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British Veterinary Association

The British Veterinary Association (BVA) is pleased to continue its association with the Pharmaceutical Press,
in order to support the publication of The Veterinary Formulary.

The BVA is an independent national representative body for the veterinary profession in the UK. Veterinarians,
with their knowledge, skill and compassion, have a central role to play in protecting the health and welfare of
farm livestock and as an association the BVA actively promote good practice for the maintenance of high
standards of animal health, animal welfare and public health. To these ends veterinary surgeons require a safe
and effective range of medicines to treat a wide range of animals. However, this must be balanced against the
controls necessary to protect public health from any residues that might occur in those destined for the food
chain. The BVA and its divisions provide policy and guidance, medicines codes and pharmacy courses, and
The Veterinary Formulary is another key outlet for its wide-ranging support of best practice in all aspects of
veterinary medicines.



Preface

The Royal Pharmaceutical Society has a long history of publishing veterinary medicine texts with the assistance of the vet-
erinary profession. The first edition of The Veterinary Formulary was published 1991 and the second edition in 1994. The
third, fourth, and fifth editions, and this sixth edition are published in association with the British Veterinary Association,
the national organisation representing practising veterinarians in all branches of the profession in the UK.

The British Veterinary Association is committed to making essential prescribing information available to its members. The
revised BVA Code of Practice on Medicines is included in the sixth edition of The Veterinary Formulary. The Code pro-
vides practical guidance on all aspects of prescribing and dispensing medicines. Discussion and debate continue over
prescribing and dispensing by veterinarians, making this document essential reading for all practitioners.

The sixth edition includes some 56 new drug monographs and numerous new sections and these are listed on page xi. Many
sections have been completely re-arranged to reflect current veterinary medicinal practice. All the text, monographs, dos-
ages, and drug preparations in the sixth edition have been fully revised by some 51 Contributors who are world-recognised
experts in their fields and subsequently peer reviewed by the Advisory Committee made up of veterinarians, veterinary
pharmacologists, pharmacists, and representatives from the British Veterinary Association, Royal College of Veterinary
Surgeons, and the Veterinary Medicines Directorate.

The sixth edition continues to include information on UK preparations available from veterinarians, pharmacists, agricul-
tural merchants, and pet shops. Unlike other texts on veterinary therapeutics, in The Veterinary Formulary, drugs are listed
under their pharmacological group rather than alphabetically. This one concise text provides drug information and full
product details on medicines used in all species seen in practice.

There continues to be a requirement for more veterinary medicines that are authorised for conditions in the target species.
Until a wider range of veterinary authorised medicines are available, veterinarians will need to continue to prescribe veter-
inary medicines outwith the data sheet and unauthorised conditions or dosages are shown by the symbol ¢ in the text. In
addition, it may be necessary to use authorised human medicines and commonly used human medicines are listed in The
Veterinary Formulary and denoted by the symbol @) .

Recommended International Non-proprietary Names are used for drug names in The Veterinary Formulary with former
British Approved Names and United States Approved Names given as synonyms and indexed. A list of drug names is given
on page xv. The Veterinary Formulary does not aim to contain all information necessary for prescribing. Readers should
also consult specialised publications and manufacturers’ current data sheets. Reference sources are listed in the sections on
Guidance on prescribing. While every effort has been made to ensure the accuracy of the contents of the book, correct pre-
scribing, dispensing, and administration is ultimately the responsibility of the prescriber. Readers are reminded that infor-
mation on medicines is constantly changing and previous editions of The Veterinary Formulary should be considered
outdated for the purposes of prescribing in the UK.

Many individuals and organisations have assisted in the production of this sixth edition. Thanks are especially extended to
the members of the Advisory Committee and the Contributors listed on page v, who have all worked efficiently to allow the
text to be published in a short period after a long time between editions. Sadly Penney Barber died during the final stages of
the production of The Veterinary Formulary and did not see her work published. The assistance of manufacturers in provid-
ing details of their products and other information is gratefully appreciated as is help given by the Veterinary Medicines
Directorate and the National Office of Animal Health. Thanks are given to colleagues in the Publications Department, in
particular Paul Weller and Keith Riley.

The Veterinary Formulary is intended as rapid reference text primarily for veterinarians and veterinary students. With pend-
ing legislative changes after the Competition Commission’s recommendations and European law concerning supply of vet-
erinary medicines, this book will also be essential reading for pharmacists and others involved with animal health care.
Comments from readers are welcome and should be sent to the Editor, The Veterinary Formulary, RPSGB, 1 Lambeth High
Street, London, SE1 7JN, UK.

Yolande Bishop
September, 2004
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Additions to sixth edition

All sections have been completely revised. The following are the main changes to the sixth edition. Constant
changes are made to information on medicines for animals and previous editions of The Veterinary Formulary

should be considered outdated for the purposes of prescribing in the UK.

New monographs
Acitretin (section 14.5.2)
Ademetionine (section 3.10)
Aglepristone (section 8.2.3)

Alfentanil (section 6.3.1)
Azithromycin (section 1.1.4)
Beclometasone dipropionate (section 5.3.1)
Benazepril hydrochloride (section 9.1)
Bimatoprost (section 12.5.2)
Brinzolamide (section 12.5.1)
Bronopol (Prescribing for farmed fish)
Cabergoline (section 6.11.11)
Carmellose sodium (section 12.6)
Ciclosporin (section 14.2.2)

Closantel (section 2.2.1.8)
Clotrimazole (section 14.4.2)
Dantrolene sodium (section 9.4)
Diagnostic test kits (Prescribing for
invertebrates)

Domperidone (section 3.4.1)
Fentanyl (section 6.3.1)

Fluconazole (section 1.2)

Fluticasone propionate (section 5.3.1)
Fluvoxamine maleate (section 6.11.4)
Ganciclovir (section 12.2.3)
Hemoglobin glutamer-200 (bovine)
(section 16.2

Hylan A (section 12.6)

Ibafloxacin (section 1.1.9)

Imidapril (section 4.3.1)
Levocabastine (section 12.3.3)
Lodoxamide (section 12.3.3)

Lysine (section 12.2.3)

Mesterolone (section 8.2.4)
Misoprostol (section 14.2.6)
Neomycin sulfate (section 12.2.1)
Nimesulide (section 10.1)
Nitenpyram (section 2.2.1.4)

Omega Interferon (section 1.3)

Pirlimycin hydrochloride (section 11.1)
Piroxicam (section 10.1)

Prazosin (section 9.4)
Propentofylline (section 6.11.13)
Remifentanil (section 6.3.1)
Rimexolone (section 12.3.1)
Salbutamol (section 5.2.2)
Salmeterol (section 5.2.2)
Sertraline (section 6.11.4)
Sevoflurane (section 6.6.3)

Silver sulfadiazine (section 14.4.1)
Suxibuzone (section 10.1)
Tepoxalin (section 10.1)
Terbinafine (section 1.2)
Tiludronic acid (section 10.7)
Travoprost (section 12.5.2)
Thiamazole (section 7.1.2)
Thyrotropin (section 7.5.1)
Trilostane (section 7.6)
Tulathromycin (section 1.1.4)

New sections and changes

Prescribing for equines divided into Prescribing for horses,
Prescribing for donkeys

Prescribing for ruminants divided into Prescribing for cattle,
Prescribing for sheep, Prescribing for goats, Prescribing for deer
Prescribing for birds divided into Prescribing for poultry, Prescribing
for game birds, Prescribing for pigeons

Prescribing for rabbits and rodents divided into separate sections
Table 22 Husbandry requirements for common pet terrestrial
invertebrates

Section 2.2.1.4 Neonicotinoids

Section 4.1 Positive inotropes subdivided into 4.1.1 Cardiac
glycosides, 4.1.2 Inodilators, 4.1.3 Methylxanthines

Section 5.3 Drugs for allergic and inflammatory disorders subdivided
into 5.3.1 Corticosteroids, 5.3.2 NSAIDs, 5.3.3 Antihistamines, 5.3.4
Sodium cromiglicate, 5.3.5 Leukotriene receptor antagonists
Information on canine pheromonatherapy (section 6.11.14)

Chapter 9 subdivided into 9.1 Drugs used in the treatment of renal
failure, 9.2 Drugs for cystitis and urinary tract infection, 9.3 Drugs
that alter urinary pH, 9.4 Drugs for urinary retention and
incontinence, 9.5 Drugs for urolithiasis

Section 10.2 Corticosteroids

Section 10.3 Chrondroprotective compounds subdivided into 10.3.1
heparinoids, 10.3.2 Sodium hyaluronate, 10.3.3 Chondroitin and
glucosamine

Chapter 11 subdivided into 11.1 Intramammary preparations for
lactating animals, 11.2 Preparations for non-lactating animals, 11.3
Preparations for the care of teats and udders

Section 11.2 subdivided into 11.2.1 Intramammary preparations for
non-lactating animals, 11.2.2 Teat sealants

Section 12.3 Anti-inflammatory preparations subdivided into 12.3.1
Corticosteroids, 12.3.2 NSAIDs, 12.3.3 Antihistamines, 12.3.4
Immunosuppressants

Section 12.5 Drugs used in glaucoma subdivided into 12.5.1
Carbonic anhydrase inhibitors, 12.5.2 Prostaglandin analogues,
12.5.3 Miotics, 12.5.4 Beta-adrenoceptor blocking drugs

Section 14.2 Preparations for allergic, inflammatory, and other
immune-mediated skin conditions subdivided into 14.2.1
Corticosteroids, 14.2.2 Immunosuppressants, 14.2.3 Antihistamines,
14.2.4 Topical anti-inflammatory skin preparations, 14.2.5 Essential
fatty acid preparations, 14.2.6 Prostaglandin E,; analogues

14.7.2.6 Collagen dressings

14.7.2.7 Silver dressings

14.7.2.8 Tissue adhesives

18.3.8.4 Glissers disease

18.3.9 Porcine reproductive and respiratory syndrome

18.4.1 Canine coronavirus

18.4.3 Canine herpesvirus

18.5.1 Bordetella bronchiseptica

18.6.5 Avian pneumovirus

18.6.16 Mycoplasmosis

18.6.18 Ornithobacter rhinotrachealae

Appendix 1 Drug Interactions reformatted
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Arrangement of information

Guidance on prescribing

In this section, different aspects of prescribing in
veterinary practice are discussed. The BVA Code of
practice on medicines provides guidance on the safe
use of medicines and legislation affecting the use of
authorised veterinary and authorised human
medicines for animals by veterinarians. Other areas
included are prescription writing for medicines and
medicated feedstuffs, labelling and storage
requirements, and consent forms.

Prescribing for animals used in competitions is
considered with reference to the sporting authorities,
and their rules and regulations.

There are notes on prescribing for the domestic
species including specific sections on prescribing for
geriatrics, neonates, pregnant animals, hepatic
impairment, renal impairment, and lactating animals.

There is a section providing specific information on
invertebrates. The sections on exotic species such as
amphibians, reptiles, and exotic birds or less
frequently encountered companion animals such as
fish, ferrets, rabbits, and rodents include common
clinical conditions, methods of drug administration,
and extensive tabular data on drug dosage including
antimicrobial drugs, parasiticides, anaesthetics, and
other drugs.

Information on the management of poisoning in
animals, symptomatic therapy, and specific antidotes

for more frequently encountered poisons are
discussed in the section Treatment of poisoning.
Classified notes on drugs and
preparations

The main text consists of 19 chapters each covering a
particular body system, condition, or drug category.
The information provided in the chapters concerns the
use and administration of medicines and drugs to the
domestic species including horses, cattle, sheep,
goats, pigs, dogs, cats, and poultry. Each chapter is
divided into numbered sections such that similar
drugs are grouped together. Text on the use of these
drugs in veterinary practice, mechanism of action, and
adverse effects is given, and is followed by drug
monographs and relevant medicines, whether generic
or proprietary.

