2(chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate and it
consists of 4 of a possible 16 isomers. These isomers comprise two pairs of
enantiomers, A and B, in a ratio of 60 : 40, as shown in Figure 6.1. The related
compound, lambda-cyhalothrin, contains only the B isomers but this substance
is no longer used for veterinary purposes.

A pair of enantiomers Z 1Rð Þ cis Rð Þa-CN and Z 1Sð Þ cis ðSÞa-CN

B pair of enantiomers Z 1Rð Þcis Sð Þa-CN and Z 1Sð Þcis Rð Þa-CN

Hence, commercial products contain the following combinations of cyha-
lothrin isomers:

~30% Z (1R) cis (R)α-CN

~30% Z (1S) cis (S)α-CN

~20% Z (1R) cis (S)α-CN

~20% Z (1S) cis (R)α-CN

A pair of enantiomers

B pair of enantiomers

Cyhalothrin is well absorbed after oral administration in corn oil to rats with
around 40% being recovered in urine and the remainder in faeces. Around 4 to

O

CNO

OCC

HF3C

Cl

H3C CH3

R or S (α-position)

R or S (1-position)

cis or trans
Z or E

Figure 6.1 Chemical formula of cyhalothrin.
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10% was excreted in bile. In dogs and rats, metabolism is similar and yields the
3-phenoxybenzoic acid and the triflurochloropropenylcyclopropyl carboxylic
acid moieties, through hydrolysis of the ester bond, a common pathway in
pyrethroid metabolism.59 The former is hydroxylated to 3-(40hydroxyphenoxy)
benzoic acid in the rat and dog and this is converted to the sulfate conjugate,
and in the dog to the glycine and glucuronide conjugates. The latter is con-
jugated to yield the glucuronide in both species. Similar biotransformation
pathways have been reported in cattle and goats. The majority of absorbed
cyhalothrin is found in the liver and adipose tissues.60 In humans exposed to
lambda-cyhalothrin during pesticide applications, the three main metabolites
found in the dog, namely the triflurochloropropenylcyclopropyl carboxylic
acid, 3-phenoxybenzoic acid and 3-(40-hydroxyphenoxy) benzoic acid were the
major urinary metabolites.61

Cyhalothrin was moderately acutely toxic after oral administration in corn
oil to rats, with LD50 values being in the range 114 to 240mg/kg bw, although
higher toxicity has been noted in some studies. It was more toxic to mice after
oral administration in corn oil with LD50 values of 37 and 62mg/kg bw being
calculated. It was much less acutely toxic after dermal application with LD50

values being in excess of 3500mg/kg bw. Signs of toxicity were indicative of
neurotoxicity with salivation, incontinence, ataxia, piloerection and abnorm-
alities of gait being reported.60

In repeat dose studies, signs of neurotoxicity, occasionally severe, were noted
in mice and rats in oral studies ranging from 5 days to 4 weeks for mice and 10
days to 3 months for rats. Like the acute toxicity studies, these signs included
ataxia, piloerection and abnormal gait. Muscle trembling, collapse, convulsions
and gait abnormalities have been reported in dogs given cyhalothrin for periods
of 4 to 26 weeks.
Cyhalothrin has been tested in a range of studies for genotoxic potential,

including the reverse mutation test for point mutations, an in vivo cytogenetics
test in the rat and a mouse lymphoma assay but only negative results
were obtained and, where tested, similar effects were seen with lambda-
cyhalothrin.60,62 However, some studies with lambda-cyhalothrin have yielded
anomalous results.63,64 It produced no evidence of a carcinogenic effect in mice
or rats.60

The substance provided no evidence of reproductive toxicity in a three-
generation study in mice and only a small decrease in litter size in a three-
generation study in rats.60,65 In a teratology study in rats given cyhalothrin
orally in corn oil, there was no evidence of foetal abnormalities even at doses
that produced maternal toxicity.60 In other studies, it produced delays in
development.66

As might be expected, cyhalothrin did not induce delayed neurotoxicity in
the hen.60 In a study of neurobehavioral effects cyhalothrin was tested in the
inclined plane test in the rat. However, at the lowest dose used, 50mg/kg bw/
day, signs of neurotoxicity occurred including lethargy, writhing, ataxia,
splayed gait, salivation, increased activity and vocalisation. These effects pos-
sibly masked any subtle signs of neurobehavioral toxicity. To further
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investigate any possible effects, cyhalothrin was tested in the acute startle
response test with auditory habituation after dosing. In the main part of this
study, rats were given oral doses of between 5 and 75mg/kg bw cyhalothrin.
Clinical signs of toxicity, including ataxia, hypersensitivity to touch and a high-
stepping gait, occurred in high-dose animals but not in those given 5 or
15mg/kg bw/day. There was, however, no effect on time to maximum ampli-
tude in the acute startle reflex test itself performed 1 or 8 days after dosing.60 Six
functional domains have been suggested for the investigation of neurobeha-
vioral effects of chemicals – sensorimotor, autonomic, neuromuscular, phy-
siological, activity and excitability.67–69 It can be argued that cyhalothrin has
been subjected to standard toxicity tests, described above, where these end-
points have been addressed. Most effects were only seen at relatively high doses
and, even in the acute startle test, signs of toxicity were only seen at the highest
dose employed and a clear NOEL of 15mg/kg bw/day was identified. More-
over, in a functional observational battery in rats with supermethrin (a con-
gener of cyhalothrin), lambda-cyhalothrin was used as a ‘‘model compound’’.70

Some but not all of the proposed functional domains mentioned above were
affected by lambda-cyhalothrin, a substance that is generally more toxic than
cyhalothrin, at a dose of 18mg/kg bw. Taken together, these data confirm that
the standard toxicity studies are sufficient in the case of cyhalothrin to inves-
tigate its neurobehavioral effects.
Deltamethrin (ISO, (S)-a-cyano-3-phenoxybenzyl (1R3R)-3-(2,2-dibromo-

vinyl)-2,2-dimethylcyclopropanecarboxylate) is very similar structurally to
cyhalothrin, the only difference being that two bromine atoms replace a
chlorine atom and a trifluoromethyl group on the terminal vinyl group. As a
result, there are eight possible stereoisomers for deltamethrin as the two bro-
mine atoms remove the possibility for cis : trans isomerisation about the vinyl
group. Its toxicology has been reviewed by the International Programme on
Chemical Safety and by the Joint FAO/WHO Meeting on Pesticide Residues
(JMPR).71,72

Absorption of deltamethrin after oral administration is vehicle-dependent. It
is well absorbed when given in polyethylene glycol 400 or glycerol formal, but
less well absorbed when given in vegetable oil. Following oral administration to
rats in sesame oil, deltamethrin was rapidly but incompletely absorbed. Soon
after an oral dose of 26mg/kg bw, plasma levels reached almost 1 mg/ml, as did
concentrations of the major metabolite, 40-hydroxydeltamethrin.73 When given
to rats in an aqueous vehicle, it was virtually non-toxic, suggesting poor
absorption. Around 70% of an orally administered dose was excreted in the
urine. In rats and mice, deltamethrin and its metabolites are widely distributed
to all parts of the body but concentrations were higher in lipid rich tissue
including the fat and myelin.74,75

The biotransformation of deltamethrin is complex. In rats, the first meta-
bolite is probably 40-hydroxydeltamethrin followed by further hydroxylation
and cleavage of the ester linkage. Many of the metabolites formed are con-
verted to glucuronic acid, sulfate and glycine conjugates. Metabolism in other
species has many similarities, but some notable differences.72,73,76–82
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The acute oral toxicity of deltamethrin varies widely depending on the
vehicle used and on the species. In rodents, the compound was very toxic to rats
and mice when given in PEG 200 but marginally less so when given in sesame
oil. Oral LD50 values were in the range 18 to 40mg/kg bw. These correspond to
values cited in published articles where oral LD50 values in the range of
25–140mg/kg bw in rodents with arachis oil as vehicle have been reported,83–85

and 25–63mg/kg bw in rats administered the substance in glycerol formal.55

The compound appears to be less toxic after oral administration to dogs with
the LD50 value in excess of 300mg/kg bw despite the use of PEG 200, which
appeared to exacerbate the acute toxicity in rodents. When given to mice in
aqueous methylcellulose, the acute toxicity was very low with the LD50 value
being 6800mg/kg bw.86 The studies also showed that deltamethrin was highly
toxic to rodents and dogs after intraperitoneal and intravenous administra-
tion.83,85,87 Topical administration of deltamethrin resulted in low toxicity in
rats and rabbits despite the use of occlusive dressing techniques. LD50 values
were in the range 2–3 g/kg bw.86 Inhalation toxicity using acute exposures was
investigated in rats, mice and guinea pigs. However, these studies were con-
ducted using a complex exposure media including isophorone, BHT and oil.
The studies were poorly reported and, overall, little interpretative value can be
placed on the results although the studies suggested a low order of toxicity. A
more conventional acute inhalation study in the rat using deltamethrin dust
suggested a higher order of toxicity with a 6-hour LC50 value of 600mg/m3.
This is in keeping with published values of 940 and 785mg/m3 in male and
female Sprague-Dawley rats using approximately 2-hour exposures.85

Signs of toxicity noted in these studies included muscular stiffening, clonic-
tonic convulsions, ataxia, weakness, salivation and cyanosis in rodents with
hyperexcitability, hind limb stiffness and vomiting in dogs. These signs are
typical of those noted with Type II pyrethroids and have been reported in
published studies.85,88,89

When mice were administered deltamethrin orally at 5 or 25mg/kg bw/day
for 28 days, no major signs of overt toxicity were noted, in keeping with the
majority of findings in the studies described above.90 However, these co-
workers also examined hepatic, haematopoietic and other effects in some detail
and found that even the lower of the two doses caused liver, kidney and splenic
degenerative changes, while deltamethrin at both doses caused stimulation of
erythropoiesis, increased haematocrit and increased numbers of leucocytes in
males but not in females. Oral studies in rabbits using a 1-week dosing period
failed to produce any major adverse effects although it was not clear what doses
were used.91 Others have reviewed 21-day dermal toxicity studies in the rat with
doses of up to 1000mg/kg bw/day and PEG 400 as vehicle.89 There were no
signs of systemic toxicity, probably reflecting poor absorption by this route.
Rats exposed to 6 or 12mg/m3 deltamethrin as an aerosol, 30 minutes each day
for 45 days, showed a variety of pulmonary effects including pneumonia, focal
haemorrhage, foamy macrophage accumulation, emphysema and damage to
alveolar lining cells.92 However, it was unclear as to how the aerosol was
generated or even what its components were. Moreover, the nature of the
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controls (no exposure or exposure to aerosol components only) was not stated.
Consequently, it is difficult to derive any useful information from this study.
Intraperitoneal administration to rats of deltamethrin at 7.2mg/kg bw/day for
28 days produced no evidence of pyrethroid toxicity, although minor hepatic
effects did occur (increase in mitochondria, change in their morphology).93

Although there are no standard reproductive studies available in the open
literature with deltamethrin, other reports suggest that it may induce testicular
degeneration, at least in the rat.
Administration of doses of 1 or 2mg/kg bw/day to male rats for 65 con-

secutive days in order to cover a complete spermatogenic cycle resulted in
decreases in weights of the testes, seminal vesicles and prostates. There were
also reductions in sperm counts and plasma testosterone concentrations.
These findings were accompanied by a reduction in male fertility following
mating with untreated female rats.94 In a study where rats were given daily
intraperitoneal injections of 1mg/kg bw deltamethrin for 21 days, arrest of
spermatogenesis occurred, accompanied by degenerative changes in the
testes and increases in the rate of apoptosis in basal germ cells and primary
and secondary spermatocytes. Plasma levels of nitric oxide were increased
over control values.95 Deltamethrin produced slight changes in ejaculate
volume and declines in sperm numbers in treated rabbits, although it was not
entirely clear what doses had been used (cited as fractions of the LD50

value).96

When rats were exposed in utero to deltamethrin and its metabolites by
treating pregnant female rats with the substance using oral gavage doses of 0, 1,
2 or 4mg/kg bw/day from day 1 of gestation to day 21 of lactation, there were
reductions in testicular weights of male offspring at the highest dose. The time
to reach sexual maturity was not affected and there were no effects on sperm
morphology or plasma testosterone levels.97

In vitro studies suggested that several pyrethroids had estrogenic effects,
whereas a number of organophosphorus compounds were devoid of such
activity.98 However, studies in immature female rats and castrated males
treated with up to 4mg/kg bw/day deltamethrin for 3 days by oral gavage
showed no estrogenic or androgenic effects.99 Similar negative results were
obtained when rats were treated with a combination of deltamethrin and
endosulfan.100 Administration of deltamethrin resulted in testicular degen-
erative changes accompanied by reductions in testosterone and the arrest of
spermatogenesis.101

The results of these studies suggest that deltamethrin may adversely affect the
male reproductive system causing degenerative changes and reductions in
sperm count, possibly involving an increase in apoptosis. It does not appear to
have significant estrogenic activity in vivo. Two multigeneration studies have
been reviewed elsewhere. In one of these studies where there were three
generations and two litters per generation, deltamethrin was given at 0, 20 or
50 ppm in the diet. The only effects seen were at the highest dietary con-
centration where there was reduced body weight in F0 females and reduced
food consumption in F1 males. There were no effects on reproductive
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performance.89 The NOEL was 20 ppm or 2mg/kg bw/day using the WHO
conversion factor.102 In a second multigeneration study, rats were given dietary
deltamethrin at 0, 5, 20, 80 or 320 ppm deltamethrin. The animals were dosed
for 12 weeks before a 3-week mating period, and then throughout gestation and
lactation. Deltamethrin-related deaths occurred in the F1 generation accom-
panied by ataxia, impaired righting reflex, urine-stained fur and dark material
in the stomachs of animals given the highest dietary concentration. Surviving
animals also showed signs of pyrethroid induced toxicity at this dietary level.
The body weights of rats were also significantly reduced at 320 ppm. However,
in this study there were no effects on reproductive performance. The NOEL for
toxicity was 80 ppm or approximately 4.3mg/kg bw/day as the calculated dose
while the NOEL for reproductive effects was the highest concentration tested,
320 ppm or 18mg/kg bw as the calculated dose.103

Deltamethrin has been tested in adequate developmental studies in the
mouse, rat and rabbit at sensitive periods of gestation, where it produced evi-
dence of maternal toxicity in the rabbit for which the NOEL was 4mg/kg bw/
day. There were few signs of toxicity in mice and rats and no evidence for any
teratogenic effects in any species tested.103 Similar findings have been reported
in published studies where mice were given up to 38mg/kg bw/day or rats up to
5mg/kg bw/day during gestation. Although maternal signs of pyrethroid
toxicity were noted, there was no evidence of teratogenic effects.85,104,105 There
is thus no evidence for teratogenic potential for deltamethrin.
There have been several publications dealing with the genotoxicity of del-

tamethrin. In these studies, negative results were obtained in Salmonella
reversion assays, in the V79 Chinese hamster mutation test, in a dominant
lethal assay in mice and in in vivo studies for clastogenicity in mice and the
substance did not induce excision repair.106–109

Some studies, largely for clastogenic activity, have reported positive or
equivocal results with deltamethrin and other substances including other syn-
thetic pyrethroids. Thus, positive results were seen in mouse micronucleus tests
and clastogenicity studies using human lymphocytes. In the micronucleus test,
positive results were generally only seen at high doses, while in the human
lymphocyte studies, the results appeared to depend on the donor rather than on
the substance being tested.110–117 For some substances, including deltamethrin,
some of these effects may be due to contaminants and impurities.118 Overall,
the available data suggest that deltamethrin is not a genotoxic material in
accordance with the findings of others and of regulatory bodies.81,89,103,119

Carcinogenicity studies (mouse and rat) were commenced with deltamethrin.
These were reported at 12 months as interim reports and they are discussed here
under repeat dose toxicity. However, the final reports covering the entire 2-year
period are not available, probably because agreement between the sponsor and
the supplier of deltamethrin (and owner of the studies) was terminated. It seems
that the carcinogenicity studies were finalised and discussed at JMPR, EMEA
and European Commission.81,103,119 In the mouse study, mice were fed diets
containing 0, 1, 5, 25 and 100 ppm deltamethrin for 2 years. As described here,
there were no significant findings at the 12-month interim report. Proliferative
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lesions were noted in some organs at 24 months but these were of similar
incidence in treated and control animals and were considered to be sponta-
neous. There was no increased incidence of neoplasms in treated mice when
compared to control values.103

In the rat study, animals were given diets containing 0, 5, 20 or 50 ppm del-
tamethrin for 2 years. Again, as described here, there were no untoward findings
at the 12-month interim time point. There were no major signs of toxicity noted
during the 2-year study and at termination there was no increased incidence of
tumours in treated animals when compared with controls.103

Other carcinogenicity studies in rats and mice have been conducted but the
results are not available. Thus, deltamethrin was given in the diets of mice at
levels of up to 2000 ppm for 2 years. There was no increased incidence of
tumours in treated animals. Similarly, rats were given diets containing up to
800 ppm deltamethrin for 2 years. Evidence of toxicity was noted in some
animals but at termination there was no increased incidence of any tumour
type.103

In studies conducted by the International Agency for Research on Cancer
(IARC), mice were given gavage doses of deltamethrin in arachis oil at doses of
0, 1, 4 or 8mg/kg bw/day for 2 years. There was no compound-related increased
incidence of any tumour type. Similarly, rats were given doses of 0, 3 or 6mg/
kg bw/day deltamethrin for 2 years. Again, there was no evidence of com-
pound-related carcinogenic effects and the authors concluded that deltamethrin
does not appear to be carcinogenic in rats or mice.120

In mechanistic studies using topical application, deltamethrin was not car-
cinogenic in a mouse model. There was some evidence to suggest that it had
some initiating activity when applied to mouse skin and the area treated with
phorbol esters but there were no data to suggest that it was a complete carci-
nogen.121 It gave negative results in a rat model of hepatocarcinogenesis where
animals were treated with diethylnitrosamine, followed by deltamethrin and
then subjected to partial hepatotectomy.122

As discussed earlier, Type II pyrethroids are neurotoxic and many of their
toxic effects can be attributed to this. All the pyrethroids affect motor function,
but Type II pyrethroids, including deltamethrin, are the most potent in this
respect.123 Deltamethrin has been shown to produce prolonged increases of
excitability following nerve impulses in rats124 and in the giant axons of the
annelid worm Myxicola infundibulum125 while the substance reduced the
amplitude of the action potential in isolated frog sciatic nerve.126 When injected
directly into the CNS, deltamethrin is extremely toxic with fatalities at doses of
approximately 11 mg/kg bw in rats after intraventricular administration.127,128

Intraperitoneal doses of 12.5mg/kg bw to rats induce degenerative changes in
the brain including apoptosis. Apoptosis also occurs in cultured cerebral cortex
neurons in vitro.129,130

Deltamethrin has been tested in a range of neurobehavioral toxicity studies.
The compound was found to increase spontaneous activity in both rats
(7mg/kg bw in corn as a commercial pesticide emulsion, orally) and mice
(0.7mg/kg bw in arachis oil-egg lecithin aqueous emulsion, orally). In the rat
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study, aggressive behaviour and the relearning index were also increased
whereas there was no effect on learning and memory.131,132 Oral doses of up to
8mg/kg bw in corn oil resulted in decreases in maze behaviour in rats; the
NOEL was 2mg/kg bw/day. In this same work, deltamethrin resulted in a dose-
dependent decrease in amplitude and an increase in latency of the acute startle
reflex again with an NOEL of 2mg/kg bw.133 When rats were studied in the
acute startle reflex test with oral doses of up to 6mg/kg bw deltamethrin in corn
oil, the acute startle reflex was attenuated at the highest dose. The NOEL was
4mg/kg bw.134

In a study of the scheduled-controlled response in mice given 0.3 to 3mg/
kg bw deltamethrin by the intraperitoneal route, responses were reduced by
doses greater than 0.1mg/kg bw (the NOEL). The ED50 was approximately
1mg/kg bw.135 A similar study in rats used intraperitoneal doses of 2mg/kg bw,
which reduced the operant response by 80%.136 Unfortunately, no other doses
were used and so an NOEL could not be identified.
Deltamethrin (15 and 150mg/kg bw orally) was subjected to a number of

tests in a study of neuropharmacological studies. These comprised a test for
motor coordination using a rotarod and the effects on pentobarbitone sleeping
time and pentylenetetrazole-induced convulsions. Deltamethrin treatment sig-
nificantly decreased sleeping time while it increased the duration of convul-
sions. In the rotarod test, significant ataxia occurred.137 The latter findings are
perhaps not surprising in view of the induction of ataxia and convulsions in
standard toxicity studies.
Deltamethrin at 0.08mg/kg bw led to alterations in swimming behaviour,

motor activity and striatal dopamine concentrations when exposed pre-
natally.138 The data suggested a higher level of dopaminergic activity but the
implications of these observations are unknown.
Rats treated with inducers of cytochrome P450 showed increases in some

neurobehavioral parameters while those treated with cobalt chloride to deplete
cytochrome P450 showed decreases, indicating that a metabolite of deltame-
thrin may be responsible for some of the effects seen in rodents.139

As noted in the discussion on cyhalothrin, it has been suggested that the
neurobehavioral effects of substances should be assessed by reference to six
functional domains – sensorimotor, autonomic, neuromuscular, physiological,
activity and excitability.67,69 These effects have not been investigated system-
atically in the studies described here nor have dose-response relationships been
established. However, in GLP-compliant 2 studies reviewed by JMPR, delta-
methrin was administered to rats at oral doses of 0, 5, 15 or 50mg/kg bw in corn
oil. This battery included posture, convulsions, tremors, biting, eyelid closure,
faecal consistency, ease of handling, lachrymation, salivation, respiration rate,
muscular tone, motility, rearing, convulsions, tremors, bizarre or stereotypical
behaviour, gait, startle, touch, tail pinch, grip strength, rotarod performance,
body temperature and locomotor activity. At the highest dose, tremors, clonic
and tonic convulsions and numerous behavioural changes occurred and all six
domains described previously were affected.69 At 15mg/kg bw, slight salivation,
slightly stained fur and impaired ability were noted in individual animals. The
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NOEL was 5mg/kg bw. In a further study by the same authors, rats were given
diets containing 0, 50, 200 or 800 ppm deltamethrin for 91 days, and subjected
to the same battery of tests and observations as described immediately pre-
viously. Signs of toxicity and notably neurotoxicity were seen in animals given
the highest dietary concentration and the lowest dietary concentration without
adverse effect was 200 ppm equivalent to 54mg/kg bw/day.103

In conclusion therefore, deltamethrin induces neurotoxicity characterised by
tremors, clonic and tonic convulsions and ataxia in rodents. It also produces
more subtle neuropharmacological/toxicological effects. The oral NOELs for
these effects is in the range of 2 to 5mg/kg bw although this was higher at
54mg/kg bw in a 90-day neurobehavioral study.
Deltamethrin has been tested in a study in the hen. This test has been

developed to demonstrate organophosphorus-induced delayed neuropathy
(OPIDN), which occurs following an initial cholinergic crisis, and involves a
selective degeneration of long and large fibres of the spinal cord and peripheral
nervous system.140 The domestic chicken has been shown to be a model, albeit
with some limitations for this effect of organophosphorus compounds, and it is
widely used to investigate or predict this specific toxicity.
Synthetic pyrethroids have not been shown to cause this effect and their

mode of action would not suggest that it is likely and neuropathy target esterase
(NTE) is almost exclusively a target for organophosphorus compounds.141

Hence, this study can be considered to be superfluous. Unsurprisingly, the
study was negative and there was no indication of the induction of a delayed
neuropathy.
Cypermethrin (ISO; (RS)-a-cyano-3-phenoxybenzyl (1RS,3RS;1RS,3SR)-3-

(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate) is a Type II pyre-
throid similar in structure to deltamethrin but here two chlorine atoms replace
the two bromine atoms on the vinyl structure. Like deltamethrin, cypermethrin
is a mixture of eight isomers. a-Cypermethrin (ISO) is a racemate composed of
the 1R, cis and 1S, cis isomers.142,143 Cypermethrin is well absorbed after oral
administration and rapidly excreted in urine and faeces. As with other pyre-
throids, the ester bond is cleaved to yield the 3-phenoxybenzoyl moiety, which
is further oxidised and subject to sulfate conjugation, and the corresponding
cyclopropane carboxylic acid. Minor metabolites include the glycine conjugate
of 3-phenoxybenzoic acid and 3-(4-hydroxyphenoxy)benzoic acid.144 Cyper-
methrin residues are found in most tissues in several animal species, but con-
centrations are significantly higher in adipose tissues.142–144

Like other pyrethroids, cypermethrin and a-cypermethrin are more toxic
orally when administered in oil than when given in predominantly aqueous
solvents. For example, the oral LD50 value for cypermethrin in rats was
251mg/kg bw in corn oil but 4000mg/kg bw when given in 40% aqueous
dimethyl sulfoxide and 3423mg/kg bw when given as a 50% aqueous suspen-
sion. Similar results were seen with a-cypermethrin but this was more acutely
toxic than cypermethrin with LD50 values in the rat of 64mg/kg bw when given
in corn oil. However, as with cypermethrin, toxicity was reduced when given in
aqueous dimethyl sulfoxide (LD50 4000mg/kg bw) or as an aqueous suspension
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(LD50 45000mg/kg bw). Signs of toxicity included ataxia, splayed gait, tip-toe
walking, tremors and clonic convulsions.142–144

In repeat-dose studies where mice were given a variety of dietary con-
centrations of a-cypermethrin for 29 days, animals developed signs of neu-
rotoxicity at doses 1200 or 800mg per kg feed and above. Signs included
ataxia, abnormal gait, over activity and hunched posture. The no-observed
effect level was approximately 57mg/kg bw/day. When groups of mice were
given the substance at up to 1000mg per kg feed for 13 weeks, the major
adverse sign noted was hair loss at all dose levels. Other signs included
ungroomed fur, and encrustations of the dorsal body surfaces. There were a
number of variations in organ weights but no frank evidence of neurotoxi-
city.144 Effects on the bactericidal activity of neutrophils, and increase in the
numbers of monocytes and lymphocytes seen in one study with a-cypermethrin
in mice, are difficult to interpret in the absence of data from other pyrethroids
and in other species.145

Cypermethrin and a-cypermethrin have been tested in a range of repeat-dose
studies in rats ranging from 35 to 90 or 95 days. With cypermethrin, the main
effects were decreases in haemoglobin, mean corpuscular volume and eosino-
phil counts and increases in relative liver weights. The NOEL from these studies
was 5mg/kg bw/day. a-Cypermethrin caused decreases in mean corpuscular
volume and haemoglobin. Animals given 800 and 1200mg/kg feed showed
signs of neurotoxicity including high stepping, splayed gait, abasia and
hypersensitivity, with cachexia in severe cases. Similar effects were seen in a
separate study with doses of 540mg/kg feed. The NOEL from these studies was
equivalent to 3mg/kg bw/day. Signs of neurotoxicity have also been reported in
dogs given cypermethrin or a-cypermethrin in repeat-dose studies. These
included tremors, ataxia, incoordination and hyperaesthesia. At 1500mg/kg
feed, 50% of animals in a dose group had to be sacrificed due to the toxic effects
of cypermethrin. The NOEL from this particular study was 12.5mg/kg bw/day.
Similar signs were reported with a-cypermethrin, although this substance
appeared to be more toxic than cypermethrin. The lowest NOEL with a-
cypermethrin was 1.5mg/kg bw/day.144

Cypermethrin had no adverse effects on reproductive performance in a three-
generation study in rats. Both substances produced signs of maternal toxicity in
teratogenicity studies in rats while a-cypermethrin produced fetotoxicity at
higher doses. Neither compound produced any evidence of teratogenicity.
Similarly, both substances have been tested in teratogenicity studies in rabbits.
Neither produced evidence of embryotoxicity or teratogenicity. The NOELs
from these studies were 70mg/kg bw/day for cypermethrin and 9mg/kg bw/day
for a-cypermethrin in rats and 120mg/kg bw/day for cypermethrin and 30mg/
kg bw/day for a-cypermethrin in rabbits.144

Both substances have been investigated in a number of in vitro and in vivo
studies of genotoxicity covering a variety of end-points including the induction
of mutations and clastogenicity. All of these studies yielded negative results.
There was no evidence of carcinogenicity with cypermethrin in long-term stu-
dies in mice and rats,144 and in view of this result, and the results from
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genotoxicity studies, there is no reason to believe that a-cypermethrin would be
carcinogenic.
Cypermethrin produced a significant but transient functional impairment in

the inclined plane test in rats that was maximal after 7 days of administration.
However, there were no adverse effects in the acute startle reflex test.146,147 a-
Cypermethrin was investigated in a functional observational battery of tests for
measurements of fore and hind limb grip strength, hind limb landing foot splay
and motor activity. Signs of toxicity included abnormal and splayed gaits,
prostration, vocalisation, piloerection and hunched posture while gait
abnormalities were observed during the functional observational battery phase
of the study. At higher doses, slight degeneration of the fibres of the sciatic
nerve occurred at higher doses. The NOEL for this study was 4mg/kg bw.

6.2.1.2 Type I Pyrethroids

As mentioned earlier, permethrin (ISO; 3-phenoxybenzyl(1RS,3RS;1RS,3SR)-
3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate) is a pyrethroid
which lacks the cyano group that characterises cyhalothrin, deltamethrin,
cypermethrin and other similar synthetic pyrethroids (Figure 6.2). Unlike these
substances, permethrin, like allethrin and resmethrin, is a Type I pyrethroid,
whose actions are thought to be due to its effects on ion channels in
axons.148,149 The metabolism of permethrin, like that of many other pyre-
throids, is complex. In the rat, the major metabolites arise from cleavage of the
ester bonds to yield the hydroxyphenoxybenzoic acid derivatives, which are
conjugated with sulfate. Phenoxybenzoic acid, probably via phenoxybenzyl
alcohol, is also formed and this is converted to the glucuronide and glycine
conjugates.148,149

In the absence of an oily vehicle, the acute oral toxicity of permethrin is low
with LD50 values in excess of 2000mg/kg bw, or even 8000mg/kg bw in rats.
However, when administered in corn oil the toxicity increases markedly. LD50

values in the range 230 to 1700mg/kg bw have been reported in mice, and 220
to 1600mg/kg bw in rats. The toxicity also depends on the isomeric composi-
tion of the material used with permethrin with a cis : trans ratio of 80–100 : 20–0
being up to 24 times more toxic than that with a cis : trans ratio of
10–25 : 90–75. In rabbits, the oral LD50 value was 42000mg/kg bw for cis :
trans 55 : 45 and 40 : 60 permethrin.149

O

O

OCC

HCl

Cl

H3C CH3

Figure 6.2 Chemical formula of permethrin.
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In repeat dose studies in mice, no significant clinical findings occurred when
animals were given permethrin (cis : trans 39 : 56) in the diet at concentrations
equivalent to up to 560mg/kg bw/day for 28 days. There were no major gross
or microscopic findings except for increased liver weights at the two highest
concentrations with some eosinophilia in centrilobular hepatocytes. The NOEL
was equivalent to 140mg/kg bw/day. In rats given a similar isomeric compo-
sition of permethrin in the diet for 28 days, 63% of those given the equivalent of
500mg/kg bw/day and 100% of those given the equivalent of 1000mg/kg bw/
day died. Animals showed whole-body tremors, hyperactivity and piloerection.
In a similar study where the highest dietary level was equivalent to 630–660mg/
kg bw/day for 30 days, all the high-dose animals died within 24 hours to one
week of the start of the study. There was very high mortality at the next dietary
level equivalent to around 250mg/kg bw/day. The main clinical signs included
slight to moderate tremors and staining of fur. The NOEL values from these
two studies were 50 and 250mg/kg bw/day, respectively.149

When rats were given dietary permethrin at concentrations of 0, 20, 50, 100,
250, 500 and 1000mg/kg bw/day for 28 days, all animals given the highest
dietary intake died within three days of the start of the study. There was also
high mortality at the 500mg/kg bw/day dose. Prior to death, animals displayed
whole body tremors, hyperactivity and piloerection while surviving animals
given 500mg/kg bw/day showed urinary incontinence. At the end of the study,
animals given Z250mg/kg bw/day had increased absolute and relative liver
weights. The NOEL in this study was equal to 50mg/kg bw/day. Similar qua-
litative findings were made in other repeat dose studies of similar durations and
in other studies extending to 90 days or six months. Hypersensitivity was also
seen in these studies.140

In dogs given repeat oral doses of permethrin of up to 500mg/kg bw/day for
90 days, a range of clinical signs of toxicity have been reported including tre-
mors, emesis, transient narcosis, nystagmus, ataxia and aggressive behaviour at
the highest dose employed. However, when given at 250mg/kg bw/day for 180
days, no major signs except emesis were observed. At 1000mg/kg bw/day in a
52-week study, convulsions, muscle tremor and lack of coordination occurred.
Lower doses produced reductions in body weight. The lowest NOEL from
studies in dogs was 5mg/kg bw/day.140

Permethrin was not a skin irritant in studies in rabbits and produced only
signs of mild eye irritation in this species. It was tested in a number of max-
imisation tests in the guinea pig but produced no evidence of dermal
sensitisation.140

In a battery of tests for various end-points of genotoxicity, permethrin gave
negative results. These tests included those for gene mutations, the induction of
unscheduled DNA synthesis and DNA repair. It has not been tested for clas-
togenic activity in vivo but there was evidence of clastogenicity, or at least
equivocal results, in mammalian cells in vitro.149–162

In CD-1 mice, a slightly elevated incidence of alveolar adenoma and alveolar
carcinoma were seen in an oral carcinogenicity study with permethrin. How-
ever, the incidence of the former was lower in test animals than in controls,
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while the incidence of the latter was only slightly increased in females (0% in all
males and in female controls and in 1 each in 59 or 60 mice given the low,
intermediate and high doses). A second study was conducted and here much
higher incidences of both alveolar adenomas and carcinomas were noted than
in the previous study. There was no apparent dose relationship in males, but the
incidence of both tumour types was increased in females (13, 24, 35 and 49%
for adenomas and 8, 9, 15 and 20% for carcinomas in controls, low (3mg/kg
bw/day), intermediate (15mg/kg bw/day) and high (75mg/kg bw/day), respec-
tively). There were also slight increases in hepatocellular adenoma as is often
seen in long-term mouse studies, but the incidence of hepatocellular carcinoma
was not increased. In a separate study using Alderley Park mice, and dietary
concentrations equivalent to 0, 38, 150 or 380mg/kg bw/day, there was no
increased incidence of tumours of any type in these animals. Hence, there is
conflicting evidence for the ability of permethrin to induce tumours in mice.
However, in two long-term studies in rats (Alderley Park and Long Evans)
there was no evidence of a carcinogenic effect. In the CD-1 mice studies where
lung tumours were seen, there was a high background (controls) of alveolar
adenomas in mice of both sexes in one study and of adenomas and carcinomas
in the other, whereas a third study gave negative results. In view of this, the
overwhelming number of negative results in tests for genotoxicity, and negative
results in two rat carcinogenicity studies, permethrin can be considered not to
be a genotoxic carcinogen in animal models.149,163

Permethrin has been tested in a number of studies of neurotoxicity. After
intravenous administration to mice, permethrin induced hyperactivity,
increased sensitivity to external stimuli and whole body tremor. This eventually
led to prostration and death with the ED50 being 20mg/kg bw for the cis iso-
mer, 36mg/kg bw for the technical mixture and 93mg/kg bw for the trans
isomer. The ED50 was much lower after intracerebroventricular administration
(0.09, 0.15 and 1.1mg/kg bw, respectively). The neurotoxicology of permethrin
has been investigated in functional observational studies in rats. In one study
where animals were given permethrin orally in corn oil, those given the highest
dose had whole body tremors, exaggeration of flexion of the hind limbs,
staggered gait, splayed hind limbs and abnormal posture with convulsions on
the first day of the observational tests. The NOEL for this study was 150mg/
kg bw. In another observational battery study, rats were given diets containing
permethrin for 13 weeks. Signs of toxicity appeared at dietary concentrations
of Z 1500 ppm and included staggered gait, splayed hind limbs and tremors.
The NOEL was equivalent to 15mg/kg bw day.149,164,165