Drug monographs are listed alphabetically under each
section. The drug titles used in The Veterinary
Formulary are recommended International Non-
proprietary Names (rINN). Former British Approved

Names (BAN) and United States Adopted Names
(USAN) are given as synomyns and indexed where
necessary.

The authorised indications for use of the drug are
given. In addition, indications that are not included in
the data sheet are listed and denoted by the symbole.
The indications under a drug monograph title may not
apply to all preparations of that substance.

The contra-indications of the drug such as adminis-
tration in certain species, specific age of animal, preg-
nant animals, or conditions for example renal
impairment.

The side-effects of the drug are given. Any warnings
associated with use of the drug in animals and cau-
tions for humans administering the drug are listed.
The dose of the drug is given for domestic species.
For the purposes of The Veterinary Formulary ‘small
animals’ are considered to be dogs and cats; ‘large
animals’ to be horses, cattle, sheep, and pigs. The
dose is expressed in terms of the drug substance indi-
cated by the monograph title unless otherwise speci-
fied. The doses stated in The Veterinary Formulary
are intended for general guidance only and represent,
unless otherwise stated, the usual range of doses that
are generally regarded as suitable for the species indi-
cated.

Doses are given in amounts per kilogram body-weight
wherever possible. Doses of drugs to be administered
in the drinking water are usually expressed as amount
per 100 litres for domestic species or per litre for
exotic birds. Dosages for farmed fish may be given as
parts per million (ppm); see Appendix 3 for Conver-
sions and units. Doses of drugs to be administered in
the feed are usually expressed as amount per tonne of
feed. It is important that drug dosage calculations are
carefully checked for treatment administered via the
drinking water or feed. It is advisable to establish if
other drugs are included in the diet before medicating
the drinking water or feed to avoid the possibility of
adverse drug interactions.

The route of administration of the dose is indicated
and frequency of administration.

Readers should be aware that dosages suggested for
drugs that have no veterinary authorised products or
for veterinary authorised products used outwith their
data sheet (indicated by the symbol ¢) are commonly
used doses. Such doses may not have been derived
from research in the particular species being treated;
they are to be used when no suitable veterinary prod-
uct is available and in accordance with the Medicines
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(Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994, as amended;
the responsibility for their use lies with the veterinary
surgeon.

Preparations that are authorised in the UK for use in
animals are listed. Where authorised veterinary prep-
arations are unavailable, products that are authorised
for use in humans in the UK and that are commonly
used in veterinary medicine are included. The latter
may be easily recognised by the symbol @ and
occur predominantly in the chapters and sections
dealing with the Gastro-intestinal system, Cardiovas-
cular system, Drugs used for behaviour modification,
Endocrine system, and Malignant disease and immu-
nosuppressants.

The following information is provided for veterinary
preparations:

LEGAL CATEGORY Brand Name (Manufacturer) UK

Dose form, ingredients and concentration of each/unit
measure (mL, g, kg, unit dose, division, etc), for species
Jor which the product is authorised

Withdrawal Periods. Species: slaughter withdrawal
period in days, milk or egg withdrawal period in days

Appendices and indexes

The appendices include Drug Interactions and Drug
Compatibilities and Incompatibilities. Information is
arranged under drug name, drug group name, or
therapeutic category and listed alphabetically.
Appendix 3 provides useful conversions of mass,
volume, and temperature from Imperial to metric
units, and an explanation of terms such as tonicity.
Tables of conversion of body-weight to surface area
for dogs and cats are also included. Appendix 4
gives a list of body-weight ranges for domestic
species, exotic birds, rabbits, and rodents. Appendix
5 provides guidance on estimation of drug dosage in
species for which limited information is available.

The Index of Manufacturers and Organisations lists
addresses, telephone numbers, facsimile numbers,
and e-mail and website addresses of UK and
overseas manufacturers whose preparations appear in
The Veterinary Formulary. Organisations associated
with veterinary practice are also included.

The general Index should be wused to locate
information on drugs, medicines, preparations and
diseases. Brand names are listed in italics for easy
recognition and the drug monograph is listed on the
page number identified in bold type.
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Symbols used in The Veterinary Formulary

Internationally recognised units and symbols are used in The Veterinary Formulary wherever possible.

@ - authorised human preparation

°C — degrees Celsius (centigrade)

¢ — veterinary preparation or veterinary drug used for an indication that is unauthorised in the UK

< —less than

> — more than

Abbreviations used in The Veterinary Formulary

For abbreviations of names of manufacturers and organisations associated with veterinary practice see also
Index of Manufacturers and Organisations on pages 531-540.

AAFCO - Association of American Food Control Officials

Al - artificial insemination

ATC - animal test certificate

Austral. — Australia

3-AV - avermectins/milbemycins

BEVA — British Equine Veterinary Association

BP — British Pharmacopoeia 1993

BP(Vet) — British Pharmacopoeia (Veterinary) 1993

Bq — becquerel

BSAVA - British Small Animal Veterinary Association

BVA — British Veterinary Association

BVetC — British Veterinary Codex and Supplement 1970

1-BZ — benzimidazoles/probenzimidazoles

CD - controlled drug

CFS - complementary feedingstuff

cm — centimetre(s)

CNS - central nervous system

CSF - cerebrospinal fluid

CVL - Central Veterinary Laboratory

DANI - Department of Agriculture, Northern Ireland

DEFRA - Department for the Environment, Food and Rural
Affairs

DNA - deoxyribonucleic acid

DVO - District Veterinary Officer

e/c — enteric coated

EC — European Community

ECF - extracellular fluid

ECG - electrocardiogram

EFAs — essential fatty acids

EU - European Union

FAWC - Food Animal Welfare Council

f/c — film coated

Fr. — France

g — gram(s)

GFR. — glomerular filtration rate

GSL — general sale list

HSE - Health and Safety Executive

i.co. — intracoelomic

i.m. — intramuscular

i.p. — intraperitoneal

1.0. — intraosseous

Ital. — Ttaly

i.v. — intravenous

kg — kilogram(s)

L - litre(s)

2-LM - imidazothiazoles/ tetrahydropyrimidines

M — molar

m? — square metres

MA - marketing authorisation

MAFF — Ministry of Agriculture, Fisheries and Food

MES — medicated feedingstuff prescription

MFSX — medicated feedingstuff prescription exemption

mg — milligram(s)

MIC — minimum inhibitory concentration

mL — millilitre(s)

mmHg — millimetre(s) of mercury

m/r — modified release

Neth. — The Netherlands

Norw. — Norway

NSAID - non-steroidal anti-inflammatory drug

NZ — New Zealand

OIE - Office International des Epizooties

P- pharmacy-only medicine

PCR - polymerase chain reaction

pg — picogram(s)

pH — the negative logarithm of the hydrogen ion
concentration

PhEur— European Pharmacopoeia

PL — product licence

PML- pharmacy merchants list

p-o. — by mouth

POM - prescription-only medicine

ppb — parts per billion

ppm — parts per million

RCVS - Royal College of Veterinary Surgeons

RPSGB - Royal Pharmaceutical Society of Great Britain

s.c. — subcutaneous

s/c — sugar coated

SPVS — Society of Practising Veterinary Surgeons

s/r — sustained release

soln. — solution

STA - Special Treatment Authorisation

Swed. — Sweden

Switz. — Switzerland

UK — United Kingdom

units — standard international units, unless otherwise stated

in the text. See also Appendix 3, page 525

USA - United States of America

VMD - Veterinary Medicines Directorate

ZFA — Zootechnical feed additive
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Drug names

Recommended International Non-proprietary Names (rINN) are used in The Veterinary Formulary with former British
Approved Names (BAN) and United States Approved Names (USAN) given as synonyms. The following names are used
in the sixth edition. Further information is available at www.dh.gov.uk/assetRoot/04/07/70/41/04077041.pdf.

Former BAN
adrenaline
alphadolone
alphaxalone
amethocaine
aminacrine hydrochloride
amoxycillin
amphetamine
amphotericin
atracurium besylate
beclomethasone
bendrofluazide
benzhexol
bretylium tosylate
busulphan
butobarbitone
carbaryl
chlorfenvinphos
chlorpheniramine
cephalexin
cephalonium
cephazolin
cephradine
chlorbutol
chlormethiazole
cholecalciferol
cholestyramine
corticotrophin
coumaphos
crotethamide
danthron
dexamphetamine
diazinon
dichlorphenamide
dimethicone
dimethyl sulphoxide
dipyrone
etamiphylline camsylate
ethinyloestradiol
ethyloestrenol
flumethasone
frusemide
glutaraldehyde

guaiphenesin

New BAN/rINN
epinephrine
alfadolone
alfaxalone
tetracaine
aminoacridine hydrochloride
amoxicillin
amfetamine
amphotericin B
atracurium besilate
beclometasone
bendroflumethiazide
trihexyphenidyl
bretylium tosilate
busulfan
butobarbital
carbaril
chlorfenvinfos
chlorphenamine
cefalexin
cefalonium
cefazolin
cefradine
chlorobutanol
clomethiazole
colecalciferol
colestyramine
corticotropin
coumafos
crotetamide
dantron
dexamfetamine
dimpylate
diclofenamide
dimeticone
dimethyl sulfoxide
metamizole sodium
etamiphylline camsilate
ethinylestradiol
ethylestrenol
flumetasone
furosemide
glutaral

guaifenesin

Former BAN
hydroxyprogesterone hexanoate
hydroxyurea
indomethacin
lignocaine
methimazole
methohexitone
methotrimeprazine
methylene blue
methylphenobarbitone
metriphonate
mitozantrone
naphthalophos
neostigmine methylsulphate
nitroxynil
noradrenaline
oestradiol
pentobarbitone
phenobarbitone
phthalylsulphathiazole
polyhexanide
potassium clorazepate
pralidoxime mesylate
procaine penicillin
quinalbarbitone
riboflavine

sodium calciumedetate
sodium cromoglycate
sodium ironedetate
stilboestrol
sulphacetamide
sulphadiazine
sulphadimidine
sulphaguanidine
sulphamethoxazole
sulphasalazine
sulphathiazole
trimeprazine
tetracosactrin
thiabendazole
thioguanine
thiopentone

thyroxine sodium

tricaine mesylate

New Ban/rINN
hydroxyprogesterone caproate
hydroxycarbamide
indometacin

lidocaine

thiamazole
methohexital
levomepromazine
methylthioninium chloride
methylphenobarbital
metrifonate
mitoxantrone

naftalofos

neostigmine metisulfate
nitroxinil
norepinephrine
estradiol

pentobarbital
phenobarbital
phthalylsulfathiazole
polihexanide
dipotassium clorazepate
pralidoxime mesilate
procaine benzylpenicillin
secobarbital

riboflavin

sodium calcium edetate
sodium cromoglicate
sodium feredetate
diethylstilbestrol
sulfacetamide
sulfadiazine
sulfadimidine
sulfaguanidine
sulfamethoxazole
sulfasalazine
sulfathiazole
alimemazine
tetracosactide
tiabendazole

tioguanine

thiopental
levothyroxine sodium
tricaine mesilate
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The protection of the health and welfare of the many spe-
cies under the veterinarian’s care depends on the availabil-
ity of sufficient veterinary medicines, which are of proven
safety, quality and efficacy for the target species. The selec-
tion of the best therapeutic is paramount. However, the
rational and responsible use of medicines in veterinary
practice also depends on correct handling and use by both
the veterinarian and the animal owner. The professional
advice the veterinarian gives in prescribing the correct med-
icine in a given set of circumstances is of equal importance.
The impact of European legislation and increased public
concern about the use of medicines, particularly in food-
producing animals, means that the veterinarian must be able
to justify decisions taken in the selection and application of
medical treatment. The privilege to dispense veterinary
medicines rests not only on the responsible use of medi-
cines but also on the demonstration of best accepted
practice.

The aims of this Code are to provide guidance on the pre-
scribing and dispensing of medicinal products by veterinar-
ians in consideration of legislation and best practice. It
includes information on use of medicines such as storage,
labelling, sale and supply, record keeping, disposal, and
suspected adverse reactions. This guidance complements
that provided by Veterinary Pharmacy courses organised by
specialist divisions of the British Veterinary Association
(BVA).

Various changes have been made to the legislation and rec-
ommended best practice for prescribing and dispensing of
medicines for animals since the last edition of this Code in
2000, and further changes are likely as the UK Government
moves to implement the Competition Commission’s recom-
mendations on the supply of veterinary medicines, together
with recent changes to European legislation. It will be
important to keep abreast of these changes and be
aware that the guidance may change as a result.

The valuable contribution of those who contributed to this
updated edition of the Code is acknowledged with thanks.

Classification of medicines

A ‘veterinary medicinal product’ means any substance or
combination of substances presented for treating or prevent-

ing disease in animals or which may be administered to
animals with a view to making a medical diagnosis or to
restoring, correcting or modifying physiological functions
in animals.

In the UK, veterinary medicines are currently legally classi-
fied into general sales list medicines, pharmacy only medi-
cines, pharmacy and merchants list medicines, prescription
only medicines, and controlled drugs. Other preparations,
such as nutritional supplements, which are not supplied for
a medicinal purpose, are classified as non-medicinal.

General sales list medicines (GsL)

All GsL veterinary medicines are listed in the Medicines
(Veterinary Drugs) (General Sales List) Order 2001. They
may be sold without any restriction. A veterinarian can sell
these to anyone, whether a client or not. However when
selling the products as a retailer, the veterinarian must
ensure that it is clear to the purchaser that the animal for
which the medicine is sold is not under the veterinarian’s
care. In all other circumstances, the veterinarian may supply
GSL products for animals under his/her care.

Pharmacy only medicines (p)

This is the default category for medicines unless the licens-
ing authority has taken statutory measures to put them into
the POM, PML or GSL categories. Very few veterinary medi-
cines fall into the P category. These medicines may be sup-
plied by a veterinarian for administration to animals under
the veterinarian’s care or over the counter in pharmacies
with each sale by, or under the supervision of, a pharmacist.

Pharmacy and merchants list medicines (PmL)

All PML medicines are included in the list of veterinary
drugs kept by the Veterinary Medicines Directorate (VMD)
for the purposes of Article 3 of the Medicines (Exemptions
for Merchants in Veterinary Drugs) Order 1998.

They can be supplied by a veterinarian for administration to
animals under the veterinarian’s care. PML medicines may
also be sold in pharmacies with each sale by, or under the
supervision of, a pharmacist. They may also be supplied by
an agricultural merchant who is registered with the Royal
Pharmaceutical Society of Great Britain (RPSGB) or, in
Northern Ireland, the Department of Health, Social Services
and Public Safety (DHSSPS) and who has undertaken to
observe a code of practice. A registered agricultural mer-
chant may authorise sale of PML medicines only to persons
who keep or maintain animals for the purpose of carrying
on a business. Each sale must be authorised by a Suitably
Qualified Person (SQP).

Registered agricultural merchants and saddlers may sell a
small range of PML anthelmintics to horse, dog or cat own-
ers for animals under their charge. A code of practice has to
be observed and each sale must be authorised by a SQP.

If a veterinarian wishes to supply PML products for animals
not under his/her care, he/she must register with the RPSGB
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or DHSSPS as an agricultural merchant. The veterinarian may
supply only to commercial keepers of animals.

Some veterinarians have taken out wholesale dealers’
licences. The Medicines (Sale or Supply) (Miscellaneous
Provisions) Regulations 1980 (Schedule I) impose strict
limits as to whom may be supplied in the course of whole-
sale dealing. A veterinarian’ clients are not included.

Prescription only medicines (pom)

These are described in the Medicines (Veterinary Drugs)
(Prescription Only) Order 2001. They may be supplied by a
veterinarian for administration to animals under the veteri-
narian’s care or supplied by a pharmacist on a veterinarian’s
prescription. The Royal College of Veterinary Surgeons
(RCVS) states in its Guide to Professional Conduct: ‘Veteri-
nary surgeons are encouraged to make clients aware that
veterinary medicines may be obtained on prescription from
other suppliers, for example pharmacies, and should not
unreasonably refuse to supply prescriptions if clients wish
to purchase veterinary medicines from other suppliers.’

A veterinarian is not normally entitled to supply POM prod-
ucts against a prescription issued by another veterinarian
who is not in the same practice. (The exception is for small
quantities only of specially prepared medicines.) This may
change with new legislation following the reviews of EU
and UK provisions and implementation of the Competition
Commission’s recommendations.

The veterinary prescription

A prescription is not required for the sale or supply of GSL,

P, or PML veterinary medicines. A veterinarian may give a

verbal or written instruction to a pharmacist for supply of

GSL or P authorised human medicines.

There are legal requirements for veterinary prescriptions

which contain POM products and controlled drugs (CD) prep-

arations. A veterinary prescription is used for medicines

and a medicated feedingstuffs (MFS) prescription is used for

POM products incorporated into feed (see section on MFS

prescriptions, page 4).

To avoid ambiguity it is good practice to write all prescrip-

tions legibly in a standard manner. The following

recommendations are given:

¢ Quantities of 1 gram or more should be written as 1 g,
etc

¢ Quantities of less than 1 gram should be written in mil-
ligrams, for example 500 mg, not 0.5 g

* Quantities of less than 1 milligram should be written in
micrograms, for example 100 micrograms, not 0.1 mg

*  When decimals are unavoidable a zero should be writ-
ten in front of the decimal point where there is no other
figure, for example 0.5 ml, not .5 ml

* The terms ‘micrograms’, ‘nanograms’ or ‘units’ should
not be abbreviated

e ‘Millilitre’ (mL or ml) is used in veterinary medicine
and pharmacy in preference to cubic centimetre, cc, or
cm’.

Names of drugs and preparations should be written clearly

and not abbreviated. Wherever possible an authorised vet-

erinary medicinal product should be specified. Where this is
not possible and an active substance is prescribed, only
approved titles should be used. These must be recom-
mended International Nonproprietary Names (rINN). In most
cases, the British Approved Names (BAN) and rINN are iden-
tical. Where they differ, the BAN must be modified to accord
with the rINN. Further information on rINNs is available at:
www.dh.gov.uk/assetRoot/04/07/70/41/04077041.pdf and
http://medicines.mhra.gov.uk/inforesources/productinfo/
banrinn.htm

Directions should preferably be in English without abbre-
viation. It is recognised that some Latin abbreviations, as
follows, are used when prescribing. It should be noted that
the English version is not always an exact translation.

bd  bis die (twice daily)

bid  bis in die (twice daily)

od  omni die (once daily)

qid  quater in die (four times daily)
sid  semel in die (once daily)

tid  ter in die (three times daily)

There are specific legal requirements for prescriptions for
prescription only medicines. They must be written legibly
in ink or be otherwise indelible. The prescription should
include:

¢ The name and address of the prescriber, which may be
printed on practice forms

¢ The name and address of the client. It is good practice
to indicate the species or animal name/number and to
add the words ‘for animal treatment only’

* The date of prescription issue

¢ The name(s) and strength(s) of drug(s) to be dispensed.
Usually this will be a pre-prepared formulation. Medi-
cines may be prescribed using the generic name or
specifying a proprietary preparation. In the former case
only, the pharmacist may dispense any suitable product.
The formulation of any preparation that needs to be
extemporaneously prepared should be included.
Although it is not a legal requirement to include the
total amount of medicine to be supplied and the dose of
the medicine, it is good prescribing practice to include
this information on prescriptions

e The directions that the prescriber wishes to appear on
the labelled product

e The prescriber’s usual signature, in ink, and profes-
sional qualifications

e A declaration that ‘This prescription is issued in respect
of an animal or herd (group) under my care’ or words to
that effect

¢ Any instructions for repeating the prescription.
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Veterinary prescription

Name and address of veterinarian
Date

Name/Number of animal

Name of client

Address of client

Name, strength, and formulation of the drug
Amount to be supplied

Dosage

(amount and frequency of administration)

Instructions to appear on the label

For animal treatment only
This animal is under my care

Signature and qualifications
of veterinarian

Repeat instructions

A POM prescription must not be dispensed more than 6
months after the date issued and will not be repeated unless
it contains a specific direction for further dispensing. If a
prescription contains a direction that it is to be repeated
without specifying the number of times, it will be dispensed
twice (ie, repeated once) only. When a prescription is to be
dispensed in instalments, the number of instalments and
intervals to be observed when dispensing must be specified
along with the amount of drug in the instalment, and the
total amount of drug to be dispensed. Exact information on
the permission to issue and provisions of repeat prescrip-
tions for a particular animal should be included in the
patients record by the veterinarian who has the animal
under his/her care. This is to allow a veterinary colleague in
the same practice to provide a repeat prescription if neces-
sary. The period of time that the veterinarian may allow
repeat prescriptions without re-examining the patient will
be variable and dependent on the patient, the condition, the
client, the medicine prescribed and the necessity to monitor
clinical signs and side-effects by, eg, monitoring blood
parameters or hepatic function. For guidance, some authori-
ties suggest a time interval of 3 months (shorter for, eg,
cytotoxic drugs and perhaps longer for, eg, mild cardiac
disease therapy) between re-examinations. Each practice
should decide general protocols for each drug; these may
need to be varied in individual cases.

Controlled drugs (cp)

These drugs are capable of being abused and many lead to
addiction. In addition to there being strict controls on use of
these drugs in animals, veterinarians may themselves be

vulnerable to self-use of addictive drugs. The veterinary
profession operates confidential helplines, the Vet Helpline
(telephone 07659 811118), and the Veterinary Surgeons
Health Support Programme (VSHSP) (telephone 01926
315119). The Vet Helpline provides information and advice
to veterinarians who contact the group on where to seek
appropriate help on any problems of emotional or depres-
sive nature, alcohol or drug abuse, and concerns over per-
sonal finance. The VSHSP helps veterinarians suffering
problems of alcohol or drug abuse who contact the group or
who are referred to them to combat their addiction by assist-
ing them in seeking treatment and supporting them through
the recovery process.

Under the Misuse of Drugs Regulations 1985, controlled
drugs are divided into 5 schedules, in decreasing order of
stringency of control.

Schedule 1 includes cannabis and hallucinogenic drugs
such as LSD, which are not commonly used therapeutically.
Veterinarians have no general authority to possess or
prescribe them.

Schedule 2 includes some drugs that may be used in veteri-
nary practice such as etorphine, fentanyl, morphine, pethi-
dine, methadone, the amphetamines, and secobarbital
(quinalbarbitone). These drugs are subject to particular
requirements for prescriptions, requisition, record keeping,
safe custody (except secobarbital [quinalbarbitone]), and
disposal of unwanted medicines.

Prescriptions for Schedule 2 and 3 controlled drugs must
be indelible and conform to particular requirements in addi-
tion to those for prescription only medicines. To minimise
the possibility of forgery, the prescription must be in the
veterinarian’s own handwriting, except for phenobarbital
(phenobarbitone) and phenobarbital sodium (phenobarbi-
tone sodium). Prescriptions for Schedule 2 and 3 controlled
drugs must include the form and strength of drug(s) to be
dispensed, eg, Pethidine Tablets, 50 mg. In addition, the
total quantity, in both words and figures, to be dispensed,
eg, Pethidine Tablets, 50 mg, Send 10 (ten), must be
included. A pharmacist must not dispense a prescription for
a Schedule 2 or Schedule 3 €D unless it complies with the
above requirements and the prescriber’s address is in the
UK. The prescription must not be dispensed later than 13
weeks from the date of issue and repeat prescriptions for
controlled drugs are not permitted. The pharmacist should
be satisfied that the prescription is genuine.