6.2.2 Overview of the Toxic Effects of the Pyrethroids in Animals

The synthetic pyrethroids are characterised by their neurotoxicity. They are not
reproductive toxicants or teratogens and in general they yield negative results in
genotoxicity and carcinogenicity studies. However, regardless of the type of
study, if high enough doses are given, then neurotoxicity will occur. As men-
tioned at the beginning of this section on synthetic pyrethroids, this toxicity is
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dependent on the presence or absence of the a-cyano group and is perhaps
more advantageously characterised after intracerebroventricular administra-
tion.48,57 Despite the advances made in research in recent years, the biochemical
and molecular mechanisms of pyrethroid toxicity are still not fully understood
and new information continues to become available. For example, although it
is known that the pyrethroids cause decreases in the voltage-gated sodium
channel inactivation rates, it is not known how these effects result in the
characteristic toxicities of different synthetic pyrethroids and why the Type I
and II compounds differ so markedly in their activities. However, this could be
related to differential effects on glutamergic and other neuronal networks.166

Moreover, some sodium channels may be more sensitive to the effects of those
pyrethroids containing the a-cyano group.167 Deltamethrin may also affect the
dopaminergic system, specifically in the hippocampus and striatum, and may
even result in nerve cell damage through induction of mitochondrial-mediated
apoptosis.168–171 Deltamethrin is a potent inducer of brain-derived neurotropic
factors in neurons, suggesting its capacity to act as an inducer of neuronal
hyperexcitation.172 However, none of these findings, or those discussed else-
where in this chapter, fully explain the range of signs of toxicity elicited in
mammals by the synthetic pyrethroids.
Permethrin and other synthetic pyrethroids are widely used as ectopar-

asiticides for the treatment of dogs. These are usually applied as spot-on for-
mulations and are used largely to control fleas or, in combination with other
active substances, to control other parasitic organisms. Problems occur when
these pyrethroid products are used in cats. Their use in cats can, and often does,
result in severe toxicity and frequently in death. In fact, a recent survey of 286
cases found that 96.9% of cats exposed to permethrin developed clinical effects
and over 10% died or were euthanized. Warnings have been issued, and con-
tinue to be issued, by regulatory authorities to try to minimise this problem.
This extreme toxicity in cats is probably related to a number of factors
including the animal’s grooming habits and the inabilities of felines (large as
well as small) to conjugate xenobiotics, thus ensuring that they are not ade-
quately detoxified and excreted.173–180

6.2.3 Toxicity to Humans

Neurotoxicity occurs in animals exposed to relatively high doses of synthetic
pyrethroids. Such doses are higher than human beings are likely to encounter
during the normal use of veterinary medicinal products or indeed during the
normal use of pyrethroid-containing pesticides. In fact, the major form of
adverse effect associated with exposure to synthetic pyrethroids in humans is
cutaneous paraesthesia.181–184 This develops some time, usually hours, after
exposure, and produces a burning or stinging sensation on the skin. It is
associated with Type II pyrethroids. However, when exposure to higher doses
occurs, dizziness, burning and tingling sensations, epigastric pain, vomiting,
anorexia, chest tightness, blurred vision, palpitations, muscular fasciculations,
and disturbances of consciousness may occur. In severe poisoning cases,
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convulsions and loss of consciousness ensue. All of these effects are reversible
except when death occurs.184–193

6.3 Imidacloprid

Imidacloprid (ISO; 1-(6-chloro-3-pyridinylmethyl)-N-nitroimidazolidin-2-yli-
deneamine; Figure 6.3) is a relatively new insecticide that is used as a pest
control agent on crops and as a veterinary medicinal product. It is the main
neonicotinoid used in veterinary products. These are chemically related to
naturally occurring nicotine and in addition to imidacloprid the class includes
nitenpyram, thiacloprid and acetamiprid. Imidacloprid, like many neonicoti-
noids, is water soluble (0.6 g/l) and most of an oral dose is excreted unchanged
in the urine although a significant quantity may be excreted in the bile in rats.
The substance is widely distributed in the body. It is extensively metabolised to
yield inter alia 6-hydroxynicotinic acid, 6-methylmercaptonicotinic acid and its
glycine conjugate and various metabolites derived from the nitro-2-imidazoli-
dinimine moiety.194,195

The neonicotinoid agents act as agonists for the nicotinic acetylcholine
receptors (nAChR) in insects and mammals, and particularly for the a4b2
subtype.192

Imidacloprid is moderately acutely toxic in rodents with oral LD50 values in
the range 380–650mg/kg bw in rats and 130–170mg/kg bw in mice. It was
practically non-toxic (LD5045000mg/kg bw) following dermal application to
rats. Where toxicity occurred, signs included transient trembling and spasms,
motility abnormalities, respiratory signs, and behavioural effects.194,195 In
repeat dose studies in rodents, the main signs of toxicity were frequently limited
to elevated enzymes and depressed protein, albumin, cholesterol and trigly-
cerides. In rats, there was decreased activity of acetylcholine in serum and in the
brain.195,196 In dogs, ataxia, vomiting and tremor occurred.193

There was no evidence of carcinogenic effects in long-term studies in mice
and rats, although there was evidence of mineralisation of the thalamus in mice
and an increased incidence of mineralisation of the thyroid in rats.193 Imida-
cloprid has been tested in a number of studies for genotoxic potential covering
a wide range of end-points including those for mutations, DNA damage, sister
chromatid exchange and the induction of micronuclei. In the vast majority of
those studies where imidacloprid was tested alone, negative results were

NCl

N
N

HN
NO2

Figure 6.3 Chemical formula of imidacloprid.

166 Chapter 6

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



obtained, except in one test for sister chromatid exchange where a positive
result was noted.195 When tested in combination with the organophosphorus
insecticide methamidophos, positive results were noted in a Salmonella rever-
sion assay, in a rat bone marrow chromosome aberration assay and in a mouse
micronucleus test; similar results were noted when the compounds were tested
individually.197 The significance of these results remains unclear in the light of
the results of the numerous (16) studies mentioned above, and overall the data
strongly suggest that imidacloprid is not genotoxic.
In a multigeneration study in rats, the major effects were reduced body

weights in parental and F1 and F2 animals. There was no evidence of ter-
atological effects in rats or rabbits but fetotoxicity was seen (wavy ribs, delayed
ossification) in offspring from animals that showed signs of maternotoxicity.195

In studies of neurotoxicity, tremors, gait abnormalities, decreased activity
and coolness to touch have been reported. The lowest NOEL from these studies
was 9.3mg/kg bw/day.195

6.3.1 Effects in Humans

The major adverse effects in humans exposed to imidacloprid appear to be
occasional mild cases of dermatitis in pet owners who had treated their animals
with a commercial formulation of the product. However, these effects were
probably due to other constituents of the formulation rather than to the active
substance itself.195 In a double-blind crossover study of tree planters who had
handled trees treated with imidacloprid and cypermethrin, no adverse effects
were found.198 No signs of toxicity were seen in a 4-year-old child who ingested
approximately 200mg of imidacloprid, equivalent to about 10mg/kg bw.195

Ingestion of relatively large quantities of imidacloprid formulations that
resulted in measurable plasma concentrations (mean 10.58 ng/l; range 0.02–
51.25 ng/l) resulted in mild symptoms such as nausea, vomiting, headache and
diarrhoea. One patient had respiratory failure and another prolonged sedation,
but no deaths occurred.199

6.4 Organophosphorus Compounds

The toxicity of the organophosphorus compounds in mammals, including
humans, is well documented.200,201 Their acute toxicity is characterised by
inhibition of acetylcholine esterase resulting in the accumulation of acetyl-
choline and overstimulation of nicotinic and muscarinic receptors.201–203

However, there is also an intermediate phase characterised by weakness and
paralysis of proximal limb and other muscles and delayed peripheral neuro-
pathy, and these occur after the initial cholinergic phase, although the latter,
rarely, may occur in its absence.201–204 Organophosphorus-induced delayed
neuropathy (OPIDN), which only occurs with certain compounds, ensues
around 5 weeks after acute poisoning and the molecular target is thought to be
neuropathy target esterase.201–204 Organophosphorus compounds may cause a

167Veterinary Products Containing Pesticide Active Ingredients

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



variety of other effects on a number of organ systems and many of them possess
genotoxic properties.
In the past, a number of these substances have been used in veterinary

medicine including phosmet, propetamphos, chlorfenvinphos and dichlorvos.
However, the major uses are now restricted to diazinon and azamethiphos. The
organophosphorus compounds are discussed in more detail in Chapter 10.

6.4.1 Diazinon

Diazinon (ISO; formerly dimpylate, O,O-diethyl O-[4-methyl-6-(propan-2-
yl)pyrimidin-2yl] phosphorothioate; Figure 6.4) is an organophosphorus
compound that is widely used in agriculture but whose use in veterinary
medicine is now largely restricted to sheep-dipping for the treatment and
control of ectoparasites. Its toxicity has been reviewed by JMPR.205 Diazinon is
well absorbed in rats after oral administration with up to 80% of the admi-
nistered dose being excreted in urine. Similarly, after oral administration to
mice, guinea pigs and dogs, absorption was extensive. Following topical
application to rats, up to 80% of the applied dose was recovered in urine,
demonstrating facile dermal absorption.
The biotransformation of diazinon is complex with both minor and major

pathways being identified.205 The major metabolites are the oxon (diazoxon),
diethylphosphate and diethylthiophosphate along with 2-isopropyl-4-methyl-6-
hydroxypyrimidine. The activation to the oxon has been shown to be due to the
action of cytochrome P450 and in human liver in vitro, through CYP2C19.205–209

Although diazinon itself is considered to be a weak inhibitor of acet-
ylcholinesterase, the oxons are known to be potent inhibitors.
Diazinon is acutely toxic with oral LD50 values in rats being in the range

200–1250mg/kg bw. Following topical exposure, LD50 values were 42150mg/
kg bw in the rat and 42020mg/kg bw in the rabbit.205 Signs of toxicity were
typical of organophosphorus compounds and those expected from acet-
ylcholinesterase inhibitors, namely decreases in activity, sedation, dyspnoea,
ataxia, tremors, convulsions, lacrimation and diarrhoea. These signs resolved in
animals that survived. In repeat dose toxicity studies, the major signs were
again those associated with acetylcholinesterase inhibition, and, where

N

N

CH3

CH3

H3C

O

P

O

S

O

H3C

CH3

Figure 6.4 Chemical formula of diazinon.
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measured, there were significant reductions in erythrocyte, and more impor-
tantly in brain acetylcholinesterase activities.205 Diazinon has been tested for
the induction of delayed neuropathy in the hen. There was no evidence of this
effect and no adverse histopathological findings.205

Diazinon gave negative results in the majority of the studies for genotoxic
activity, with the exception of the mouse lymphoma assay for forward muta-
tions and an in vitro test for chromosome aberrations.205 These results are
perhaps not surprising because, as mentioned earlier, it is recognised that some
organophosphorus compounds are genotoxic, although diazinon fell into the
category of ‘‘mainly negative results’’.206 Nevertheless, in some studies diazinon
has given positive results including those for chromosomal aberrations and
DNA damage.210–218 This too is not surprising given that many organopho-
sphorus compounds are alkylating agents.217 However, although diazinon has
been evaluated in carcinogenicity studies in mice and rats, there was no evi-
dence for the induction of tumours.205

Diazinon has been tested in reproductive and in developmental studies. In
reproduction studies, the main findings were reduced viability of pups and
reduced weight gain of dams. The substance did not induce birth defects in the
offspring of rats or rabbits treated during sensitive periods of gestation.205

However, diazinon and other organophosphorus compounds may adversely
affect the testes, sperm quality and motility, effects for which melatonin may be
protective.
Many of the organophosphorus compounds are immunotoxic and immu-

nosuppressive. The mechanisms by which diazinon and other organopho-
sphorus compounds cause immunotoxicity are not fully understood but
diazinon is cytotoxic and results in necrotic areas of the spleen and thymus in
mice. It also leads to hyperplasia of the medulla of the thymus and lymph
nodes, and hyperplasia of the white and red pulp in the spleen. Some of these
changes may result in decreases in cytokines such as interleukins and inter-
ferons.219–223

6.4.1.1 Toxicity to Humans

There have been several incidents involving toxicity with diazinon. Some of
these were deliberate and some accidental.224–227 Of the accidental cases, these
usually involved ingestion of stored liquid formulations.228–230 Some cases
involved topical exposure during applications for lice treatment while others
involved children.228–234 The majority of cases resulted in acute toxicity and
signs were typical of acetylcholinesterase inhibition. Most cases responded well
to atropine and oxime inhibition. In severe cases, death has resulted.227

There have been several cases of intermediate toxicity with diazinon. These
resulted in paralysis of the proximal limb muscles, the neck flexor muscles
and respiratory muscles. These signs are not responsive to atropine
therapy.225,235,236

There have also been reports of occupational exposure to diazinon, resulting
in toxicity. Occasionally this was due to contamination with TEPP or
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monothio-TEPP and other impurities. In some of these cases deaths have
occurred and, in addition, several cattle died in one incident, almost certainly as
a result of exposure to monothio-TEPP present as a contaminant in the for-
mulation.237–239 In the period 1945 to 1989 pesticides were responsible for 1012
of the 87,385 deaths due to poisoning in the UK. Of these deaths, only one was
due to diazinon.240

In the United Kingdom, reports began to appear of adverse reactions in farm
workers and shepherds following exposure to sheep dips, particularly those
containing organophosphorus compounds, and notably diazinon (see Chapters
10 and 15). These reactions included a transient influenza-like illness widely
referred to as ‘‘dipper’s ‘flu’’ and longer term clinical signs and symptoms that
were frequently vague in nature but included loss of memory, depression,
pyrexia and headaches.241–243 A considerable amount of research was com-
missioned to try to obtain data that might cast some light on this phenomenon
but none of the efforts provided conclusive evidence to associate it with
exposure to diazinon during sheep dipping and, although dipping of sheep
continues, the numbers of reports of adverse reactions has fallen
markedly.241,244,245

In addition to the anticholinergic effects of organophosphorus compounds,
there are other, more subtle effects on the nervous system, some of which may
contribute to the long-term effects. Indeed, some of these effects occur at
concentrations that are unlikely to inhibit acetylcholinesterase. These include
effects on other enzymes and transcriptional changes in genes involved in
neuronal cell differentiation and in cell signalling and enhancement of the
toxicity of other xenobiotics. There may also be developmental effects arising
from exposure to diazinon.246–262 As an example, increases in sister chromatid
exchange in peripheral lymphocytes have been reported in sheep dip workers
after dipping at exposures that did not result in an increase in diazinon urinary
metabolites.263 Moreover, there may be genetic components in the activity of
certain enzymes as there appears to be with paraoxonase, an enzyme that can
hydrolyse several oxons, including diazoxon.264 Sheep farmers with lower
paraoxonase activity had a greater risk of being affected by ill health allegedly
associated with sheep dipping.265

6.4.2 Azamethiphos

Azamethiphos (ISO; S-6-chloro-2,3-dihydro-2-oxo-1,3-oxazolo[4,5-b]pyridine-
3-ylmethyl O,O-dimethyl phosphorothioate; Figure 6.5) is an organophos-
phorus compound that has been used to control flies and other insects in animal
houses, and to control mosquitoes, tsetse flies, cockroaches and other insects
that pose a public hygiene problem. In veterinary medicine it is used for the
treatment of sea lice on farmed Atlantic salmon and other fish.45,266–268

Compared with many other pesticides, the metabolism and toxicity of aza-
methiphos are poorly documented. In fact there are more publications available
on its environmental and ecotoxicological effects than there are on its tox-
icological effects. The only readily available document describing the toxicity of
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azamethiphos is that published by the European Medicines Agency as a sum-
mary of the data that supported its application for a European maximum
residues limit (MRL).275 This documents that azamethiphos is well absorbed
after oral administration to rats, with the majority of the administered dose
being found in urine. The substance was poorly absorbed after topical
administration.269 A number of metabolites are formed in rats and goats
including the sulfate and glucuronic acid conjugates of the chloro amino pyr-
idine moiety, suggesting cleavage of the dimethyl phosphorothioate group and
of the five-membered heterocyclic ring.270

Azamethiphos is of moderate toxicity to rodents with the acute oral LD50

value of 1180mg/kg bw and the acute dermal LD50 value of 42150mg/kg bw.
The major signs of toxicity are those associated with cholinesterase inhibition.
In a 13-week repeat dose study in rats, the major sign of toxicity was a
reduction in blood cholinesterase activity, which persisted for the duration of a
28-day recovery period. Unfortunately, brain cholinesterase was not mon-
itored. In one study, azamethiphos decreased serum cholinesterase in rats while
cholinesterase isozyme fractions gave conflicting results with some decreasing
and some increasing.271 In a three-generation study in rats, the major effects
were on parental body weights. In developmental studies in rats and mice
fetotoxicity was noticed at the highest doses employed but there was no evi-
dence of teratogenic effects.269

Like diazinon and other organophosphorus compounds azamethiphos gave
equivocal results in genotoxicity tests. For example, it gave positive results in
the Salmonella reverse mutation test, in a test for DNA damage in mammalian
cells in vitro, in the Saccharomyces cerevisiae D7 mutation assay and in the
Drosophila wing spot test,216,269 and it has been shown to be a proficient
alkylating agent.272 However, it gave negative results in a dominant lethal
assay and in a test for unscheduled DNA repair. Despite the occurrence of
positive results in these tests, azamethiphos gave negative results in two car-
cinogenicity studies in rats and in a study, unfortunately not conducted in
accordance with Good Laboratory Practice. In mice it did not induce delayed
neuropathy.269

There are no data on the toxicity of azamethiphos to humans.

N

O

N

O

Cl

S

P

O

O

O

CH3

CH3

Figure 6.5 Chemical formula of azamethiphos.
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6.4.2.1 Adverse Effects of Diazinon and Azamethiphos in
Animals

In view of the large number of sheep dipped in the UK each year, and the large
numbers of sheep and cattle dipped or sprayed in other countries, it is perhaps
surprising that there are virtually no reports of organophosphorus-related
toxicity in treated animals. This may be related to the dilutions involved, to the
poor absorption through skin and because, in sheep at least, lanolin forms a
protective barrier to absorption of the aqueous formulation. In one of the few
cases reported, several sheep died after a 15-year-old sheep dip was used and
this was found to have a high concentration of monothio-TEPP. In a separate
incident in the same report, four yearling bulls were affected by cholinergic
symptoms soon after treatment. One animal died but the others recovered.273

As a formulated product, azamethiphos has been shown to be safe under
normal circumstances of use in the Atlantic salmon, European eel, sea bass and
trout. Unlike the comparable medication containing dichlorvos, there have
been no reports of organophosphorus toxicity in fish treated with azamethi-
phos-containing formulations.274–278

6.5 Metaflumizone

Metaflumizone (ISO; (EZ)-2 0-[2-(4-cyanophenyl)-1-(a,a,a-trifluoro-m-tolyl)-
ethylidene]-4-(trifluoromethoxy)carbanilhydrazide; Figure 6.6) is a new semi-
carbazone insecticide. Its mode of action involves state-dependent blockage of
sodium channels in insects leading to paralysis. This probably involves selective
binding to the slow-inactivated state of the sodium channel, which is char-
acteristic of the mode of action of the pyrazoline sodium channel insecticides
developed during the 1970s and from which metaflumizone was derived.279,280

After oral administration to rats, the majority of the administered dose is
excreted in faeces (B90%), with only small amounts in bile and urine. Max-
imum plasma concentrations were achieved after 10 to 48 hours. Once

N NH
H
N

O

O
CF3

F3C

CN

Figure 6.6 Chemical formula of metaflumizone.
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absorbed, metaflumizone is metabolised by hydroxylation and hydrolysis and
the metabolites formed are subject to sulfate and glucuronic acid conjugation.
After dermal administration to rats for 6 hours, absorption was only 0.08 to
0.13%. Following topical application to cats and dogs, plasma levels were
virtually undetectable soon after administration. Metaflumizone was well dis-
tributed throughout the hair of cats and dogs. These results suggest that
metaflumizone acts locally and not systemically, at least in cats and dogs.281,282

As metaflumizone is a new insecticide in veterinary medicine, there are no
reports of significant health effects either in treated animals or in exposed
humans. The substance is of very low acute toxicity in the rat and the mouse
with the acute oral LD50 values being 45000mg/kg bw in both species. It had
low toxicity after inhalation exposure (4 hour, nose only) in the rat (LC50

45.2mg/l). It was only a slight eye irritant in the rabbit and was not a skin
irritant. There was no evidence of skin sensitising potential in the guinea pig
maximisation test.283

Metaflumizone has been tested in a range of repeat-dose studies including
28-day and 13-week oral gavage studies in the rat and 90-day and 1-year studies
in the dog. There were no notable effects in the rat except for a slight liver lesion
at the highest dose and the NOEL was established at 60mg/kg bw/day. Toxicity
was more marked in the dog where it was given in gelatine capsules. At doses of
30mg/kg bw/day and above, reduced food intake was seen and animals had
reduced body weight gain and body weight loss. The NOEL in the dogs was
12mg/kg bw/day. Repeat-dose studies using the inhalation route showed
metaflumizone to be of low toxicity in rats. Similarly, it was of low toxicity in a
90-day dermal toxicity study, again in the rat.283

The substance was tested in a range of genotoxicity studies, both in vitro and
in vivo, covering a range of end-points. These included studies for gene muta-
tion, for clastogenicity and for the induction of DNA damage. Negative results
were obtained for the majority of these studies but a positive result occurred in
an in vitro assay for chromosome aberrations. However, this only occurred in
the absence of metabolic activation. Moreover, negative results were obtained
in an in vivo study for clastogenic activity, and in the mouse micronucleus test,
and the compound did not induce unscheduled DNA synthesis in an assay
in rats. Overall, there are no data to suggest that metaflumizone is genotoxic.
In combined chronic toxicity and carcinogenicity studies in the mouse and rat,
there was no increased incidence of any tumour type. In these studies, the only
adverse effects were microscopic liver lesions at the two highest doses used (60
and 300mg/kg bw/day) in rats, and brown pigment deposition in the spleen of
mice at the highest dose (1000mg/kg bw/day). The NOELs in these studies were
30mg/kg bw/day and 250mg/kg bw/day in rats and mice, respectively.283

In a two-generation study in the rat, the highest dose (75mg/kg bw/day)
resulted in maternotoxicity characterised by poor general health and reduced
body weights. This resulted in high pup mortality. The NOEL for materno-
toxicity was determined to be 20mg/kg bw/day. For successive generations, the
maximum dose used was 50mg/kg bw/day, which had no effects on repro-
ductive performance. There were no indications of teratogenic potential in the
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rat and rabbit although maternal toxicity occurred in both species and this was
accompanied by fetotoxicity.289

In specific studies for neurotoxicity in the rat, one an acute study and the
other a 90-day oral study, the only signs seen were of general toxicity largely in
the form of poor condition. However, there were no signs indicative of
neurotoxicity.283

There are no reports of adverse effects in humans.

6.6 Indoxacarb

Indoxacarb (Figure 6.7), like metaflumizone, is a sodium channel-blocking
insecticide that has been used against lepidopteran pests. However, it has recently
been given a positive opinion in the European Union by the Committee for
Medicinal Products for Veterinary Use (CVMP) for use against fleas in dogs and
cats by topical application. Indoxacarb is the ISO name for methyl (S)-N-[7-
chloro-2,3,4a,5-tetrahydro-4a-(methoxycarbonyl)-indeno[1,2e][1,3,4]oxadiazin-2-
ylcarbonyl]-40-(trifluoromethoxy)carbanilate.284–286 Indoxacarb exists as two
enantiomers (S :R), also known as DPX-KN128 and DPX-KN127, respectively,
but only the S enantiomer has insecticidal activity. There are no widely available
data on indoxacarb, but it has been reviewed by the JMPR.287

After oral administration in aqueous vehicles, absorption in rats was saturable
and was estimated to be 70 to 80% following a dose of 5mg/kg bw but only 8 to
14% following 150mg/kgbw. When the substance was radiolabelled in the
indanone group, the half-life in rats was 45–59 hours. When radiolabelled in the
trifluoromethoxy phenyl moiety, the half-life was 92 and 114 hours for males and
females, respectively, suggesting some degree of biotransformation. Only low
levels of indoxacarb-associated material were found in tissues. Indoxacarb is
metabolised both in insects and in rats to the more toxic IN-JT333 (methyl
7-chloro-2,5-dihydro-2-[[[4-(trifluoromethoxy)phenyl]amino]carbonyl]indeno-
[1,2e][1,3,4]oxadiazine-4a(3H) carboxylate) that was found in relatively high
concentrations in fat.287

N N

O

N

H3CO

O

O

OCH3
Cl

O

OCF3

Figure 6.7 Chemical formula of indoxacarb.
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Metabolism of indoxacarb is complex and, as well as IN-JT333, a range of
other metabolites is formed in rats and these are further converted into sulfate
and other conjugates.287

In acute oral toxicity studies in rats with DPX-MP062, an isomer blend
containing 75% S and 25% R enantiomers and administered in corn oil, higher
toxicity was noted in females where the LD50 value was 268mg/kg bw com-
pared with 1730mg/kg bw in males. In this study, all rats given the two highest
doses (3000 and 5000mg/kg bw) died with deaths occurring up to 20 days after
dosing. Clinical signs included ataxia, hunched posture and ruffled fur. After
day 5, signs included general spasms, immobility, lethargy, piloerection and
tremors. After dermal administration of the same isomeric mix as an aqueous
paste, the LD50 was 45000mg/kg bw in both sexes. An acute inhalation study
was conducted with the racemic mixture of isomers, DPX-JW062. Toxicity was
low with the 4-hour LC50 values being 5400mg/m3 and 4200mg/m3 in males
and females, respectively. Signs of toxicity included lethargy, abnormal gait
and hunched posture.287

In mice given DPX-JW062 in the diet for 28 days, signs of toxicity included
abnormal gait, head tilt and tremors. The NOEL based on reduced body
weights in females was equivalent to 35.3mg/kg bw/day. In a 90-day study in
mice, similar clinical signs occurred. There were also haematological findings
characterised by Heinz bodies within erythrocytes, increases in neutrophil and
lymphocytes counts and an increased incidence of haemosiderosis in the spleen
and liver. These effects are typical of mild haemolysis. The NOEL in this study
was 5.5mg/kg bw based on haematological effects.287

When rats were given DPX-JW062 in the diets for 28 days, there were no
major signs of toxicity in males at dietary levels of up to 235 ppm except for
reductions in body weight when compared with control values. However, three
out of five females given 400 ppm and two out of five females given 235 ppm
died and signs of toxicity included abnormal gait, dehydration and ruffled fur.
The NOELs based on effects on body weights were 8.9 and 2.6mg/kg bw/day
for male and female rats, respectively. When administered in the diets of rats
at dietary levels of up to 250 ppm for 90 days, there were no signs of toxicity
except for decreased body weights and reduced food consumption in animals
given the highest dietary concentrations. Evidence of haemolysis occurred in
treated animals with haemosiderosis in spleens, increased reticulocyte counts
and erythrocytic hyperplasia. The NOELs based on haematological effects
were 2.3mg/kg bw/day for females and 3.9mg/kg bw/day for males. In
another 90-day dietary study with rats but using DPX-MP062, evidence of
haemolysis was again the main finding. Haematological findings included
reductions in erythrocyte numbers and haemoglobin and increases in mean
corpuscular volume accompanied by haemosiderosis, increased splenic hae-
matopoiesis and bone marrow hyperplasia. The overall NOEL in this study
was 2.1mg/kg bw/day in females based on haemolysis.287 Similar haemolytic
effects were seen in dogs fed diets containing DPX-JW062 for periods of up to
1 year. In the 1-year dog study, the NOEL was 1.1mg/kg bw/day based on
haemolytic effects.287
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These haemolytic effects are similar to the methaemoglobinaemia noted with
aniline and its derivatives such as p-chloroaniline, the urea herbicides and other
compounds that result in haemolysis and methaemoglobinaemia.300–306 Some
of the metabolites of indoxacarb are aniline derivatives or compounds closely
related to these.
Indoxacarb gave negative results in a battery of short-term tests for geno-

toxicity and was not carcinogenic in animal bioassays in rats and mice. In
multigeneration studies in rats, the only notable effects were parental toxicity
and in developmental studies in rats and rabbits there was no evidence of
teratogenic effects. However, maternal toxicity was noted in these studies and
this was accompanied by decreased foetal weights.287

As with metaflumizone, the veterinary use of indoxacarb is new and there are
no reports of adverse effects in occupationally exposed humans. Humans who
have ingested indoxacarb formulations have developed methaemoglobinemia
requiring methylene blue treatment and supportive care.295–300 These effects are
predictable from the animal studies (see above).

6.7 Fipronil

Fipronil (ISO; (�)-5-amino-1-(2,6-dichloro-a, a, a-trifluoro)-4-trifluoromethyl-
sulfinylpyrazole-3-carbonitrile; Figure 6.8), a phenylpyrazole, has been used as
an insecticide in agriculture for many years but has recently been introduced as
an ectoparasiticide for use in companion animals. It acts by blocking chloride
channels at the GABAA receptor and it is believed that it is more selective at
this receptor through the b3 subunit in insects than it is in mammals, although
this selectivity may be less pronounced with the sulfone metabolite and with the
desulfinyl photodegradation product.301–303

In rats, fipronil was well absorbed after oral administration with maximum
blood concentrations being achieved after approximately 6 hours. The elim-
ination half-lives were 183 and 245 hours in male and female rats, respectively.
After dermal application to rats, absorption was poor with less than 1% of the
applied dose being recovered in blood, carcases, urine, faeces and cage
washings.304

CF3Cl

N

Cl

N

C

S

NH2

N

O

CF3

Figure 6.8 Chemical formula of fipronil.
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In mammals, fipronil is metabolised through reduction, oxidation and
hydrolysis. The major product of reductive metabolism is the sulfinyl com-
pound, which is found in rat faeces and, as a conjugate, in rat urine. The
sulfoxide is formed through oxidative metabolism and this is also found in the
faeces of rats and, again as a conjugate, in rat urine as well as in tissues and
milk of goats. The product formed from the hydrolysis of the carbonitrile
group is found in the faeces and urine of rats and in goat tissues. The sulfoxide
may undergo further metabolism through cleavage of the pyrazole ring or by
loss of the sulfoxide moiety.304

Fipronil has high acute toxicity in rats and mice with oral LD50 values being
in the range 91 to 103mg/kg bw. The major signs seen were attributable to
neurotoxicity and included convulsions, tremors, abnormal gait and hunched
posture. The substance was also toxic following inhalation exposure with
4-hour nose-only LC50 values of 0.36 to 0.68mg/l in rats. However, it was much
less toxic after dermal application with LD50 values of greater than 2000mg/
kg bw in the rat when given using an aqueous vehicle. It was more toxic in the
rabbit by this route when given moistened with corn oil and the LD50 values
were 445 and 354mg/kg bw in males and females, respectively, probably
reflecting greater absorption with this lipid material.304

When mice were given fipronil in the diet for 13 weeks at concentrations of
up to 25 ppm (equal to 3.2 and 4.5mg/kg bw/day) there were no major sings of
toxicity and the only notable effects were reduced body weight gains at the
dietary level. Histopathological examination revealed the main effect to be a
periacinar hypertrophy of the liver. Focal necrosis was observed in one male
given the highest dietary level. As the hepatic effects were seen in mice given
even the lowest dietary concentration, an NOEL could not be identified.304

In rats given diets containing up to 400 ppm fipronil for four weeks, there
were no clinical signs of toxicity. At termination, males given 20 and 400 ppm
fipronil, and females given all dietary concentrations showed increased liver
weights. There was thyroid follicular cell hypertrophy in almost all treated
animals and, because of this and the hepatic effects, an NOEL could not be
identified. In a separate study, rats were given diets containing up to 300 ppm
fipronil for 13 weeks. There was a clonic convulsion in one male given the
highest dietary level of fipronil but there were no other signs attributable to
compound intake. At necropsy, changes were again seen in the liver and
thyroid. There were increases in relative liver weights in animals given the two
highest dietary levels of 30 and 300 ppm. There was an increased incidence of
thyroid follicular cell hyperplasia in animals given the highest dietary level.
Based on these and other minor effects, some of which were probably related to
effects on thyroid function, the NOEL was 5 ppm equal to 0.333mg/kg bw/
day.304

In dogs given up to 10mg/kg bw/day fipronil orally in gelatin capsules, sig-
nificant signs of toxicity were seen in high-dose animals. These included ema-
ciation, lack of activity and hunched posture. Two dogs had to be euthanized.
Other signs at the high dose included those suggestive of neurotoxicity
including hypothermia, excessive salivation, convulsions, head nodding,
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tremors, limb jerk, ataxia and muscle twitching. Some animals also had an
irregular heart rate. There were no histopathological findings that were con-
sidered to be compound related. The NOEL was 0.5mg/kg bw/day. In a 1-year
study in dogs given up to 5mg/kg bw/day as gelatin capsules, signs of toxicity,
some related to neurotoxicity, were seen at the high and intermediate
(2mg/kg bw/day) doses. These included convulsions, tremors, twitches, ataxia,
abnormal gait and aggression. One male given the intermediate dose and two
males given the highest dose had to be euthanized. There were no consistent
histopathological findings and the NOEL in this study was 0.2mg/kg bw/day.
In a further study in dogs, fipronil was given in the diet at doses equivalent to 0,
0.075, 0.3, 1 or 3mg/kg bw/day. As well as routine observations, neurological
examinations were also carried out and blood samples were taken and analysed
for triiodothyronine (T3) and thyroxine (T4). One animal given the highest
dietary level was euthanized on day 32 because of poor health and evidence of
neurotoxicity. Neurological examination showed an absence of visual placing
reactions, depressed menace and startle reactions and abnormal gait. Other
signs of toxicity included convulsions, head nodding and twitching or tremors
of muscles. There were no effects on T3 or T4.304

Fipronil has been tested in a battery of genotoxicity tests and, generally,
negative results were obtained. However, in one study, a test for the induction
of chromosome aberrations in a Chinese hamster lung cell line, a positive result
was obtained. This only occurred under conditions of a 6-hour pulse treatment
and in the absence of metabolic activation and fipronil can be considered to be
non-genotoxic.304

In a carcinogenicity study in mice, animals were given fipronil in the diet at
concentrations of up to 60ppm for 18 months. The only notable effects were an
increased incidence of hepatocellular carcinoma in animals given the highest
dietary level. This incidence was similar to that in historical controls for the
testing facility concerned and was not considered to be compound related. In a
study in rats, animals were given fipronil in the diet at concentrations of up to
300 ppm for one year to assess chronic toxicity while other groups were given the
substance in the diet for two years. In this study evaluations were made of
thyroid function by measuring T3 and T4 as well as thyroid stimulating hormone
(TSH). At the highest dietary level, convulsions, sometimes fatal, were observed
as well as other signs of neurotoxicity. Signs of neurotoxicity also occurred at the
next dietary level, 30ppm. T3 concentrations were not affected during treatment
but were increased in females given 30 and 300 ppm from 4 weeks after treatment
while T4 concentrations were depressed in male and female rats. TSH con-
centrations were increased in animals given 300ppm and in males given 30ppm
fipronil in the diet. At necropsy, there was an increased incidence of thyroid
follicular cell adenomas and carcinomas in animals given dietary fipronil.304

This increase in thyroid follicular tumours is not restricted to fipronil. Similar
effects have been noted with a range of substances including several pesticides
such as amitrole and fenbuconazole and with a number of pharmaceuticals
including sulfadimidine (sulfamethazine), a sulfonamide antimicrobial agent.
These agents are goitrogenic in rats resulting in constant stimulation of the
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thyroid by TSH and the eventual induction of thyroid tumours. Humans are
insensitive to this mechanism of carcinogenesis and hence the results have no
significance for human health.305–316

In a two-generation study with fipronil in rats, the main signs of toxicity were
thyroid and liver hypertrophy in parental animals along with signs of neuro-
toxicity such as convulsions. It also resulted in decreased litter size and body
weights and reduced the fertility index of parental animals. There were also
reductions in post-implantation and post-natal survival. The NOEL for
reproductive toxicity was 2.5mg/kg bw/day.
Fipronil may lengthen the oestrous cycle in rats and alter concentrations of

progesterone and oestradiol. In this study, where fipronil was applied topically
to rats, the fertility index was also reduced.315

Fipronil was not teratogenic in rats and rabbits but there were indications of
some degree of maternal toxicity.304

6.7.1 Toxicity to Humans

Ingestion of or dermal contact with small quantities of fipronil are either
asymptomatic or result in short-lived, non-specific effects.317–318 In seven cases
of fipronil ingestion in Sri Lanka, generalised tonic-clonic convulsions occurred
in two patients who had peak fipronil plasma concentrations of 1600 and
3744 mg/l. These patients were managed with diazepam. Another patient with a
peak plasma concentration of 1040 mg/l was asymptomatic. In another case
where fipronil ingestion had occurred, the patient required intubation and
ventilation, and he developed seizures and pneumonia and died.318 However,
this patient may have either ingested a large dose of the agent or another
substance such as endosulfan.319,320 Surveillance data from 11 states in the
USA for the period 2001 to 2007 for individuals exposed to fipronil identified
103 cases where exposure had occurred.321 The majority of these (86%)
experienced exposure in a private dwelling and of these 37% had exposure to
companion animal products and 26% had occupational exposures. Most of
these individuals had mild and temporary effects including headaches, dizziness
and paraesthesia. Other effects included ocular, gastrointestinal, respiratory
and dermal signs.331

6.8 Amitraz

Amitraz (ISO; N-methylbis(2,4-xylyliminomethyl)amine; Figure 6.9) is a for-
mamidine insecticide that has been in widespread use in agriculture since
the early 1970s.322 It is an a2-adrenergic receptor agonist with some partial
structural similarities with the therapeutic drugs clonidine, guanfacine and
guanabenz,323 and with the acaricide chlordimeform (N0-(4-chloro-2-methyl-
phenyl)-N,N-dimethylimidoformamide).322,324

The substance prolongs gastric transit time and induces bradycardia in dogs
and, through its actions on central and peripheral adrenoreceptors, it may
induce CNS depression and neurotoxicity, and some of its actions may be
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antagonised by the action of yohimbine.325–330 Amitraz induces glucose intol-
erance in rats, possibly by the inhibition of insulin release through its action on
a2-adrenoceptors.