A requisition in writing must be obtained by a supplier
before delivery of a Schedule 2 drug. The requisition must
be signed by the veterinarian, state the veterinarian’s name,
address and professional qualifications, and specify the
total quantity of the drug and the purpose for which it is
required. The supplier must be reasonably satisfied that the
signature is that of the person purporting to sign the
requisition and the person is engaged in the occupation
stated.

The record keeping requirements for Schedule 2 drugs
indicate that they must be entered in the Register when pur-
chased and also each time they are used. Veterinarians must
make such records in the Register within 24 hours. The
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Register must take the form of a bound book (not a loose-
leaf book) and a separate Register must be kept for each
premises where controlled drugs are used. A separate part
of the Register must be used for each class of drug, which
must be specified at the head of each page of the Register. A
class is any drug specified in Schedule 2 together with its
salts, stereoisomers and any preparation in which it is con-
tained; eg, a separate part of the Register must be kept for
each of pethidine, morphine, and etorphine.

The layout of Registers is stipulated in the legislation:

Part 1
Entries to be made in case of obtaining a supply
FENTANYL

Date on Name and address of Amount obtained Form in which
which sup- person or firm from obtained
ply received whom obtained
(Date) Drug Company Ltd, 1 x 10 ml Hypnorm
Market Street, injection
Town
Part 2
Entries to be made in case of supply
PETHIDINE
Date on which Name and Particulars as to Amount Form in which
the transaction address of licence or authority supplied supplied

was effected person or firm

supplied

of person or firm
supplied to be in
possession

Pethidine
injection

(Date) Direct 50 mg

S Smith’s administration (1 ml)
dog (name),
8 Long
Lane,

Coxton,

Surrey

Entries must be indelible and made in chronological order.
Entries must not be amended; if corrections are necessary
they must be made by means of a marginal note or footnote
and specify the date the correction was made. The Register
must be kept for two years from the date of the last entry.
Schedule 2 controlled drugs, except secobarbital (quinal-
barbitone), must be kept in a locked receptacle which can
be opened only by a veterinarian or a person authorised by a
veterinarian to do so. Schedule 2 controlled drugs may not
be destroyed except in the presence of a person authorised
by the Secretary of State (see Disposal of medicines, page
18).

Schedule 3 includes buprenorphine, butobarbital (butobar-
bitone), pentazocine, pentobarbital (pentobarbitone), phe-
nobarbital (phenobarbitone), and some minor stimulant
drugs. These drugs are subject to prescription (see Schedule
2 above) and requisition requirements, but transactions do
not have to be recorded in a controlled drugs Register.
Phenobarbital (phenobarbitone) prescriptions are exempt
from the requirement to be written by hand by the veterinar-
ian but must comply in every other respect with prescription
writing requirements. A requisition in writing must be
obtained by a supplier before delivery of a Schedule 3 drug.
The requisition must be signed by the veterinarian, state the

veterinarian’s name, address and professional qualifica-
tions, and specify the total quantity of the drug and the pur-
pose for which it is required. The supplier must be
reasonably satisfied that the signature is that of the person
purporting to sign the requisition and the person is engaged
in the occupation stated.

Temazepam, diethylpropion, and buprenorphine must be
kept in a locked receptacle, which can be opened only by a
veterinarian or a person authorised by a veterinarian to do
s0; this does not apply to other Schedule 3 drugs.

Schedule 4 includes anabolic substances and the benzo-
diazepines. When used in normal veterinary practice they
are exempt from most controlled drugs restrictions.
Schedule 5 includes certain preparations of cocaine,
codeine, and morphine that contain less than a specified
amount of the drug. They are exempt from all CD require-
ments pertaining to veterinary practice other than the need
to keep relevant invoices for 2 years.

A veterinarian acting in a professional capacity has author-
ity to supply Schedule 2, 3, 4, and 5 controlled drugs. The
veterinarian may administer the drug or direct any other
persons to administer such drugs to patients under the
veterinarian’s care.

There is increased concern that some drugs that are not con-
trolled under the Misuse of Drugs Act 1971, as amended,
such as ketamine, may be used as drugs of abuse. The RCVS
recommends that these drugs are stored in secure
containers.

Medicated feedingstuffs prescription (MFs)

An MFS prescription, prescribed on the advice of a veteri-
narian, authorises the incorporation of a veterinary medici-
nal product in the form of a premix as described under the
Medicated Feedingstuffs Regulations 1998. POM products
for incorporation into feedingstuffs must be prescribed
under an MFS. Anthelmintics incorporated into feed are
exempt from the requirement for an MFS prescription and
are classified as MFSX.

The Regulations apply to anyone who incorporates a POM in
an animal feedingstuff ‘in the course of business carried on
by him’. Therefore, home-mixers such as farmers and keep-
ers (of, eg, zoo animals, dogs for business purposes [packs
of hounds], and farmed rabbits) are affected as well as com-
mercial feed compounders. However, the legislation does
not affect a companion animal owner administering a medi-
cine mixed in the feed because no business is involved. The
Regulations do not apply to medicating via the drinking
water.

All feed compounders, that is, commercial and home-
mixers, who add medicines to feeds and all distributors of
medicated feeds are required to apply to the Royal Pharma-
ceutical Society of Great Britain (RPSGB) or, in Northern
Ireland, the Department of Agriculture and Rural
Development (DARD) for approval of their premises.

Under the Feedingstuffs (Establishments and Intermediar-
ies) Regulations 1999, manufacturers and distributors of
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feedingstuffs containing vitamins, amino acids, enzymes

and probiotics must be registered.

An appropriately registered person may only incorporate a

POM medicine in an animal feedingstuff if the product has a

relevant marketing authorisation or an Animal Test Certifi-

cate (ATC) providing specifications for incorporation. Medi-

cines to be included in feed must, by law, be authorised for

in-feed use, although the veterinarian may authorise use for

species or conditions other than those specified in the mar-

keting authorisation for POM products but not products

under an ATC.

MFS products for administration in feed will either be dis-

pensed by the veterinarian having the animals under his/her

care or dispensed under the authority of a prescription.

It is important to know of any additives that are already

incorporated into the feed. The legal requirement is that it is

necessary to indicate MFS products on the MFS prescription

but it is recommended that other feed additives already con-

tained in the feedingstuff should also be listed. This is to

impress upon the signatory veterinarian the need to ensure

that no known adverse reaction between any active ingredi-

ents is likely. A veterinarian may, at his/her discretion and

on his/her own responsibility, authorise combinations of

medicinal feed additives unless they are specifically

prohibited in the data sheet of one of the combinants.

All MFS prescriptions should follow the specified format

and should include:

e The name and address of the prescribing veterinarian

e The name and address of the supplier, who should be a
person registered with the RPSGB or DARD

e Details of the recipient of the medicated feed

¢ The number and species to which the medicated feed is
to be administered

* The disease to be treated (which may be written on the
veterinarian’s copy only)

e The amount of product to be incorporated in the feed,
and how it should be used

* The withdrawal period. If a veterinary medicine is to be
incorporated in accordance with the marketing authori-
sation or animal test certificate, the withdrawal period
shown must be that on the data sheet of the product.
When prescribing an MFS outwith the recommendations
specified on the current data sheet or if the data sheet
does not specify a withdrawal period, the standard min-
imum withdrawal periods must be applied (see Drug
residues, page 17). Where use involves a species indi-
cated in the marketing authorisation, but for a different
condition, the meat withdrawal period indicated on the
data sheet is acceptable providing that the dosage is as
given on the data sheet. Where use is for a species not
given in the marketing authorisation, then the with-
drawal period should be at least as long as the standard
minimum withdrawal period

* Any special precautions. It is important for the prescrib-
ing veterinarian to know of other ingredients (eg,
zootechnical feed additives that may be in the feedstuff)
and to indicate any potential incompatibilities between
these and the MFs.

The MFS prescription should be personally signed and dated
by the veterinarian, in respect of animals under his/her care.
The MFS is valid for a period of 3 months from the date of
the veterinarian’s signature. For animals on farms under the
veterinarian’s care where there are regular occurrences of
chronic or recurring disease, which could require repeat in-
feed medication, it is essential, at regular but not prolonged
intervals, to reassess the need for continuing the in-feed
medication. This should be based on clinical examination
and/or post-mortem findings supported by laboratory or
other diagnostic tests.

An MFS prescription can be used to obtain more than 31
days of feed where treatment exceeds one month; however,
where the animals treated are intended for human consump-
tion, only one month’% supply at a time may be purchased
against the prescription. Treatment lasting more than one
month and up to 3 months can be authorised by one MFS
prescription but the feed must be obtained at monthly inter-
vals and each issue of the feed recorded on the farmer’s
original copy of the prescription and the compounder/
retailer’s original copy as well as the compounder/retailer’s

records.

Three copies of an MFS prescription are required: one each
for the compounder, the farmer and the veterinarian.

It is essential that these forms are completed accurately and
legibly; otherwise the feed may be unusable. Pads of self-
copying MFS prescriptions are available from McMillan-
Scott Subscriber Services, 6 Bourne Enterprise Centre,
Wrotham Road, Nr Sevenoaks, Kent TN15 8DG, telephone
01732 884023, fax 01732 884034, e-mail
cairns@mcmlslondon.co.uk

Compounders and on-farm mixers who supply feeding-
stuffs without an MFS prescription where one is required by
law, or on the basis of an invalid MFS prescription, commit
an offence and become liable to prosecution and/or removal
from the register of the RPSGB or DARD.

Further information is given in Zootechnical Feed Additives
and Medicated Feedingstuffs: A prescriber’s guide VMD,
May 2004. Available at: www.vimd.gov.uk/general/
publications/zootech0504.pdf

Zootechnical feed additives

The use of feed additives, eg, production enhancers or coc-
cidiostats, is controlled and authorised under EC legislation.
Zootechnical feed additives may be incorporated in the feed
at specified concentrations for particular species as indi-
cated in the relevant Annex entry of Directive 70/524/EEC;
there is no provision for incorporation in any way not in
accordance with the Annex entry, eg, at higher concentra-
tions or for different species. From October 2004, additives
for use in animal nutrition will be regulated under Regula-
tion 1831/2003/EC. Each product will be authorised by its own
EC Regulation, which includes conditions of use. Once a
substance is given a brand specific authorisation, generic
products will no longer be allowed. Antibiotics used to
promote growth will not be permitted after January 1, 2006.
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Homoeeopathic products

A veterinary homeeopathic medicinal product means any
veterinary medicinal product prepared from products, sub-
stances or compositions called homceopathic stocks in
accordance with homceeopathic manufacturing procedure
described by the European Pharmacopoeia or, in the
absence thereof, by the pharmacopoeias currently used offi-
cially in the EU member states. Products fulfilling the rele-
vant criteria may be authorised under the Registration of
Homaopathic Veterinary Medicinal Products Regulations
1997.

Probiotics and enzymes

Probiotics are cultures of live micro-organisms in a vegeta-
tive or arrested state which, when administered in feed,
have a positive effect on the health of the animal and
thereby help increase productivity. Enzymes enhance the
digestibility of certain feed ingredients. The addition of
enzymes to feed can significantly improve digestion of
carbohydrate fractions in the feed that result in increased
viscosity in the gastro-intestinal tract of the animal, which
impairs digestion. Probiotics and enzymes are controlled
under Regulation 1831/2003/EC.

Traditional remedies and chemicals

Traditional remedies and chemicals such as Epsom salts,
liquid paraffin, and Stockholm tar are freely available and
would not normally be considered as veterinary medicines.
However, once a veterinarian supplies them for a medicinal
purpose, they become medicines. They may be prescribed
under the Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994, as
amended, as extemporaneously prepared products, and as
such the standard minimum withdrawal periods are
applicable.