331 Like other a2-adrenoceptor agonists, amitraz can
adversely affect the mammalian reproductive system by binding to presynaptic
a2-adrenoceptors in the hypothalamus, thus inhibiting noradrenalin release and
decreasing the secretion of gonadotropin-releasing hormone. This can result in
a number of effects in mammals including decreased ovulation, decreases in
litter size and, in males, reduced sperm production.332–334 In human luteinised
granulosa cells in vitro, amitraz inhibited basal and human chorionic gona-
dotropin-stimulated oestrogen production but had no effect on oestrogen.335

Hence, amitraz might be expected to have adverse effects on reproduction in
animal toxicology studies.
In mice given dietary amitraz, the majority of a radiolabelled dose was

excreted in the urine. Similarly, in rats given amitraz orally, up to 85% was
excreted in urine with the remainder in the faeces. In dogs, around 80% of an
oral dose was excreted in urine, while in pigs and baboons the major part of the
oral dose was subject to urinary excretion. Following topical administration to
animals, the majority of the dose (B99%) was found at the application site and
systemic absorption was very low. In mammals, amitraz is cleaved to yield the
formamide and formamidine derivatives of 2,4-xylidine that may then be
subject to conjugation. In addition, the former is metabolised to 4-N-methyl-
formidoyl amino-m-toluic acid while the latter may be subject to further
biotransformation ultimately to give 4-acetamido-m-toluic acid and 4-amino-
m-toluic acid.336,337

The major signs of acute toxicity of amitraz in mice and rats were hyper-
excitability, ataxia, tremor and ptosis. Rabbits developed CNS depression,
decreased rectal temperatures and decreased pulse rates while dogs had CNS

CH3H3C

N

N

H3C

H3C

CH3

Figure 6.9 Chemical formula of amitraz.
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depression, ataxia, muscular weakness and spasms, micturition and decreased
rectal temperatures and pulse rates. The oral LD50 values in the mouse and rat
were 41600mg/kg bw and 600mg/kg bw, respectively, while in the dog the
value was 100mg/kg bw.336

In repeat-dose studies in mice and rats, the main findings were increased
aggression or irritability. Rats also had ataxia, increased nasal secretion,
polyuria and body weight loss. In rabbits, decreased heart rates and rectal
temperatures with a transient sedative effect were the main findings. Reduced
rectal temperatures, decreased heart rates, vomiting, ataxia and CNS depres-
sion were the major findings in dogs. The lowest NOEL from these repeat dose
studies was 0.25mg/kg bw/day in the dog.336

Amitraz gave uniformly negative results in a battery of genotoxicity tests. In
a mouse carcinogenicity study, there was an increased incidence of hepatocel-
lular carcinomas in animals given in excess of the maximum tolerated dose, but
in rats there was no increased incidence of any tumour type. The main findings
in these studies were increases in aggressive behaviour of male mice and rats.356

In a rat multigeneration study, the most notable finding was a reduction in
fertility and viability of offspring from the F0 generation. The dose that pro-
duced this effect (16mg/kg bw) was removed for the next generation but,
nevertheless, the numbers of young alive at day 21 was reduced in all genera-
tions and the NOEL was 4.4mg/kg bw.336

There were no major effects reported in teratology studies in rats and rabbits
at doses of up to 30mg/kg bw/day in rats and up to 25mg/kg bw/day in rabbits,
administered at sensitive periods of gestation.357 However, in a separate ter-
atology study in rats using doses of up to 30mg/kg bw/day from days 1 to 19 of
pregnancy, there were increases in foetal death rates, decreases in litter size and
a reduction in foetal body weight gain. There were also increases in the inci-
dences of foetal external, visceral and skeletal anomalies at the maternotoxic
dose (30mg/kg bw/day) and the NOEL was 3mg/kg bw/day.338 In a cross-
fostering study, control pups were nursed by control dams, control pups were
nursed by treated dams, treated pups were nursed by treated dams and treated
pups were nursed by control dams. Pups with pre-natal exposure to amitraz
showed decreases in the age for vaginal opening. Those from the group com-
prising treated pups and treated dams had higher locomotor activity and
rearing frequency. There were no effects on the acute startle reflex or on open
field behaviour.339 Amitraz prolonged pro-oestrous in mice and resulted in
lower concentrations of progesterone. Rats treated with amitraz had longer
oestrous cycles resulting from prolonged oestrous or dioestrous.336 Amitraz
given orally to rats for 28 days resulted in increased relative adrenal weights;
there were also decreases in mean corpuscular volume, in splenic plaque-
forming cells and in the delayed hypersensitivity reactions.340

6.8.1 Toxicity to Humans

The major signs of acute amitraz poisoning in humans are somnolence, coma,
miosis, mydriasis, bradycardia, respiratory failure, hypo- and hyperthermia
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and increased blood glucose concentrations. The respiratory failure may
require mechanical ventilation in severe cases.341–345 A dose of around 10 g of
amitraz, accompanied by around 35 g of xylene (a commercial amitraz for-
mulation), proved almost fatal in a 72-year-old man who drank the product by
mistake. He developed dizziness, coma, miosis, respiratory failure and hyper-
glycaemia. However, instead of bradycardia, atrial fibrillation developed,
which was successfully treated with digoxin. The individual gradually recovered
over a 3-day period.346 From double-blind cross-over trials in humans and
from volunteer studies, the NOEL for effects in humans is around 0.13 to
0.3mg/kg bw/day.336

In children, the main sign of toxicity is altered consciousness along with
nausea and vomiting. The other major signs were coma, convulsions, respira-
tory depression, hyperglycaemia, miosis, mydriasis, bradycardia, hypotension,
hypothermia and polyuria.347,348

6.9 Dicyclanil

Dicyclanil (ISO; 4,6-diamino-2-(cyclopropylamino)pyrimidine-5-carbonitrile)
is an insect growth regulator used primarily to prevent blowfly strike on sheep,
although it can be used against other ectoparasites (Figure 6.10).32,349–355 It
exerts its actions through the inhibition of chitin synthesis.356–358

Absorption from the gastrointestinal tract of rats is extensive with around
85% of the administered dose being excreted in urine. The highest
concentrations of test compound were found in liver, kidneys and carcase. In
the rat, a number of metabolites are formed but the major fraction (B50% of
the dose) was N-4,6-diamino-5-cyanopyrimidin-2-yl)proprionamide. Other
metabolites identified included 2,4,6-triaminopyrimidin-5-carbonitrile, 3-(4,6-
diamino-5-cyanopyrimidin-2-ylamino)propionic acid and 2-(diamino-5-cyano-
pyrimidin-2-ylamino)-3-hydroxypropionic acid as well as unchanged parent
compound.359

In rats, the acute oral LD50 values were 560mg/kg bw in males and 500mg/
kg bw in females. Signs of toxicity included piloerection, hunched posture and
dyspnoea. There was reduced locomotor activity and ataxia in some males.
After dermal application the LD50 value was 42000mg/kg bw. In a 4-hour

N

N

NH

NH2

H2N

C

N

Figure 6.10 Chemical formula of dicyclanil.
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nose-only acute inhalation toxicity test, the LC50 value was 3400 and 3000mg/
m3, respectively, and signs of toxicity included piloerection, hunched posture,
dyspnoea and reduced locomotor activity.359

When groups of rats were given diets containing dicyclanil at concentrations
of up to 2000mg/kg of diet for 28 days in a range-finding study, the main sign of
toxicity was piloerection. Dose-related reductions in food consumption, body
weight gain and final body weights occurred in all treatment groups. Reduced
spermatogenesis was noted in males given the high and intermediate (500mg/kg
of feed) dietary levels. In the corresponding females, polyovular ovaries occur-
red. In a 3-month dietary study in rats with dietary concentrations of up to
500mg/kg of diet, there were no treatment-related deaths and no signs of toxicity
except for reductions in body weight at dietary concentrations of 125 or 500mg/
kg of feed. TheNOEL in this studywas 1.6mg/kg bw/day.No significant signs of
toxicity occurred in a 4-week study in rats where dicyclanil was applied topically
at doses of up to 1000mg/kg bw/day. Microscopic examination showed hepatic
hypertrophy at 300 and 1000mg/kg bw/day in females and at 1000mg/kg bw/
day in males. The NOEL in this study was 30mg/kg bw/day.359

Dietary concentrations of up to 2500mg/kg of diet given to beagle dogs for
four weeks resulted in those given the highest dietary concentration developing
tremors, vomiting and dyspnoea. There was some evidence of testicular atro-
phy and focal hepatic necrosis in this group. When groups of beagles were given
diets containing dicyclanil at concentrations of up to 1500mg/kg of feed for 3
months, one high-dose male was found dead at the end of week 11 of the study.
Animals in this group began to show signs of toxicity from week 11 and these
included slight ataxia, raised tails and frequent shaking. At necropsy, micro-
scopic examination revealed focal or multifocal subcapsular inflammation of
the liver with fibrosis in some male and female dogs given the highest dietary
concentration. High-dose males had a degree of tubular atrophy of the testes
with a marked reduction in spermatogenesis. There was also an increase in
inflammatory changes of the urinary bladder associated with epithelial hyper-
plasia in females given the 100, 500 and 1500mg/kg of diet concentrations. The
NOEL in this dog study was 0.6mg/kg bw/day based on a number of findings
including the bladder changes, increased plasma cholesterol and changes in the
prostate. In a 1-year beagle dog study, animals were given diets containing up to
750mg/kg of food. One high-dose female was found dead on day 13 of the study
and one high-dose male was euthanized in extremis on day 32. Females given the
highest dietary concentration vomited and food consumption was reduced in
this group. Throughout the study, plasma cholesterol levels were increased in
animals given the highest dietary level and in males given the next lower level of
150mg/kg food. This persisted during the 4-week recovery period. Microscopic
findings were limited to the two animals that died or were euthanized before the
end of the study and these were considered to be incidental findings and not
related to compound treatment. The NOEL in this study was 0.7mg/kg bw/day
based on increased cholesterol concentrations in plasma.359

Dicyclanil gave only negative results in a battery of genotoxicity tests.359,360

In a mouse carcinogenicity study conducted over 18 months, animals were
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given diets containing up to 1500mg/kg of feed. Males and females given the
highest dietary concentration showed injuries obtained through excessive
scratching and this group was terminated during weeks 58 to 59. At termina-
tion, the major findings were in the liver where Kupffer cell pigmentation and
hepatocellular necrosis occurred in males given Z 100mg/kg of dicyclanil in
feed. Increases in the numbers of hepatocytes with mitotic figures and multi-
nucleated hepatocytes occurred in high-dose males. There was an increased
incidence of hepatocellular adenomas in females given the two highest doses
and of hepatocellular carcinomas in females given the highest dose. The
increased incidence of liver tumours occurred in animals where the maximum
tolerated dose was given.359

Despite liver tumours in mice being common in mouse carcinogenicity stu-
dies, some workers have investigated the association between the occurrence of
these neoplasms and exposure to dicyclanil. It has been suggested that they may
arise from DNA damage caused by oxidative stress in the absence of direct
genotoxicity and initiation activity, in combination with inhibition of apoptosis
and failure to repair oxidative DNA damage.360–364 Thus, dicyclanil-induced
oxidative damage may mediate liver tumour promotion in mice.365,390

Dicyclanil had no notable effects in a two-generation study in rats at doses of
up to 500mg/kg bw/day and it was not teratogenic in rats or rabbits.356

There are no reports of significant effects in exposed humans.

6.10 Cyromazine

Cyromazine (ISO; N2-cyclopropyl-1,3,5-triazine-2,4,6-triamine) is a triazine
derivative that, nonetheless, is similar in structure to dicyclanil (Figure 6.11)
and has the same mode of action.27,30,351,353,354,357,366,367

After oral administration to rats, the major route of excretion is urinary with
approximately 94% of the administered dose being recovered. Only small
amounts (3.8%) were recovered in faeces. In a separate experiment where rats
were given single oral or intravenous doses of cyromazine, similar results were
obtained irrespective of the route of administration, which suggested that around
70 to 80% of the administered dose was excreted in the urine with up to 7.5% in

N

N

N

NH

NH2

H2N

Figure 6.11 Chemical formula of cyromazine.
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faeces. Plasma concentrations reached a maximum approximately 30 minutes
after oral administration and rapidly declined over the next 24 hours. Extremely
low concentrations were found in the tissues and carcases of treated animals.
Similar findings were made in monkeys (Macaca fascicularis) given single oral
doses of cyromazine with up to 83% of the administered dose being recovered in
urine and less than 2% in faeces. After dermal application to rats, only around
5% of the applied dose was found in urine and faeces with the remainder being
recovered from the application site suggesting poor absorption.368

The major component in rat urine was unchanged parent compound. How-
ever, there were small quantities of melamine (1,3,5-triazine-2,4,6-triamine)
present along with methylcyromazine and hydroxycyromazine. In monkeys,
there was a slightly higher quantity of melamine produced than in rats.368

The acute toxicity of cyromazine in rats is low with the acute and dermal LD50

values being 3387 and 43170mg/kgbw, respectively. Similarly, acute toxicity
following inhalation exposure is also low (4 hour LC50 3.6mg/l). The major signs
of toxicity seen in the acute toxicity studies were sedation, dyspnoea and a curved
body posture and animals recovered within 9 to 12 days. After inhalation
exposure the main signs were decreased activity, piloerection and nasal discharge
and animals recovered by the second day following exposure.368

Cyromazine was of low toxicity in repeat-dose toxicity studies where rats
were given the substance for up to 90 days in the diet and rabbits were given
topical administrations for 6 hours each day for 3 weeks. The NOEL values
were 232mg/kg bw/day and 2000mg/kg bw/day, respectively. In dogs given
diets containing up to 3000 ppm cyromazine for 90 days, the main findings were
reductions in body weight gain at the highest dietary level. Treated animals also
had increased incidences of slightly relaxed nictitating membranes when com-
pared with controls. There were no macroscopic or microscopic findings
associated with compound intake. The lowest NOEL was 300 ppm equal to
12mg/kg bw/day based on reductions in body weight gain.368

In a 1-year dog study, animals were given diets containing up to 3500 ppm
cyromazine. One female in the high-dose group was found dead during week 3
and one male in a group given 200 ppm cyromazine in the diet had to be
euthanized during week 29 due to aggressiveness. There were no other signs of
toxicity in treated animals but females given the highest dietary level had
reduced body weights in the first weeks of treatment. Haematological changes
included a slight hypochromic and microcytic anaemia with lower haemoglobin
concentrations, erythrocyte volume fraction, mean corpuscular volume and
mean corpuscular haemoglobin in high-dose males and females. The absolute
and relative weights of the heart and liver were increased in high-dose males
and females and in females given 800 ppm dietary cyromazine. Relative
kidney weights were also increased in high-dose females. The main macroscopic
and microscopic findings were in high-dose animals with a hard myocardium
and severe chronic myocarditis in the right atria. There was also chronic epi-
thelial regeneration of the kidney tubules and hypercellularity of bone marrow.
The NOEL in this study was 5.7mg/kg bw/day based on haematological
findings.368
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Cyromazine was tested in an extensive battery of tests for genotoxicity but
gave uniformly negative results except in the mouse spot test where the result
was inconclusive.368

In a carcinogenicity study in mice, animals were given diets containing up to
3000 ppm cyromazine for 2 years. There were no effects on survival. Males, but
not females, showed reductions in body weight at 1000 and 3000 ppm. At
termination, there was no significant increase in the incidence of tumours when
compared with controls, except for a slight increase in the incidences of
hepatocellular adenoma and carcinomas, notably in male mice. These were not
considered to be treatment related as there was no evident dose response and
the effect was limited to males. In a carcinogenicity study in rats, animals were
given diets containing up to 3000 ppm cyromazine for 2 years. There were no
effects on condition, behaviour or survival but there were decreases in body
weights in rats given the highest dietary level. There was a higher incidence of
mammary tumours in females given the highest dietary level but the values were
within those of historical controls.368

The metabolite melamine is of low acute oral toxicity. In repeat-dose toxicity
studies in mice and rats, the main findings were urinary tract calculi, with
bladder ulceration associated with inflammation. Calculi were occasionally
found in the kidneys.369–371 In a mouse carcinogenicity study the major findings
were in the urinary tract and consisted of acute and chronic inflammation and
epithelial hyperplasia and urinary bladder calculi. In rats, chronic inflammation
of the kidney was observed in some females given diets contacting melamine,
and calculi were also found. Examination of the calculi showed them to be
composed of melamine.369 In a separate study in rats, administration of mel-
amine was associated with an increased incidence of papillomas and carcino-
mas of the urinary bladder and ureters.371 Similar findings were made in a
further study with melamine in rats but at low doses of melamine with sodium
chloride, the incidence of urinary tract lesions diminished suggesting that the
associated increased urinary outputs decreased the incidence of inflammation
and associated pathology.371

Melamine has been shown to be non-genotoxic.368 Other chemicals that
induce calculi in the urinary tract, such as saccharin, o-phenylphenol and uracil,
have also been shown to induce tumours in the bladder and associated organs.
These calculi induce inflammation, which may in turn lead to carcinogen-
esis.372–380 Most of these substances probably cause calculi because of their
poor solubility in water or, more specifically, in urine. It seems likely that the
small quantities of melamine formed from the biotransformation of cyromazine
are sufficient to result in concentrated solutions in urine and therefore in the
deposition of calculi.
In a multigeneration study, dietary concentrations of 1000 and 3000ppm

cyromazine resulted in reduced parental body weights. Male fertility was reduced
at 3000ppm but reproductive performance was not affected. The lowest NOEL
for parental toxicity and minor effects on offspring was 51mg/kgbw/day.368

Cyromazine was not teratogenic in rats and rabbits, but maternotoxicity was
observed in both species. In rabbits, this resulted in maternal deaths, abortions
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and decreases in body weight with embryotoxicity. The lowest NOEL from
these studies was 10mg/kg bw/day based on maternotoxicity.368

6.10.1 Effects in Humans

Despite extensive use of cyromazine in veterinary medicine and in crop pro-
tection, there are no reports of adverse effects in humans. There have been
reports of suicide attempts with substances of the triazine class but these were
generally asymptomatic, suggesting low toxicity to humans as might be
expected from their low acute toxicity to animals.381

6.11 Benzoylureas – Diflubenzuron/Lufenuron/

Teflubenzuron

The benzoylureas, or at least those referred to here, are derivatives of 2,6-
difluorobenzoylurea and they differ only in the substitution pattern of the
phenyl ring attached to the terminal nitrogen of the urea group (Figure 6.12).
They are insect growth regulators that act through the inhibition of chitin
synthesis.382–386 Lufenuron is used to control fleas and ticks on companion
animals and, unlike many agents used to control external parasites, it is
effective after oral administration; diflubenzuron and teflubenzuron are used
for the control of sea lice, largely on Atlantic salmon.42,44–46,387–391

There are few data available on lufenuron and teflubenzuron but diflu-
benzuron has been reviewed by both the JMPR and by the International
Programme on Chemical Safety.392,393

Diflubenzuron (ISO; 1-(4-chloropheny)-3-(2,6-difluorobenzoyl)urea) is well
absorbed in rats and mice after oral administration with up to B30% of the

F

F

N N

R

O O

H H

Where R =

Cl

Cl

Cl

F2C

CF3

Cl

F

Cl

F

Diflubenzuron Lufenuron Teflubenzuron

Figure 6.12 Chemical formulae of diflubenzuron, lufenuron and teflubenzuron.
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administered dose being recovered from urine. The remainder was voided in
faeces and only a small amount is accounted for by biliary excretion. The
degree of absorption decreases with increasing dose. Thus, at 4mg/kg bw in
rats, around 42% of the dose was excreted in urine but at 1000mg/kg bw this
was reduced to only 1%. When applied topically to rats, o0.5% of the applied
dose was absorbed. Similar results were obtained when diflubenzuron, as an
aqueous suspension, was applied topically to rabbits.393

A number of metabolites are produced in rats but the major metabolic
pathways give rise to 2,5-diflurobenzoic acid and 3-chloro-5-hydroxyaniline.
The aniline moiety of diflubenzuron itself is hydroxylated and this and the
3-chloro-5-hydroxyaniline are subject to conjugation with sulfate and gluta-
mate. The main metabolites formed in rats are 2-hydroxydiflubenzuron
(7–10%), 4-chlorophenylurea (5–6%) and 2,6-difluorobenzamide (2–4%).393

Diflubenzuron has low acute toxicity with oral LD50 values in the mouse and
rat being 44600mg/kg bw. In rats, the dermal LD50 was 410,000mg/kg bw
while with whole body exposure, the LC50 with an unspecified exposure time
was 42.9mg/l air. No clinical signs were noted in these studies.393

In a 13-week feeding study in rats with dietary concentrations of up to
50,000 ppm, the main findings were chronic hepatitis, haemosiderosis, con-
gestion of the spleen and erythroid hyperplasia of the bone marrow. These
lesions increased in severity with increasing dose. There was also a degree of
methaemoglobinemia. As adverse effects, notably methaemoglobinemia,
occurred at all dose levels, including the lowest dose employed (160 ppm equal
to 8mg/kg bw/day), an NOEL could not be identified.393

In a study using dermal application, rats were given diflubenzuron in 0.25%
aqueous gum tragacanth using 6-hour semi-occlusive dressings and doses of up
to 1000mg/kg bw/day. The only death in this study was incidental and there
were no signs of toxicity including effects on body weights and food con-
sumption. There were reductions in erythrocyte parameters in females given
500mg/kg bw/day and in animals of both sexes given 1000mg/kg bw/day.
Those given 500mg/kg bw/day also showed polychromasia, hyperchromasia
and anisocytosis. The NOEL in this study was 20mg/kg bw/day.393

Reductions in haemoglobin and in erythrocyte volume occurred in rats
exposed to diflubenzuron by inhalation for 4 weeks. This only occurred at the
highest exposure concentration (110mg/m3) and the NOEL was 34mg/m3 of
air.393

In dogs given up to 160 ppm in food for 13 weeks, there were no mortalities
and no signs of toxicity. The main findings in this study were haematological
and consisted of reductions in erythrocytes and increases in haemoglobin and
methaemoglobin. The NOEL was 40 ppm equal to 1.6mg/kg bw/day. When
diflubenzuron was given to beagle dogs at doses of up to 250mg/kg bw/day for
52 weeks, there were two deaths thought not to be related to compound
treatment but no other consistent differences between controls and treated
animals. As with the 13-week study, the major findings in this study were
haematological with increases in sulfhaemoglobin and methaemoglobin at
weeks 4, 13, 26 and 52. In addition, there were decreases in haemoglobin and

188 Chapter 6

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



increases in Heinz bodies and pigmented Kupffer cells. These were seen at all
dose levels (10, 50 and 250mg/kg bw/day) but were marginal at the lowest dose
of 2mg/kg bw/day. The NOEL in this study was 2mg/kg bw/day.393

Diflubenzuron has been tested in an extensive battery of tests for genotoxi-
city and uniformly negative results were obtained.393,394

In a mouse carcinogenicity study where animals were given diets containing
up to 10,000 ppm diflubenzuron for 91 weeks, the major findings were again
haematological and included methaemoglobinemia. However, there was no
evidence of any carcinogenic effects. Rats were given diflubenzuron in the diet
at concentrations of up to 160 ppm for 2 years. Once again, the major findings
were haematological and included methaemoglobinemia. There was no
increased incidence of any tumour type.418

It can be concluded that diflubenzuron is not a genotoxic carcinogen.
There were no major effects in a multigeneration study in rats, except for a

reduction in pup body weight gain during lactation, with significant decreases
in F1 pup weights at days 4, 8 and 21 of lactation. The NOEL for effects on
offspring was equal to 430mg/kg bw/day. There was no evidence that diflu-
benzuron was teratogenic in rats or rabbits and the NOEL in both studies was
the highest dose tested, 1000mg/kg bw/day.
In summary, therefore, diflubenzuron has low mammalian toxicity and is not

genotoxic or carcinogenic. However, it does cause haematotoxicity largely
through the induction of methaemoglobinemia. As with indoxacarb (see ear-
lier) some of the metabolites of diflubenzuron are aniline derivatives, com-
pounds that are known to cause methaemoglobinaemia.288–294

The toxicities of lufenuron (ISO; (RS)-1-[2,5-dichloro-4-(1,1,2,3,3,3-hexa-
fluoropropoxy)phenyl]-3-(2,6-difluorobenzoyl)urea and teflubenzuron (ISO;
1-(3,5-dichloro-2,4-difluorophenyl)-3-(2,6-difluorobenzoyl)urea) might be
expected to be at least qualitatively similar to that of diflubenzuron. There are
no toxicity data publicly available on lufenuron. However, there is a brief
summary report available for teflubenzuron published by the European Med-
icines Agency as part of the consideration for an MRL.395

This shows that teflubenzuron is metabolised in rats to give similar products
to those noted with diflubenzuron but in extremely low quantities and most of
the orally administered dose was excreted unchanged. Like diflubenzuron, the
acute toxicity was low after oral administration to mice and rats with the LD50

value in excess of 5000mg/kg bw. However, in repeat dose toxicity studies in
rats, mice and dogs, there was no apparent haematotoxicity, including
methaemoglobinemia, perhaps reflecting the small quantities of aniline-related
metabolites formed. Like diflubenzuron, teflubenzuron was not genotoxic and
gave negative results in carcinogenicity studies in mice and rats. It had no
appreciable effects in a two-generation study in rats and was not teratogenic in
rats or rabbits.
It seems likely, therefore, that for the benzoylureas to produce haemato-

toxicity, and specifically to produce methaemoglobinemia, significant oral
absorption is required accompanied by conversion to appreciable quantities of
aniline-related metabolites. In a study of haematological effects of five
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benzoylphenyl urea compounds, only diflubenzuron and triflumuron resulted
in haematological effects in rats.396

The only report of exposure in humans concerns a lactating and breast-
feeding woman who accidentally ingested lufenuron. The infant was exposed to
an average lufenuron dose of 0.032mg/kg/day but no adverse effects were
noted during a 7-month follow-up period.397

6.12 Spinosad

Spinosad (ISO; 50–95% (2R,3aS,5aR,5bS,9S,13S,14R,16aS,16bR)-2-(6-deoxy-
2,3,4-tri-O-methyl-a-L-mannopyranosyloxy)-13-(4-dimethylamino-2,3,4,6-tetra-
deoxy-b-D-erythropyranosyloxy)-9-ethyl-2,3,3a,5a,5b,6,7,9,10,11,12,13,14,15,16a,-
16b-hexadecahydro-14-methyl1H-as-indaceno[3,2-d]oxacyclododecine-7,15-dione
[spinosyn A] and 50–5% (2S,3aR,5aS,5bS,9S,13S,14R,16aS,16bR)-2-(6-deoxy-
2,3,4-tri-O-methyl-a-L-mannopyranosyloxy)-13-(4-dimethylamino-2,3,4,6-tetra-
deoxy-b-D-erythropyranosyloxy)-9-ethyl-2,3,3a,5a,5b,6,7,9,10,11,12,13,14,15,16a,-
16b-hexadecahydro-4,14-dimethyl1H-as-indaceno[3,2-d]oxacyclododecine-
7,15-dione [spinosyn D]) is a novel insecticide (Figure 6.13).398–400 It is a
biological product derived from the soil actinomycete Saccharopolyspora
spinosa and it is active against a number of insect pests.398

Spinosad appears to act on the CNS causing involuntary muscle contractions
and excitation of the nervous system.401,402 However, it seems to act at a
receptor site that as yet remains unidentified.403 It is extremely effective against
fleas on dogs,404 and against head-lice in humans.405
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Spinosyn A, R = H; Spinosyn D, R = CH3

Figure 6.13 Chemical formula of spinosad.
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After oral administration to rats, the main route of excretion was faecal with
up to 88% of the administered dose being voided by this route with 6 to 10%
being excreted in the urine. Faecal elimination was biphasic, suggesting biliary
excretion and in a study with bile duct cannulated rats 28 to 40% of the orally
administered dose was excreted in the bile. The highest concentrations of
substance were found in the kidneys, lymph nodes, fat and thyroid and, in
males, in the liver.393

The major routes of biotransformation in rats were N-demethylation and O-
demethylation of spinosyns A and D. The demethylation products and parent
compounds were subject to conjugation with glutathione.393

Spinosad had low acute toxicity in the rat after oral administration in aqu-
eous vehicles with LD50 values being in excess of 5000mg/kg bw. Similar
findings were made for spinosyns A and D. There were no signs of toxicity.
After dermal application to rabbits the LD50 was in excess of 5000mg/kg.393

In repeat-dose studies in mice where animals were given diets containing
spinosad for 13 weeks, the main findings were intracellular vacuolation of
histiocytic and epithelial cells in numerous tissues and organs including the
kidneys, liver, spleen, thymus, pancreas, ovaries, cervix, vagina and epididymis,
probably as a result of phospholipidosis. The NOEL for these effects was 6mg/
kg bw/day.393,406 Similar effects were seen in repeat-dose studies in rats with
dosing periods of up to 1 year and the lowest NOEL was 7.7mg/kg bw/
day.393,407

In a range-finding study with one animal of each sex per dose level, dogs were
given diets containing up to 4000 ppm spinosad for 4 weeks. The two dogs given
4000 ppm (equal to 120mg/kg bw/day for the male and 92mg/kg bw/day for
the female) were euthanized on day 23 because of extremely poor condition.
These animals had loose or watery faeces with blood and mucous, and
vomiting. There was occult blood in the urine of these animals. At 2000 ppm,
there was vacuolation of several organs and tissues similar in appearance to
those noted in rodent studies, while at 200 ppm microgranulomas of the liver
and spleen with focal haemorrhage of the caecum occurred. A further study
used dietary concentrations of up to 900 ppm for females and 1350 ppm for
males, and this was given to dogs for 13 weeks. The 1350 ppm dietary level for
males had to be reduced to 900 ppm at day 38 as one animal was euthanized
in extremis. Loose and black faeces occurred in high-dose females and at week
13 the body weights of animals of both sexes given the highest concentrations
were markedly reduced compared to control values. Dogs given spinosad had
numerous haematological and blood biochemical abnormalities including
reductions in erythrocytes, haemoglobin, lymphocytes and platelets. The hae-
matological findings, along with bone marrow necrosis and hypercellularity
seen on microscopic examination, are suggestive of the early phases of aplastic
anaemia. At termination, there was vacuolation of several tissue and organ
systems and the NOEL from this study was 150 ppm equal to 4.9mg/kg bw/
day. In a 12-month study in dogs where animals were given diets containing up
to 300 ppm spinosad, only slight effects were noted. There were some
abnormalities in clinical chemistry and the vacuolation of various tissues but
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only at the 300 ppm level. The NOEL in this study was 100 ppm equal to
2.7mg/kg bw/day.393

Spinosad has been tested in a battery of tests for genotoxicity and only
negative results were observed. It was tested in carcinogenicity studies in rats
and mice with dietary concentrations of up to 360 ppm for 18 months in mice
and up to 1000 ppm for up to 2 years in rats. There was no evidence of any
carcinogenic effects in these studies but the vacuolation effects noted in repeat
dose studies were seen in both the mouse and the rat. An NOEL of 80 ppm
equal to 11mg/kg bw/day was identified in mice and 50 ppm equal to 2.4mg/
kg bw/day in rats.393,406,407

The main finding in a two-generation study with rats and dietary doses equal
to 0, 3, 10 or 100mg/kg bw/day was parental toxicity with effects on the off-
spring. There were increases in relative and absolute liver, kidney, heart, spleen
and kidney weights and vacuolation of various tissues and organs at the highest
dietary concentration used. Litter sizes were reduced at this concentration and
survival of pups was reduced. The NOEL for this study was 10mg/kg bw/
day.393,408

Spinosad was not teratogenic in developmental toxicity studies in rats and
rabbits at doses of up to 200mg/kg bw/day and 50mg/kg bw/day, respectively.
However, significant maternal toxicity was noted in both species, with some
embryo- and fetotoxicity. The NOEL values for maternal toxicity were 50 and
10mg/kg bw/day and for embryo- and fetotoxicity 200 and 50mg/kg bw/day, in
rats and rabbits, respectively.393,409

Hence, spinosad is of low acute toxicity but is more toxic in repeated dose
studies where the major effects are vacuolation of various organs and tissues
due to phospholipidosis. Phospholipidosis usually arises from inhibition of
phospholipase activity and is caused by cationic amphiphilic drugs and che-
micals including amiodarone, tamoxifen, gentamicin, chlorphentermine and
chloroquine.410–413

Treatment of human patients suffering from head lice with a 0.9% spinosad
topical medication resulted in only occasional and mild ocular hyperaemia and
application site erythema and irritation.405 There are no other data concerning
its effects in humans.

6.13 Macrocyclic Lactones

Drugs such as abamectin and ivermectin were first introduced as anthelmintic
agents and are active against a wide range of nematodes including Ostertagia
spp. and Strongyloides papillosus. However, they are also active against a
number of arthropod parasites of cattle and sheep including cattlegrubs and
warbles (e.g.Hypoderma bovis), screwworm fly larvae (e.g. Chrysoma bezziana),
mange mites including the organism responsible for sheep scab, Psoroptes ovis,
and various ticks.414–419 They are used in veterinary medicine to treat and
control internal and external parasites and may be given orally, by sub-
cutaneous injection or as pour-on formulations for topical application. As they
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are active against internal and external parasites, they are usually referred to as
endectocides.
Ivermectin, a member of the avermectin group, was the first member of that

group to be used in veterinary medicine and was introduced in many countries
in the early 1980s.420 Since then, a number of related compounds have been
registered. These include abamectin, eprinomectin, doramectin, selamectin and
emamectin benzoate. They are 16-membered macrocyclic lactones with a
spiroketal component and are derivatives of naturally occurring avermectins
formed as fermentation products of Streptomyces avermitilis.421,422 Ivermectin
itself is 22, 23-dihydroavermectin (Figure 6.14), while abamectin is a mixture of
avermectin B1a and avermectin B1b while emamectin and eprinomectin are
substituted derivatives.
Doramectin is closely related to abamectin and ivermectin but it has a

cyclohexyl substituent at the 25 position, while selamectin is a derivative of
doramectin. Moxidectin is a member of the milbemycin group. These are clo-
sely related structurally to the avermectins but lack the bisoleandrosyl sub-
stituent at the C-13 position (Figure 6.15).
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Figure 6.14 Chemical formula of ivermectin.
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Eprinomectin has been developed as a broad spectrum endectocide for use
topically in cattle.423,424 As a result of its residues depletion profile, it is the only
avermectin with an EU maximum residue limit (MRL) for lactating cattle or,
specifically, for milk. However, the milbemycin compound, moxidectin, has
MRLs for bovine and ovine milk. Selamectin is used topically for the treatment
of external parasites of cats and dogs such as fleas and ear mites, and for the
treatment of internal parasites including heartworm and Toxocara species.425–427

Emamectin has been widely used as an insecticide on crops and trees.15 The
major ectoparasites of farmed and wild salmon are the copepods Caligus spp.
and Lepeophtheirus salmonis and emamectin benzoate and ivermectin are active
against these organisms.43,44,428–435 The use of emamectin benzoate has
successfully supplemented the few other available treatments (e.g. hydrogen
peroxide, organophosphorus compounds and cypermethrin) and replaced
the off-label or illegal use of other chemotherapeutics, notably that of
ivermectin.42,436

6.13.1 Metabolism

Virtually all of the metabolism and toxicology data on the avermectins and
milbemycins have been generated to support marketing authorisation or
approval dossiers in the EU, the USA or elsewhere, or dossiers for European
Union maximum residue limit (MRL) applications.2,307,436–438 As a con-
sequence, these data are not publically available. However, the metabolism and
toxicological studies for several avermectins and for moxidectin have been
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Figure 6.15 Chemical formula of moxidectin.
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reviewed by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA), which proposes MRL values for veterinary drugs for use in the
Codex Alimentarius process, while abamectin has been reviewed by the Joint
Meeting on Pesticide Residues (JMPR), which conducts a similar function for
pesticides.306 Hence, there are adequate data on the safety of these substances
in the public domain. Emamectin benzoate has not been formally reviewed by
JECFA but it is discussed in the eprinomectin monograph. There is also a
summary of the MRL evaluation prepared by the European Medicines Agency
and this will be referred to here.439–449

After oral administration of ivermectin to rats in sesame oil, the majority of
the administered dose (up to 90%) was excreted in the faeces, suggesting poor
absorption from the gastrointestinal tract but absorbed ivermectin is subject to
intestinal secretion.450 Ivermectin is extremely lipophilic, and the highest
concentrations were found in fat, followed by kidney, liver and muscle.
Absorption is slow and peak plasma levels were reached ten days after
administration.
However, after subcutaneous administration, bioavailability is much higher,

at least in cattle, with 40 to 55% of the administered dose being absorbed,
depending on the formulation. In pigs, plasma ivermectin concentrations were
significantly higher after subcutaneous administration when compared with
oral dosing.
The major compound found in vivo is unchanged ivermectin but there is a

degree of hepatic metabolism. The major liver metabolite is 24-hydroxymethyl-
H2B1a in cattle, sheep and rats. In pigs, the 300-O-desmethyl-H2B1a and 300-O-
desmethyl-H2B1b compounds are the major metabolites. Similar patterns of
desmethylation and hydroxylation occur with doramectin, while eprinomectin
is subject to N-deacetylation. Moxidectin is excreted largely unchanged,
although some minor metabolites are formed in the liver.

6.13.2 Toxicology

These compounds have been tested in a range of toxicology studies. As already
mentioned, many of these data are available only as JECFA or JMPR reports,
or from regulatory sources.

6.13.2.1 Acute Toxicity

Abamectin was moderately toxic to mice, rats, dogs and monkeys when given
orally with LD50 values in the range of 11 to 41mg/kg body weight (bw) in
mice, 8.7 to 12.8mg/kg bw in rats, approximately 8mg/kg bw in dogs and
424mg/kg bw in monkeys. In all cases, the major clinical signs were ataxia and
tremors. The substance was less toxic when applied dermally with LD50 values
of 4330mg/kg bw in the rat and 41600mg/kg in the rabbit.439,440

When beagles were given oral doses of ivermectin in sesame oil of up to
10mg/kg bw, signs of toxicity including emesis and salivation were noted at the
two highest doses employed (5 and 10mg/kg bw). Tremors also occurred and
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one dog given the highest dose became ataxic and comatose but it later
recovered. In another study in beagles, mortalities occurred with doses of 40
and 80mg/kg bw and clinical signs included emesis and salivation. It was more
toxic after subcutaneous administration. No deaths occurred at doses of 20mg/
kg bw. Mydriasis and negative pupillary responses were seen in all treated
animals along with tremors, ataxia, salivation and decreased activity.441

Reports from in-use treatment of collie dogs had already suggested that
ivermectin was more toxic in some animals in this breed than in other breeds. In
a study with collies, groups of four dogs were given oral doses of 50, 200 or
600 mg/kg bw ivermectin in fractionated coconut oil with 2% benzyl alcohol.
One dog given 200 and one given 600 mg/kg bw ivermectin developed severe
signs of toxicity including ataxia, depression, tremors, recumbency and
mydriasis. The affected dog given 600 mg/kg bw was euthanized while the ani-
mal from the 200 mg/kg bw group died approximately 50 hours after adminis-
tration. The affected dogs had higher concentrations of ivermectin in the
central nervous system than did unaffected animals.442

With ivermectin, LD50 values were in the range 43 to 53mg/kg bw in the rat.
However, in the specific strain of mouse used in the studies, the CF-1 mouse,
the LD50 values were in the range 12 to 57mg/kg bw. Again, the major signs
noted were tremor and ataxia with paresis, paralysis and death. Neonatal rats
were more susceptible to the acute toxicity of ivermectin than adult animals
with an oral LD50 value of 2.3mg/kg bw. In the dog, oral LD50 values varied
from 410 to around 80mg/kg bw. After subcutaneous administration to this
species the LD50 values were in the 8 to 10.5mg/kg bw range.441 Signs of sys-
temic toxicity including tremor, bradypnoea and anorexia were seen in rabbits
treated topically with 165, 330 or 660mg/kg bw ivermectin and the percuta-
neous LD50 value was estimated to be 406mg/kg bw.
Signs of neurotoxicity including depression and ataxia have been noted in

cattle given 4mg/kg bw ivermectin – four times the therapeutic dose. When
given 8mg/kg bw ivermectin, increased respiratory rate, muscular tremors,
rigidity of the extremities and deaths occurred. Sheep given 4mg/kg bw iver-
mectin showed signs of depression including recumbency and lack of co-
ordination. Animals given 8mg/kg bw ivermectin became ataxic and depressed.
All animals were mildly depressed and lacked co-ordination 24 hours after
dosing. Similar signs have been seen in horses and pigs.441,442

Eprinomectin appeared to be less orally toxic than either abamectin or
ivermectin. Oral LD50 values were in the range of 70 and 55mg/kg bw in the
mouse and rat, respectively.37 Similarly, emamectin benzoate as the solvate and
as the hydrate was less toxic orally than ivermectin and abamectin, and the oral
LD50 values in CD-1 mice were 120 and 107mg/kg bw, respectively. However,
the substance was more toxic to CF-1 mice with LD50 values for the hydro-
chloride salt of 22 and 31mg/kg bw for male and female animals, respectively.
In rats, the acute oral LD50 values were 88 and 76mg/kg bw, respectively. Signs
of toxicity included tremors, ataxia, ptosis, bradypnoea and loss of righting
reflex.444,445 Doramectin appeared to be slightly less toxic to mice and rats than
some of the other compounds.446
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When given orally in sesame oil to groups of mice, doses of 30, 100 and
300mg/kg bw selamectin produced no mortalities. The major signs of toxicity
were ptosis and mild piloerection at 100 and 300mg/kg bw and increased
respiration rates and moderate muscle weakness. No adverse effects occurred at
30mg/kg bw.425

Moxidectin was moderately toxic to mice after oral administration with LD50

values of 84 (male and female) and 42–50 (female) mg/kg bw. In male and
female rats, the oral LD50 value was 106mg/kg bw. In mice, the main signs of
toxicity were decreased activity, while in rats decreased activity, tremors,
prostration, decreased respiration, hypersensitivity to touch and sound and
epistaxis occurred.447

The acute toxicity studies with these compounds demonstrate a number of
points:

� The main signs of toxicity are those of neurotoxicity
� The avermectins and moxidectin are moderately toxic after oral

administration
� The CF-1 mouse, where used in these studies, appears to be more sensitive

to the acute toxicity of these compounds
� Ivermectin is highly toxic to some collies and certainly more toxic in some

individuals of this breed than it is to laboratory beagles
� On the limited data available, the toxicity is affected by vehicle effects with

higher toxicity being seen with edible oils and less with aqueous vehicles.
This is undoubtedly due to the greater solubility of these substances in
lipid solvents.

6.13.2.2 Repeat-dose Toxicity

A number of repeat-dose toxicity studies have been performed with these
compounds although there are no data in the public domain for selamectin.
The data generated emphasise the findings from acute toxicity studies, mainly
that these substances are relatively toxic and that neurotoxicity is the major
form of toxicity noted.
In these studies, typical signs of neurotoxicity included decreased activity,

lethargy, tremors, mydriasis, ataxia and salivation. When tested in the CF-1
mouse, emamectin, but not moxidectin, was more toxic than in the CD-1 strain.
Beagles were the only breed tested in these repeat dose studies so no comparisons
can be made with sensitive individuals within the collie population.306,439–446

Further evidence for the neurotoxic effects of these drugs was provided by
histopathological examination in some studies. Dogs given 2mg/kg bw epri-
nomectin for a year in an aqueous vehicle showed degeneration of some neu-
rons in the pons area or in the cerebellar nuclei.441 Neuronal vacuolation or
degeneration in the spinal cord and sciatic nerve occurred in rats given ema-
mectin hydrochloride in the diet for 14 weeks or longer, while emamectin
hydrochloride and emamectin benzoate produced neuronal degeneration in
dogs in both the peripheral and central nervous systems.38,445
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6.13.2.3 Carcinogenicity Studies

Abamectin, emamectin and moxidectin have been tested in rodent carcino-
genicity bioassays. They were not carcinogenic in these studies. There are no
publicly available data for selamectin and carcinogenicity studies are not
available for ivermectin, eprinomectin or doramectin. However, ivermectin is
similar in structure to abamectin, while eprinomectin is similar to emamectin.
Doramectin shares close similarities with the other avermectins. Moreover, all
of these substances have been tested in batteries of tests for genotoxic potential,
including tests for point mutations in bacterial systems, tests for forward
mutations in mammalian cells in vitro and in in vivo studies e.g. cytogenetic
assay in rat bone marrow, tests for unscheduled DNA synthesis and in the
mouse bone marrow micronucleus test.439–441,443–447,451–459 These tests overall
gave convincingly negative results. Hence, taken together, the data strongly
suggest that these compounds are not genotoxic and are not mammalian
carcinogens.
In these long-term studies the main effects reported were neurotoxicity with

tremors, vocalisation, decreased activity and hypersensitivity to external
stimuli.

6.13.2.4 Studies of Reproductive Performance

A number of studies of reproductive performance and teratogenicity have been
conducted with these compounds with dosing usually occurring prior to con-
ception, throughout gestation, at sensitive periods of organogenesis and into
lactation.439–441,443–447 The doses used in these studies were limited by neonatal
or maternal toxicity and notably by neurotoxicity in some studies.447–449,451–455

Neurotoxicity was frequently the limiting factor in teratology studies where
the compounds were administered to experimental animals in gestation,
including through periods of critical organogenesis.439–441,443–447 There was no
evidence for frank teratogenic effects in these studies. As with acute and repeat
dose studies, the CF-1 mouse, where used in the studies, appeared to be
uniquely susceptible to the toxic effects of these compounds.

6.13.3 Summary of Laboratory Animal Toxicity Studies

The compounds discussed here together display one main feature, that of
neurotoxicity. This is typified by mydriasis, tremors and convulsions, ataxia
and abnormalities of locomotion and, where examined, neuronal degeneration
at higher doses. Moreover, there is evidence that ivermectin may induce
behavioural effects in rats, including following perinatal exposure,452,453 while
histopathological examination revealed degenerative lesions in the central and
peripheral nervous systems in some animals in longer term studies. From the
studies available, the CF-1 mouse and the collie dog appear to be more sus-
ceptible than other species or breeds to these effects. Of course it could well be
that the neurotoxicity is so dose limiting that other toxic effects and signs of

198 Chapter 6

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



toxicity, which might appear at higher doses, are thus being prevented or being
masked.

6.13.4 Factors Affecting Toxicity

The avermectins and milbemycins are highly lipophilic drugs. In target
organisms, there is a high-affinity binding site and the physiological response to
binding is an increase in permeability to chloride ions through g-aminobutyric
acid- (GABA) gated chloride ion channels.454,455 GABA is a major neuro-
transmitter in target parasites and in mammals and it is likely that the aver-
mectins and milbemycins are agonists resulting in interference with the
transmission of nerve impulses.456–464 Ivermectin and other analogues bind to
GABA receptors in rat brain.457 In mammals, GABA receptors are found
largely in the central nervous system and any disruption of nerve impulses
could plausibly explain the toxicity noted in both laboratory animal studies
and, as will soon become apparent, in target animal adverse reactions. It is
likely that many of these adverse reactions are due to overdosing. The toxicity
in the CF-1 mouse provides some interesting insights.
In fact, subsequent studies have shown that a subpopulation of CF-1 mice is

deficient in P-glycoprotein in the intestinal epithelium and brain endothelium
and concentrations of radiolabelled ivermectin were found to be higher in
brains of sensitive mice when compared to non-sensitive animals.465 This
deficiency allows greater intestinal absorption of orally administered aver-
mectins, and higher brain penetration.466 This sensitive population of CF-1
mice is also more susceptible to the reproductive effects of the avermectins. In a
susceptible population of CF-1 mice, 100% of animals were affected by cleft
palate while in the non-sensitive population there was almost a zero incidence
at the same doses.467 P-glycoprotein is a protein pump encoded for by a gene
known as MDR1 or ABCB1. It is one of a number of proteins belonging to an
ATP-binding class and where present can lead to drug resistance (or lowered
susceptibility to toxicity).468 It was so named because of the over-expression
noted in multidrug resistant human tumour cells.469 Deficiency or disruption of
this gene or inhibition of P-glycoprotein leads to enhanced absorption or organ
exposure, including enhanced brain penetration, to a number of drugs
including ivermectin.470–476 P-glycoprotein deficiency also leads to higher foetal
exposure to some drugs.477 Similar effects can be achieved by pharmacological
blocking of P-glycoprotein.416,478

In the CF-1 mouse, this sensitive population constitutes around 25% of the
animals. These mice have been shown to have low or absent P-glycoprotein in
brain endothelial cells and they are those with the higher sensitivity to the
effects of the macrocyclic lactones.465–467

There may be significant differences in the disposition of these macrocyclic
lactones. For example, in P-glycoprotein-deficient mice, ivermectin and epri-
nomectin, but to a much lesser extent moxidectin, were excreted by the intestine
through a P-glycoprotein-dependent pathway, whereas moxidectin excretion
was P-glycoprotein independent. All three drugs accumulated in the brains of
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these mice but eprinomectin concentrations were lower, possibly because
eprinomectin disposition is controlled by P-glycoprotein efflux.479

6.14 Adverse Effects in Target Species

Data on adverse effects in target animals are often difficult to access. Much of
this information is reported to regulatory authorities by veterinarians, by
manufacturers and by the public, under regulatory pharmacovigilance schemes,
and it largely remains confidential.1,480,481 However, some data can be accessed
from the website of the US Food and Drug Administration’s CVM, where
there are cumulative summaries from 1987 to 2009.482 Some caution must be
applied to these data because, although there is a numerator in these lists in the
form of the numbers of animals with adverse events, there is no indication of
the total numbers of animals treated. Hence no measure of incidence can be
applied to the numbers. Similarly, for all drugs cited in the list there is no way
of relating the number of animals affected with each clinical sign. There are also
no data on doses given and so it is not possible to relate adverse drug reactions
and clinical toxicity to (for example) overdosing.
In cats, the adverse drug reactions signs include those typical of neurotoxicity

including ataxia, depression, mydriasis, staggering, collapse and facial trem-
bling.482 These have similarities with case reports where recumbency, lethargy,
weakness, blindness, ataxia, tachycardia and coma have been noted.483–486

Many of the findings are typical of toxicity resulting from overdose.487,488

Doses of 200 to 1330 mg/kg bw are said to be generally tolerated in cats,487 but
the oral therapeutic dose is between 24 and 48 mg/kg bw/day,489 and higher
doses may be toxic in individual animals.
Selamectin has been developed specifically for use in cats and dogs and

has been shown to be effective against internal parasites and fleas in both
species.425–427,490 Its safety has been studied extensively in cats at the ther-
apeutic topical dose range of 6 to 12mg/kg bw and no adverse effects were
seen.491

In dogs, the therapeutic oral dose of ivermectin is between 6 and 12 mg/
kg bw489 and doses of 50 to 500 mg/kg bw may be tolerated.487,492 Adverse
reactions in 1165 dogs given ivermectin orally included the familiar signs of
neurotoxicity.116 Similar signs have been reported in the literature.493

Moxidectin is authorised in some countries for the treatment of heartworm
in dogs with oral therapeutic doses of 3 mg/kg bw.489,492 The well recognised
signs of neurotoxicity with moxidectin in dogs are similar to those noted with
the avermectins.488 These effects were among those observed and reported
among 369 dogs exposed orally to moxidectin and in 6 dogs exposed topically
and reported to the CVM.482

As already alluded to, one of the major concerns with the use of ivermectin or
other macrocyclic lactones in dogs is the increased sensitivity to these com-
pounds shown by some animals in the collie dog population as a result of the
homozygous occurrence of the nt230 (del 4) deletion in the MDR1 gene and
defective P-glycoprotein allowing greater intestinal and brain permeability.
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Ivermectin and the related compounds are more toxic to susceptible individuals
in this breed,442,487 and this has been noted with ivermectin, doramectin and
moxidectin,494–502 although moxidectin appears to be less toxic than ivermec-
tin,500–506 while ivermectin was less toxic when administered in a beef formula-
tion.505 The young of other breeds may be more sensitive.100 Some breeds
including the White Swiss shepherd dog, Australian shepherds and long-haired
whippets also have this mutation and may be susceptible not only to the mac-
rocyclic lactones but also to other drugs dependent on P-glycoprotein.480,507–516

It should be noted that as with the CF-1mouse and collie dog, not all animals are
susceptible and only a proportion of animals in these breeds are likely to be
exquisitely sensitive to the effects of these drugs.487,496 For example, in a small
population (40) of collie dogs, 22%were homozygous for the normal gene, 42%
were heterozygous and 35% were homozygous for the mutant.514

Reactions including anorexia, lethargy, pyrexia and emesis and a shock-like
syndrome have been seen following ivermectin treatment of dogs infected with
microfilariae.517–520 These reactions may be attributable to toxicity but they
may also be due to the effects of dying parasites and thus may be analogous to
the Mazzotti reaction noted in humans (see the next section). They have been
noted with other drugs used in dogs for this condition including mox-
idectin.173,521–525 Consumption of moxidectin-containing equine products has
resulted in toxicity in dogs, which in turn has given rise to regulatory con-
cerns.526–528

Selamectin, as already described, has been developed as an endectocide
specifically for use in cats and dogs.425,426,488,529 It has been extensively studied
for safety in the dog at its topical target dose range of 6 to 12mg/kg bw.530

Examination of the CVM cumulative list reveals 98 dogs orally exposed to
selamectin displaying a range of clinical signs including depression and
lethargy, hypersalivation, convulsions, trembling, weakness, ataxia and col-
lapse.482 For topical application there are a total of 11,427 animals that have
been evaluated with a spectrum of clinical signs including lack of expected
efficacy and signs that are unrelated to neurotoxicity. However, reactions
suggestive of neurotoxicity have been noted.
Signs of neurotoxicity with ivermectin and eprinomectin have also been

reported in horses and cattle.482 In equines, these signs may include blindness
and convulsions.531–538 Similarly, in cattle, oral exposure to ivermectin has
produced anorexia, depression, lethargy and collapse.524 Neurotoxicity has
been observed in cattle after treatment with doramectin and eprinomectin.539–541

Neurological signs have been reported in Murray Grey cattle given therapeutic
doses of abamectin.541 Protruding tongues resulting from lingual paralysis were
noted in some animals and there were a number of deaths. In a clinical
investigation under controlled conditions, 208 Murray Grey cattle were given
the drug strictly in accordance with label requirements and one animal devel-
oped neurological signs. These findings suggest that this breed may be more
sensitive to the effects of avermectins than others. The authors suggested that
the drug may be able to reach the CNS in this breed more easily than in other
breeds. This is reminiscent of the P-glycoprotein phenomenon discussed in
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relationship to other animal strains and breeds. However, there is no firm
evidence to support this in Murray Grey cattle, although, not surprisingly, P-
glycoprotein plays a role in ivermectin transport in bovine blood vessels.542

However, this breed also has other mutations that result in neurological signs,
including those that lead to spinal myelinopathy and mannosidosis,543–545 and
such conditions might confound the effects of drugs.
Adverse reactions, including signs of neurotoxicity with ivermectin, dor-

amectin, selamectin and moxidectin, have been reported in several species
including goats, sheep, pigs, ferrets and rabbits, as well as in some exotic
species.546

6.15 Human Toxicity

Other species or breeds known to be susceptible to the toxicity of the
avermectins and other drugs, such as the collie mentioned earlier and the
White Swiss Shepherd dog, have been shown to have individuals with
mutations of the MDR1 gene547–549 and there are concerns that P-glycoprotein
polymorphisms in humans could result in increased susceptibility to the toxicity
of ivermectin.550–554 Ivermectin, as Mectizan, has been widely used in humans
for the treatment and prophylaxis of filariasis due to Wucheria bancrofti,
onchocerciasis caused by Onchocerca volvulus, loiasis, scabies and strongyloi-
diasis.2,555–568 Treatments usually consist of 150 mg/kg body weight (or
approximately 10mg for a 70 kg adult) and adverse reactions are rare and
mild.563–569 A high oral dose of avermectin (414mg/kg bw) resulted in coma,
myoclonus and polyneuropathy.570 The most common adverse reaction seen
with ivermectin in humans is also a marker of its success. This is the Mazzotti
reaction, which is an immune response to dying parasites characterised by
urticaria, fever, swollen lymph nodes, arthralgias, hypotension, tachycardia,
oedema and abdominal pain.571–574 Under some circumstances, particularly
when the initial parasite burden is high, this may be severe571–576 and has been
observed with other drugs including diethylcarbamazine and praziquantel.577–579

This may be due to neutrophil granule activation,546,580 possibly induced by a
myosin-like antigen released from the muscle of the parasite.581 An encepha-
lopathy associated with ivermectin treatment of onchocerciasis-infected
patients in Loa loa endemic areas remains of uncertain origin although
this too is probably associated with parasite burden.582,583 However, treatment
with ivermectin or with ivermectin plus diethylcarbamazine is generally safe.584

When toxicity does occur in humans it is usually as a result of doses higher
than those for therapeutic purposes. Patients are likely to experience hypo-
tension, respiratory failure, coma and, in extreme circumstances, death.585

Oral ingestion of small amounts of abamectin was generally asymptomatic.
However, oral doses of around 23mg/kg bw produced minor symptoms.
More severe effects were produced by doses of around 15mg/kg bw
ivermectin and 115mg/kg bw abamectin, including coma, aspiration with
respiratory failure and hypotension. Of seven affected patients, six recovered
after intensive supportive care but one later died with multiple organ
failure.586
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6.16 Conclusions

There are a number of agents, indeed classes of agents, available to treat ani-
mals suffering from ectoparasitic disease, or indeed to prevent such disease.
Their pharmacologic effects are exerted through a number of mechanisms,
although the majority are neurotoxic. They can exert a variety of toxic effects
and, quite frequently, these effects are related to the pharmacodynamic activity
of the agent. However, these compounds are important components of the
armoury against parasitic disease in animals (and occasionally, in humans), and
when used properly and, in accordance with label recommendations, are
effective and safe for users and for others potentially exposed.
The macrocyclic endectocides are exceptionally effective veterinary drugs that

have revolutionised the treatment of several diseases including those caused by
internal and external parasites. Prior to their introduction there were only two
classes of drug available for the treatment of internal parasites, levamisole/tetra-
misole and the benzimidazoles. The introduction of the macrocyclic lactones not
only provided a third class of drugs but also offered greater scope for the rotation
of drug class as an aid in avoiding the build-up of parasite resistance. Over the
years since their individual introductions, countless millions of doses have been
administered safely and effectively to animals and, in the case of ivermectin, to
humans. These are very important pieces of information that cannot be over-
emphasised – these drugs are highly effective, offer alternatives to existing drug
classes and when used according to label recommendations are extremely safe.
However, these compounds do exert toxic effects and neurotoxicity is the

predominant finding. This is particularly true in subpopulations of laboratory
and other animals with mutations in the MDR1 gene, which predisposes to
nervous system exposure.
In clinical veterinary use, adverse drug reactions to these drugs do occur.

Neurological effects, typical of those noted in preclinical toxicity, studies are
frequently observed. Although the data do not allow for further analysis it is
likely that the majority of these arise from overdosing, from miscalculation of
doses during off-label use and in animals with sensitivity to the toxic effects of
this group of drugs.456,587 In fact there are several reports of ivermectin toxicity
in animals following off-label use, including mice, rhesus macaque, fruit bats, a
chameleon, chelonians and chickens.588–593 Off-label use of ivermectin in
farmed salmon may result in toxicity with listlessness, inappetance and
death.594–596 Younger animals with more permeable blood-brain barriers may
be more susceptible to the toxic effects of these substances than adults.
There have been no major reports of toxicity in humans potentially exposed

to the macrocyclic lactones and the data available suggest that ivermectin is
safe, at least at therapeutic doses.587,597
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Martinez, M. S. Vega and J. J Garcı́a Vieitez, The pharmacokinetics and
interactions of ivermectin in humans – a mini-review, AAPS J., 2008, 10,
42–46.

567. G. M. Burnham, Adverse reactions to ivermectin treatment for oncho-
cerciasis. Results of a placebo-controlled, double blind-trial in Malawi,
Trans. R. Soc. Trop. Med. Hyg., 1993, 87, 313–317.

568. J. P. Chippaux, N. Gardon-Wendel, J. Gardon and J. C. Ernould,
Absence of any adverse effect of inadvertent ivermectin treatment during
pregnancy, Trans. R. Soc. Trop. Med. Hyg., 1993, 87, 318.

569. C. A. Guzzo, C. L. Furtek, A. G. Porras, C. Chen, R. Tipping, C. M.
Clineschmidt, D. G. Scibberas, J. Y. Hsieh and K. C. Lasseter, Safety,
tolerability and pharmacokinetics of escalating high doses of ivermectin in
healthy adult subjects, J. Clin. Pharmacol., 2002, 42, 1122–1133.

570. Y. F. Sung, C. T. Huang, C. K. Fan, C. H. Lin and S. P. Lin, Avermectin
intoxication with coma, myoclonus, and polyneuropathy, Clin. Toxicol.,
2009, 47, 686–688.

571. B. G. Olson and J. B. Domachowske, Mazzotti reaction after presumptive
treatment for schistosomiasis and strongyloidiasis in a Liberian refugee,
Pediatr. Infect. Dis. J., 2006, 25, 466–468.

572. J. Gardon, N. Gardon-Wendel, J. Demanga-Ngangue, J. P. Kamgno,
Chippaux and M. Boussinesq, Serious reactions after mass treatment of
onchocerciasis with ivermectin in an area endemic for Loa loa infection,
Lancet, 1997, 350, 18–22.

573. J. P. Chippaux, M. Boussinesq, J. Gardon, N. Gardon-Wendel and J. C.
Emould, Severe adverse reaction risks during mass treatment with iver-
mectin in loiasis-endemic areas, Parasitol. Today, 1996, 12, 448–450.

241Veterinary Products Containing Pesticide Active Ingredients

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



574. G. De Sole, J. Remme, K. Awadzi, S. Accorsi, E. S. Alley, O. Ba, K. Y.
Dadzie, J. Giese, M. Karam and F. M. Keita, Adverse reactions after
large-scale treatment of onchocerciasis with ivermectin: combined results
from eight community trials, Bull. World Health Org., 1989, 67, 707–719.

575. C. D. Mackenzie, T. G. Geary and J. A. Gerlach, Possible pathogenic
pathways in the adverse clinical events seen following ivermectin admin-
istration to onchocerciasis patients, Filaria J., 2003, 2(1), S5.

576. Scientific Working Group on Serious Adverse Events in Loa Loa Ende-
mic Areas, Report of a Scientific Group on Serious Adverse Events fol-
lowing Mectizans treatment of onchocerciasis in Loa loa endemic areas,
Filaria J., 2003, 2(1), S2.

577. D. Shorter, K. Hale and E. Elliot, Mazzotti-like reaction after treatment
with praziquantel for schistosomiasis, Pediatr. Infect. Dis. J., 2006, 25,
1087–1088.

578. H. Francis, K. Awadzi and E. A. Ottesen, The Mazzotti reaction fol-
lowing treatment of onchocerciasis with diethylcarbamazine: clinical
severity as a function of infection intensity, Am. J. Trop. Med. Hyg., 1985,
34, 529–536.

579. P. Stingl and M. Stingl, Leprosy, onchocerciasis, diethylcarbamazine and
the Mazzotti reaction, Lepr. Rev., 1982, 53(4), 317–318.

580. G. M. Ackerman, H. Kephart, K. Francis, G. J. Awadzi, G. J. Gleich and
E. A. Ottesten, Eosinophil deregulation. An immunologic determinant in
the pathogenesis of the Mazzotti reaction in human onchocerciasis,
J. Immunol., 1990, 144, 3961–3969.

581. N. E. Erondu and J. E. Donelson, Characterization of a myosin-like antigen
from Onchocera volvulus,Mol. Biochem. Parasitol., 1990, 40, 213–224.

582. N. A. Y. Twum-Danso, Serious adverse events following treatment with
ivermectin for onchocerciasis control: a review of reported cases, Filaria
J., 2003, 2(1), S3.

583. N. A. Y. Twum-Danso, Loa loa encephalopathy temporally related to
ivermectin administration reported from onchocerciasis mass treatment
programs from 1989 to 2001: implications for the future, Filaria J, 2003,
2(1), S7.

584. N. D. E. Alexander, M. J. Bockarie, W. A. Kastens, J. W. Kazura and
M. P. Alpers, Absence of ivermectin-associated excess deaths, Trans. R.
Soc. Trop. Med. Hyg., 1998, 92, 342.

585. K. Chung, C.-C. Yang, M.-L. Wu, J.-F. Deng and W.-J. Tsai, Agri-
cultural avermectins: an uncommon but potentially fatal cause of pesti-
cide poisoning, Ann. Emerg. Med., 1999, 34, 51–57.

586. K. N. Woodward, Toxicity in animals: target species, Curr. Pharm. Bio-
technol., 2012, 13, 952–968.

587. C. C. Yang, Acute human toxicity of macrocyclic lactones, Curr. Pharm.
Biotechnol., 2012, 13, 99–1003.

588. B. Skopets, R. F. Wilson, J. W. Griffith and C. M. Lang, Ivermectin
toxicity in young mice, Lab. Anim. Sci., 1996, 46, 111–112.

242 Chapter 6

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

01
50

View Online



589. S. A. Iliff-Sizemore, M. R. Partlow and S. T. Kelley, Ivermectin toxicol-
ogy in a rhesus macaque, Vet. Hum. Toxicol., 1990, 32, 530–532.

590. J. S. Kim and E. C. Crichlow, Clinical signs of ivermectin toxicity and
efficacy of antigabergic convulsants as antidotes for ivermectin poisoning
in epileptic chickens, Vet. Hum. Toxicol., 1995, 37, 122–126.

591. J. A. Teare and M. Bush, Toxicity and efficacy of ivermectin in
chelonians, J. Am. Vet. Med. Assoc., 1983, 183, 1195–1197.
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CHAPTER 7

Antineoplastic Drugs

7.1 Introduction

Although cancer tends to be thought of as a human disease, it can occur in any
species of animal.1–7 In fact, cancer has been detected in the fossils of various
dinosaur species.8,9 As with humans, cancer in animals may be treated using a
variety of modalities including surgery, radiotherapy and chemotherapy and
the major species that are treated in this way are cats and dogs. Although there
is no medical reason why food animals cannot be treated for cancer, the costs
involved probably make this impractical and, furthermore, the nature of
anticancer drugs means that the animal would almost certainly be unfit for
human consumption. It would be difficult, if not impossible, to establish
maximum residue limits or tolerances for the vast majority of substances used
in chemotherapy because of their toxicity and, notably, because of their
genotoxicity and carcinogenicity.

A variety of drugs has been used in the chemotherapy of cancers in cats and
dogs, both of which are susceptible to a range of malignant tumours. These
include cyclophosphamide, chlorambucil, melphalan, lomustine, 5-fluorour-
acil, 6-mercaptopurine, methotrexate, doxorubicin, mitoxantrone, bleomycin,
actinomycin D, docetaxel, vinblastine, vincristine, piroxicam, cisplatin and
carboplatin.1,2,6,10–43 They may also be used in the treatment of some immune
diseases in dogs and cats.44

7.2 Classification of Antineoplastic Drugs

A number of antineoplastic drugs, and notably the older ones or newer versions
related to these, act on proliferating cells at different points of the cell cycle. The
cell cycle is made up of a number of phases as shown in Figure 7.1. The S-phase

Issues in Toxicology No. 14

Toxicological Effects of Veterinary Medicinal Products in Humans: Volume 1

By Kevin N. Woodward

r The Royal Society of Chemistry 2013

Published by the Royal Society of Chemistry, www.rsc.org

244

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

02
44



is the period during which DNA is synthesised while the M-phase is the period
during which dividing cells undergo mitosis. The G-phases were initially thus
termed as they appeared to be gaps in the cycle. However, during these phases,
protein synthesis and RNA transcription is occurring along with other events.
At around the G1 phase, cells may leave the cell cycle and become non-cycling.
For example, most hepatocytes are in this phase but in the event of liver
damage they may re-enter the cell cycle and begin to proliferate again. Despite
its apparent simplicity, the cell cycle is extremely complex and depends on a
number of factors to control and modulate it including cyclins and associated
protein kinase complexes and phosphatases,45–51 and the various cytotoxic
antineoplastic drugs can make use of various sensitive or vulnerable phases.