Under the Animals and Animal Products (Examination for
Residues and Maximum Residue Limits) Regulations 1997,
bees are classified as food-producing animals. The Veteri-
nary Medicines Directorate (VMD) has advised that sub-
stances may be administered to bees if the agent is not
likely to be harmful to human health if transmitted to the
honey. Such products are called non-medicinal curative
substances and include formic acid (60 percent and 85 per-
cent), lactic acid, oxalic acid, thymol and other essential
oils, industrial talc, and liquid paraffin, which may be
administered to bees.

Prescribing medicines

Legal requirements and provisions determine which medi-
cines may be administered to animals or incorporated in the
feedingstuffs of food-producing animals. These restrictions
are of fundamental importance to veterinarians as they
determine which medicines should be administered to an
animal and they authorise that administration.

‘Prescribing’ is often taken to cover supply or dispensing.
It is therefore important to remember the restrictions on

supply when dispensing medicines for administration to the
animal to be treated.

The Medicines Act 1968 provides that the normal channel
of retail supply of medicines should be through a retail
pharmacy. There is an exception for GSL products, which
may be sold freely. There is a further exception for a veteri-
narian, who is allowed to supply POM, PML and P products
but only to be administered to animals under his/her care.
The phrase ‘animals under his/her care’ places a restriction
on the veterinarian’s ability to supply POM, PML and P medi-
cines and an understanding of this important term is given
on page 7.

Under the Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994 as
amended, no person is allowed to administer any veterinary
medicine to an animal unless the product has been granted a
marketing authorisation (or product licence) for treatment
of the particular condition in the species being treated. The
Regulations apply to both food-producing and non-food
producing animals. There are important specific excep-
tions to this rule outlined in the ‘cascade’ method of pre-
scribing (below). Veterinarians are reminded that if they
feel that circumstances compel them to use a medicine not
covered by the available legislation, they should contact the
VMD.

Under the Regulations, where no authorised veterinary
medicine exists for a condition in a particular species, a vet-
erinarian, or a person acting under the veterinarian’s direc-
tion, may administer to a particular animal under his/her
care or a small number of such animals kept on the same
premises:

(1) A veterinary medicine authorised for use in another ani-
mal species or for another condition in the same species
(‘off-label use’); or

(2) If no product as described in (1) exists, an authorised
human medicine; or

(3) If no product as described in (2) exists, a product pre-
pared extemporaneously (ie, made up at the time of need)
by an authorised person in accordance with a veterinary
prescription. In the UK, such medicines may be prepared by
a veterinarian, a registered pharmacist, or the holder of an
appropriate manufacturer’s licence. Additional provisions
apply in the case of food-producing animals (see page 8).
‘Special-order’ products are extemporaneously prepared
products that are not commercially available such as, eg,
preparations containing an unusual formulation or drug
concentration, or that are preservative or additive free. They
may be obtained from certain manufacturers or hospital
manufacturing units. Where a product is authorised, the
authorised preparation should be used unless a specific
formulation is required.

Where the cascade options are used, the veterinarian should
advise the owner that he/she intends to administer to the
animal an authorised veterinary preparation outwith its data
sheet recommendations, an authorised human preparation
or a medicine specially prepared, and ideally obtain the cli-
ent’s written consent (see Consent forms, page 19). The vet-
erinarian should prescribe from knowledge based on best
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current practice. Advice should be sought from pharmaceu-
tical companies and/or consultants and such information
recorded and retained.

There has been much debate over the introduction of these
Regulations and the VMD has produced guidance notes for
veterinarians on interpretation of the legislation: The Medi-
cines (Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994 (SI 1994/2987):
Guidance to the veterinary profession AMELIA 8, revised
July 1998. The aims of the legislation are to ensure that
medicinal treatment of animals is effective as well as being
safe for the treated and other animals, people handling the
medicine, the environment and, in the case of food-
producing animals, safe for the consumer. The VMD advises
that ‘It is likely that the Regulations will be interpreted in
the light of how a competent and professional veterinary
surgeon would reasonably act in pursuance of these aims in
a particular set of circumstances’ (AMELIA 8). In addition,
particular issues are discussed below.

A condition in a particular species

In some instances, a product may be authorised for a condi-
tion in a particular species but be considered inappropriate
or even ineffective for the animal(s) presented. Such
instances may arise, eg, due to bacterial resistance to anti-
microbials and chronic infections, inadequacy of the recom-
mended dosage, the age and known sensitivities of the
individual animal, complex conditions requiring concurrent
drug treatment, unavailability of a product within a reasona-
ble time, or if owner compliance considerations provide
that a formulation of an authorised product would be inap-
propriate. In such circumstances, the VMD indicates that
‘where a veterinarian exercising his or her professional
expertise and judgement in the interests of the animals
under his or her care may consider that no licensed treat-
ment exists for the condition or species to be treated ... a
veterinary surgeon may prescribe another product in
accordance with the cascade’ (AMELIA 8).

Animal under his/her care

There is no definition in the legislation of the term ‘animal
or herd which is under his care’ — the phrase which is usu-
ally condensed to ‘animals under his/her care’. The Royal
College of Veterinary Surgeons (RCVS) has interpreted the
meaning of the term in the Guide to Professional Conduct
as follows:

‘(1) The veterinarian must have been given responsibility
for the health of the animal or herd by the owner or the
owner’s agent

(2) That responsibility must be real and not merely nominal
(3) The animal or herd must have been seen immediately
before prescription and supply or

(4) Recently enough or often enough for the veterinary sur-
geon to have personal knowledge of the condition of the
animal or current health status of the herd or flock to make a
diagnosis and prescribe

(5) The veterinary surgeon must maintain clinical records of
that herd/flock/individual.

What amounts to “recent enough” must be a matter for the

professional judgement of the veterinary surgeon in the
individual case.’

The RcVs advice is offered for professional and ethical pur-
poses. In a number of cases, the courts have also followed
this guidance. If a veterinarian retails (or supplies under
conditions corresponding to retail sale) POM, P, or PML prod-
ucts which are administered to animals which a court does
not find to be under his/her care, the veterinarian can be
convicted of an offence under the Medicines Act 1968.

In an emergency situation, a veterinarian may prescribe
medicines which are part of an animal’s routine medicinal
therapy although the animal is not usually under the care of
the veterinarian (eg, owners on holiday with their animals).
The veterinarian should examine the animal and make
every attempt to contact the animal’s usual veterinarian to
obtain the relevant case history. Only sufficient quantity of
drug for the animal’s immediate use should be prescribed.
Written records should be kept.

Where a client is served by more than one veterinarian, or
two or more veterinarians are each concerned with the same
group of animals, each may properly prescribe and supply
medicines to be administered to animals as part of the serv-
ices provided. In order to avoid adverse reactions arising
from unsuitable combinations of products, each veterinar-
ian must keep the other(s) informed about the products he/
she prescribes.

Small number of animals

The Regulations limit the use of the cascade options to a
‘particular animal under [a veterinarian’s] care or a small
number of auch animals’. The VMD considers that the ‘small
number’ limitation would ‘need to be decided on a case by
case basis taking account of, eg, the method of administra-
tion, the degree of contact between the animals concerned
and the condition being treated. As a general example, how-
ever, we consider that if a veterinarian wishes to sedate a
deer, the deer will be treated as an individual, so in those
circumstances a “small number” would mean not more than
one individual. Where, however, a veterinarian is required
to treat an infectious disease in, eg, farmed fish, he or she
may need to proceed on the assumption that all individuals
in one cage in contact with one another are all equally and
identically at risk, and the interpretation of “small number”
may reflect this. What will remain unacceptable would be
the indiscriminate prescription of unlicensed medicines [ie,
medicines used outwith the marketing authorisation] for use
in animals and fish whose need for and propensity to benefit
from treatment has not been assessed’ (AMELIA 8).

Minor or exotic species

The Regulations indicate that the small number of animals
limitation and the requirements to follow the three stages of
the cascade do not apply to non-food producing animals of
minor or exotic species. The VMD states, ‘The Directive is
worded in a way which makes it clear that some companion
animals are not minor or exotic species, but does not define
which they are. We suggest that, as a working rule, minor
and exotic species be taken to cover all companion, labora-
tory and zoo animals (other than any whose produce might



8 Guidance on prescribing

enter the food chain) other than cats and dogs. This
approach should not preclude veterinarians from conclud-
ing that, in certain circumstances, certain especially sensi-
tive breeds of cat and dog could be considered as exotic if
that were to be considered necessary to treat them safely
and effectively’ (AMELIA 8).

Food-producing animals

A food-producing animal is an animal whose flesh or
products are intended for human consumption.
Veterinarians should keep adequate case records, including
details of medicines used for the treatment of animals and
the circumstances of their use. The Regulations require that
records must be kept when prescribing, administering and
supplying medicines for food-producing animals under the
cascade (see Record keeping, page 15). Unless the product
is a homaopathic medicinal product in which the level of
active principles is equal to or less than one part per million,
the veterinarian must specify an appropriate withdrawal
period (see Drug residues, page 17).

In addition to the above legislation, if the animal is a food-
producing animal, the veterinarian or person acting under
his/her direction may only administer a product that con-
tains substances found in a product authorised in the UK for
use in food-producing animals. This applies whichever tier
of the cascade is used, ie, veterinary, human or specially
prepared medicines. Pharmacologically active substances
which are not contained in products currently authorised for
food-producing species, including those in products that
have been withdrawn, or the active ingredient has been
entered into Annex IV or for which there is no Annex entry
under Regulation 2377/90/EEC, must not be administered to
food-producing animals under the cascade.

This restriction may create problems for ensuring correct
treatment of food-producing animals because some impor-
tant therapeutic products are not authorised in these species.
In particular, the VMD has issued guidance on use of anaes-
thetics in these species: ‘it may be considered inappropriate
to take action against veterinary surgeons prescribing and
using anaesthetics and analgesics which are necessary for
the health and welfare of animals in circumstances where
there is no viable authorised product and where the imposi-
tion of the withdrawal period set down in the Regulations
would protect consumers’ ( AMELIA 8).

Equidae

Under European legislation, Equidae (including horses,
ponies, donkeys, mules or cross breeds of these species) are
regarded as food-producing animals. However, it is recog-
nised that not all these animals are intended for food
production and amendments to the legislation have been
made that allow use of products without established maxi-
mum residue limits (MRLs) for specified Equidae. The term
‘horse’ will be used to explain the legislation in this text. It
is essential that all horses are clearly identified by a pass-
port that may state whether or not the horse is intended for
human consumption. Under the Horse Passports (England)
Regulations 2004, from 30 June, 2004 all owners of equids

are required to have applied for a passport from one of the
passport issuing authorities. When a veterinary medicinal
product is to be administered, prescribed or dispensed for a
horse, the passport must be made available. The veterinar-
ian or person administering the product must ensure that the
horse is the one described in the passport. Section IX of the
passport deals with medicinal treatment.

In Section IX, Part I, if the owner or representative of the
owner makes a declaration that the horse is not intended for
slaughter for human consumption, these horses may be
treated using products authorised for horses and other
products under the cascade (see lists available at
www.vimd.gov.uk/general/horsemeds/horseconsumpt.htm).
There is then no need to record the administration of the
product at all. These horses may never be slaughtered for
human consumption.

Alternatively, in Section IX, Part IIIA, the owner or repre-
sentative can make a declaration that the horse is intended
for human consumption. If the animal is to be treated with
medicinal products authorised for horses and containing
substances listed in Annex I, I or III of Regulation 2377/90/
EC, the owner or keeper must record the administration of
the product. The specific data sheet withdrawal period or
the standard 6-month withdrawal period applies (see lists
available at www.vind.gov.uk/general/horsemeds/
horseconsumpt.htm). The owner should be informed of the
withdrawal period.