7.2.1 The Alkylating Agents

In organic chemistry, the alkylating agents are chemicals that can transfer an
alkyl (or acyl) group. They are usually either nucleophilic agents that transfer a
carbanion or electrophilic agents that transfer a cation. The most well-known
example is the reaction of aromatic molecules with alkyl halides in the presence
of a Lewis acid that leads to the formation of alkylated aromatic molecules in
the Friedel–Crafts reaction. The antineoplastic drugs tend to be relatively
simple organic molecules that alkylate DNA or, more specifically, the nitro-
genous bases that constitute DNA. Cells affected in this way undergo cell cycle
arrest, DNA repair and apoptosis. Some of the alkylating agents used in cancer
chemotherapy are highly reactive. Mechlorethamine is unstable and it reacts
with other chemicals in the body soon after administration. Cyclophosphamide
(Figure 7.2) on the other hand has to be metabolised in the liver to generate the
active moieties, phosphoramide mustard and acrolein. Chlorambucil (Figure
7.3) is sufficiently stable to be administered orally. The major alkylating agents
used in veterinary oncology are shown in Table 7.1. Dacarbazine was originally
considered to be an antimetabolite but its therapeutic activity is now known to
be through alkylation.1,2,10–13,15,16,19,32–34,37 Cyclophosphamide is cell cycle
specific at therapeutic doses but may be unspecific at higher doses.

7.2.2 Inhibitors of Mitosis

The inhibitors of mitosis function through their action as spindle poisons, thus
disrupting mitosis. This results in arrest of mitosis at metaphase and thus these
compounds are cell cycle specific operating at the M phase. Two major drugs

Figure 7.1 Simplified version of the cell cycle showing main phases.
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used in veterinary oncology are vincristine and vinblastine (Figure 7.4), which
were originally extracted from the periwinkle, Vinca rosea. They have been used
in the treatments of lymphomas and leukaemias in companion animals, usually
in combination with other drugs. Side effects frequently seen in cats and dogs
include neutropenia, anorexia and nausea. Vinblastine, but not vincristine, is
myelosuppressive.1,2,19,23 Other drugs in this group include docetaxel and
paclitaxel but these drugs have so far found only limited use in veterinary
oncology.

7.2.3 Antimetabolites

The antimetabolites are structural analogues of normal physiological molecules
but their chemical structure has been altered in a manner that blocks their
normal function. For example, methotrexate (Figure 7.5) is a structural ana-
logue of folic acid. Methotrexate is an inhibitor of dihydrofolate reductase and
it inhibits the biosynthesis of folate-dependent enzymes involved in purine and
thymidylate synthesis. Hence, the drug interferes with nucleic acid synthesis
and acts by killing cells as they enter the S-phase of the cell cycle. Unlike human

O

P

NH

NO

CH2CH2Cl

CH2CH2Cl

Figure 7.2 Chemical formula of cyclophosphamide.

N

CH2CH2Cl

CH2CH2Cl

H2

C

H2

CHOOC

Figure 7.3 Chemical formula of chlorambucil.

Table 7.1 Major alkylating agents used in veterinary oncology.

Agent Main indications Side effects

Cyclophosphamide Several types Myelosuppression, alopecia
in susceptible dogs,
haemorrhagic cystitis

Melphalan Plasma cell tumours Myelosuppression
Chlorambucil Chronic lymphocytic

leukaemia, small cell
lymphoma

Myelosuppression

Nitrosoureas (lomustine,
carmustine)

Central nervous system
tumours

Nausea, vomiting,
myelosuppression

Dacarbazine Relapsed lymphoma,
melanosarcoma

Nausea, vomiting, mild
myelosuppression
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medicine, methotrexate has not found wide use in veterinary medicine although
it has been employed in combination chemotherapy in the treatment of lym-
phoma. As with human medicine, high-dose methotrexate chemotherapy may
require ‘‘rescue’’ with leucovorin (folinic acid, usually as the calcium salt).
Methotrexate inhibits normal populations of dividing cells, including those
of the gastrointestinal tract and, as a result, one of its major side effects is
gastrointestinal toxicity. Myelosuppression is usually mild but it might be
increased by co-administration of potentiated sulfonamides, as trimethoprim is
a dihydrofolate inhibitor.

The other major antimetabolites used in veterinary oncology are cytosine
arabinoside (ara C; Figure 7.6) and 5-fluorouracil (Figure 7.7). The former is
a cytidine analogue while the latter is a purine derivative. Hence, both
compounds inhibit DNA synthesis. Cytosine arabinoside is highly specific for
the S-phase, while 5-fluorouracil acts on cells in G1and the S-phase. The major

N
H

N

OH

OC

N

N

R1 HO

R2
R3

H3CO

H3CO

Vinblastine R1 = CH3 R2 = COOCH3 R3 = OCOCH3

Vincristine R1 = CHO R2 = COOCH3 R3 = OCOCH3

Figure 7.4 Chemical formulae of vinblastine and vincristine.

N

N N

N

N C NH

O

C
H

CH2CH2COOH

COOHCH3

NH2

H2N

Figure 7.5 Chemical formula of methotrexate.
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clinical use of cytosine arabinoside is in the treatment of canine and feline
lymphomas and for certain leukaemias. The use of 5-fluorouracil is limited by
neurotoxicity in cats and dogs but it has found use in the treatment of
gastrointestinal carcinomas, as well as in the palliative treatment of certain
gastrointestinal tumours in companion animals. Cytosine arabinoside may
result in myelosuppression and nausea, while 5-fluorouracil frequently causes
adverse central nervous system reactions producing barking and
aggressiveness.1,2,19,38

A major antimetabolite with utility in veterinary oncology is hydroxyurea
(hydroxycarbamide; Figure 7.8), an inhibitor of ribonucleotide reductase, which
leads to depletion of cellular DNA and arrest of cells in the S-phase of the cell
cycle. It is used in the treatment of chronic myelogenous leukaemia and eosi-
nophilic leukaemia in cats and polycythaemia vera in dogs and cats. It is less
toxic than many other antineoplastic drugs but toenail loss may occur in dogs.1,2

7.2.4 Antibiotics

A number of antibiotics have been developed based on the anthracycline
structure and the naturally occurring compound daunomycin isolated from

N

N

O

OH

OH

CH2HO

NH2

O

Figure 7.6 Chemical formula of cytosine arabinoside.

HN

N

H

O

F

O

Figure 7.7 Chemical formula of 5-fluorouracil.

H2CONHOH

Figure 7.8 Chemical formula of hydroxyurea.
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strains of Streptomyces fungus. They include doxorubicin (Figure 7.9), dau-
norubicin, actinomycin D (Dactinomycin) and mitoxantrone. These com-
pounds have planar molecules that can intercalate into DNA strands, hence
their other name – the intercalating agents. The basic structure of the molecules
is related to tetracycline attached by a glycosidic bond to the sugar daunosa-
mine, a deoxy amino hexosamine derivative. In binding to nucleic acids in this
way, they exert direct cytotoxicity by preventing synthesis of DNA and RNA
and thus adversely affect cells entering the S-phase of the cell cycle. They also
inhibit the enzyme topoisomerase II.

Doxorubicin has been used in human and veterinary oncology against a
variety of malignant tumours. In the latter, it has been used in the treatment of
lymphomas, leukaemias, some sarcomas and various carcinomas. The limiting
factor with this group of compounds, or specifically with older members of the
group, is severe cardiotoxicity. Although myelosuppression can and does occur
along with gastrointestinal effects and, in humans at least, alopecia, the major
treatment-limiting effect in humans and dogs is cardiomyopathy. In humans,
an acute form of cardiac toxicity results in an abnormal electrocardiogram and
changes in the ST-T wave while a chronic form is characterised by congestive
heart failure that does not respond to digitalis. The mortality rate in humans
exceeds 50%. Similar effects are seen in dogs but cats are less susceptible to
these effects.1,2,10,13,16,17,19,20,24,25,28 Doxorubicin and related drugs are iron
chelators and the complexes formed cause free-radical damage, including
myocardial damage.

Actinomycin D (Figure 7.10) is also an intercalating agent. It causes single
strand breaks and apoptosis. It has been used in the treatment of nephro-
blastoma and rhabdomyosarcoma in the dog. It lacks the cardiotoxic proper-
ties of the anthracycline antibiotics but it is extremely necrotising on
extravasation. It may produce nausea, vomiting and myelosuppression.

Bleomycin (Figure 7.11) is a complex glycopeptide antibiotic isolated from
Streptomyces verticillus. Its therapeutic effects are derived from its ability to bind
to DNA, which it then cleaves and fragments. Unlike many other antineoplastic

COCH2OH

OH

O

O

OH

OH OOCH3
O

CH3

NH2

H

OH

Figure 7.9 Chemical formula of doxorubicin.
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drugs, bleomycin seems to bemore toxic to non-proliferating cells than it does to
proliferating cells. It has been used successfully in the treatment of a number of
tumours including squamous cell carcinomas in cats and dogs. It produces only
minimal myelosuppression. However, in dogs and humans, a pneumonitis may
appear, which progresses to pulmonary fibrosis. In humans, around 5 to 10% of
patients treated with bleomycin develop some degree of pulmonary toxicity and
around 1% will die from this. The risk appears to be related to total dose
administered rather than with any specific acute or subchronic dosage.

O

N NH2

CH3CH3

O

E O E

O

A

B

C

DD

C

B

A

O

O

A = L-methylvaline, B = sarcosine, C = L-proline, D = D-valine, E = L-threonine

Figure 7.10 Chemical formula of actinomycin D.
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Figure 7.11 Chemical formula of bleomycin.
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7.2.5 Platinum Drugs

The twomajor platinum-containing drugs used in humanand veterinary oncology
are cisplatin and carboplatin. Cisplatin (cis-diamminedichloroplatinum (II);
Figure 7.12) is an inorganic coordination compound. Carboplatin (cis-
diammine(1,1-cyclobutanedicarboxylato)platinum(II); Figure 7.13) is an organic
complex. These platinum complexes can interact with DNA forming interstrand
and intrastrand cross-links. This leads to inhibition of DNA replication and
transcription, and eventually to breaks and miscoding. The phase of the cell cycle
where the platinum compounds exert their effects appears to vary from cell to cell,
but the effects are most pronounced during S-phase.

Cisplatin is nephrotoxic in humans and in animals. However, this can be
mitigated by hydration and diuresis. However, diuresis and hydration have no
protective effects on the ototoxicity due to cisplatin. Mild to moderate mye-
losuppression may also occur along with nausea and vomiting. Carboplatin is
less reactive than cisplatin and it is generally less toxic. It produces less nausea,
vomiting, ototoxicity and nephrotoxicity in human patients but myelosup-
pression may be the dose-limiting effect. In veterinary use, carboplatin is also
less nephrotoxic and it requires no hydration or diuresis.20,35,36,38–40

Cisplatin and carboplatin are used to treat various tumours. Carboplatin is
safer for use in cats than cisplatin. It has been used to treat and cure squamous
cell carcinomas of the nasal planum in feline patients.

7.3 Toxicity

As described in the preceding sections, all of these drugs can exert various toxic
effects when given to human and animal patients therapeutically. Depending on
the type of drug administered, these effects may be related to dose, to total dose

Pt

NH3

NH3

Cl

Cl

Figure 7.12 Chemical formula of cisplatin.

O

O
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O

O

NH3

NH3

Figure 7.13 Chemical formula of carboplatin.
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or to duration of dosing or due to a combination of these effects. Some of these
effects may be severe and life-threatening, and they may lead to drug with-
drawal and to a change of therapeutic direction. This is particularly true of
patients with other conditions such as renal impairment (platinum) or pul-
monary disease (bleomycin). Cyclophosphamide and related drugs (e.g. ifos-
famide) induce a sterile, haemorrhagic cystitis in both human and veterinary
patients. This can be ameliorated with the concomitant administration of
mesna (sodium 2-sulfanylethane sulfate; Figure 7.14) or through better
hydration of patients.1,2,15,52–54 However, the majority of these effects are only
seen in human or animal patients given therapeutic doses, usually in a repeated
manner. They are unlikely to be seen in human users of the drugs treating
human or animal oncology patients. Hence, the risk benefit profiles for the
patient are clear, and for the forms of toxicity described for each drug or class
of drugs above, so are any adverse effects for the user.

The major effects of concern for user safety are not limited to or even asso-
ciated with the effects already described. The majority of these compounds,
almost by virtue of their pharmacodynamic effects, are genotoxic and carcino-
genic.55–92 Indeed, one of the major concerns from the use of these drugs is the
occurrence of second cancers after successful treatment for the initial tumour. In
humans, several of these drugs are associated with second tumours in surviving
patients previously treated for earlier disease. These include patients treated for a
variety of malignancies (and occasionally other diseases) with cytotoxic drugs.
The diseases include testicular tumours, breast, cervical and ovarian cancers,
multiple myeloma, Hodgkin’s disease, non-Hodgkin’s disease, malignant mela-
noma, osteosarcoma, hairy cell leukaemia and other leukaemias while the drugs
involved include alkylating agents, platinum compounds and antibiotics such as
doxorubicin and adriamycin.93–132 The most common secondary neoplasms
described in these articles are leukaemia, usually acute myeloid leukaemia and
myelodysplastic syndrome and non-Hodgkin’s lymphoma, but occasionally
second solid tumours are also reported.98–100,102,105 A wide range of anti-
neoplastic drugs have been implicated in the aetiology of myeloid malignancies
and, in addition to the alkylating agents, antibiotics and antimetabolites, some
growth factors and immunomodulators may have been involved.128,133

This information confirms that the cytotoxic drugs, as might be expected
from their mode of action, are genotoxic and carcinogenic, including carcino-
genic in humans. In fact some of these drugs have been reviewed by the
International Agency for Research on Cancer (IARC) and it concluded that
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there is sufficient evidence for the human carcinogenicity of chlorambucil and
cyclophosphamide, while mitoxantrone is possibly carcinogenic to humans
(Table 7.2). Several are carcinogenic in experimental animals.134–137 Conse-
quently, those involved in clinical oncology, human or veterinary, are poten-
tially occupationally exposed to genotoxic carcinogens.

As if to emphasise this latter point, there are significant data to indicate that
those involved in cancer therapy, including nurses and pharmacists, are often
found to have a significant degree of genetic abnormalities. As discussed in
Chapter 4, this is often pronounced enough to allow it to be used as a method
of biological monitoring in workers exposed to cytotoxic drugs. Higher inci-
dences of DNA damage, sister chromatid exchanges, micronuclei and chro-
mosomal aberrations and exchanges have been reported in these workers.138–180

There appear to be no comparable studies for veterinary workers exposed to
cytostatic drugs. This may be because many of these agents are used by general
practitioners who are only intermittently exposed. With the rise in the numbers
of specialist veterinary oncology centres, and the potential for greater or more
prolonged exposures, then the similarities with human oncology will be more
pronounced. Nevertheless, in the United Kingdom at least, prescription of
cytotoxic drugs is significant in small animal practice.181 Concern has been
expressed about the use of cytostatic drugs in veterinary practice because
of direct exposure to the drugs or through serum and excreta of treated
animals.182–185

Clearly, this is a major concern for the physicians and veterinarians and
ancillary staff involved in clinical oncology. To make matters worse, there
are very few presentations of these drugs available for veterinary use and

Table 7.2 Classification of some cytotoxic drugs by IARC.134,135

Drug Human cancers

Cancers in
experimental
animals Genotoxicity

IARC
classificationa

Chlorambucil Acute myeloid
leukaemia;
squamous cell
carcinoma

Lung, mammary
and lymphomas

þ Group 1b

Cyclophosphamide Myeloid
leukaemia,
bladder cancer

Skin, bladder,
leukaemia,
mammary, liver

þ Group 1b

Hydroxyurea Acute myeloid
leukaemia

None þ Group 3c

Mitoxantrone Acute myeloid
leukaemia,
myelodysplastic
syndrome

None þ Group 2Bd

aGroup 1 – Carcinogenic to humans; Group 2B – Possibly carcinogenic to humans; Group 3 – not
classifiable.
bSufficient evidence in animals; sufficient evidence in humans.
cInadequate evidence in animals; inadequate evidence in humans.
dInadequate evidence in animals; limited evidence in humans.
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practitioners are therefore forced to use those available for human treatment.
Hence, the safety of the products and their labelling has been developed to suit
the human clinical use and conditions of use, and not the veterinary option.
These products will not have been considered for user safety in the veterinary
context as part of the approval process.

Need this be a major concern? The answer to this has to be possibly. In the
UK at least, user warnings are not given prominence on oncology products
intended for human use in the same manner that they would almost certainly be
if they had been authorised through the veterinary regulatory systems. Fur-
thermore, as is evident from the previous paragraphs, there are reasons for
concern over the safe use of these products in human medicine. Hence, con-
cerns over their use in veterinary medicine, as described above, are justified.

These concerns have led to recommendations for the safer use of cytostatic
drugs in veterinary practice, as well as in human medicine.186–199 Much of this
advice is aimed at the protection of workers in human oncology practice and
includes recommendations for equipment to handle drugs remotely, protective
clothing, isolation techniques, surface hygiene and advice for dealing with
spillages and accidents. For example, one recent report published by an
international group of pharmacists made a number of recommendations for the
safe use of cytotoxic drugs including those for safe storage, protective clothing,
separation of equipment used for cytotoxic drugs and training and compe-
tencies for users. It also made recommendations for safe disposal of unwanted
drugs and contaminated clothing.191

In the US, the Centers for Disease Control and Prevention (CDC) have
produced a list of relevant publications, which features articles on protective
clothing as well as safe handling of cytotoxic drugs.200 The CDC’s National
Institute for Occupational Safety and Health (NIOSH) has produced a list of
antineoplastic (and other hazardous) drugs, which includes bleomycin, busul-
fan, carmustine, chlorambucil, cisplatin, carboplatin, cyclophosphamide,
dacarbazine, dactinomycin, daunorubicin, doxorubicin, docetaxel, fluorour-
acil, hydroxyurea, ifosfamide, mechlorethamine, melphalan, methotrexate,
paclitaxel, vinblastine and vincristine, as well as other agents, monoclonal
antibodies and antiviral compounds used in human medicine.201 NIOSH has
also published guidance on reducing and preventing occupational exposure to
antineoplastic drugs in healthcare environments.202 This guidance is aimed at
both human medicine and veterinary professionals.

The NIOSH guidance reviews situations where exposure can occur. These
include:

� Reconstituting powdered or lyophilised drugs and/or diluting them
further

� Expelling air from syringes prior to injection
� Administering drugs by intramuscular, subcutaneous or intravenous

routes
� Counting out tablets
� Adding tablets to a unit dose machine
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� Crushing tablets to make liquid doses
� Compounding powders into custom dose capsules
� Contact with drugs on vials, work surfaces, floors and syringes
� Generating aerosols during product administration
� Priming intravenous infusion sets
� Handling body fluids or material contaminated with body fluids such as

dressings
� Intraoperative procedures e.g. intraperitoneal chemotherapy
� Handling unused drugs or contaminated waste
� Decontaminating drug preparation or clinical areas
� Transporting contaminated waste
� Removing and disposing of personal protective equipment.

The guidance makes several recommendations for healthcare workers including
evaluations of the workplace environment, physical layout, equipment main-
tenance, decontamination and cleaning, waste handling and likely methods
of exposure, for example during administration and cleaning of drug-
contaminated surfaces. It makes firm recommendations on the establishment of
procedures for handling hazardous drugs safely, removing spills and using
personal protective equipment properly. The recommendations for protective
clothing include gowns and chemotherapy gloves. Use should be made of
closed-system transfer devices, glovebags and needleless systems while drug
preparation should be restricted to ventilated cabinets. These cabinets should
be monitored for adequate air flow and exhausts should be equipped with high-
efficiency particulate air (HEPA) filters. The guidance provides robust advice
on cleaning, dealing with spillages and spill control and there is detailed advice
on occupational medical surveillance of those involved in chemotherapy at all
of its stages from preparation, to administration, to drug and equipment
disposal.

In the UK, the agency responsible for occupational safety, the Health and
Safety Executive (HSE), has also published detailed guidance on working with
cytotoxic drugs, which, like its US counterpart, is aimed at veterinary profes-
sionals as well as human health professionals.203 Its recommendations are very
similar to those set out in the NIOSH document and these include an evalua-
tion of the workplace and the potential risks, exposure control and personal
protective equipment (Table 7.3). Emphasis is placed on regular training and
workplace monitoring. There is also an emphasis on reporting workplace
accidents under the Reporting of Injuries and Dangerous Occurrences Reg-
ulations 1995 (RIDDOR), which places a legal duty on employers to report
incidents and dangerous occurrences. The HSE has also produced a guidance
note for occupational health inspectors that draws attention to relevant legis-
lation and the major points for focus during inspections. This circular stresses
that cytotoxic drugs should be treated as occupational carcinogens and it
details action steps including inspection of protocols for dealing with spillages
and provision of training.204 The UK’s agency responsible for the authorisation
of veterinary medicinal products has also issued guidance on the safety of
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cytotoxic drugs, including that veterinarians do not require clients to break or
crush tablets prior to administration to their animals.205

7.4 Conclusions

Cytotoxic drugs must be regarded as genotoxic carcinogens and adequate care
must be taken in the workplace environment to prevent exposure and to ensure
their safe handling. These drugs have undoubted benefits for animal (and
human) patients and, for the patient, adequate benefit-risk profiles. However,
they pose hazards to those exposed to them, which will largely be healthcare
professionals and any risks must be mitigated by the adoption of appropriate
occupational hygiene measures. There is sound and practical advice available in
the scientific literature and from government agencies that can be used when
working with these agents and, indeed, with other hazardous drugs and che-
micals. Biomonitoring of veterinary personnel who handle these materials
should be considered, especially as the methodologies concerned are easily at
hand and practicable.206 This will become more important as other therapies
become introduced into veterinary oncology. For example, tamoxifen, widely
used in the treatment of hormonally responsive human breast cancer, has
previously been tested in dogs but it produced too many hormone-related side
effects to be considered a useful treatment option.207 However, more recently,
interest has again been shown in the use of this drug and a relatively low dose
(0.8mg/kg bw/day) was found to produce minimal adverse effects in healthy dogs
although there was a risk of pyometra, which can be minimised through
ovariohysterectomy.208 As drugs new to veterinary oncology like tamoxifen are
introduced there must be careful consideration of the hazards and risks to indi-
viduals potentially exposed. However, the most critical issues are monitoring of
occupational exposure, and reduction of exposures where this is practicable.209,210
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CHAPTER 8

Antimicrobial Drugs

8.1 Introduction

Animals suffer from a variety of infectious diseases caused by bacteria and, to a
lesser extent, by mycoplasmas. These range from highly infectious respiratory
diseases that may affect whole herds or flocks to conditions affecting individual
animals. The latter include abscesses, infected wounds or infected ears. As a
result, a wide range of antimicrobial drug formulations have been developed
for the treatment of disease in farm animals, including poultry and fish, and in
companion animals. These drugs are available in a variety of presentations for
administration by several routes including tablets and capsules for oral dosing,
topical preparations and injectable formulations. However, these formulations
may be impractical for administration to large numbers of animals and so these
may be treated with antimicrobial drugs incorporated into feed or given in the
drinking water.

As a consequence of the routes of administration used, there are a number of
ways in which operators, including veterinarians, farmers and members of the
pet-owning public, may become exposed. Additionally, with drugs intended for
use in food-producing animals, consumers of animal products may be poten-
tially exposed to residues of antimicrobial drugs in food including milk, meat,
offal and eggs. Antimicrobial drugs take advantage of the fact that bacteria and
mycoplasma have unique metabolic pathways and physiologies that either are
absent in animals or differ significantly. Hence, it is possible to target these
selectively. In theory, therefore, it should be possible to design antimicrobial
drugs that are toxic to their intended targets but are harmless to the patient, to
those caring for the patient and to those who might eventually consume pro-
ducts derived from the patient. To a large extent this objective has been
achieved. However, many antimicrobial drugs have the capacity for harmful
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effects, and these tend to be specific for the class of drugs being considered. This
chapter will review these drugs and their potential for adversely affecting
human health.

8.2 The b-Lactam Drugs

These can be divided into two major groups, the penicillins and the cephalos-
porins. They are widely used in the treatment of diseases caused by suitably
sensitive organisms. There are other members of the b-lactam group including
the carbapenems typified by imipenem and the monobactams, where the b-
lactam ring is not fused to another ring. Aztreonam is the representative
member of the monobactams but these drugs are currently not used in veter-
inary medicine. Clavulanic acid is a drug that contains the b-lactam nucleus but
the sulfur atom of the fused five-membered ring in penicillins is replaced by an
oxygen atom. It has poor antimicrobial activity. However, it is used for its
ability to bind irreversibly to b-lactamases, enzymes released by microorgan-
isms that deactivate b-lactam antibiotics, and thus it acts as a suicide inhibitor.
It is given with a b-lactam, usually amoxicillin as an oral preparation or tiar-
cillin as a parenteral dosage form. Clavulanic acid is used in veterinary
medicine.

8.2.1 The Penicillins

The penicillins are a group of antibiotics containing the b-lactam ring system
fused to a five-membered heterocyclic ring, the thiazolidine ring (Figure 8.1).1

Chemically, the simplest members of the group are penicillin G and penicillin
V. In the former, the substituent is a benzyl group while in the latter it is a
phenoxymethyl group (Figure 8.2). The discovery, early development and uses
of the penicillins are described in Sir Alexander Fleming’s 1946 book, Penicillin.
Its Practical Application, which, even at that early stage in its use, included a
chapter on uses in animal disease.2,3 They are used in animals to treat a variety
of conditions caused by b-lactam sensitive organisms and they may be
administered orally, by injection and, in the treatment of clinical mastitis in
cattle and other animals, by direct application into the teat canal of the udder.
The penicillins and cephalosporins exert their effects by disruption of synthesis
of the bacterial cell wall.4,5

N

S

CH3

CH3

CO2H

Figure 8.1 Chemical formula of the thiazolidine ring.

274 Chapter 8

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

02
73

View Online



8.2.1.1 Toxicity of the Penicillins

The mode of action of the penicillins is specific for their bacterial targets and
consequently, they have no specific ramifications for toxicity in animals,
including humans. In fact the penicillins have low toxicity under normal cir-
cumstances. The major adverse reactions associated with penicillins (including
clavulanic acid) in human patients are of an allergic nature and include
maculopapular rash, urticarial rash, bronchospasm, dermatitis, fever, vasculi-
tis, serum sickness, Stevens–Johnson syndrome and anaphylaxis.1,6–27 These
reactions are complex and they include IgE-mediated Type I reactions (e.g.
anaphylaxis, bronchospasm) and IgG-mediated Type IV reactions (e.g. skin
rashes, contact dermatitis) as well as Type III immune complex mediated
reactions (serum sickness, arthralgia, vasculitis); it is possible for patients to
have more than one form of b-lactam related allergy.8,20,27–31

Patients are not the only individuals at risk from the penicillins and related
compounds. Allergic reactions have been noted in factory personnel and in
healthcare workers exposed to these drugs. These reactions have included
contact dermatitis, pneumonitis, urticaria, rhinitis and asthma.32–49 Adverse
reactions may also have occurred due to penicillin present in animal feeds and
there have been reports of adverse skin reactions and respiratory symptoms in
veterinarians exposed to penicillin.50–53 There have also been a number of
adverse reactions, mainly dermal effects, following the consumption of milk
and meat containing low concentrations of penicillin, presumably from animals
treated with the drug.54–64 The majority of these reports appeared in the 1950s
and 1960s and they are now rare. This may be for several reasons including the

N

S CH3

CH3

CO2H
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Figure 8.2 Chemical formulae of penicillin G and penicillin V.
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partial replacement of penicillins with other less allergenic drugs such as the
cephalosporins, the establishment of tolerances and maximum residue limits
(MRLs) (see Chapter 3) and milk withdrawal periods, the use of strict residue
limits by dairies so that food processing e.g. cheese and yoghurt production is
not adversely affected, or the wider use of heat treatments of milk, which may
deactivate some b-lactams.65

It is still difficult to quantify the public health risks from penicillin residues in
food.66 Several factors combine to ensure that the risks are low, including the
low doses likely to be received, the oral intake and the low densities of antigenic
determinants.67 Even with the reports cited here, the overall incidence is very
low.68 Nevertheless, the risks cannot be ignored entirely and they have been
taken into account during the establishment of tolerances and MRLs.
These are usually established on the basis of acceptable daily intake (ADI)
values that, in turn, are calculated using no-effect levels (NOELs) from
toxicology studies or, for antimicrobial drugs, from studies of their potential
effects on the human gut flora (Chapter 3). The latter tend to give generally
lower values than do the NOEL values from toxicology studies. In practice this
means that MRLs or tolerances are likely to be lower, sometimes substantially
lower for antimicrobial drugs than for agents that have comparative toxicity
but lack antimicrobial properties. Consequently, the withdrawal periods for
antimicrobial products, that is the time that must elapse between treatment and
slaughter or between treatments and when milk is permitted to be collected for
human consumption, are frequently longer than for other drugs. As is clear
from Table 8.1, the majority of b-lactam drugs, or more specifically the
cephalosporins (see next section), have ADI values, and hence MRLs, derived
from microbiological studies for the reasons mentioned above. The only
exception is clavulanic acid, which, as already described, has low micro-
biological activity. The MRLs for the penicillins are set at the lowest limits
practicable, the limits of the analytical assays available, to minimise any
potential allergic effects in consumers.

8.2.2 The Cephalosporins

A number of cephalosporin drugs are used in veterinary medicine against a
variety of infectious agents in companion and farm animals. Cephalosporins
have a similar basic chemical structure to penicillins except that the b-lactam
ring is fused to a 6-membered sulfur-containing ring, the dihydrothiazine
structure (Figure 8.3). They belong to a wider family of agents called the
cephems, a group that also includes the cephamycins. The cephamycins are very
similar in chemical structure to the cephalosporins but they contain a methoxy
group at the 7-a position. They are not used in veterinary medicine.

Cephalosporins are divided into generations based largely on their anti-
microbial activity and similarities in chemical structure. To a limited extent,
their year of introduction is also a factor. First-generation cephalosporins are
active against a range of Gram-positive organisms but they have limited
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activity against Gram-negative pathogens, while second-generation cephalos-
porins have greater activity to Gram-negative bacteria. In human medicine,
third- and fourth-generation cephalosporins are more stable against the effects
of b-lactamases and are therefore considered essential in the treatment of
pathogens that have become resistant to first- and second-generation cepha-
losporins. The major cephalosporins used in veterinary medicine are shown in
Table 8.2, which also shows the generation in which they are included. Cefa-
lonium is an example of a first generation cephalosporin and cefuroxime an
example of a second-generation drug (Figure 8.4).

Table 8.1 The basis of the Acceptable Daily Intake and Maximum Residue
Limits for b-lactam drugs in the European Union.

ADI value (mg/kg bw)

Drug Toxicological Microbiological
ADI selected for
MRL elaboration

Penicillins (including
benzylpenicillin,
ampicillin,
amoxicillin,
oxacillin, cloxacillin
and dicloxacillin)

–c –d MRLs generally,
established at lowest
practicable level, the
limit of quantitation
of the analytical
method for the
tissue/milk

Cefacetrile –a 3.5 Microbiological
Cefalexin 500 54.4 Microbiological
Cefalonium 20 15.3 Food processingb

Cefapirin 100 2.54 Microbiological
Cefazolin 100 10 Microbiological
Cefoperazone 750 2.8 Microbiological
Cefquinome –a 3.8 Microbiological
Ceftiofur 300 20 Microbiological
Clavulanic acid 50 90 Toxicological

aToxicity too low to identify NOEL.
bThe effects on food processing organisms (yoghurt starter cultures) gave a lower value than studies
of toxicological or microbiological effects.
cFor many penicillins there are inadequate conventional toxicity data to identify a suitable NOEL.
dFor many penicillins there are inadequate microbiological studies to identify a suitable micro-
biological end-point from which to derive a microbiological ADI.

N
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Figure 8.3 Chemical formula of the dihydrothiazine structure.
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Like the penicillins, their mode of action is specific to their target organisms
and they generally show little toxicity. Consequently, their EU MRL values
(Table 8.1) have generally been established on the basis of microbiological end-
points, rather than on the basis of toxicology and NOEL values from toxicity
studies. An EU MRL for cefuroxime could not be established. However, this
was due to concerns over residues, and specifically related to questions over the
identities of metabolites with respect to the marker residue rather than because
of issues relating to toxicity. Studies with ceftiofur demonstrated it to be devoid
of genotoxic activity in a range of in vitro and in vivomutagenicity assays except
for a positive result in an in vitro test for chromosomal aberrations.69 This was

Table 8.2 Some cephalosporins authorised for use as veterinary medicines.

Generation Cephalosporin Comments

First Cefalexin
Cefapirin
Cefalonium
Cefacetrile
Cefazolin

Second Cefuroxime EU MRLs could not be established
Third Cefoperazone

Ceftiofur
Cefovecin

Fourth Cefquinome Companion-animal use only
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Figure 8.4 Chemical formulae of cefalonium and cefuroxime.
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unexpected as b-lactams in general give negative results in these tests and there
are no structural or other reasons to suppose that they might be genotoxic.
Consequently, the mechanism by which ceftiofur produced these effects was
intensively investigated. It was found to be extremely cytostatic to the cells used
in the study, Chinese hamster ovary cells. Removal of the drug from the cells
led to a reversal of the cytostatic effects, and a reduction in the numbers of cells
with chromosome aberrations. There was no evidence of cytotoxicity or leth-
ality and the results suggest that the chromosomal effects occurred due to a
prolongation of the cell cycle and not because of a true genotoxic effect.70–72

The third-generation cephalosporin drug cefovecin is currently only available
for companion-animal use and therefore has no EU MRL.73–75

In human patients treated with cephalosporins, the most common adverse
drug reactions are hypersensitivity reactions.1 Individuals who are sensitive to
the effects of penicillins may show cross-reactivity, and similar signs and
symptoms, when treated with cephalosporins. However, the situation is far
from clear cut. There is cross-reactivity of this type, and the reverse – patients
who become sensitised to cephalosporins may show cross-reactivity to peni-
cillins, but some patients may be uniquely sensitive to one group of drugs but
not to the other.9,12,17,28,29,31,76–80 As with the penicillins, reactions may be
mediated by IgE or IgG, and the latter group, which includes anaphylaxis, may
be severe or life-threatening.12,17,28,29,31,77,78,80,81 The use of microbiological
end-points in the elaboration of MRL values for cephalosporins, which, as
already described, are usually much lower than those based on NOEL values
from toxicology studies, should ensure an increased margin of safety for con-
sumers who otherwise might be exposed to higher concentrations of these drugs
in food of animal origin. As with penicillins, occupational allergy, including
asthma, may develop in exposed healthcare workers.37,46

The major safety issue associated with the use of cephalosporins in human
and veterinary medicine is microbiological rather than toxicological. Third-
generation cephalosporins or extended-spectrum cephalosporins such as cefo-
taxime, ceftazidine and ceftriaxone are recognised as being critical drugs in the
treatment of human pathogens that have developed resistance to other anti-
microbial agents. The use of these products in humans is thought to have
exerted a major selective pressure on the emergence of resistance due to
extended-spectrum b-lactamases.82–89 There is now evidence that similarly
resistant organisms are present in companion and farm animals and there is
increasing concern that resistance, especially in zoonotic organisms, and its
transfer to human pathogens, could have major implications for the treatment
of disease in humans.90–102 Consequently, advice has been issued to ensure their
safe use or, more specifically, to ensure that third-generation cephalosporins
remain effective in the treatment of critical bacterial diseases in humans. Thus,
in the EU, the Scientific Advisory Group on Antimicrobials (SAGAM) has
drafted advice, now adopted by the Committee for Medicinal Products for
Veterinary Use (CVMP), while in the UK the DEFRA Antimicrobial Resis-
tance Coordination (DARC) Group and the Advisory Committee on Anti-
microbial Resistance and Healthcare Associated Infection (ARHAI) have
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drafted a report that also provides guidance on the use of third-generation
cephalosporins.103,104 Together, this guidance recommends that the emergence
of resistance in animal pathogens and indicator bacteria be monitored, that the
use of cephalosporins in each EU country be monitored, that EU countries
enforce codes of practice on the prudent use of cephalosporins, that cepha-
losporins should not be advertised directly to animal owners, that cephalos-
porins should not be used off-label and that prescribing policies should be
developed for the use of these drugs in veterinary medicine.

8.2.3 Aminoglycosides

The aminoglycoside antibiotics share a common chemical structural similarity
with amino sugars linked to an aminohexose moiety by way of glycosidic
bonds. Gentamicin has a structure that is typical of the group (Figure 8.5). The
notable forms of toxicity with the aminoglycoside antibiotics are ototoxicity
and nephrotoxicity. Apramycin is the only aminoglycoside that is used in
veterinary, but not in human, medicine.

8.2.3.1 Ototoxicity

The ototoxicity of aminoglycosides has been well documented. It was discovered
in the first clinical trials for streptomycin.105,106 This drug causes damage to the
vestibular organ of the ear while its derivative dihydrostreptomicin produces
damage in the cochlea. Neomycin, kanamycin and amikacin also result in toxic
effects in the cochlea while gentamicin causes mainly vestibular effects.106–112

The ototoxic effects begin days or weeks after drug administration commences
and they are irreversible. The vestibular effects are typified by loss of equilibrium

O O

O

O

CH3

H2N

HO NH2

NH2

OH

HN

HO

H3C

CH3

Figure 8.5 Chemical formula of gentamicin.
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and dizziness, while the cochlear effects include hearing loss and tinnitus. When
hearing loss occurs, high frequency hearing is lost first, and lower frequencies
follow with continued drug administration. Aminoglycosides affect the hair cells
in the organ of Corti of the cochlea and, as a result of therapeutic treatment, up
to 25% of human patients develop hearing loss. Adverse effects in the vestibule
occur in around 15% of patients treated.112,113 Cochlear and vestibular damage
is frequent in aminoglycoside-treated patients.114–124 Factors involved may
include the presence of functional hair cell mechanotransducer channels and the
presence or otherwise of heat-shock proteins; heat-shock proteins inhibit ami-
noglycoside-induced ototxicity.125,126 However, animals are also affected when
therapeutically treated with these drugs or when given the drugs experimen-
tally.4,117,127–140 There are reports of ototoxicity in the children of mothers
treated with aminoglycosides during pregnancy.117,141–146

Aminoglycosides may reach their targets in the hair cells either by endocy-
tosis or through transport in ion channels. As well as systemic exposure,
adverse effects may occur from local application of drug when otic formula-
tions, e.g. for the treatment of otitis media, are instilled into the ear.107,109

8.2.3.2 Nephrotoxicity

The aminoglycosides are nephrotoxic in experimental animals.134,147,148 All of
the aminoglycosides used in veterinary and human medicine, namely strepto-
mycin, dihydrostreptomycin, gentamicin, neomycin, framycetin, paromomycin
(aminosidine), kanamycin, amikacin and gentamicin, are nephrotoxic to some
degree as are aminoglycosides, which at present are only used to a very limited
extent (or not at all) in animals such as tobramycin and verdamicin, in animal
models.134,147–160 These drugs are also nephrotoxic to animal patients treated
therapeutically.4,161–164 In human patients, around 8 to 25%of those treated will
develop mild renal impairment that is usually reversible.123,165–170 It may be
influenced by a number of factors including the dose, the duration of dosing,
frequency of dosing, hypotension, volume depletion, concurrent liver disease,
diabetes and concurrent use of other nephrotoxic drugs including vancomycin.
Once daily regimens appear to be less toxic thanmultiple regimens or continuous
infusions.123,156,171–179 Neonates may be more susceptible than adults.180,181

The precise mechanisms of nephrotoxicity still require elucidation. However,
toxicity is preceded by accumulation and retention of aminoglycosides and
phospholipids in lysosomes in the proximal tubules of the kidney and initial
toxicity is indicated by release of enzymes of the renal tubular brush border.
The lysosomes become overloaded and rupture, releasing high concentrations
of the drug and phospholipids into the cytoplasm of the cell. Individual
aminoglycosides differ quantitatively in their nephrotoxic potential and this may
be related to their ability to be taken up by the tubules and in their potential to
perturb cell membranes. Tubular dysfunction is usually mild and glomerular
filtration rates decrease proportionally with the degree of damage inflicted,
usually 5 to 7 days after administration of the drug commenced.154,182–190
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The damage is reversible and human and animal patients usually fully recover
but intensive care unit patients may be at greater risk and mortality may be
high.123,156,171,174,191,192 A number of factors affect toxicity, and several produce
a protective effect including some natural oils and a number of drugs, possibly by
reducing inflammation and preventing apoptosis.153,154,193–197

8.2.3.3 Hypersensitivity Reactions

Contact dermatitis has been reported with some aminoglycoside antibiotics.
This has usually followed topical treatments, frequently with neomycin or
gentamicin, although there is evidence of cross-sensitisation between different
aminoglycosides.198–213 Occupational dermatitis has been reported, particularly
after exposure to streptomycin, including effects in healthcare work-
ers,214,215,217–222 and in one case in a cattle breeder.223 Hence, occupational
exposure to aminoglycosides in veterinarians and veterinary workers may result
in contact dermatitis.

In the EU, the critical ADI values for the aminoglycosides used in food-
producing animals were generally derived from the microbiological data with
the exception of neomycin where the ADI was based on ototoxicity in the
guinea pig (Table 8.3).

8.2.4 Aminocyclitols

Spectinomycin is an antibiotic closely related to the aminoglycosides and some
authorities include it in this group. However, the aminoglycosides are generally
composed of amino sugar residues whereas spectinomycin possesses a fused
ring system224–226 (Figure 8.6).

Table 8.3 The basis of the Acceptable Daily Intake (ADI) for aminoglyco-
sides in the European Union.

NOEL for ototoxicity/
nephrotoxicity mg/kg bw/day ADI (mg/kg bw)

Drug Ototoxicity Nephrotoxicity Toxicological Microbiological

Apramycin –a –a 250 40
Streptomycin/
Dihydrostreptomycin

250 50–100 25b 80

Gentamicin 25 25 100 4
Kanamycin 100 50 –c 8
Neomycind 6 10 60 160
Paromomycin –e 3.4f 34 25

aOnly limited evidence for ototoxicity and nephrotoxicity.
bBased on body weight reductions in repeat-dose studies.
cDefinitive NOELs for general toxicity were not identified.
dAlso applies to framycetin (soframycin).
eVestibular effects noted in cats at 50mg/kg bw.
fDog was more sensitive than rat; this NOEL is based on a repeat-dose toxicity study in the dogs
where the main effects were nephrotoxicity and the induction of cataracts.
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The drug has a low order of toxicity. Repeat dose studies in animals provided
no evidence of major toxicity and, unlike the aminoglycosides, it is not
nephrotoxic or ototoxic in animal studies or in in vitro models of ototoxicity,
although cochlear and vestibular effects have been reported at very high single
and repeat doses.227–231 In humans, there was no evidence of ototoxicity in
healthy male volunteers given 8 g/day for 21 days intramuscularly and the only
major effect noted was pain on injection.232 Urticaria, dizziness, nausea, chills
and fever are the main effects reported after single doses of spectinomycin in
clinical trials and anaphylactic reactions are rare.233 There have been rare cases
of occupational dermatitis due to spectinomycin or to spectinomycin plus
lincomycin.234,235

On the basis of the low mammalian toxicity of spectinomycin, the EU MRL
was established on the basis of an ADI derived from microbiological data.

8.2.5 The Quinolones

The earliest quinolone drugs are represented by oxolinic acid and nalidixic acid,
and later by flumequine. Oxolinic acid (Figure 8.7) and nalidixic acid are non-
fluorine containing quinolones, while flumequine (Figure 8.8) has a single
fluorine atom. The next generation of quinolones, the fluoroquinolones, is
typified by ciprofloxacin and enrofloxacin (Figure 8.9). The most important
fluoroquinolones in veterinary medicine are flumequine, enrofloxacin, sara-
floxacin, danofloxacin, orbifloxacin, ibafloxacin, marbofloxacin and prado-
floxacin.236–238 Oxolinic acid and flumequine are almost exclusively used in
aquaculture for the treatment of bacterial diseases in farmed fish.239–242

The most important toxic effects of the fluoroquinolones are on articular
cartilages and tendons, and several of the group have been shown to cause
juvenile arthropathies in a number of species including rats, dogs, sheep and
birds.243–259 Grepafloxacin has low toxicity in this respect.260,261 They are also
associated with tendonitis and tendon rupture in human patients.261–270 There
appear to be no major effects in paediatric populations, although arthralgias
and minor cartilage changes have been reported.271–275 The mechanism of
action for these adverse effects is unknown. Studies with ofloxacin suggest
that chondrocyte apoptosis may occur, possibly because of effects on the

O

O

O

O

CH3
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H3C

H3C

Figure 8.6 Chemical formula of spectinomycin.
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caspase-8-dependent mitochondrial pathway leading to decreases in mito-
chondrial activity. Inflammation of cartilage is usually seen. They may affect
proteoglycan synthesis in cartilage, including that in the cartilage of tendons,
and inhibit tendon cell proliferation and migration.247,276–282 There is also some
evidence that fluoroquinolones may delay or adversely affect cartilage and
tendon repair mechanisms.281,283

Fluoroquinolones and quinolones also induce neurotoxic effects that may
be experienced as mild dizziness or headache. However, other effects can

N

O

O

O

CH3

OH

O

Figure 8.7 Chemical formula of oxolinic acid.

N

OH

F

H3C

O

O

Figure 8.8 Chemical formula of flumequine.
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Figure 8.9 Chemical formula of enrofloxacin.
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include seizures, which may arise because they antagonise binding of the
inhibitory neurotransmitter g-aminobutyric acid (GABA) to its CNS receptors.
Other CNS effects include catatonia, delirium and encephalopathy.271,284–288

Prolongation of the QT interval has also been reported but severe cardiac
toxicity has not been observed in clinical trials or in large cohort
studies.261,271,289

The fluoroquinolones exert their effects on bacteria by targeting bacterial
gyrase, topoisomerase II, an enzyme responsible for maintaining the integrity
of DNA and its topological architecture by preventing overwinding or
underwinding of the molecule, especially during transcription.290–295 If bac-
terial topoisomerases are inhibited, normal DNA duplication cannot proceed,
and the tensions caused by overwinding can lead to cessation of replication as
well as to DNA breaks, thus inhibiting bacterial growth. Mammalian topoi-
somerases are the targets of several anticancer drugs including etoposide,
mitoxantrone and doxorubicin.296–299 Hence, drugs or classes of drugs that
exert adverse effects on bacterial cells may also exert harmful effects on
mammalian cells, especially as the fluoroquinolones can cause mutations in
bacteria as their effects on bacterial DNA result in induction of the RecA SOS
DNA repair system, which is error prone.271,294,300,301 Hence, fluoroquinolones
may exert mutagenic properties through their pharmacodynamic mode of
action and there is evidence for this and, in addition, photoactive fluor-
oquinolones may induce oxidative DNA damage as a result of the formation of
reactive oxygen species.302–319 However, many of the studies referred to were
conducted in vitro and some also employed ultraviolet light. In general,
the majority of in vivo studies with fluoroquinolones produced negative or
equivocal results.271,311,317,320,321 The major concern over positive findings in
genotoxicity studies is carcinogenic activity but the fluoroquinolones have given
negative results in animal bioassays.255,271,311,256,322–324 Hence, they are con-
sidered to be safe for therapeutic purposes in human and veterinary medicine.

In the EU, MRLs were established for most of the fluoroquinolones and
oxolinic acid on the basis of microbiological ADI values. The exception was
danofloxacin, where the ADI was based on a toxicological NOEL for arthro-
pathy in the dog.127 Orbifloxacin, pradofloxacin and ibafloxacin are only
authorised for companion-animal uses and have no MRL values.

8.2.6 Macrolides

The macrolides antibiotics, as their class name suggests, are large ring lactones
to which are attached one or more deoxy sugars. The group is typified by
erythromycin (Figure 8.10), a 14-membered lactone ring structure. In this case,
two sugars are attached, L-cladinose and D-decosamine. The other members of
the group that are used in veterinary medicine are spiramycin, tilmicosin,
tylosin, tylvalosin (acetylisovaleryltylosin), josamycin, gamithromycin and
tulathromycin. Tildipirosin, a semisynthetic derivative of tylosin, is a new
introduction to the class intended for use in veterinary medicine. In human
medicine, the most important macrolides are erythromycin, clarithromycin and
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azithromycin. Clarithromycin differs from erythromycin by the methylation of
a single hydroxyl group at the 6 position of the macrocyclic ring, while azi-
thromycin differs from erythromycin by the insertion of a methylated nitrogen
into the macrolide ring.4,325,326

Spiramycin has low toxicity and lacks teratogenic, genotoxic and carcino-
genic activity.327–331 There are few reports of adverse effects in humans treated
with spiramycin. It may have effects on gastric motility, a known side effect of
macrolide antibiotics, and there is a report of an ulcerated oesophagus.332–334

There has been an isolated report of allergic vasculitis following spiramycin use
and another of generalised numbness, tingling, a metallic taste and hot
flushes.335,336 Unlike many other macrolides, it has few drug interactions.337

There have been reports of dermatitis and bronchial asthma following occu-
pational exposure to spiramycin, including exposures in agricultural workers
using the drug in animals, and in workers in the pharmaceutical industry.338–344

Tylosin also has very low mammalian toxicity after oral administration
and it lacks reproductive toxicity, as well as genotoxic and carcinogenic
activity.345–347 However, like spiramycin, there have been reports of asthma
and contact dermatitis following occupational exposure with some of these
cases involving veterinarians and farmers, and notably pig farmers handling
medicated feed.340,348–357

Erythromycin has a good safety profile, although the estolate (dodecyl sul-
fate) salt was found to be hepatotoxic, and some patients taking the drug for
periods in excess of two weeks developed jaundice.325,358–360

O
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Figure 8.10 Chemical formula of erythromycin.
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Hypersensitivity reactions appear to be very rare although there is one report
of occupational asthma to erythromycin in a manufacturing plant, and a
number of reports of allergic contact dermatitis with the related compound
azithromycin.361–365

Tilmicosin is structurally related to tylosin (Figure 8.11). However, it
appears to have higher acute toxicity when compared with other macrolides,
including tylosin, at least under some conditions. Although tilmicosin is
of low toxicity for most of the aspects of regulatory toxicology,366–368 it
produces cardiac effects. Dogs given oral doses of tilmicosin for 3 months
showed increased heart rates and 50% of animals given 70mg/kg bw/day
died.369 The NOEL was identified as 6mg/kg bw/day. Cardiac enlargement
occurred in a one-year study in dogs given 36mg/kg bw/day, while heart rates
were increased both at this dose and at 12mg/kg bw/day. The NOEL was
4mg/kg.

To date, there have been no reports of occupational asthma or contact
dermatitis with tilmicosin. There have been a number of reports of adverse
effects in workers who have suffered needlestick injuries on needles con-
taminated with the drug. The majority of these produced minor local effects
resulting from a puncture wound.370 However, there have been reports of
effects on the heart in workers exposed to tilmicosin. These have occurred
following accidental self-injection with significant quantities of the drug. Effects
have included chest pains, electrocardiographic abnormalities and intraven-
tricular conduction delays.371,372 There have been reports of fatalities in
workers who have self-injected tilmicosin.371,373 Over 250 cases of human
tilmicosin exposure are reported to poison centres each year, and over 250 of
these are parenteral, namely self-injection. The majority of cases suffer no ill
effects, but fatalities are reported and the case fatality rate with parenteral
exposure is ten times that for all human exposures.374 In the UK, this led to
amended labelling for the product concerned, Micotil, while the marketing
authorisation was temporarily suspended in France until the safety and label-
ling issues were resolved a few months later.375–378

Experimental studies in dogs have shown that tilmicosin exerts a negative
inotropic effect on the heart, thus weakening its contractions, in a manner
similar to that noted with b-blocker drugs and verapamil.366 In fact, similar,
though less pronounced, effects have been noted with other macrolides,
including erythromycin. These effects have included prolongation of the QT
interval and torsades des pointes.379–388

There is a paucity of data available for josamycin. That which is available
suggests low toxicity.389,390 There are also few published data on tula-
thromycin, gamithromycin and tildipirosin. The data that are available suggest
low toxicity.391–393

All of the macrolides used in human medicine have the capacity for drug–
drug interactions. The other drugs involved have included digoxin, statins,
carbamazepine, cyclosporine, terfenadine, astemizole and theophylline and
some of these interactions may precipitate toxicity while some may also occur
in treated animal patients.394–404
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Figure 8.11 Chemical formulae of tylosin and tilmicosin.
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The EU MRL values for the macrolide antibiotics were based on the micro-
biological ADI values, as these were lower than those derived from toxicity stu-
dies. The exceptions were theMRLs for gamithromycin and tildipirosin where the
ADI from toxicity studies was lower than the corresponding values from micro-
biological assays. Due to lack of information to support theMRL application for
josamycin, only provisional MRL values were established. However, as the
requested datawere not forthcoming, these values have now lapsed and josamycin
may no longer be used in food-producing animals in the EU.

8.2.7 The Phenicols

The phenicols are represented by three drugs, chloramphenicol, thiamphenicol
and florfenicol, all of which are used in veterinary medicine. Chloramphenicol
and thiamphenicol, but not florfenicol, are used in human medicine.

Chloramphenicol was originally isolated from Streptomyces venezuelae. It
differs from the majority of other antibiotics in that it has a relatively simple
chemical structure. In fact it is a derivative of nitrobenzene (Figure 8.12), a
functional group that the other two drugs lack (Figure 8.13). It has been widely
used in human medicine but its use is now restricted as it causes blood dys-
crasias in some human patients treated with the drug. The less serious of these
effects is a mild and reversible bone marrow suppression that arises from
mitochondrial damage and that results in a mild anaemia.325,405–408 The more
serious effect is irreversible bone marrow aplasia, aplastic anaemia, with pan-
cytopenia and acellular bone marrow. This has been estimated to occur in 1 in
500 to 1 in 100,000 cases treated with chloramphenicol and it is often
fatal.405,409–423 Cases occur in children as well as in adults.424–428 The effect
appears to be independent of dose although total doses may be high (4–80 g),
but aplastic anaemia has been reported after topical administration where the
total systemic dose was probably low and after the application of ophthalmic
eye drops where the systemic dose would be low.429–437 The risk associated with
these uses is thought to be very low.438,439 There has been a report of aplastic
anaemia in a shepherd exposed to an aerosol spray containing the drug.440

The mechanism of toxicity is not well understood. There appears to be a lack
of correlation with dose and the duration of dosing, and its occurrence in

OH

HN

Cl

ClO2N

O

OH

Figure 8.12 Chemical formula of chloramphenicol.
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populations appears to be random. It occurs in identical twins and all of these
factors point to an idiosyncratic reaction with a genetic link.441–443 It has been
possible to develop animal models of reversible bone marrow depression, and
bone marrow depression is observed in animal studies; a model of chlor-
amphenicol-induced aplastic anaemia has not been found.444–451 Thiamphenicol
and florfenicol induce reversible bone marrow depression in animals.452–462 The
most likely, or at least most plausible, difference between chloramphenicol, and
thiamphenicol and florfenicol, is that the chloramphenicol possesses the p-nitro
group, which the other two drugs lack. This is converted to a toxic nitroso group in
susceptible individuals, which then precipitates aplastic anaemia.441–443,463 How-
ever, this remains unproven and the exact mechanism remains unclear.408,464

Aplastic anaemia can be treated successfully with supportive care, bone
marrow transplant, stem cell therapy, immunosuppressive treatments and a
number of drugs.465–474 However, it may progress to leukaemia in some
patients.441,475,476 Leukaemia has been reported in patients who recovered from
chloramphenicol-associated aplastic anaemia.475–486 The US National Tox-
icology Program classified chloramphenicol as reasonably anticipated to be a
human carcinogen.487

As a result of these findings, chloramphenicol has been prohibited for use in
food animals in several countries, including the EU countries. This was largely on
the grounds that the effects of chloramphenicol were serious and that no NOEL
could be established for the induction of aplastic anaemia. The possibility that
residues of chloramphenicol might induce aplastic anaemia in persons who were
uniquely sensitive to its adverse effects could therefore not be excluded. MRLs
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Figure 8.13 Chemical formulae of thiamphenicol and florfenicol.
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have been established in the EU for thiamphenicol and florfenicol. For thiam-
phenicol and florfenicol, these were based on a microbiological ADI values.

8.2.8 Tetracyclines

The major tetracyclines used in veterinary medicine are tetracycline, oxyte-
tracycline, chlortetracycline and doxycycline (Figure 8.14). A further
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Figure 8.14 Chemical formulae of tetracycline, oxytetracycline, chlortetracycline and
doxycycline.
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tetracycline, minocycline, is authorised for use in some countries, largely for the
treatment of diseases in companion animals.4,488

Oxytetracycline, tetracycline, chlortetracycline and doxycycline have low
toxicity in laboratory animals.489–491 However, they may induce hypersensi-
tivity reactions in patients and in occupationally exposed individuals.492–496

The major adverse effects of these drugs in human patients are the production
of teeth staining and bone deposition in children. Patients who are pregnant
and are treated with tetracyclines may give birth to children with discoloured
teeth. The deposition of the drugs in bone may result in reductions in the rate of
bone growth and enamel hypoplasia.497–509

Studies in animals showed minocycline (Figure 8.15) to have a similar
spectrum of toxicity to tetracycline.510 However, it has produced adverse effects
in patients treated with the drug, not seen with other tetracyclines, or not seen
to such a degree or frequency.

8.2.8.1 Autoimmune Hepatitis and Systemic Lupus
Erythematosus-like Syndrome

There have been a number of reports of hepatitis, possibly with an autoimmune
mechanism, in human patients treated with minocycline. By April 1994, 11
cases of systemic lupus erythematosus (SLE) and 16 cases of autoimmune
hepatitis had been reported to the Committee on Safety of Medicines in the
UK.511 A literature review from 1997 to 2001 revealed 76 articles associated
with adverse events to acne drug therapy and minocycline was the most widely
incriminated drug with 72 cases of autoimmune disorders, mainly lupus-like
syndromes; some of these cases also involved autoimmune hepatitis.512

Another review revealed 57 cases of lupus associated with minocycline therapy.
All patients showed symptoms of polyarthralgia and polyarthritis, often
accompanied by hepatic abnormalities; it may exacerbate pre-existing SLE.513

Minocycline-induced autoimmune disease may develop after a short duration
of dosing (3 days) or up to 6 years after commencement of treatment.514–516

Some of these cases are briefly reviewed in Table 8.4. The hepatotoxicity of
minocycline has been investigated in mice, including mice pre-treated with
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H3C CH3

OH OH
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Figure 8.15 Chemical formula of minocycline.
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Table 8.4 Reports of cases of autoimmune hepatitis and systemic lupus ery-
thematosus (SLE) and other auto-immune disorders in patients
treated with minocycline.

Description Reference

SLE in Japanese female treated with minocycline 518
Acute hepatitis in a 16-year-old boy (with exfoliative dermatitis); fatal
hepatitis in a 17-year-old girl

519

Acute hepatic failure in 39-year-old woman. She recovered after 3 weeks 520
Periarteritis nodosa in two women; resolved on cessation of therapy 521
Serum-sickness-like syndrome in 19-year-old male – urticaria, fever,
lymphadenopathy and arthralgia. Recovered after 9 days

522

Review of literature: over 60 cases of SLE associated with minocycline and
24 cases of autoimmune hepatitis. All recovered

523

SLE and serum sickness in 16-year-old girl given minocycline for 3 months 524
Serum sickness in patient treated with minocycline 525
Serum sickness, hepatitis and exfoliative dermatitis in 17-year-old female.
Recovered

526

Report of six cases of serum sickness and one with SLE in patients given
minocycline. All eventually recovered

527

Lymphadenopathy, fever and other effects similar to serum sickness in a
16-year-old patient, with interstitial nephritis. Eventually recovered

528

Serum sickness in 35-year-old patient treated with minocycline. Patient
recovered

529

Serum sickness in five adolescents treated with minocycline. All recovered
after 5 days to 5 weeks

530

Serum sickness in two female patients (15 and 30 years old). Both
recovered

531

Report of 23 patients who developed SLE during treatment 532
SLE in a patient treated with minocycline 533
Asthma and eosinophilia in 28-year-old patient 534
Autoimmune hepatitis in three adolescent patients. All recovered after
5 weeks to 9 months

535

Autoimmune hepatitis in a 42-year-old patient treated with minocycline.
She recovered 3 months after treatment was stopped

536

Case-control study of patients (27,688) with acne, aged 15–29 years,
treated with tetracyclines, taken from GPRD, for the period January
1991 to February 1996

Risks and 95% confidence intervals (CIs) for SLE were: 32.7 (14.9–62.1)
per 100,000 prescriptions for females and 2.3 (1.0–13.0) per 100,000
prescriptions for females, for any tetracycline. The risks for
oxytetracycline were 17.2 (2.1–62.1) per 100,000 prescriptions, and for
minocycline 52.8 (19.4–115.0) per 100,000 prescriptions. The odd ratios
were 3.5 (95% CI, 1.3–7.0) for any tetracycline and 8.5 (95% CI 2.1–35.0)
for minocycline

The data suggest that the risk of SLE is increased by a factor of around 8.5 for
young women being treated for acne and this effect is strongest for longer-
term users

537

Pericardial effusion and hepatic injury in 39-year-old woman treated with
minocycline

538

In a review of the literature covering the period up to December 1998, 65
cases of liver damage caused by minocycline, 20 had insufficient
information to classify them, but the other 45 were autoimmune in origin

539
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phenobarbital. Although liver enzymes and bilirubin were elevated, there was
no evidence of the hepatotoxicity noted in humans.517

8.2.8.2 Sweet’s Syndrome

Sweet’s syndrome, first described in 1964, is characterised by an acute onset of
non-pruritic, painful reddish nodules on the head, neck, chest and upper limbs,
accompanied by fever, general malaise and leucocytosis.540 Although rare, it
has been associated with a number of drugs including furosemide, celecoxib
and hydralazine.541,542 Typical cases occurring with minocycline are described
in Table 8.5.

8.2.8.3 Hyperpigmentation

Hyperpigmentation of the skin has been reported after minocycline therapy. It
has also been reported in bone. Some typical cases are described in Table 8.6.

Hyperpigmentation due to minocycline is rare in patients taking minocycline
for less than 1 year, but it becomes more common in those taking the drug for
longer. It may also occur in bone; around 10% of patients taking the drug for
more than 1 year developed bone pigmentation while around 20% of those
taking it for more than 4 years were affected. It may also affect the buccal
mucosal, conjunctiva, sclera, nail beds, cardiac valves, cartilage, thyroid and
teeth. In some cases, pigmentation may be permanent.512,555,556

Blackening of the thyroid has been seen in rats given minocycline.557 Studies
in vitro suggest that the pigmentation and some of the toxicity of minocycline
may be due to the formation of a reactive benzoquinone iminium ion.558

Table 8.5 Minocycline-induced Sweet’s syndrome.

Description Reference

Patient (25-year-old male) treated with oral minocycline for acne. One
week later painful nodules developed on his neck. He recovered after 2
weeks with topical corticosteroid treatment. Similar lesions developed
after doxycycline and tetracycline treatment. These also resolved after
cessation of treatment. The condition occurred again after re-challenge
with doxycycline

541

Sweet’s syndrome developed in a 32-year-old man 10 days after treatment
commenced. Condition resolved rapidly after cessation of treatment and
prednisone treatment

543

Patient (29-year-old female) developed skin lesions and fever 1 week after
minocycline treatment started. The condition rapidly resolved following
cessation of treatment and corticosteroid treatment. However, it returned
in a severe form on re-challenge with minocycline; this resolved within
10 days after treatment with cephadroxil and methylprednisolone. After a
further 4 weeks, the condition reappeared within 4 hours following a
further treatment with minocycline

544

294 Chapter 8

Pu
bl

is
he

d 
on

 3
1 

D
ec

em
be

r 
20

12
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
54

83
-0

02
73

View Online



8.2.8.4 Hypersensitivity

Several cases of hypersensitivity have been reported as described in Table 8.7.
The evidence for cross-sensitivity between minocycline and other tetracyclines
is ambiguous.569,570

8.2.8.5 Vestibular Reactions

Vestibular toxicity of minocycline is a relatively common effect, and one that is
not seen with other tetracyclines. In some studies, it has been seen in up to 90%
of patients treated. Main signs include nausea, vomiting and vertigo. It is
reversible, usually within 48 hours of cessation of treatment.571–576

Table 8.6 Reports of hyperpigmentation following minocycline treatment.

Description Reference

Patient (18-year-old female) had taken minocycline for 14 months. She
then reported ‘‘bruises’’ on her skin. This resolved 16 months after
cessation of treatment

545

Review of 77 cases of skin hyperpigmentation reported to manufacturer
between 1 January 1976 and 1 January 1983. Pigmentation possibly due
to oxidation product of minocycline

546

Review of the nature of hyperpigmentation caused by minocycline. Three
types recognised: dark blue macules in areas of depressed acne scarring,
circumscribed hyperpigmented macules or a diffuse pigmentation and
‘‘muddy skin’’ syndrome – a generalised darkening of the skin

547

Patient (69-year-old woman) developed hyperpigmentation after 3 months
of treatment with minocycline. Improvement occurred 2 months after
cessation of treatment

548

Hyperpigmentation, neutrophilic alveolitis and erythema nodosum
developed in a 32-year-old woman after approximately 4 months of
treatment. The erythema and alveolitis resolved 2 weeks after cessation
of treatment but the hyperpigmentation persisted for more than a year

549

Patient, a 62-year-old woman, developed hyperpigmentation of the skin in
February 1996 after beginning minocycline treatment in 1990.
Minocycline treatment was stopped and she was treated with
hydroquinone cream but there was no change in hyperpigmentation
after 6 months. The pigmentation finally responded to treatment with a
Q-switched neodymium:YAG laser. In a similar report, four cases of
minocycline-induced hyperpigmentation resolved after treatment with a
Q-switched ruby laser

550

Hyperpigmentation occurred in 65-year-old man given minocycline over
a 2.5 year period. Condition resolved over ‘‘several years’’

551

Hyperpigmentation developed on the lips of a patient treated with
minocycline. Resolved several weeks after treatment ceased

552

Two patients developed hyperpigmentation during minocycline treatment.
In one patient, this developed on the face after 3 years of treatment
while in the other it developed on the lower legs after 6 months of drug
administration. The latter patient was treated with a Q-switched ruby
laser and the condition rapidly resolved

553

Hyperpigmentation developed in a patient treated post-operatively with
minocycline for 8 months

554
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It is difficult to make quantitative estimates of comparative risks between
tetracyclines because the numbers of patients presenting and the total numbers
of patients treated is unavailable. However, a study in Toronto has compared
adverse drug reactions to tetracycline, doxycycline and minocycline.577 Their
findings are summarised in Table 8.8.

While by no means normalised, and lacking in quantitative power, the data
suggest that adverse reactions due to tetracyclines are similar in nature and
possibly even in incidence (from the limited data available), but that auto-
immune disease, including autoimmune hepatitis, and hypersensitivity and
hyperpigmentation are largely restricted to minocycline. The mild disorders,
rash, urticaria etc., appear to be shared by all three drugs. Other authors note
that the incidence of autoimmune disorders, hyperpigmentation and hyper-
sensitivity associated with minocycline are low in proportion to the numbers of
prescriptions issued, the effects are generally reversible (although some may
need treatment) and they are usually not life-threatening once the drug has been
discontinued.577–581 In the United Kingdom, some 6.5 million patients were
treated for an average of 9 months with minocycline over the 25-year period
until 1996 and yet over the period up until 1994, only 26 cases of minocycline-
induced SLE or autoimmune hepatitis had been reported to the UK’s Com-
mittee on Safety of Medicines; in 1996, around 28 million minocycline tablets
were taken.511,577,582 As the SLE syndrome is uncommon, and the effects
reversible on cessation of treatment, it has been suggested that the increased
risks should only marginally affect the risk/benefit balance for the use of
minocycline.537 The onset of acute conditions such as non-autoimmune hepa-
titis usually occurs after 1–3 months of treatment, while the autoimmune dis-
orders generally occur after prolonged treatment (1–6 years).583 The incidence
of Sweet’s syndrome is exceptionally rare.541

Table 8.7 Reports of hypersensitivity to minocycline.

Description Reference

Erythematous eruption, nausea and vomiting in a 26-year-old woman
given minocycline

559

Stevens–Johnson syndrome in a 36-year-old man 560
Necrotising vasculitis of skin and uterine cervix in 35-year-old patient 561
Severe erythematous reaction in young adult male given minocycline 562
Hypersensitivity pneumonitis in a patient given minocycline 563
Exanthematous pustulosis in a patient treated with minocycline 564
Pustulous eruption in 16-year-old female given minocycline 565
A 15-year-old boy and a 17-year-old girl developed skin eruptions in the
form of pustular nodules. The boy eventually died and post mortem
revealed myocardial necrosis with eosinophilic infiltrates. The girl had
tachycardia and peripheral, interstitial infiltrates. She recovered after
treatment with prednisone

566

Eosinophilic cellulites and eosinophilic pustular folliculitis in a patient
treated with minocycline

567

Eosinophilic pneumonia, with acute respiratory failure 568
Hypersensitivity seen in three patients 533
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Table 8.8 Comparative adverse reaction data for tetracycline, doxycycline and minocycline (based on data from577).

Tetracycline Doxycycline Minocycline

Drug
Safety
Clinic

Health
Protection
Branch Literature

Drug
Safety
Clinic

Health
Protection
Branch Literature

Drug
Safety
Clinic

Health
Protection
Branch Literature

Numbers
a 166 976 – 39 145 – 17 160 –

Mild 66 406 0 15 38 0 1 52 0
Rash 35 138 0 11 0 0 6 7 0
Urticaria 11 8 0 3 1 0 1 8 0
Photosensitivity 4 10 0 3 4 0 0 0 0
Vomiting/diarrhoea 23 159 0 3 17 0 2 53 0

Severe

Hypersensitivity 0 1 1 0 0 1 2 4 13
Serum sickness 0 3 0 1 1 0 2 4 5
SLE 0 0 0 0 0 0 1 0 32
Single organ
dysfunctionb

2 26 9 0 3 3 0 14 26

Severe cutaneous
reaction

1 9 1 0 1 0 0 2 1

Hepatitis 1 7 0 0 0 0 0 7 4
Pneumonitis 0 0 1 0 0 0 0 0 17
Pancreatitis 0 3 4 0 1 0 0 1 1
Nephritis 0 2 0 0 1 0 0 0 1
Haematological 0 4 2 0 0 0 0 4 0
Parotitis 0 1 0 0 0 0 0 0 0
Myocarditis 0 0 1 0 0 0 0 0 0
Arthritis 0 0 0 0 0 0 0 0 2
Hyperpigmentationc – – – – – – þ þ þ
aNumbers referred.
bSingle organ dysfunction attributed by the authors.
cNot included by the authors, added by this author, where – indicates no effects andþ indicates effects noted in patients.
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Although two deaths have been reported with minocycline,511 one of these
was due to pancytopenia, a condition not associated with minocycline therapy,
and the other was in a patient taking multiple therapies and was probably due
to an antimalarial agent.584

In the EU, the MRLs for doxycycline, oxytetracycline, chlortetracycline and
tetracycline were based on ADI values derived from microbiological studies.
Minocycline has not been considered for use in food animals and hence no EU
MRL has been considered.