Animals may be treated with medicinal products listed in
Annex I, II or III of Regulation 2377/90/EC but not intended
for horses or substances that are not included in the
Annexes. In these cases, the horse can only be slaughtered
for human consumption after completion of the standard
withdrawal period of 6 months. The owner should be
informed of the withdrawal period. The substance must be
recorded in Section IX, Part IIIB.

The current interpretation of the legislation allows use of
substances that are indicated as ‘not for use in horses
intended for human consumption’ in the data sheet (but not
Annex IV substances) and the standard withdrawal period
of 6 months will apply.

If an Annex IV product is administered (see Drug residues,
page 17), the horse can never be used for human consump-
tion. The substance must be recorded in Section IX, Part
IIIB by the person administering the product. The owner
must be advised that the declaration status will be changed
to not intended for human consumption.

An owner may elect not to sign the declaration. In this case
the horse must be treated as if intended for human con-
sumption as far as medicines administration and recording
are concerned.

The administration of all equine vaccines must be recorded
by the veterinarian in the relevant section of the passport:
equine influenza vaccinations must be entered in Section V;
all other vaccinations must be recorded in Section VI.
Further information on the horse passport scheme is availa-
ble from: VMD, 01932 336911; DEFRA helpline, 020 7904

6216; www.beva.org.uk, then passports; www.defra.gov.uk/
animalh/tracing/horses/horses index.htm
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Special Treatment Authorisation

Where there is no suitable authorised product available in
the UK to treat a particular condition in a specific animal
and the use of a human or extemporaneously prepared med-
icine is inappropriate, it may be possible to authorise the
import and supply (or use) by a veterinarian of a medicine
that is authorised in another country.

The veterinarian should apply for a Special Treatment
Authorisation (STA) from the VMD. This allows import of a
medicine for treatment of an individual named (or num-
bered) animal under the care of the veterinarian named in
the authorisation and under certain conditions. Guidelines
provided by the VMD state that an STA may be issued ‘to
allow the treatment of individual animals suffering from
conditions which cannot be treated using medicines availa-
ble to the UK veterinary surgeon by normal means. They
will not be issued if a suitable product is authorised and
marketed in the UK for either animal or human use. Before
an STA is issued, the VMD must be satisfied that the benefits
of using the product will outweigh any risks and will not
pose a threat to human or animal health or the environment.
For these reasons, STAs may not be a suitable way of obtain-
ing products to treat food producing animals .... [and] STAs
will be issued for the importation of vaccines only in excep-
tional  circumstances.” (VMD, Special  Treatment
Authorisations AMELIA 10, November 1995).

In certain cases, an animal is not named in the authorisation
because retrospective record keeping has been permitted;
usually when a product needs to be prescribed urgently after
the diagnosis of a serious condition. To grant STAs in this
manner there must be a reasonable expectation that this sit-
uation will arise on a regular basis. To prove this, veterinar-
ians need to show that they hold specialist status in the
particular species or discipline, that the veterinary practice
or hospital has acknowledged expertise in that species or
discipline, that they have records demonstrating diagnosis
of the condition(s) in previous years where the product
would have been used if available, and of previous drug
usage (product recently withdrawn from the market or
previous STA granted).

The STA application form is included in AMELIA 10 and
should be sent to: Information Management Section (Spe-
cial Treatment Authorisations), Veterinary Medicines
Directorate, New Haw, Addlestone, Surrey KT15 3NB.

Prescribing by veterinarians established in EEA
states other than the UK

The Medicines (Veterinary Medicinal Products) (Veterinary
Surgeons from other EEA States) Regulations 1994 apply to
veterinarians established in EEA states other than the UK
but whose practices extend into the UK. They permit such
veterinarians to carry with them and use medicines (other
than immunologicals) not authorised in the UK provided
such medicines are authorised in the member state in which
the veterinarian is established. The Regulations specify fur-
ther provisions which must be complied with and restrict
the range and quantity of such medicines to those required
for the daily needs of good veterinary practice.

Personal importation of veterinary medicines

The Medicines (Restrictions on the Administration of Veter-
inary Medicinal Products) Regulations 1994, as amended,
apply to veterinary medicinal products administered to ani-
mals whether or not they are placed on the market in the
UK. They require that any product administered to animals
or imported for the purposes of administration must be
authorised in the UK. The vMD takes the view that a prod-
uct that is authorised in the UK is one which is labelled for
the UK market, and which bears the UK authorisation
number. This would include products that may additionally
be labelled for another country’s market. It must be borne in
mind that a product imported into the UK is subject to the
UK conditions of use, such as withdrawal period and
distribution category.

There may be incidences where a product is imported for
administration but which is not labelled as above; eg, a
holidaymaker returning to the UK from the Continent with
their pet with treatment that has been prescribed by a Euro-
pean veterinarian. The VMD states it ‘will primarily have
regard to the likelihood of risks to human or animal safety.
Factors which might be considered are whether the product
is in fact the same as a UK authorised product, or whether
there are minor differences having no effect on safety,
whether the product is for food-producing or pet animals,
the adequacy of the label, and its consistency with the
equivalent UK label’. ( Note on imports of veterinary medic-
inal products for administration to animals, VMD, October
1998).

Prescribing medicines for use in dart guns

The possession of weapons and ammunition designed for
tranquillising and treating animals and kept for that purpose
is governed by the Firearms (Amendment) Act 1997. This
legislation will affect veterinarians who possess tranquillis-
ing dart guns in order to treat animals, and who prescribe
medicines for use in dart guns or blow pipes. Drugs such as
etorphine and ketamine are not authorised for food-
producing animals and treated animals cannot be used for
human consumption.

The veterinarian or applicant must have a firearms certifi-
cate that states the purpose for which the item will be used,
eg, treating animals. RCVS guidance indicates that the veter-
inarian should ensure that the animals are ‘under his/her
care’. In addition, there should be sufficient supervision
considering that the medicines used are POM. The veterinar-
ian should supply the POM only in sufficient quantity for
immediate use and must instruct the user (no matter how
expert the latter may be) in the use of the gun and tranquil-
liser. They must also direct the user as to what to do in an
emergency, eg, a person being struck by a dart. The veteri-
narian need not be present when the dart gun is used. It is
recommended to keep this method of medication under
joint review so that any additional necessary advice can be
given.

Further information is given in the RCVS Guide to Profes-
sional Conduct, which is available at www.rcvs.org.uk/
vet_surgeons/professionalconduct/annexes/index.html
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Dispensing medicines

Advertising and display

There are serious concerns regarding advertising of POM
preparations such as antimicrobials to the general public
and the possibility of the general public obtaining such
products from inappropriate sources and using them with-
out proper controls. However it may be valuable to advise
clients of other products that are POM, such as flea treat-
ments, because restriction on advertising could limit educa-
tion, provision of information to clients, and preventative
health care. For guidance, POM products should not be
advertised to the general public but may be advertised to
clients, eg, posters in the waiting room, and vaccination and
flea treatment reminder cards. P, PML and GSL preparations
may be displayed to the public but dummy packets for P and
PML products must be used unless display cabinets are
secure. The RCVS advises in the Guide to Professional Con-
duct that ‘Medicines may be advertised to clients or to pro-
spective clients only at their request and may not be
advertised generally.” (This may be amended in response to
the Competition Commissions recommendations so as to
enable veterinarians to advertise the prices of POM products
to non-clients.)

Premises

Premises in which medicines are stored should be a build-
ing, or part of a building, of a permanent nature. Areas used
for sale, supply or storage of medicines should not be any
residential part of a dwellinghouse. Premises should be kept
clean and vermin proof. Premises should be divided into
areas to which the public has access (waiting rooms, surger-
ies, etc) and ‘staff only’ areas where public access is not
allowed or is controlled.

Premises in which medicines are stored and dispensed
should be capable of being secured so as to exclude the pub-
lic and deter unlawful entry. Insurers may require that the
premises are fitted with a security alarm. Storage within the
premises must also be secure and, ideally, no other activity
should be allowed in storage areas. Refrigerated space must
be provided for products with specific temperature
requirements.

Controlled drugs and injection equipment present an attrac-
tive target not only to addicts but also to professional crimi-
nals aware of profits to be made from illicit drug sales. The
Advisory Committee on the Misuse of Drugs reviewed the
security of controlled drugs in 1983. Advice should be
obtained from the local crime prevention officer on the suit-
ability of premises, receptacles, etc, for controlled drugs.
Medicines kept in consulting rooms to which the public has
access should be kept to a minimum, should not be drugs of
abuse, and should be kept in cupboards and drawers not
readily accessible to clients. Only the minimum necessary
quantities of medicines should be carried by car or in a
small animal visit box.

A list of key telephone numbers (doctor, hospital, fire serv-
ice, poisons centre, etc) should be prominently displayed.
Appropriate safety equipment must be available. The Con-
trol of Substances Hazardous to Health Regulations 1999

(cosHH) must be observed (contact the BVA, 7 Mansfield
Street, London W1G 9NQ, telephone 020 7636 6541, fax
020 7436 2970, for further information).

There must be no smoking, eating or storage of food for
human consumption in areas where medicines are stored or
dispensed. There should be notices in place to inform staff
and clients accordingly.

Personnel

In all practices there must be a named person (preferably a
veterinarian) who is responsible for seeing that the require-
ments of this code of practice are observed. It would be
convenient for the same person to also be responsible for
complying with COSHH requirements and waste disposal
regulations. A practice manual should be prepared which
provides staff with detailed specific instructions on practice
policy including dispensing of medicines.

Anyone involved in dispensing activity (unless handling
GSL products) must be suitably trained. This is particularly
important for POM products. The veterinarian can supply
POM products (to clients whose animals are ‘under his/her
care’). The qualified veterinary nurse or trained and author-
ised person can supply POM products provided he/she does
so under the authority of the prescribing veterinarian.

All persons engaged in dispensing should observe high
standards of personal cleanliness. Protective clothing
should be disposable or regularly and frequently cleaned.
No person with open lesions or skin infections should be
engaged in dispensing processes. Staff must report infec-
tions and skin lesions. All persons should keep any cut or
abrasion on any exposed part of their person covered with a
suitable waterproof dressing.

Direct contact between the operator’s hands and the dis-
pensed products should be avoided, eg, by wearing gloves
or by using a tablet counting device.

The dispensary

Great care should be taken to ensure safe storage of all med-
icines. Medicines should be stored in accordance with
manufacturers’ instructions. They should be protected from
the adverse effects of extremes of environmental condi-
tions, such as light, temperature, and humidity in the dis-
pensary. Blinds, as necessary, should cover windows. Light-
sensitive products should be protected from light. Sterilisers
should not be sited in the dispensary because they may
affect the humidity of the room. Ventilation must be
adequate.

In order to avoid contamination, stocks of medicines to be
supplied to clients must not be stored in toilets, laboratories,
or places where animals are kept, such as kennels.
Particular attention should be taken to ensure that products
are stored at the correct temperature. Refrigerated space
must be provided for products such as vaccines, anti-sera,
and some reconstituted antibiotic solutions with specific
low temperature storage requirements. Vaccines, etc, should
be refrigerated as soon as received. Biological samples,
food, bacteriological media, etc, should be stored in desig-
nated refrigerators. Particular care should be taken to avoid
freezing or prolonged exposure to high temperatures.
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Refrigerators must be maintained at 2° C to 8° C and should
be fitted with a means of regular daily monitoring and
recording of temperatures, such as a minimum/maximum
thermometer and dedicated log book. An electronic device
can be used to monitor temperature or manual temperature
monitoring is adequate provided an accurate temperature
recording is obtained and the bulb of the thermometer is
placed in glycerol to reduce temperature fluctuations. A
named person should check and record the temperature of
each refrigerator. In-car refrigeration units are now availa-
ble. Regular servicing, cleaning and stock control should be
maintained for refrigerators as for other storage areas.
Flammable products must be stored in appropriate cabinets
specifically designed for the purpose.