8.2.9 Polyether Ionophore Antibiotics

These are represented by salinomycin, monensin, lasolocid, maduramycin,
semduramicin and narasin. These drugs are widely used as coccidiostats in a
range of species including poultry. However, they have very narrow therapeutic
indices and they are often toxic if the recommended doses, which are frequently
low, are exceeded. Ionophore toxicity has been reported in a wide number of
animal species including rabbits, dogs, cats, pigeons, quail, ostriches, goats,
pigs, sheep, cattle, camels, turkeys and horses. They produce a positive
inotropic effect and a cardiomyopathy characterised by a dilated heart and
petechial and ecchymotic haemorrhages.585 Toxicity in humans has not been
reported but, based on effects in other species, they can be expected to produce
toxic effects should exposure occur. The safety of these drugs, and the
establishment of MRL values, is discussed in Chapter 9.

8.2.10 Lincosamides

The lincosamides are used for the treatment of appropriate bacterial diseases in
companion and food animals.4,326 The major ones used in veterinary medicine
are clindamycin, lincomycin and pirlimycin (Figure 8.16). Only clindamycin is
widely used in human medicine.325 These drugs are regarded as being safe in
humans, and their toxicity is low. The major adverse effect of clindamycin
in humans is diarrhoea, which is reported to occur in between 2 and 20% of
patients. A number of patients develop pseudomembranous colitis, with
abdominal pain, diarrhoea, fever and faeces containing blood and mucus. It is
caused by the bacteria Clostridium difficile. White to yellow plaques are seen on
the mucosa of the colon on proctoscopic examination. This syndrome can be
fatal but recovery occurs when the drug is discontinued, although treatment
with metronidazole or vancomycin may be required.325,586–588 The toxicity of
these drugs in laboratory animals is low and, consequently, NOEL values tend
to be correspondingly high.589–594 Systemic toxicity is rarely seen in human
patients, although it may occur in patients with HIV/AIDS.595,596 However, a
syndrome similar to pseudomembranous colitis seen in humans has been noted
in hamsters given the lincomycin or clindamycin, and this too seems to be
associated with clostridial toxins and is rapidly fatal.597–601 Similar effects have
also been reported in guinea pigs.602,603 In guinea pigs given lincomycin orally,
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the main effects were an increase in the renewal of epithelial cells in the
gall bladder, cholecystitis and gallstones composed mainly of calcium and
bilirubin.604

Skin reactions to clindamycin are rare but they have been reported after
topical and oral treatments.605,606
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Figure 8.16 Chemical formulae of clindamycin, lincomycin and pirlimycin.
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The EU MRLs for lincomycin and pirlimycin were established on the basis
of microbiological end-points that were lower than NOEL values from tox-
icology studies.

8.2.11 Polymixins

The polymixins are a class of polypeptide drugs of which polymixin B and
colistin (polymixin E) are the major examples used in veterinary medicine. They
are composed of a cycloheptapeptide ring made up of D- and L- amino acids
with a tripeptide side chain. This is in turn covalently bound to an acyl fatty
acid group, a, g-diaminobutyric acid. Colistin and polymixin B differ in only
one of the amino acid residues of the cycloheptapeptide ring. In polymixin B
one of these components is D-phenylalanine whereas in colistin this is replaced
by D-leucine. Polymixin B is a mixture of two compounds, polymixin B1

and polymixin B2. The former has a 6-methyloctanoyl moiety on the fatty
acyl group, while the latter possesses a 6-methylheptanoyl group in this
position.

In human medicine, polymixin B and colistin are used to treat similar con-
ditions for otic, ocular and dermal infections.607 Polymixin B is poorly
absorbed after oral administration so it may be given by parenteral routes for
other infections. Colistin may be given orally or parenterally.325,608 In veter-
inary medicine, polymixin B and colistin are used topically for dermal infec-
tions in farm and companion animals. Colistin is also used as an oral solution
for the treatment of intestinal infections in poultry and pigs.4,609

The polymixins are amphipathic surface active agents that behave as
detergents. They interact with phospholipids and disrupt bacterial cell mem-
branes. Consequently, bacterial sensitivity depends on the phospholipid con-
tent of the cell wall.610–612 In humans, polymixin B has a high volume of
distribution, suggesting extensive distribution.613,614 When given by the intra-
muscular route in rabbits, free and bound polymixin B was found in the liver,
kidney muscle and brain.609 There is extensive binding to plasma proteins.615

The toxicity of polymixin B is generally poorly documented. However, there
are more data available for colistin, and this shows the drug to have a low order
of toxicity. The major changes noted in repeat dose studies in rats were minor
changes in organ weights. It was not mutagenic in several genotoxicity assays
but it produced some evidence of foetotoxicity in the form of delayed
ossification.616

In humans and other animals, the polymixins including colistin have been
found to be nephrotoxic.617–621 This toxicity was thought to be severe but other
studies suggest that this may have been exaggerated.612,622–624 In humans,
nephrotoxicity is unrelated to total dose or to duration of administration, but it
may be related to patient age. In a retrospective study of the outcome of
treatments with polymixin B, nephrotoxicity was associated with increasing age
(76 years versus 59 years).607 In another retrospective study that investigated
patients aged between 18 and 79 years, given therapeutic doses of intravenous
colistin for periods longer than 4 weeks, there was no evidence of toxicity,
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including nephrotoxicity.625 High doses of colistin given intramuscularly to rats
for 15 days produced no evidence of nephrotoxicity.626

A small number of patients treated with polymixin B or colistin have
developed neurotoxicity. This was apparent as diplopia, ptosis and nystagmus
and respiratory paralysis has also occurred. These effects occur at a low inci-
dence with between 0 and 5% of patients being affected.612,614,617 Neurotoxicity
is more frequent in patients with compromised renal function and with
increasing doses of drug.612 No evidence of neuromuscular blockade was noted
in a retrospective study of patients given colistin at a therapeutic dose for
periods in excess of 4 weeks.625 It is thought that the neurotoxic effects of these
drugs may be due to the neurolathyrogenic effects of the a, g-diaminobutyric
acid moiety.627,628

The EU MRL values for colistin were based on a microbiological ADI. No
MRLwas established for polymixin B because of the paucity of data on this drug.

8.2.12 Pleuromutilins

The pleuromutilins are represented by tiamulin and valnemulin, which
are mainly used in the treatment of swine dysentery. They are diterpene
compounds with the main structure being an 8-membered carbocyclic ring
(Figure 8.17). There is little information in the open literature on the safety of
these drugs.

The acute oral toxicity of tiamulin is low after oral administration (LD50

2740 and 1830mg/kg bw for male and female rats). It is much higher after
intravenous administration to rats and mice (LD50 20 and 50mg/kg bw,
respectively). Toxicity was generally low in repeat dose studies. The main
finding was prolongation of the QT interval in a dog study and an increase in
double peaked T-waves in the electrocardiogram after daily doses of 10mg/kg
bw/day or higher. Tiamulin had no adverse effects on reproductive perfor-
mance in rats and pigs and it produced no evidence of teratogenic effects in
rabbits. It was not genotoxic and it showed no evidence of carcinogenic effects
in rats and mice.629 Valnemulin was also of low oral toxicity in rats and it
produced no major signs of toxicity in repeat dose studies in rats, mice or dogs.
Effects on the electrocardiogram were not investigated. It had no effects on
reproductive performance in rats, and it was not teratogenic in mice. However,
severe toxicity was seen in treated rabbits and a teratogenicity study could not
be conducted in this species. It was not genotoxic.630 The data suggest that both
substances are of low toxicity, but that tiamulin (and possibly valnemulin) may
give rise to cardiac effects.

This is of interest because, in combination with ionophores, tiamulin causes
severe toxicity. This included severe muscle effects including those on the car-
diac muscle. Cardiac toxicity was pronounced.631–637 Although tiamulin (and
presumably valnemulin) may produce a variety of effects on hepatic drug
metabolising enzymes, some of these effects may arise from the cardiac effects
of tiamulin combined with the known effects of the ionophores, especially their
positive inotropic effects and ability to produce cardiomyopathy (see Section
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8.2.9 and Chapter 9). Valnemulin has produced adverse drug reactions in
treated pigs with signs of lethargy, depression, erythema, oedema, pyrexia,
ataxia, anorexia and pain; death occurred in some animals.638–640

There are no experiences to draw on from use in human medicine, as the
pleuromutilins have not been used in human patients. However, this may
change with the increase in antibiotic resistance to many existing antibacterial
drugs, and a recognition that the pleuromutilins may have a role in the therapy
of human infectious diseases.641,642 The European Medicines Agency has
recently published a concept paper on the current use of pleuromutilins because
of the rise of the numbers of resistant organisms that potentially threaten the
treatment of porcine bacterial gastrointestinal disease.643 This may have some
bearing on the development of resistance in human pathogens and the future
utility of the pleuromutilins in treating disease in humans.

The EU MRLs for both drugs were established on the basis of micro-
biological ADI values.

8.2.13 Bacitracin

Bacitracin is a peptide antibiotic that is used in human and veterinary medicine.
As it is not absorbed after oral administration it is widely used to treat gas-
trointestinal infection or as a topical treatment. It is also used for wound
irrigation, especially during surgery.4,325,644
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Figure 8.17 Chemical formulae of tiamulin and valnemulin.
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Bacitracin has a low order of toxicity in animal studies.645 Parenteral use of
bacitracin in human medicine may result in severe nephrotoxicity.325 However,
the major problem arising from the use of bacitracin in human medicine is
sensitisation. Bacitracin frequently produces a delayed eczematous contact
dermatitis, an immediate urticarial reaction and in some cases anaphylaxis after
topical use.646 There have been several cases of anaphylaxis reported after the
use of bacitracin during surgery or from the use of topical bacitracin products
and some of these have been near fatal.646–664 IgE antibodies to bacitracin have
been detected in a patient who experienced anaphylaxis after application of a
bacitracin-containing ointment.665 Skin reactions are frequent.666–680

The EU MRLs for bacitracin were established on the basis of a micro-
biological ADI value.

8.2.14 Avilamycin

Avilamycin is a member of the orthosomycin group of antibiotics. It is a
mixture of oligosaccharides of orthosomycins, and possesses a heptasaccharide
chain, at the end of which is a dichloroisoeverninic acid group. It is structurally
related to the everninomycins.681,682 It is used in veterinary medicine for the
control of enteric diseases in poultry, rabbits and pigs.

It has extremely low oral toxicity in rodents (LD50 values usually in excess of
5000mg/kg bw) and is only marginally toxic after intraperitoneal administra-
tion (LD50 1000–3000mg/kg bw) although one study in mice produced much
higher toxicity (LD504157mg/kg bw). The effects after intraperitoneal
administration were due to an inflammatory response to unabsorbed
avilamycin in the body cavity rather than to frank toxicity. It was of low
toxicity in a range of studies in mice, rats, dogs and some farm animal species.
It was not mutagenic in a battery of in vitro and in vivo genotoxicity studies and
produced no evidence of carcinogenicity in long-term studies in mice and rats.
It gave negative results in reproduction studies and in developmental toxicity
studies. There were no indications of sensitising potential in a local lymph node
assay or in a modified Buehler assay, and no evidence of neurobehavioral
effects in a study that used mice and rabbits. The evidence overall suggests that
avilamycin has very low toxic potential.683,684 As the drug is not used in human
medicine, there are no reports of adverse reactions in humans.

The EUMRLs were established on the basis of a toxicological ADI (from an
NOEL where increased liver weights were observed in the offspring of rats in a
three-generation reproduction study) despite the microbiological ADI value
being lower. This was because residues of avilamycin in food animals showed
no antimicrobial properties and so the toxicological effects were considered
more relevant than microbiological effects.

8.2.15 Trimethoprim, Baquiloprim and Sulfonamides

Trimethoprim and the related compound baquiloprim are inhibitors of bac-
terial dihydrofolate reductase and thus they inhibit bacterial cell division.
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Trimethoprim (Figure 8.18) has been widely used in human and veterinary
medicine, while baquiloprim was used in veterinary medicine but the drug has
largely disappeared from use, mainly for commercial reasons. Ormetoprim is
also used in human and veterinary medicine, but it is not used widely in the
latter. Trimethoprim may be used alone on in combination with sulfonamide
drugs (potentiated sulfonamides). They then operate synergistically. The
sulfonamides are structurally related to p-aminobenzoic acid, and they block
the normal utilisation of this compound by bacteria. They are competitive
inhibitors of dihydropteroate synthase, an enzyme responsible for the incor-
poration of p-aminobenzoic acid into dihydropteroic acid, the precursor of
dihydrofolic acid. Trimethoprim blocks the next stage in the process, the
conversion of dihydrofolic acid into folic acid.4,685–694

In animal studies, trimethoprim and baquiloprim have low toxicity.695,696 the
major effects of trimethoprim, but not baquiloprim, were on bone marrow in
repeat-dose studies in rats and monkeys where bone marrow hypoplasia with
reductions in erythrocyte, leucocyte and neutrophil counts occurred.696 These
effects are probably related to antifolate activity and are similar, at least
qualitatively, to those seen with methotrexate (see Chapter 7).

In fact, trimethoprim can cause bone marrow depression in humans, or it can
exacerbate it in patients being treated with other drugs that depress bone marrow
such as the antineoplastic drugs, and notably methotrexate, when being used
either in anticancer therapy or as an immunosuppressant drug.697–703

Trimethoprim can inhibit potassium secretion in the distal tubule and so may
cause hyperkalaemia.704,705 Combinations of trimethoprim and a sulfonamide
drug, and notably sulfamethoxazole, may produce hepatotoxicity in treated
humans and animals, especially in dogs, and a range of other adverse effects,
including severe skin reactions such as Stevens–Johnson syndrome.706–723

Trimethoprim and sulfamethoxazole may be specifically toxic in HIV/AIDS
patients.724–727

The first commercially available sulfonamide drug was Prontosil (4-(2,4-
diaminophenyl)azobenzenesulfonamide), which was developed in Germany

N N

OCH3

H3CO

H3CO

NH2

H2N

Figure 8.18 Chemical formula of trimethoprim.
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during the 1930s. It was later discovered that Prontosil was in fact a prodrug
that is metabolised to p-aminobenzenesulfonamide, or sulfanilamide. This
became the basis of the development of the whole class of sulfonamide drugs.728

One of the most widely used sulfonamides in veterinary medicine is sulfa-
methazine (sulfadimidine, sulphadimidine, Figure 8.19), although sulfadi-
methoxine, sulfamerazine, sulfaquinoxaline, sulfadiazine and others are also
employed.4,686 In human medicine, the major sulfonamides are sulfamethox-
azole, sulfadiazine and sulfisoxazole. Sulfacetamide is used for topical admin-
istration, while sulfasalazine, a poorly absorbed sulfonamide, is used to treat
gastrointestinal conditions and notably ulcerative colitis.685

Some of the adverse effects of sulfonamides have been discussed already, at
least in so far as they occur when given in potentiated form with trimethoprim.
In animal studies, they have a low order of toxicity and they are not geno-
toxic.729,730 However, when administered to rats, but not to mice, for prolonged
periods, sulfamethazine induces thyroid hyperplasia.731–734 Administration to
mice for 24 months resulted in follicular cell adenomas of the thyroid, while
similar administration to rats in a two-generation study resulted in adeno-
carcinomas of the thyroid.735,736 Thus, there is evidence that sulfamethazine is
possibly carcinogenic to mice, and is carcinogenic to rats.

Sulfamethazine has been shown to be goitrogenic to rodents, resulting in a
constant stimulation of the thyroid by thyroid stimulating hormone (TSH)
during drug administration and this leads to reductions in thyroid hor-
mones.737–745 Fluctuating TSH levels may have a similar outcome.746 Similar
effects have been observed in pigs but not in primates.729 Sulfanilamidoinda-
zole, a sulfonamide that induces an acute arthritis in rats, and sulfamethoxazole
also induce thyroid follicular hyperplasia in rodents.747,748 Sulfadimethoxine is
also a thyroid carcinogen.749–755 When given at high therapeutic doses, dis-
ruption of thyroid function also occurs in dogs.756,757

Thus, the sulfonamides are non-genotoxic carcinogens that produce thyroid
tumours through perturbations in TSH, and subsequently in thyroid hormones.
Humans are insensitive to this mechanism of thyroid-induced neoplasia. Hence,
the tumours noted in rodents have no relevance to human risk assessment.
The International Agency for Research on Cancer (IARC) has concluded
that sulfamethazine and sulfamethoxazole are not classifiable as to their

H2N

S

H

N

O

O

N

N CH3

CH3

Figure 8.19 Chemical formula of sulfamethazine.
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carcinogenicity to humans. However, it notes that evidence from epidemiology
studies and from animal studies provides ‘‘compelling evidence that rodents are
substantially more sensitive than humans’’ to the effects of sulfonamide on the
thyroid.758,759 Hence, it is possible to identify suitable NOEL values for these
drugs, so that ADI values can be calculated and MRLs established.742,760–762

The EU MRL value for sulfonamides was established at 100 mg/kg as
this took into account the toxicological ADI value but also potential
allergic and microbiological effects. The MRL for trimethoprim was based on
microbiological effects, while that for baquiloprim was based on toxicological
effects.

8.2.16 Quinoxaline-N-Oxides

The main members of this group of drugs are carbadox, olaquindox, cyadox
and quindoxin. Of these, the two most important members are carbadox and
olaquindox. They have been used for therapeutic purposes but their main uses
were as growth promoters, especially in pigs.763–772 In the EU, they were
approved under Directive 70/524/EEC as feed additives.773

The most notable aspects of the toxicology of these drugs is the genotoxic
activity and, in the case of carbadox, its carcinogenic activity. Carbadox (methyl
(2E)-2-[(1,4-dioxido-2-quinoxalinyl)methylene]hydrazinecarboxylate; Figure 8.20)
has been subject to a number of studies in rats, and in doses of 1mg/kg bw/day
it has resulted in the induction of tumours. In fact, tumours occurred even in a
severely limited study of only 11 months’ duration and in another where
rats were dosed by the intraperitoneal route prior to weaning for 8 to 20 days,
and in the feed at 300 ppm for 1 year.774,775 The drug was genotoxic in a wide
range of in vitro and in vivo studies with a range of end-points.776–787

A genotoxic, carcinogenic drug would not normally be permitted for use in
food animals because of obvious concerns over consumer safety. However, the
major metabolites of carbadox in the pig are methyl carbazate, the quinoxaline-
2-carboxylic acid and desoxycarbadox, and these gave negative results in
genotoxicity and carcinogenicity studies, indicating that they did not pose risks
to the consumer, but the metabolism of carbadox is complex and a number of
other metabolites are also produced.774,788,789 Relay toxicity studies have

N
+

N
+

O
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–

N

H
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H3C

O

Figure 8.20 Chemical formula of carbadox.
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therefore been used to try and determine the safety of carbadox residues. In
relay toxicity studies, food commodities containing residues of the drug are fed
to experimental animals, rather than administration of the parent drug itself.
The tissues of the food animal therefore serve as a proxy for the drug in toxicity
studies, including carcinogenicity studies.790–806

This approach is undoubtedly useful in demonstrating the lability of drug
residues covalently bound to cellular macromolecules.807–812 However, its uti-
lity is more doubtful in toxicity testing because the doses given are very low,
and in carcinogenicity studies the doses are far below the maximum tolerated
dose and the metabolites of drug actually present are unknown.800,801,803

Despite this, it can be argued that the residues present in the tissues used in the
study are representative of what is actually present as residues in food of animal
origin and that the concentrations found are towards the lower end of the dose-
response curve for carcinogenicity. Hence, the relay toxicity approach is a valid
methodology to complement conventional toxicity studies but not to replace
them.800,801 Relay carcinogenicity studies were conducted with carbadox over
2 years in rats and 7.5 years in dogs, and no evidence was seen suggesting a
carcinogenic effect.788,813–815 Thus, there is compelling evidence that residues of
carbadox in food of animal origin lack carcinogenic potential.

Olaquindox, cyadox and quindoxin are also genotoxic.776,778,783,784,786,816–824

Olaquindox (Figure 8.21) has been tested in carcinogenicity studies in rats and
mice and there was no evidence for a carcinogenic effect.774 Studies with cyadox
in rats for 13 weeks and for 78 weeks produced no evidence of neoplastic
precursor lesions or of carcinogenicity.825,826 The major effects noted were fatty
degeneration of hepatocytes and changes in renal proximal tubule epithelial
cells.775,776 There is no convincing evidence of teratogenicity, but these drugs
may be foetotoxic.774,827–829

Olaquindox, and to a lesser extent carbadox, has produced contact derma-
titis and photoallergic dermatitis in farm workers exposed to it occupationally.
The latter usually has increased UV-A and UV-B sensitivity.830–842 Experi-
mental studies have also demonstrated these effects,843,844 and quindoxin was
withdrawn commercially because of these effects.843

Toxicity due to carbadox and olaquindox has also been reported in pigs
during treatments and, notably, after overdosing. The adverse effects noted
were mainly on the adrenals and kidneys. There were abnormalities in renal

N
+

N
+H3C
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Figure 8.21 Chemical formula of olaquindox.
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function, hypoaldosteronism, hyponatraemia, hyperkalaemia and haemo-
concentration.845–848 Experimental studies with pigs revealed adrenal toxicity
with carbadox, cyadox and olaquindox. The glomerular cells in the adrenal
cortex were swollen with hydropic changes and there were degenerative chan-
ges. Necrosis was seen in the medulla and pelvis of the kidney. The severity of
the lesions increased with dose and, with high doses of carbadox, the adrenal
lesions were persistent and the hypoaldosteronism slow to resolve.849–859

Inhibition of aldosterone production has been demonstrated in vitro using pig
adrenal preparations.860 Adrenal degeneration has also been observed in rats
given high doses of carbadox but there were no adverse effects on kidneys.
Adrenal atrophy occurred in rats given high doses of olaquindox. Olaquindox
led to fatty degeneration of the kidneys in dogs. No adverse effects were pro-
duced in monkeys administered carbadox but rhesus monkeys given ola-
quindox for up to 19 days showed evidence of minor kidney and adrenal
toxicity.774,762

The European Commission believed it to be impractical to suggest protective
methods and equipment to protect workers from the toxic effects of these
substances and prohibited the use of carbadox and olaquindox in 1998.861

Quindoxin had already been withdrawn as mentioned earlier, while cyadox had
not been approved. Since that time, other countries have prohibited these
drugs, although they are still used in some territories.

8.2.17 Other Antibiotic Growth Promoters

In addition to the quinoxaline-N-oxides discussed in the previous section,
other antibiotics have been used as growth promoters. In the EU, these
were spiramycin, avoparcin, flavomycin (bambermycin, flavophospholipol),
bacitracin, tylosin and virginiamycin, which were all approved under Directive
70/524/EEC. Unlike carbadox and olaquindox, these substances, some of which
have already been discussed in this chapter, are not significantly toxic, especially
under normal conditions of use but, nevertheless, they were banned in the EU
for growth-promoting purposes, although bacitracin, tylosin and spiramycin are
still available for therapeutic purposes. The reasons for the prohibition were
nominally public health issues, and notably because of fears over the induction
of antibiotic resistance, as well as opposition from public and political opi-
nion.862 Other countries have also eliminated or significantly restricted their
uses.862–866 In fact the only significant effect of these drugs reported in humans is
contact dermatitis.867–869 The immediate benefits from these prohibitions are yet
to become obvious but it seems likely that they will increase the cost of food,
especially food derived from pigs, and lead to the more extensive use of ther-
apeutic antibiotics.870

8.2.18 Nitrofurans

The nitrofurans are a group of heterocyclic antimicrobial drugs that have been
widely used in veterinary medicine. The major examples of the group that are
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used in veterinary medicine are furazolidone (Figure 8.22) and nitrofurazone
(nitrofural).

These drugs are toxic in some animal patients, and may cause a congestive
cardiomyopathy in poultry.871–877 In human patients the main effects are
nausea and vomiting, abdominal pain, anorexia, diarrhoea and heartburn.878

There may also be skin reactions, leukopenia and, occasionally, adverse hepatic
and renal reactions. Nitrofurazone and furazolidone have caused contact
dermatitis, including after occupational exposure to furazolidone.879–883

However, the main concern is due to their genotoxicity and carcinogenicity.
These drugs are genotoxic in numerous studies.884–925 They have also been
tested in animal bioassays or in more specialised studies for carcinogenic
activity and they have produced evidence of carcinogenic potential.926–931

Nitrofurazone was unusual in National Toxicology Program studies in that,
along with four other chemicals, it only produced benign tumours.932 Several
other nitrofurans have produced malignant tumours in animal studies.933,934

The carcinogenicity of nitrofurazone and the related compound, nitrofur-
antoin, has been reviewed by the International Agency for Research on Cancer.
It concluded that there was inadequate evidence for the carcinogenicity of
nitrofurazone in humans, but there was limited evidence in animals. It reached
similar conclusions on the carcinogenicity of nitrofurantoin.935,936

As with carbadox discussed previously, some attempt was made to assess
whether the metabolites of nitrofurans in food-producing animals were likely to
pose a human consumer risk. Some of the residues were found to be bound to
macromolecules and there was concern that these could be released as poten-
tially toxic materials on digestion in the human gut. The major questions
concerned the bioavailability of these residues and whether they were toxic,
genotoxic and carcinogenic. Unfortunately, with this group of drugs, relay
toxicity and other relevant studies described earlier for carbadox proved
equivocal and inconclusive. There is significant binding of furazolidone resi-
dues to macromolecules, notably to protein, and, while some data suggested
that these bound residues are likely to be converted to non-toxic metabolites,
the evidence was not convincing.811,937–942

O

N

N

O

NO2

O

Figure 8.22 Chemical formula of furazolidone.
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As a result of these considerations, and the activity of the nitrofurans in
genotoxicity tests and carcinogenicity studies, the drugs were prohibited in the
EU for use in food animals, and no MRLs were established.

8.2.19 Fusidic Acid

Fusidic acid (Figure 8.23) is an antimicrobial drug with a chemical structure
that is related to those of the steroids. It is not widely used in human medicine,
and even less so in veterinary medicine, where its main use is in ophthalmic
products, mainly for use in dogs.644 It has no major uses in food animal
treatment.

Its introduction into human medicine was noted not to be accompanied by
‘‘extensive studies on toxicity and side effects’’.943 Its main side effects in
humans are hepatotoxicity and immune suppression, but these are rare and the
most common effects are gastrointestinal disturbances after oral administra-
tion.943–947 There has been a case of rhabdomyolysis following co-adminis-
tration with atorvastatin, suggesting that it may inhibit cytochrome P450 3A4
and, subsequently, the metabolism of atorvastatin.947 Its use in veterinary
medicine is unlikely to pose any realistic threat to human health.

8.2.20 Novobiocin

Novobiocin (Figure 8.24) is an aminocoumarin derivative that is thought to
exert its effects on bacteria by inhibiting DNA gyrase, but at a different site on
the enzyme from that targeted by the quinolones (see Section 8.2.1.5).948–952

It is not widely used in human medicine as an antibiotic but there has been
renewed interest in the drug in cancer chemotherapy, as it may be able to
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Figure 8.23 Chemical formula of fusidic acid.
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overcome resistance to the therapeutic effects of other antineoplastic drugs such
as the alkylating agents and the epipodophyllotoxins such as etoposide. This
may be through its interference with topoisomerase II or through pharmaco-
logical effects.953–959

In animal studies it has low toxicity. In genotoxicity studies, it showed evi-
dence of interacting with DNA, which in view of its known pharmacological
effects is not surprising. It was not carcinogenic in a long-term feeding study in
rats.960 It has occasionally produced haemolysis and jaundice in humans.961–963

In the EU, the MRL values for novobiocin were established on the basis of
microbiological studies.

8.2.21 Rifaximin

Rifaximin (Figure 8.25) is a drug that is included in the ansamycin group and it
has structural similarities with rifampin (rifampicin). In human medicine it is
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Figure 8.24 Chemical formula of novobiocin.
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Figure 8.25 Chemical formula of rifaximin.
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mainly used in the treatment of travellers’ diarrhoea and it may be useful in the
treatment of irritable bowel syndrome and for hepatic encephalopathy.964–966 In
veterinary medicine it is used in cattle for the treatment of bacterial mastitis using
the intramammary route and for the treatment of post-partum metritis by the
intrauterine route. It has relatively low toxicity in animals, although it may cause
neutropenia in humans.967–971 The microbiological ADI is about 100 times lower
than the toxicological ADI and so this formed the basis of the EU MRL.

Rifampin is not authorised in the EU for veterinary use but it is used else-
where, notably for the treatment of certain diseases in horses. In humans it has
been used for many years, usually in combination with isoniazid, for the
treatment of tuberculosis.972 Its therapeutic use in humans is associated with
hepatotoxicity, sometimes in combination with isoniazid, which is also hepa-
totoxic, nephritis and nephrotoxicity and skin reactions, which may be severe;
rifampicin is also hepatotoxic in animal models.973–986

8.2.22 Dapsone

Dapsone (4,4 0-sulfonyldianiline; Figure 8.26) is a sulfone drug that in human
medicine has been one of the major drugs used in the treatment of leprosy
(Hansen’s disease).972 In veterinary medicine it is used for its anti-inflammatory
effects in certain dermatological conditions of companion animals.987 It has
also been used for the treatment of bovine mastitis where there is a possibility of
producing drug residues in milk, and for bovine coccidiosis and intrauterine
treatment of endometritis.988

One of the major adverse effects is the dapsone syndrome or dapsone
hypersensitivity syndrome. This is a potentially fatal condition that usually
presents with fever, skin eruption and major effects in internal organs including
the lung, liver and other systems. These may be accompanied by fever, hepa-
titis, cholangitis, exfoliative dermatitis, adenopathy and haemolytic anaemia.
The reaction usually begins after 7 to 10 days of treatment or it may be delayed
until as late as 6 months. The mechanism is unknown. It is an idiosyncratic
reaction that may involve a reactive metabolite, slow acetylator status and
possibly a viral infection.989–994 It also induces a number of other idiosyncratic
reactions including Stevens–Johnson syndrome, toxic epidermal necrolysis,
cholestasis, nephritis, pneumonitis and hypothyroidism.989

H2N

S

NH2

O

O

Figure 8.26 Chemical formula of dapsone.
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One of the predictable, as opposed to idiosyncratic, effects of dapsone is the
induction of haemolysis, with methaemoglobinaemia. This tends to be dose
related and duration of treatment related.995–999 Agranulocytosis may also
occur.1000–1002

The haemolytic effects of dapsone are almost certainly related to the for-
mation of a metabolite, probably through N-hydroxylation, followed by
acetylation to a non-toxic product. There may be species differences in the
toxicity of dapsone in this respect, as male rats and humans appear to be more
susceptible to the haemolytic effects than female rats and male and female mice
and this is possibly associated with the formation of the hydroxylamine
metabolite.1003–1009

The sulfonyl group is thought to be at least partly responsible for the hae-
motoxicity of dapsone.1010 However, perhaps these effects should come as no
surprise as many aniline derivatives, or substances that are metabolised to
aniline-containing products, cause methaemoglobinaemia. Examples include
p-chloroaniline, indoxacarb and the benzoylureas (see Chapter 6).1011

In long-term studies in mice and rats, dapsone produced only limited evi-
dence of carcinogenicity in rats and no evidence in mice. The tumours in rats
were unusual in that they were sarcomas of the spleen that are rarely seen in
animal carcinogenicity studies.1012

EU MRLs were not established for dapsone. Provisional MRL values had
been established but further data were required on teratogenicity and repro-
ductive toxicity before full MRLs could be established. However, these data
were not forthcoming and the provisional MRLs expired in January 1994.1013

Consequently, dapsone may not be used in food-producing animals in the EU.

8.2.23 Chlorhexidine

Chlorhexidine is a bis-biguanide cationic chemical antiseptic (Figure 8.27),
which is effective against Gram-positive and Gram-negative bacteria. It is
widely used in mouthwashes and skin cleansers for human use but it also has
medical and dental applications as a general disinfectant. It is also available for
use against acne and athlete’s foot. In animal husbandry it is used as a general
disinfectant for cleaning animal housing and dairy units, while in some
countries, including the UK, it is available in authorised veterinary medicinal
products for use as teat dips as aids in the prevention of bovine mastitis and for

N
H

N
H

N
H

H
N

H
N

H
N

NH NH

NH NH

Cl

Cl

Figure 8.27 Chemical formula of chlorhexidine.
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cleaning wounds, and in medicated shampoo formulations for companion
animal dermatological treatmets.1014–1020

Chlorhexidine has low mammalian toxicity in the usual tests for medicinal
products.1021,1022 It is not genotoxic although it has only been tested in a limited
number of tests.1023,1024 Oral consumption of 20% chlorhexidine, approxi-
mately equal to 100 standard mouthwash doses, resulted in headache,
euphoria, dizziness, blurred vision and stomach ache. The patient recovered
after gastric lavage with demulcents but there was a complete lack of taste for
48 hours.1025 In children, accidental ingestion of chlorhexidine (0.06mg/kg bw)
and lignocaine (2.7mg/kg bw) resulted in no major adverse effects.1026 Pul-
monary instillation in rats induced inflammatory changes with intra-alveolar
oedema and haemorrhages.1027

The major toxicological effect of chlorhexidine in treated animal patients is
ototoxicity. This has occurred in cats and dogs after its use in ear sur-
gery.1028,1029 It has been replicated in experimental studies in guinea
pigs.1030,1031 It has also been shown to be ototoxic in humans.1032,1033 It seems
that the substance is likely to be ototoxic in humans and animals if it reaches
the inner ear, usually during ear surgery.

Chlorhexidine is often encountered as a dilute solution through dermal
exposure when cleaning medical and veterinary medical areas e.g. operating
rooms and tables, or when cleansing wounds or body areas prior to surgery.
Dermal exposure in users has resulted in occupational allergic dermatitis.1034–1038

It has given positive results in the local lymph node assay for allergic potential.1039

Concentrated solutions may be severe eye irritants and two patients accidentally
exposed to a 4% solution developed severe and permanent corneal
opacification.1040,1041

In the EU it was considered that as chlorhexidine has low absorption after
oral administration and in view of its low toxicity, MRL values were not
required on public health grounds when used on food-producing animals.1042

8.3 Conclusions

As the antimicrobial drugs are represented by a wide variety of chemical
structures and biological properties, it is not surprising that, as a group, they
display a wide range of toxicities. The vast majority of these agents, or at least
their close relatives, are used in human medicine, and most have a high safety
profile, although many also display a range of idiosyncratic reactions that may
be at best uncomfortable and at worst fatal in human patients.

The use of these drugs in veterinary medicine means that humans may be
exposed occupationally or through residues in food of animal origin. However,
in the latter case at least, this exposure is but a fraction of the dose humans
might take therapeutically. Hence, any exposure resulting from residues is low
and consumers are protected by legislation to ensure that residues are con-
trolled. For occupational exposure, the main adverse effects with a number of
classes of antimicrobial drug are allergic and include contact dermatitis and
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asthma. Some antibiotics like carbadox, chloramphenicol and the nitrofurans,
which may be seen as posing unacceptable occupational or consumer risks,
have been prohibited in many countries, at least for use in food animals.
Others, such as the growth-promoting antibiotics, have also been prohibited,
again ostensibly to protect human health and specifically to help prevent the
development and spread of antimicrobial resistance.

Despite these restrictions and prohibitions, there is still a wide variety of
suitable antimicrobial drugs available for use in companion and food animal
veterinary medicine.
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318. S. Thomé, C. R. Bizarro, M. Lehmann, B. R. de Abreu, H. H. de
Andrade, K. S. Cunha and R. R. Dihl, Recombinagenic and mutagenic
activities of fluoroquinolones in Drosophila melanogaster, Mutat. Res.,
2012, 742, 43–47.

319. A. C. Singh, M. Kumar and A. M. Jha, Genotoxicity of lomefloxacin –
an antibacterial drug in somatic and germ cells of Swiss albino mice
in vivo, Mutat. Res., 2003, 535, 35–42.

320. C. A. McQueen, B. M. Way, S. M. Queener, G. Schlüter and G. M.
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631. G. Szücs, V. Tamási, P. Laczay and K. Monostory, Biochemical back-
ground of toxic interaction between tiamulin and monensin, Chem. Biol
Interact., 2004, 147, 151–161.
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667. J. Lipozencić, Bacitracin contact allergy in Zagreb, Acta Dermatove-
nereol. Croat., 2007, 15, 45.

668. J. Y. Yoo, M. Al Naami, O. Markowitz and S. M. Hadi, Allergic contact
dermatitis: patch testing results at Mount Sinai Medical Center,
Skinmed., 2010, 8, 257–260.
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docetaxel 1.244, 246
dog fleas 1.150
doramectin 1.193, 196, 202
doxorubucin 1.244, 249, 285
doxycycline

adverse reactions comparison
1.297

formula 1.291
Dunlop Committee 1.21
Dunlop, Derek 1.21

EASE (Estimation and Assessment of
Substance Exposure) 1.88–9, 91

ectoparasiticides
dermal exposure 1.88
Germany and regulation 1.22
organophosphorus
compounds 2.33, 275

safety guidelines 1.82
Eimeria 2.112
emamectin 1.151, 193–4, 197, 198
embutramide 2.161
EMLA (lidocaine/prilocaine) 2.184
emodepside 2.122–3
enamectin benzoate 2.374
enflurane 1.122, 124
enilconazole 2.76, 77–8
enrofloxacin 1.283–4
environment and veterinary medicines
(adverse effects)
aquaculture 2.374–5
avermectins 2.372–3
diclofenac and vultures 2.373–4
other routes 2.375
UK reports 2.375–6

Environmental Health Criteria
70 1.42

Environmental Protection Agency
(EPA) in US 1.22, 51, 150

eprimomectin 1.193–5, 196, 198,
200, 201

erythromycin 1.285–7
ethidium 2.119
etomidate 1.127–8
etoposide 1.285
etorphine 1.89, 2.155–7

European Chemicals Bureau 1.88
European Commission

centralised procedure 1.27
dermal exposure 1.88
Eurdralex website 1.34
marketing authorisations 1.27
maximum residue limits 1.28, 41
pharmacovigilance 1.33
quinoxaline-N-oxides 1.308
residue surveillance 1.56
somatotrophins 2.199

European Economic Area
(EEA) 1.26, 27

European Food Safety
Authority 1.88

European Medicines Agency (EMA)
azemethipos 1.171
centralised procedure 1.27
guidelines for microbiological
ADIs 2.4

human safety of veterinary
vaccines 2.248

MRLs
macrocyclic lactones 1.195
procedure 1.28

organophosphorus
compounds 1.50

pharmacovigilance 1.30, 33, 35
pleuromutulins 1.302
regulation of veterinary
medicines 2.367–9

safety guidelines 1.82
European Predictive Operator
Exposure Model (EURO
POEM) 1.89

European Union (EU)
adverse drug reactions 2.273
antibiotic growth promoters 1.308
cephalosporins 1.280
chloramphenicol 1.290
clenbuterol 2.171, 174
consumer safety – maximum
residue limits 1.41–6

control and reference
laboratories 1.56

ectoparasiticides 1.150
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environmental risk
assessment 2.368

excipients for vaccines 2.256–7
hormonal growth
promoters 1.55–6, 2.191–2

human safety of veterinary
vaccines 2.248

Lamming Committee 2.192–3
macrocyclic lactones
(MRLs) 1.194

maximum residue limits 2.123,
199–202

morantel 2.103
natamycin 2.75
organophosphorus
compounds 2.33

personal protective
equipment 1.96

pharmacovigilance 2.367–8
pyrantel 2.102
Register of Food Additives 2.1
regulation of veterinary
medicines 2.367, 371

residues surveillance 1.53, 56
SAGAM 1.279
Summary of Product
Characteristics 1.96

user safety 1.81, 98
withdrawal periods 1.60, 62

European Union (EU) legislation
ABON coding 1.32
centralised procedure 1.27–8
decentralised procedure 1.27
history 1.24
maximum residue limits 1.28–9
members 1.25
mutual recognition procedure

1.25–6
national procedure 1.25
pharmacovigilance 1.29–36
Statutory Surveillance Scheme in
UK 1.56–7

European Union (EU) MRLs for
b-lactam drugs
bacitracin 1.303
cefuroxime 1.278

cephalosporins 1.279
colistin 1.298
florfenicol 1.290–1
fluoroquinolones 1.285
josamycin 1.289
novobiocin 1.311
rifaximin 1.312
sulfonamides 1.306
summary 1.277
tetracyclines 1.298
thiamphenicol 1.290–1
tiamulin 1.302
valnemulin 1.302

European Union Safety Authority
(EFSA) 2.2, 5, 13

European Union System for the
Evaluation of Substances
(EUSES) 1.88, 91, 2.377

euthanasia agents (neuroactive
steroids) 2.161–3

exposure see user safety assessment
process

Faraday, Michael 1.117
Fasciola hepatica 2.99, 101, 111
febentel 2.95
Federal Food, Drug and Cosmetic
Act (1938) in US 1.51

Federal Insecticide, Fungicide and
Rodenticide Act in US 1.51

fenamiphos 2.35
fenbendazole 2.95
fenitrophion 2.34
fentanyl 2.159–61, 167
fipronil 1.176–9
firocoxib 2.176, 179
fish farming see aquaculture
flavomycin 1.308
fleas (cat/dog) 1.150
Fleming, Alexander 1.274
florfenicol 1.289–90
fluanisone 2.167–8
flubendazole 2.95
fluconazole 2.78, 79
flucytosine 2.71
5-fluorouracil 1.93, 244, 248, 2.71
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flumequine 1.283–4
flumethrin 2.375
flunixin 2.177
fluoroquinolones 1.283–5
Food and Drug Administration
(FDA) in US
adverse reaction reporting 2.282
CVM 1.22, 51, 150, 200–1, 2.282–3
human medicines 1.22
natural hormones 2.192
regulation of veterinary
medicines 2.367

Freund’s Complete Adjuvant
(Gudair) 1.90, 2.255

Friedel–Crafts reaction 1.245
furazolidone 1.309
furosemide 1.294
Fusarium species 2.187
fusidic acid 1.310

gamithromycin 1.285, 289
g-aminobutyric acid (GABA)
receptors 1.50, 128, 151, 176, 199,
285, 2.45, 50, 162

General Agreement on Tariff and
Trades (GATT) 2.192

general anaesthetics
conclusions 1.130
enflurane 1.124
human health 1.118
inhalation anaesthetics 1.118–24
injectable anaesthetics 1.124–30
introduction 1.117–18

gentamicin 1.280
glibenclamide 2.187
glipizide 2.187
Good Veterinary Pharmacoviligance
Practice Guide 1.35

griseofulvin 2.71, 72–4

Haemonchus contortus 2.99, 111
Halofuginone

ADI 2.125
antiparasitic drugs 2.112–13
coccidiostats 2.19–20

haloperidol 2.167–8

halothane 1.90, 117–18, 119–22
hazard identification and
assessment 1.83–6

Health and Safety Executive (HSE) in
UK 1.255–6

‘‘healthy foods’’ (milk and fish) 1.55
hens and OPIDP 2.42
hepatotoxicity

halothane 1.120–1
ketamine 1.129

high-efficiency particulate air
(HEPA) 1.255

HIV/AIDS 1.298, 304, 2.15, 2.252
Hodgkin’s Disease 1.252
hormonal growth promoters 1.55–6
human health concerns 1.118
human safety of veterinary vaccines

conclusions 2.257
consumers and vaccine
excipients 2.255–7

introduction 2.248–51
physical injury – high-pressure
injection 2.253–5

zoonotic diseases 2.252–3
2-hydroxy-4, 6-dimethylpyrimidine
(HDP) 2.20–2

hydralazine 1.294
hydrocortisone (cortisol) 2.195–7
hydrogen peroxide 1.151
hydroxyurea 1.248, 253
hyoscyamine 2.180–1
Hypnorm 2.167
Hypoderma bovis 1.192

IFAH-Europe 1.35
ifosfamide 1.93
imidacloprid 1.166–7, 2.275–6
imidazoles 2.71
imidocarb 2.116–18, 125
imipenem 1.274
immunotoxicity andOPpoisoning 2.46
indomethacin 2.175
indoxacarb 1.174–6
inhalation anaesthetics

halothane 1.119–21
isoflurane 1.121–3
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nitrous oxide 1.119
sevoflurane 1.123–4

inhalation exposure (safety)
1.90–1

injectable anaesthetics
barbiturates 1.126–7
etomidate 1.127–8
ketamine 1.128–30
propofol 1.124–6

insulin 2.185–7
insulin-like growth factor (IGF–1)
2.198

intermediate syndrome (INS) 2.41
International Agency for Research on
Cancer (IARC)
chlorambucil 1.252–3
cyclophosphamide 1.252–3
griseofulvin 2.73
nitrofurantoin 1.309
nitrofurazone 1.309
sulfamethazine 1.305–6
sulfamethoxazole 1.305–6

International Co-operation on
Harmonisation of Technical
Requirements for Registration
of Veterinary Medicinal
Products (VICH) 1.35, 2.3–4,
368–9

International Organisation for
Standardization (ISO)
veterinary medicines and
environment 2.371

ionophoric polyether coccidiostats
(safety)
introduction 2.5–6
lasolacid 2.6, 7–8
maduramycin 2.8–10, 25
monensin 2.6, 10–11
narasin 2.11–12
salinomycin 2.12–14
semduramycin 2.14–15

ioxynil 2.112
ipronidazole 2.114
irritant drugs and MRLs 1.52
isoflurane 1.117, 121–3
isometamidium 2.118–21

Isospara canis 2.122
isoxsuprine 2.174
itraconazole 2.71, 78, 79
ivermectin 1.61, 192–4, 195–6,
200–2, 203

Ixodes ricinus 1.116

Jackson, Michael 1.126
Jimson weed (Datura stramonium)
2.180–1

Johne’s Disease
(paratuberculosis) 1.89–90

Joint FAO/WHO Expert Committee
on Food Additives (JECFA)
ADI concept 1.42
avermectins/moxidectin 1.194–5
clenbuterol 2.172–4
coccidiosis 2.25
coccidiostats

ADIs inconsistencies 2.3–4
MRLs 2.4

committees 2.2
hormone toxicity 2.194
inotropy 2.6
maximum residue limits 1.50–1
17b-oestradiol 2.192
organophosphorus
compounds 1.51

ractopamine 2.172–3
somatotrophins 2.198
trenbolone 1.50

Joint Meeting on Pesticide Residues
(JMPR)
deltamethrin 1.154, 157, 159
diazinon 1.168
diflubenzuron 1.187
indoxacarb 1.174
macrocylic lactones
toxicology 1.195

josamycin 1.285, 287, 289

kanamycin 1.280
ketamine 1.128–30
ketoconazole 2.71, 76, 78, 79
ketoprofen 2.176–7
Koffogran 2.20, 22
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b-lactam drugs
aminocyclitols 1.282–3
aminoglycosides 1.280–3
antibiotic growth promoters 1.308
avilamycin 1.303
bacitracin 1.302–3
cephalosporins 1.276–80
chlorhexidine 1.313–14
dapsone 1.312–13
description 1.274
fusidic acid 1.310
introduction 1.274
lincosamides 1.290–2
macrolides 1.285–9
maximum residue levels 1.277
nitrofurans 1.308–10
novobiocin 1.310–11
penicillins 1.274–6
phenicols 1.289–91
pleuromutilins 1.301–2
polyether ionophore
antibiotics 1.298

polymixins 1.300–1
qinoxaline-N-oxides 1.306–8
quinolones 1.283–5
rifaximin 1.311–12
tetracyclines 1.291–8
trimethoprim, baquiloprim and
sulfonamides 1.303–6

Lamming Committee (EU) 2.192–3
Large Animal Immobilon see
acepromazine

lasalocid 2.6, 7–8
‘‘laughing gas’’ (nitrous oxide) 1.119
Lepeophtheirus salmonis 1.151, 194,
2.374

leprosy (Hansen’s disease) 1.312
leptophos 2.34
leukaemia 1.252
levamisole 1.61, 2.95, 98–9, 124
levetiracetum 2.184
lidocaine 2.182–4
lincomycin 1.283, 298–9
lincosamides 1.290–2
Loa loa endemic areas 1.202
local anaesthetics 2.182–4

Locock, Charles 2.184
LOELs (lowest observed effect
levels) 1.93

lomuatine 1.244
lufenuron 1.186–90
luxabendazole 2.95

macrocyclic endectocides 1.203
macrocyclic lactones

introduction 1.191–3
metabolism 1.194–5
toxicity 1.203
toxicology

acute 1.195–7
carcinogenicity 1.198
description 1.199–200
laboratory animals 1.198–9
repeat-dose 1.197
reproduction 1.198

macrolides 1.285–9
maduramycin 2.8–10, 25
Malessezia pachydermas 2.711
Malessezia spp. 2.71
mandrake (Mandragora officinarum)
2.181

margin of exposure (MOE) 1.94
marketing authorisations (MAs)

avermectins 1.194
environmental risk 1.31
European Commission 1.27
European Union 1.40
Micotil 1.287
milbemycins 1.194
national procedure 1.25
safety 1.30, 81
target animal safety studies 1.30
toxicity studies 1.85
United Kingdom 1.22

mavacoxib 2.176, 179
maximum residue limits (MRLs)

antimicrobial agents 2.201
antiparasitic drugs 2.123,
124–5, 201

avermectin 1.194
avilamycin 1.303
azemethipos 1.171
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bacitracin 1.303
carazolol 2.170
cefuroxime 1.278
cephalosporins 1.279
clenbuterol 1.59, 2.173
coccidiostats inconsistencies 2.3–4,
4–5

colostin 1.301
conservatism 1.62
dapsone 1.313
derquantel 2.106
EU legislation

centralised procedure 1.28–9
establishment 1.24
events to be reported 1.34
Official Journal of EU 1.28
see also consumer safety

European Union 1.24, 194,
2.199–202

excipients for vaccines 2.256–7
florphenicol 1.290–1, 291
fluoroquinolones 1.285
imidocarb 2.117–18
irritant drugs 1.52
isoxsuprine 2.174
b-lactam drugs 1.277
lincomycin 1.300
macrocyclic lactones 1.194–5
macrolide antibiotics 1.289
moxidectin 1.194
NOELs 1.42
novobiacin 1.311
NSAIDs 2.180
oxolinic acid 1.285
penicillins 1.276, 277
pirlimycin 1.300
residues avoidance 1.61
residues surveillance 1.53–4, 54
rifaximin 1.312
somatosalm 2.198
spectinomycin 1.283
sulfonamides 1.306
synthetic steroids 2.192–3
tetracyclines 1.298
thiamphenicol 1.290–1, 291
tiamulin 1.302

trimethoprim 1.306
valnemulin 1.302
see also consumer safety;
ionophoric/non-ionophoric
polyether cocciodiostats

Mazzotti reaction (human
toxicity) 1.201, 202

MDR1 gene 1.200, 203
mebendazole 2.95, 97
mebenzonium iodide 2.161–2
Mectizan (ivermectin) 1.202
medetomidine 2.163–4
Medicine and Healthcare Regulatory
Agency (MHRA) 1.22

melamine (cyromazine
metabolite) 1.185–6

melanoma 1.6–7
melengestrol acetate 2.188, 193
meloxicam 2.176–7
melphalan 1.244
mepivacaine 2.183
6-mercaptopurine 1.244
metaflumizone 1.172–4
methamidophos 2.35
methicillin-resistant Staphylococcus
aureus (MRSA) 1.5

methohexital sodium 1.128
methotrexate 1.244, 246–7
methoxyflurane 1.118, 122
N-methyl-D-aspartate (NMDA)

antagonists 1.129
glutamate receptors 2.45

metronidazole 2.113–16
Micotil 1.287
milbemycins 1.193–4
minocycline

adverse reaction
comparison 1.296–7

adverse reactions 1.297
formula 1.292
hyperpigmentation 1.294
hypersensitivity 1.296
Sweet’s syndrome 1.294

mitoxantrone 1.244, 253, 285
Model List of Essential Medicines
(WHO) for humans 1.120
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mometasone 2.195–7
monensin 1.57, 2.10–11
monepantel 2.107–8, 124
monobactams 1.274
Monteban 2.20
Monteban G100 2.12
morantel 2.102–4
moxidectin 1.193–5, 197–198,
198–202

MRSA (methicillin-resistant
Staphylococcus aureus) 1.5

Murray Grey cattle 1.201–2
Mycobacterium paratuberculosis
2.255

Myxicola infundibulum 1.157

nadrolone 2.187
nalorphine 2.156
naloxine 2.156
nandrolone
(19-nortestosterone) 2.187

narasin 2.11–12
natamycin (pimaricin) 2.75
National Institute for Occupational
Health and Safety (NIOSH) in
US 1.254–5

National Poisons Information Service
(NPIS) 2.274

National Toxicity Program in
US 1.290

National Toxicology Program in
US 1.309

neomycin 1.280
nephrotoxicity

amphotericin B 2.74–5
NSAIDs 2.178–80

nervous system and OP
exposure 2.42–3

netobimin 2.95
neuroactive steroids 2.161–3
neuropathy target esterase
(NTE) 1.160, 2.41–2

nicarbazin 1.57, 2.20–3
nitrofurans 1.308–10
nitrofurazone 1.309
nitroimidazoles 2.113–16, 123

nitrous oxide 1.117–18, 119,
122, 130

nitroxynil 2.111–12, 125
NOAELs (no-observed adverse effect
levels) 1.51

NOELs (no-observed effect levels)
ADI calculation 1.43–5, 98
aminoglycosides 1.282
amitraz 1.181, 182
antiparasitic drugs 2.124–5
avilamycin 1.303
benzoylureas 1.188–9
carazolol 2.170
chloramphenicol 1.290
clenbuterol 1.59, 2.173–4
coccidiostats ADIs
inconsistencies 2.4

conservatism 1.97
cypermethrin/a-cypermethrin
1.161–2

cyromazine 1.185–6
danofloxacin 1.285
deltamethrin 1.157
dicylanil 1.183
diminazene 2.125
emodepside 2.123
enilconazole 2.76
fipronil 1.177–8
halofuginone 2.125
imidacloprid 1.167
imidocarb 2.125
indoxacarb 1.175
isometamidium 2.125
isoxsuprine 2.175
lincosamides 1.298
maximum residue limits 1.42
metaflumizone 1.173
oral exposure 1.94
penicillins 1.276
permethrin 1.162
posaconazole 2.76
ractopamine 2.172
residue surveillance in UK 1.59
risk assessment 1.93–4
safety risk assessment 1.98
spinosad 1.191–2
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tilmicosin 1.287
toxicity studies 1.85, 94
see also ionophoric/non-ionophoric
polyether coccidiostats

non-Hodgkin’s Disease 1.252
non-ionophoric polyether
coccidiostats (safety)
amprolium 2.15–16
decoquinate 2.16–17
diclazuril 2.17–19
halofuginone 2.19–20
nicarbazin 2.20–3
robenidine 2.23–4
toltrazuril 2.24–5

Non-Statutory Surveillance Scheme
(UK) 1.56–7

non-steroidal anti-inflammatory
drugs (NSAIDs)
cardiac effects 2.177–8
gastrointestinal effects 2.176–7
introduction 2.175–6
maximum residue limits 2.201
nephrotoxicity 2.178–80
phenylbutazone 2.180

novobiocin 1.310–11
nystatin 2.75

occupational health and safety among
veterinarians/veterinary workers
conclusions 1.8
introduction 1.1–2
physical injuries 1.2–8

ocular effects and OP poisoning 2.46
17b-oestradiol 2.187–8, 192–4
Official Journal of the European Union
1.28, 41

ofloxacin 1.283–4
olaquindox 1.307–8
Onchocerca volvolus 1.202
opiates and synthetic opiates

buprenorphine 2.158–9
butorphanol 2.157–8
etorphine 2.155–7
fentanyl 2.159–61

m-opioid agonists 2.157
oral exposure (safety) 1.91–2

Organisation for Economic
Co-operation and Development
(OECD)
dermal exposure/absorption 1.88
veterinary medicines and
environment 2.371

organophosphorus (OPs) compounds
diagnostic tests and biomarkers

effect 2.47–8
exposure 2.48–9

ectoparasiticides 2.275
environment 2.375
exposure/regulation

European Union 2.50–1
pharmacovigilance 2.52
USA 2.51–2

non-anticholinesteraseeffects 2.44–5
organ specific toxicity outside
nervous system 2.45–6

sheep dips 2.276–82
organophosphorus (OPs) compounds
(pesticides)
azamethipos 1.170–2
diazinon 1.168–70, 172
introduction 1.167–8
sheep dips 1.92

organophosphorus (OPs) veterinary
medicines
anticholinesterase 2.37, 38–9
clinical effects 2.39–44
conclusions 2.54
diagnostic tests and
biomarkers 2.47–9

exposure and regulation 2.50–2
groups 2.34–5
introduction 2.33–7
other effects 2.44–6
poisoning 2.49–50
sheep dips in UK 2.52–4
see also clinical effects

organophosphorus-induced delayed
neuropathy (OPIDN) 1.160, 167,
2.277

organophosphorus-induced
delayed polyneuropathy (OPIDP)
2.41–2, 53
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oriental white-backed vultures
(Gyps bengalensis) 2.373–4

Ostertagia spp. 1.192
oxantel 2.102
oxfendazole 1.61, 2.95, 2.124
oxibendazole 2.95
oxolinic acid 1.283–5
oxyclozanide 2.100–1
oxyphenbutazone 2.180
oxytetracycline 1.61, 291
oxytocin 2.198

paclitaxel 1.246
Pancoxin 2.15
Pancoxin Plus 2.15
pancreatitis and OP poisoning 2.46
Panel on Additives and Products or
Substances Used in Animal Feeds
(FEEDAP)
clenbuterol 2.173
coccidiosis 2.25
coccidiostat MRLs 2.4
cocciodiostats ADIs
inconsistencies 2.3–4

EU committees 2.2
inotropy 2.6
see also ionophoric/
non-ionophoric polyether
coccidiostats

paraoxon 2.45, 46
parathion 2.34, 45, 46
Parkinson’s disease and OPs 2.43
paroxonase 1 (PON 1) 2.280
Paul-Erlich Institute (PEI) in
Germany 1.22

PCP see ketamine
Penicillin. Its Practical Application
1.274

penicillins
acceptable daily intake 1.277
description 1.274–5
maximum residue limits 1.276, 277
residues surveillance 1.57
structure 1.274–5
toxicity 1.275–6

Penicillum Griseofulvum 2.71

pentobarbital 1.126–7, 128
permethrin 1.151, 162–3, 165
personal protective equipment
(PPE) 1.95–6

pesticide active ingredients (veterinary
products)
adverse effects 1.200–2
amitraz 1.179–82
benzoylureas 1.187–90
conclusions 1.203
cyromazine 1.184–7
dicyclanil 1.182–4
fibronil 1.176–9
human toxicity 1.202
imidacloprid 1.166–7
indoxacarb 1.174–6
introduction 1.150–1
macrocyclic lactones 1.192–200
metaflumizone 1.172–4
organophosphorus
compounds 1.167–72

spinosad 1.190–2
toxicity 1.151–66

pharmacologically active drugs
conclusions 2.199–202

pharmacovigilance (EU)
events to be reported 1.34–5
inspections 1.36
introduction 1.29–30
requirements 1.30–1
specific requirements 1.31–4
Veterinary Medicines Directorate
(VMD) in UK 2.255

pharmacovigilance (US) see adverse
drug reactions in humans

Phaross S. A. vs. Commission of the
European Communities case 2.199

Phase I environmental risk assessment
(EU) 1.31

Phase II studies toxicity/phytotoxicity
and food web (EU) 1.31

phencyclidine 1.129
phenicols 1.289–91
phenobarbital 2.184, 185
phenobarbital sodium 1.126–7, 128
phenothiazines 2.166–9
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phenylbutazone 2.176–7, 180
phenylcyclidine 1.129
physical injuries (occupational health
and safety)
accidents and related incidents

1.2–4
allergies 1.7
dermatoses 1.5–6
mental health 1.7–8
needlestick injuries 1.4–5
neoplastic diseases 1.6–7
women (specific risks) 1.7
zoonotic diseases 1.4–5

piperazine 2.109–10, 124
pirlimycin 1.298–9
piroxicam 1.244
pleuromutilins 1.301–2
polyenes 2.71
polyether ionophore antibiotics
1.298

polymixin B 1.300
polymixins 1.300–1
posacanazole 2.71, 76, 77
potassium bromide 2.184, 184–5
praziquantel 1.202, 2.104–5, 124
predicted environmental
concentration (PEC) 2.368, 370

predicted no-effect concentration
(PNEC) 2.370

prednisolone 2.195–7
Priestley, Joseph 1.117
primidone 2.184
progesterone 2.187–8, 193
Prontosil 1.304
propetamphos 2.33, 35, 36, 38
propofol (2,6 di-isopropyl
phenol) 1.124–6, 128, 2.167

propranolol 2.169
prostaglandin F2a 2.195, 197–8
prostaglandins 2.195–8
Provision of Safety Update Reports
(PSUR) in EU 1.33–5

Psoroptes ovis (sheep scab
mite) 1.150, 192, 2.276

pterostilbene 2.190
pyrantel 2.102–3, 124

pyrantel pamoate 2.103–4
pyrazinoisoquinolones 2.104–7
pyrazophos 2.34
pyrethroid dips 2.376
pyrethroids toxicity

animals 1.164–5
humans 1.165–6
introduction 1.151–2
type I 1.162–4, 165
type II 1.152–62, 165

qinoxaline-N-oxides 1.306–8
quindoxin 1.307–8, 308
quinolones 1.283–5

ractopamine 2.172–3
rafoxanide 2.100–1
Raynaud’s phenomenon 2.174
Reference Member State (RMS) in
EU 1.26, 27

regulation of veterinary medicines
conclusions 1.36–7
European Union legislation
1.24–36

evaluation and authorisation
efficacy 1.22–3
quality 1.23
safety 1.22–4, 32

introduction 1.21–2
Reporting of Injuries and Dangerous
Occurrences Regulations, 1995
(RIDDOR) 1.255

residues avoidance 1.59–62
residues surveillance

European Union 1.53, 56
introduction 1.43–4
maximum residue limits 1.54
studies 1.54–6
veterinary drugs in UK 1.56–9

resmethrin 1.162
resveratrol 2.190
Revivon (reversing agent) 2.156
Rhipicephalus sanguineus 2.116
ribenacoxib 2.179
rifampin (rifampicin) 1.311–12
rifaximin 1.311–12
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risks
communication 1.96–7
management 1.95–6

see also user safety assessment
robenidine 2.23–4
rofecoxib (Vioxx) 2.176, 177–8
romifidine 2.163–4
ronidazole 1.61
Royal Society, UK 1.95
Rules Governing Medicinal Products in
the European Union (vol. 8) 1.46, 48

Saccharomyces cerevisiae
D7 mutation assay 1.171
dimetridazole 2.114

Sacox MicroGranulate 2.13
safe concentration (SC)
calculation 1.49

‘‘safety’’ term 1.22
safety see user safety
safety of authorised coccidiostats

ionophoric polyether
coccidiostats 2.5–15

non-ionophoric
coccidiostats 2.15–25

other substances 2.25
safety guidelines (CVMP/EMA) 1.82
Saffan 2.166–7
Saku disease 2.46
salbutamol 1.56, 2.171
salicylanilides 2.99–100
salinomycin 2.12–14
Salmonella enteriditis 2.255
Salmonella reverse mutation
test 1.171

Salmonella reversion assay 1.167,
2.120, 168

Salmonella typhimurium 2.73, 109,
113, 119, 166

Sanitary and Phytosanitary
Agreement (SPA) 2.192–3

sarin 2.35, 46
SARRS scheme 2.273–4
Scientific Advisory Group on
Antimicrobials (SAGAM) 1.279

scopolamine (hyoscine) 2.180–1

secobarbital sodium 1.128
sedative agents

alpha2-receptor adrenergic
receptors 2.163–6

butyrophenone neuroleptic
agents 2.167–9

phenothiazines 2.166–9
selamectin 1.193–4, 197, 200–2
semduramycin 2.14–15
sevoflurane 1.117–18, 122, 123–4
sheep dips and OPs 2.276–82
sheep dips in UK (OPs)

introduction 2.52–3
organophosphate plunge
dips 2.53–4

research 2.54
treatments 2.53

Sieveking, Edward 2.184
Small Animal Immobilon see
diprenorphine

Solonaceae 2.181
somatosalm 2.198
somatotrophins 2.198–0
spectinomycin 1.282–3
spinosad 1.190–2
spiramycin 1.285–6, 308
spiroindole 2.106
SPS panel 2.193–4
Statutory Surveillance Scheme in
UK 1.56–7

steroid hormones
diethylstilboestrol 2.189–91
natural and synthetic 2.187–9
regulation 2.191–4

Stevens–Johnson syndrome 1.275,
304, 312

stilbene 2.190
Streptomyces avermilitis 1.193
Streptomyces fungus 1.249
Streptomyces venezuelae 1.289
Streptomyces verticillius 1.249
streptomycin 1.61, 282
Strongyloides papillosus 1.192
sulfadimidine (sulfamethazine) 1.61
sulfamethazine 1.305–6
sulfamethoxazole 1.305–6
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sulfanilimide 1.21
Summary of Product Characteristics
(SPC) in EU 1.96

Supermethrin 1.154
Suspected Adverse Reactions
(SARs) 1.33–4

Suspected Adverse Reactions
Reporting Scheme (SARRS) in
UK 1.30, 33–4, 2.273–5

Syngamus trachea (gapeworm) 2.112
synthetic pyrethroids 2.375
systemic lupus erythematosus
(SLE) 1.292–3

T-cells and isoflurane 1.122–3
tabun 2.35
Tamax (T-61) 2.161
tamoxifen 1.256, 2.190
tardive dyskinesia 2.172
target animal safety (TAS)
studies 1.30

teflubenzuron 1.186–90, 2.374
Telazol (zolazepam) 1.129–30
tepoxalin 2.175, 178
TEPP (tetraethylpyrophosphate)

1.169–70, 72
terbutaline 2.171
testosterone 1.55–6, 2.187–8, 193
tetracine hydrochloride 2.161–2
tetracycline

adverse reactions comparison
1.296–7

formula 1.291
tetracyclines

autoimmune hepatitis and
SLE-like syndrome 1.292–4, 296

description 1.291–2
hyperpigmentation 1.294–5
hypersensitivity 1.295
Sweet’s syndrome 1.294
vestibular reactions 1.295–6

tetrahydropyrimidines 2.102–4
tetramisole 2.95
thalidomide 1.21
thiabendazole 2.95, 97
thialbarbital sodium 1.128

thiamphenicol 1.289–90
thiazolidine ring (penicillins) 1.274
thiomersal (thimerosal) 2.256
thiopental sodium 1.128
thiopentone 2.155
threshold limit value (TLV) 1.94
tiamulin 1.301–2
tildipirosin 1.285, 289
tiletamime 1.128–30
tilmicosin 1.89, 285, 287–8
tolfenamic acid 2.176–7
toltrazuril 2.24–5
toxicity

aminoglycosides 1.280–2
antineoplastic drugs 1.251–6
marketing authorisations 1.85
penicillins 1.275–6
pyrethroids (pesticides) 1.151–62,
162–4, 164–5, 165–6

Toxocara canis 2.122
Toxocara spp. 1.194
Toxoplasma gondii 2.252–3
trenbolone 1.50, 55–6, 59, 2.187–8,
193

triazophos 2.34
tricaine mesylate (methane
sulphonate) 2.182–3

trichlorfon/metrifonate 2.34
triclabendazole 2.95
trifluoroacetic acid 1.120
trifluoroacetyl chloride 1.120
trimethoprim, baquiloprim and
sulfonamides 1.303–6

tropane alkaloids 2.180–2
trypanocidal drugs 2.118–21
Trypanosoma congolese 2.119
tulathromycin 1.285
tylosin 1.285–6, 288, 308
tylvalosin (acetylisovaleryltylosin)
1.285

United Kingdom (UK)
adverse drug reactions in
humans 2.273, 273–82

see also Suspected Adverse
Reaction Reporting Scheme
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United States Department of
Agriculture (USDA) 1.22

United States Environmental
Protection Agency (ESEPA) 2.44

United States (US)
adverse drug reactions in
humans 2.273, 282–352

Babesia canis 1.116
clenbuterol 2.171
diazinon 2.33

Uruguay Round and trade
dispute 2.193

user safety assessment
biological monitoring 1.92–3
conclusions 1.97–8
European Union 1.98
introduction 1.81–2
process 1.83–93
risks

assessment 1.93–5
communication 1.95–6

user safety assessment process
exposure

accidental self-injection 1.89–90
dermal 1.87–8
inhalation 1.90–1
introduction 1.86–7
oral 1.91–2

hazard identification 1.83–6

vaccines
adjuvants 1.86
excipients 1.86
safety guidelines 1.82
veterinary 1.81

valnemulin 1.301–2
Vane, John 2.175
Veterinary Medicines Directorate
(VMD) in UK
adverse drug reactions 2.375
cytotoxic drugs 1.93
needlestick injuries 1.4–5
organophosphorus sheep
dips 2.277, 279

pharmacovigilance 2.255
pyrethroid dips 2.376
regulation 1.22

residues surveillance 1.56
SARRS 1.30, 2.273–4

veterinary medicines and the
environment
adverse effects 2.372–6
conclusions 2.374–6
human pharmaceuticals 2.366
introduction 2.365
regulation 2.367–72
veterinary pharmaceuticals 2.366–7

Veterinary Products Committee
(VPC) in UK
etorphine 2.156
hormonal growth promoters 1.55–6
needlestick injuries 1.5, 21–2
regulation of medicines 1.21–2

Veterinary Record 1.4, 2.255, 274, 375
Veterinary Residues Committee
(VRC) 1.56

vinblastine 1.244, 246–7
Vinca rosea 1.246
vincristine 1.244, 246–7
Vioxx GI Outcomes Research
(VIGOR) 2.178

virginiamycin 1.308
Vitamin B12 deficiency 1.119

withdrawal periods 1.60, 62
workplace protection factor
(WPF) 1.96

World Health Organization (WHO)
halothane 1.119

organophosphorus compounds 2.46
Model List of Essential Medicines
for human use 120

risk management 1.95
see also Joint FAO/WHO Expert
Committee on Food Additives

World Trade Organization
(WTO) 2.192–3

Wucheria Bancrofti 1.202

xylazine 2.155, 163–5

zeranol 1.55, 2.189, 193
zilpaterol 2.172–3
zolazepam (Telazol) 1.129–30
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