Well-designed shelving and fittings should be installed to
reduce the possibility of breakage, spillage and stock mis-
placement. A named person should be responsible for stock
control.

It is good practice to affix a practice label to each item
before it is placed in stock. The date of first usage on multi-
dose vials and the date at which the vial should be discarded
should be indicated. Multi-dose vials with an in-use shelf
life now have a suitably labelled space for the user to insert
the date for discarding the opened container. In general,
medicines should be stored in the original container until
required.

Dates of deliveries from manufacturers or wholesalers
should be recorded, unless this information is on an invoice
from the manufacturer or wholesaler, which is retained.
Batches of the same product should be kept separate and
older stock should be issued before new stock, ie, careful
stock rotation should be maintained.

Packs with defaced or damaged labels, damaged packs or
those that are date expired should be removed. Such items
should not be sold.

Once stock has been dispensed, it should not be accepted
back into the dispensary. No returned goods should be
offered for resale because there may have been problems
with storage conditions beyond the veterinarians control.
Although stock that has to be returned to a manufacturer or
wholesaler should be returned without delay, there are strict
regulations relating to returned stock accepted by
wholesalers.

Only medicines used frequently should be carried routinely
in vehicles. It is good practice to store a minimum amount
of preparations in a car because the temperature within the
car may fluctuate greatly and the efficacy of the products
may be affected. An insulated container will provide short-
term storage for some temperature sensitive items.
Precautions against theft from vehicles must be taken.
Veterinarians should attempt to ensure that farmers store
medicines properly and that preparations are not used
beyond their expiry date or broached vial usage period (see
Working with clients, page 13).

Very strict requirements operate for the storage of control-
led drugs. Security is essential. Only the minimum quantity
of controlled drugs should be stored consistent with routine
needs and emergencies of the practice. Schedule 2 and some

Schedule 3 controlled drugs must be kept in a suitable
locked receptacle which can only be opened by the veteri-
narian or by a person authorised by the veterinarian to do
so. This is best implemented by having no more than one
key to the receptacle per veterinarian. The keys should be
kept on the person. A locked car is not considered to be
such a receptacle within the meaning of the Misuse of
Drugs (Safe Custody) Regulations 1973 and veterinarians
are advised to provide additional locked units within any
vehicles used for the transport of such medicines.

Supply of human medicines for animals

A veterinarian or a person under his/her direction may sup-
ply an authorised human medicine for use in a particular
animal (see Prescribing medicines, page 6). A veterinarian
should advise the owner that he/she intends to administer an
authorised human preparation to the animal and ideally
obtain the client’s written consent (see Consent forms,
page 19).

Some manufacturers may be reluctant to supply veterinari-
ans directly with authorised human preparations. In such
instances, the veterinarian may write a prescription for
supply from a pharmacist.

Guidance on the supply of an authorised human medicine
for animal use by a pharmacist is given by the RPSGB. Sup-
ply may be given only with prior direction from a veterinar-
ian. This instruction may be given verbally for GSL or P
products but must be written for POM products. It is good
practice for the pharmacist to record when a verbal instruc-
tion has been given by a veterinarian or for the written
instruction in the form of a prescription to be entered into
the prescription book in the pharmacy. The pharmacist has
to be satisfied that a veterinarian has given an instruction
before a supply is made. If a pharmacist is asked for an
authorised human product by an animal owner for use in/on
the animal, the pharmacist should refer to a veterinarian for
either a recommendation or a prescription.

Containers

The RPSGB recommends that when medicines are re-packed
from bulk or prepared extemporaneously they must be
packed in containers that are appropriate for the product
dispensed and the user. All containers intended for medici-
nal products must be protected and free from contamina-
tion.

In general, all solid dose and all oral and external prepara-
tions should be dispensed in a reclosable child-resistant
container. However there are exemptions to this require-
ment. If the medicine is in the manufacturer’ original pack,
such as blister-packed medicines, it may be inadvisable to
change the container. Sachets and manufacturers’ strip or
blister-packed medicines should be dispensed in paper
board cartons or wallets, or paper envelopes.

Discretion may be exercised in the use of child-proof con-
tainers. There are occasions when they are clearly inappro-
priate (aged and infirm clients, large-animal formulations,
no suitable child-resistant container exists for a particular
liquid preparation, etc). A notice should be displayed in the
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waiting room indicating that tablets and capsules will nor-
mally be dispensed in child-proof containers but that plain
containers can be supplied on request. Advice must be
given to keep all medicines out of reach of children.
Tablets, capsules and powders are often adversely affected
by moisture and should be stored in the original container
until required in order to protect the medicine against break-
age, crushing, moisture ingress, contamination and deterio-
ration, with the lid being properly replaced after use. In
addition, adequate labelling and stock rotation should be
taken into account when repackaging tablets ready for
dispensing.

Paper envelopes and plastic bags are unacceptable as the
sole container of veterinary medicines.

Under the Medicines (Fluted Bottles) Regulations 1978,
certain liquid medicinal products for external use should be
dispensed in fluted bottles so that they are recognisable by
touch. This requirement does not apply to containers of a
capacity greater than 1.14 litres or to eye or ear drops sup-
plied in plastic containers. However, fluted bottles may be
difficult to obtain. Therefore, it is recommended that prepa-
rations be dispensed as proprietary products in containers
supplied by the manufacturer wherever possible.

Creams, dusting powders, granules, ointments, pessaries,
powders, suppositories, semi-solids, etc, should be dis-
pensed in wide-mouthed jars made of glass or plastic.
Medicines sensitive to light should be dispensed in an
opaque or appropriately coloured container.

It is good practice to supply, eg, injectable antibacterials for
administration by farmers, in 20 ml or 40 ml vials available
from manufacturers (rather than in syringes).

The dispenser has a duty to ensure that the owner under-
stands any instructions on the label (see below) and knows
how to use the product safely. The owner or keeper of the
animal or herd must be warned to keep all medicines out of
reach of children.

Labelling of dispensed medicines

All medicines sold or supplied by a veterinarian or pharma-

cist in accordance with a prescription given by a veterinar-

ian, are by definition ‘dispensed medicines’ and as such

must be labelled correctly as given in the Medicines (Label-

ling) Regulations 1976 as amended. Dispensing veterinari-

ans should ensure that the label uses mechanically printed

lettering (ie, computer generated) or labels must be indeli-

bly and legibly printed or written in accordance with statu-

tory requirements. Biro, ballpoint or felt tip pens are

acceptable for labelling; ink and pencil are not. The label

must include:

¢ The name of the owner or keeper or the person who has
control of the animal or herd (or group)

* The address of the premises where the animal or herd is
kept or the address of one of such premises

* The name and address of the veterinarian

¢ The date of dispensing

¢ The words ‘for animal treatment only’, unless the con-
tainer or package is too small for it to be practicable to
do so

* The words ‘keep out of the reach of children’ or words
having a similar meaning

e The words ‘for external use only’ or ‘not to be taken
internally’ for medicines that are only for topical use
(eg, embrocations, liniments, ear or eye formulations,
lotions, liquid antiseptics or other liquid preparations or
gels)

* The relevant withdrawal period should always be stated
on medicines for food-producing animals. The with-
drawal period, even if it is nil, should be indicated.

When writing a prescription the veterinarian may request

that it be labelled with any of the following particulars

(which the veterinarian would use if he/she were dispensing

directly to a client):

e The drug name, concentration and amount dispensed

* Directions for use

*  Where appropriate, precautions relating to the use of the
product to ensure operator safety. It is good practice to
supply the operator with, eg, disposable gloves when
dispensing griseofulvin-containing powder or granules

¢ The name or description of animal(s) to be treated.

Ideally, the label should not obscure the expiry date of the

preparation or important printed information on the manu-

facturer’s label or pack. For preparations such as tubes of
eye ointment, the product may be dispensed in an
appropriately labelled envelope.

Specimen labels

Example 1 Dispensing 20 acepromazine 10 mg tablets for a
dog

Name of animal
Name and address of client
Date

20 x 10 mg acepromazine tablets
2 tablets by mouth, before travelling

For Animal Treatment Only

Keep all medicines out of reach of children
J G Bloggs MRCVS

2 High Street, Coxton, Surrey

Example 2 Dispensing 50 ml Framomycin 15% Injection
for a cow

Identification number of animal
Name and address of client
Date

50 ml x framycetin injection 150 mg/ml
15 ml by intramuscular injection daily
Withholding times:Meat 49 days

Milk 56 hours

For Animal Treatment Only

Keep all medicines out of reach of children
J G Bloggs MRCVS

2 High Street, Coxton, Surrey
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Apart from complying with the legislation, instructions on
labels should be aimed at creating a greater awareness on
the part of the end user as to the manner in which animal
medicines should be stored, handled and administered. The
dispenser should bring the owners attention to the
instructions, provide clarification and answer any questions.
Product information leaflets are often supplied by the man-
ufacturer to supplement the information on the container
and package. This additional information may prove useful
to the end user and product information sheets, package
inserts, or leaflets should be dispensed with the product.

Sending medicines by post

Pharmaceutical companies occasionally send medicines
directly to a veterinary practice by post, and wholesalers
frequently use this means to forward medicines to remote
practices when small items are required urgently. Veterinar-
ians may send medicines by post to clients whose animals
are under the veterinarian’s care provided the medicines are
not hazardous to the public, are in child resistant or manu-
facturer’s original containers, and have been safely packed.
Safe packaging is especially important for liquid medicines
and the veterinarian must ensure that there should be no
leakage outside the packaging if the inner container breaks;
the inner container must be covered in polythene, absorbent
material, etc. For the purposes of transporting CD medicines,
the Home Office classifies these products as low, medium,
and high risk depending on the drug and amount dis-
patched. In general, the usual amount of CD medicines sent
by the veterinarian to a client would be classified as low
risk and may be sent by post. The Home Office advises that
postal services used should provide transit security or an
audit trail capable of identifying where any loss has
occurred.

Working with clients

Under the COSHH Regulations the veterinarian has a duty
of care to ensure that an owner knows how to use a product
safely and that this information is made known to the per-
son actually using the product. The veterinarian may assist
farmers with their COSHH assessment.

The veterinarian should ensure that only sufficient quanti-
ties of medicines are prescribed or supplied to the owner for
the individual or group of animals being treated. In particu-
lar cases, it will be reasonable to allow selected clients to
hold a small reserve of some preparations provided the vet-
erinarian recognises a recurring need for the use and is sat-
isfied that the client has demonstrated his/her reliability in
all aspects of using medicines.

Clients should be advised that instructions provided should
be read carefully before administering any medicine and to
check any warning statement and guidance given about how
a medicine should not be used, in particular whether it can
be used concurrently with any other medicines given to the
animal.

Clear and concise advice should be given to clients on the
safe storage and use of medicines supplied or prescribed.
Clients should be advised to store medicines correctly and
in accordance with the instructions on the label. Medicines

should be stored securely and should be kept out of reach of
children or animals.

Part-used packs of injectable preparations should be dis-
carded safely at the end of each daily operation or use and
not re-used on subsequent days unless the data sheet speci-
fies such a usage of opened packs. The date of first usage on
multi-dose vials and the date at which the vial should be
discarded should be indicated. Multi-dose vials with an in-
use shelf life now have a suitably labelled space for the user
to insert the date for discarding the opened container. The
expiry date on the label should be checked and the
medicines should not be used past that date.

Clients should be reminded to use medicines only on ani-
mals recommended on the label or leaflet, unless the veteri-
narian has otherwise directed. The result of giving a
medicine to an animal for which it is not recommended is
unpredictable and may endanger the animal.

The BVA recommends that written standard operating
procedures (SOPs) should be designed by the veterinarian
attending food-producing animals to cover medicines that
are used regularly on a farm. The sops should be under the
direct supervision of the veterinarian. The reason for the use
of the medicine, the dosage regimen, instructions on correct
administration, storage requirements and identification of
withdrawal periods should be specified. The veterinarian
should provide additional information on exactly how the
withdrawal period must be followed.

During farm visits a detailed appraisal of medicinal storage,
handling and usage on the farm should be undertaken. Dis-
cussion should take place with the stockpersons who carry
out the routine day-to-day tasks to ensure that the correct
procedures are in use. In addition, line management on the
enterprise should be observed with the owner or manager
kept fully informed.

The livestock farmer has a statutory obligation to keep
records (see Record keeping, page 15). A veterinarian has
an ethical obligation to help the client keep such records.
Client education plays a vital role in ensuring that medi-
cines are used correctly. There is a Code of Practice on the
Responsible Use of Animal Medicines on the Farm agreed
by a number of organisations and a copy of this Code is
included in the NOAH/ADHA Animal Medicines Record
Book. Regular newsletters or presentations giving clients
information on issues such as legislation affecting the man-
ner in which veterinarians prescribe and dispense medi-
cines, will help clients to understand any restrictions placed
upon them. Open days also allow clients to observe
working practices.

Supply of prostaglandins for use on the farm
Prostaglandins are very potent compounds with a wide
range of physiological effects. Accidental self-injection or
inadvertent inhalation of spray due to poor injection tech-
nique may cause severe reactions in humans.
Prostaglandins are used in cattle for treating unobserved
oestrus, controlled breeding programmes, treatment of pyo-
metra/chronic endometritis, induction of calving, hastening
placental expulsion, treatment of cystic ovarian disease, and
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Specimen form for Safe Use of Prostaglandin Products in Sows

[Practice Stamp]
SAFE USE OF PROSTAGLANDIN PRODUCTS IN SOWS

(1) I [name] understand and will carry out the following procedures for the safe use and administration of the
prostaglandin [proprietary name].

(2) T have read and I understand the packaging leaflet/data sheet/my veterinarian has explained the data sheet.
(3) The handling of this product is restricted to myself and [name] who is also bound by these rules.

(4) At ALL times the product will be stored in a nominated locked place.

(5) No other person will have access to the product or handle it.

(6) It will be administered only to sows that are my property and on my farm/farms for the induction of farrowing or for the
reduction of the weaning to oestrus interval or weaning to fertile service interval, as directed.

(7) I will record the date of administration of each dose with the records of the sow and dose volume given together with
identification of the sow in accordance with legislation.

(8) Supplies of the product will be obtained by me personally from the veterinarian who has the sows under his/her care. [
will sign for each consignment.

(9) Empty containers of the product will be disposed of in accordance with the agreed farm policy for disposal of pharma-
ceutical waste.

(10) I agree to receiving instructions as to the handling, storage, administration, and recording of the use of this product
and will abide by them.

(11) A new sterile syringe and needle will be used for each dose of the product administered. After the injection has been
given the syringe and needle will be either returned to the veterinary practice or safely destroyed on the farm as agreed.

(12) Waterproof gloves will be worn by the operator handling the product; accidental spillage will be washed off the skin
immediately and, in the event of accidental injection, medical advice will be sought urgently.

(13) I understand that contact with prostaglandin products by women of child-bearing age or by asthmatics constitutes a
particular potential hazard and is to be avoided.

(14) These rules will be displayed where the product is to be stored.

(15) I understand that failure to comply with these instructions at any time would result in no further issue of the product.
Signature and date:

Name and address:

Telephone:

Site of storage of prostaglandins if different to above:

Counter signature of veterinarian and date:
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misalliance. All these indications demand accurate identifi-
cation of the animals and proper veterinary examination and
diagnosis.

In pig practice, prostaglandins are mainly used for the
induction of farrowing. In addition they may be given 24 to
48 hours after farrowing to reduce the weaning to oestrus
interval or the weaning to fertile service interval. It is
accepted that for logistical reasons it would not be possible
to insist on veterinary administration for these purposes. If
the veterinarian decides it is necessary to supply or pre-
scribe prostaglandins he/she should ensure that the products
are issued to one named person only. The guidelines given
below should be followed.

Prostaglandins are POM and should be issued by a veterinar-
ian only to a farmer who is a bona fide client, for use on his
own sows, on his own farm or farms, and issued on the
basis that the named person is individually responsible for
the product storage, handling, administration and accounta-
bility, and also signs a receipt for each consignment of the
product.

Records of supply and administration in accordance with
legislation must be kept by the veterinarian and the farmer
(see Record keeping). The veterinarian should advise the
farmer that at all times the product must be kept in a secure
locked place except as/when required for administration to
sows. The on-farm storage conditions should be inspected
and approved by the veterinarian.

The veterinarian should issue only sufficient product for the
immediate use on the farm. Periodically, the veterinarian
should check the amount issued against the number of ani-
mals treated. The veterinarian should issue new stocks
against the return of used or date expired packs or in
accordance with amounts used as indicated by the farmer’s
records. The farmer should be supplied with a container in
which to store sharps and syringes and needles issued with
the product, which should be either returned to the
veterinary practice for disposal or safely destroyed.

The client should be instructed on the safe handling of the
product, the filling of syringes, the method and site of injec-
tion, and warned of the risk of product exposure to women
of child-bearing age and to asthmatics. The package leaflet,
copy of data sheet or copy of technical brochure should be
issued to the farmer. Waterproof gloves should be worn
when handling the product and any spillage should be
washed off the skin immediately. In the event of accidental
administration to a person, medical advice should be sought
promptly.

Prostaglandins should only be issued for induction of far-
rowing in sows if farm records are adequate to indicate the
average gestation length taking the first day of service as
Day 0. The product should not be administered earlier than
3 days before the expected date of farrowing and it is
recommended that induced farrowings be supervised.

No treated animals may be slaughtered until the appropriate
withdrawal period has expired.

The BVA has compiled a specimen form entitled Safe Use
of Prostaglandin Products in Sows (see page 14). The vet-
erinarian is advised to request that the farmer signs the form

in which he undertakes to follow a code of practice. Failure
of a farmer to comply with the code of practice should
result in the veterinarian withholding supply of further
quantities of the product under the terms of item (15) of the
undertaking (see specimen form).

The procedure for issue of prostaglandins to a farmer client
should be reviewed at regular intervals to take account of
the changes in management, sow numbers, or other
practical conditions on the farm.

Record keeping

It is imperative that veterinarians and all personnel involved
in administration and dispensing of medicines keep perma-
nent records. In addition to specific legal requirements for
record keeping, it may be necessary to record reasons for
prescribing. Under legislation, the record keeping require-
ments apply to administration and sale and supply for food-
producing animals, including horses declared as intended
for human consumption. However, veterinarians are
encouraged to maintain records of administration and sales
of veterinary medicines for pets or other companion ani-
mals voluntarily, especially to assist product traceability
and recall should the need arise.

All necessary records should be kept in a readily retrievable
manner (eg, a handbook, files, or on a computerised data-
base). Where a computer is used there must be adequate
precautions against inadvertent loss of data. Any
discrepancies must be entered into the records.

Prescribing cards are a useful aid to record keeping and
control of supply. Most small animal practices would keep
this information as part of the normal case records except
that the name and address of the recipient would be in the
patient’s record and not kept separately. There is no neces-
sity to transfer such information to the dispensary records.
For each animal or group of animals a detailed record
should be kept showing which medicines are authorised to
be supplied, in what quantities on each occasion, and what
actual supply has occurred. A limit on the total supply
should be set and no further supply should be made without
the authority of a veterinarian in the practice. The cards
should be checked periodically.

Records should be kept for 3 years to comply with the Med-
icines Act 1968. However, they should be retained for at
least 6 years in case a civil action for damages ensues.

Supply or sale of dispensed medicines by the
veterinarian

Under the Retailers’ Records for Veterinary Medicinal
Products Regulations 2000, veterinarians must keep records
for each incoming transaction concerning products received
from wholesalers, manufacturers, etc, along with each out-
going transaction involving the sale of products to clients.
In practice, the legislation applies to all PML, P, or POM prod-
ucts for food-producing animals; GSL medicines are not
affected. Records should be made within 48 hours of the
transaction, kept for a period of at least 3 years, and be
available for inspection.
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Information retained for each incoming or outgoing
transaction made by a veterinarian must include:

* The date of the transaction

e The identity of the product

¢ The manufacturer’s batch number

¢ The quantity received or supplied

* The name and address of the supplier or recipient.
These Regulations also apply to pharmacists. Pharmacists
supplying POM products will also have to record the name
and address of the prescribing veterinarian and keep a copy
of the prescription. Under the Medicines (Exemptions for
Merchants in Veterinary Drugs) Order 1998 the same
record keeping requirements apply to registered agricultural
merchants and saddlers.

There has been debate about the practical application of the
legislation, in particular recording of batch numbers. How-
ever, it is not possible in this Code to provide detailed guid-
ance on protocols to be adopted. Each practice needs to
consider their own situation carefully and decide how to
comply with the recording requirements for all medicines,
including those used in the day-to-day running of the clinic
and from car boot stock. Standard Operating Procedures
should be devised.

In addition, at least once a year a detailed audit of all trans-
actions must be carried out. Incoming and outgoing prod-
ucts should be reconciled with those held in stock and any
discrepancies recorded. Although small animal transactions
are excluded from the Regulations, in order to perform a
detailed medicines audit there is a need to account for the
items used for companion animals in a mixed (large and
small animal) practice, and also to account for breakages,
items used in the operating theatre, and out-of-date stock.
Under the Misuse of Drugs Regulations 1985, veterinarians
must record the purchase and administration or supply of all
Schedule 2 controlled drugs in a Register within 24 hours
(see page 4). Although records may be kept by electronic
means for POM, P, PML,and GSL medicines, the legislation for
CD specifies the method of recording and manual recording
in a controlled drugs Register is required for Schedule 2
controlled drugs.

The vMD has produced guidance on record-keeping require-
ments in Record-keeping Requirements: Guidance for vet-
erinarians and pharmacists supplying medicinal products
by retail sale, AMELIA 16, February 2001, available at

www.vimd.gov.uk

Administration by the veterinarian

Under the Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994, as
amended, a veterinarian must keep permanent records after
administration of medicines to food-producing species
under the cascade.

The following records must be kept by the veterinarian after
administration:

¢ Date of examination of animals

¢ Name and address of the owner

e Number of animals treated

* Diagnosis

¢ Product prescribed

¢ Dosage to be administered

¢ Duration of treatment

e Withdrawal period recommended.

The records must be kept and be available for inspection for
at least 3 years.

Administration by the farmer

Under the Animals and Animal Products (Examination for

Residues and Maximum Residues Limits) Regulations 1997,

a person engaged by way of business in the rearing, produc-

tion or treatment of animals intended for human consump-

tion, must keep a record of particulars relating to the

administration of any veterinary medicinal product to such

animals or group of animals. The record must be made as

soon as practicable after administration and must include

the following information:

¢ Date of purchase

¢ Date of administration

e Identity and quantity of the veterinary medicinal
product

* Name and address of the supplier of the veterinary
medicinal product

¢ Identification of the animal or group of animals to
which the veterinary medicinal product was
administered

e The number of animals treated.

It may also be in the farmer’s interest to record:

e The dates on which any withdrawal period for meat,
milk, or any other animal product ended

* The date on which the treatment finished

¢ The name of the person who administered the medicine

¢ The batch numbers and expiry dates of any products
used.

Records must be kept for at least 3 years except in the case

of a prescription intended to show that withdrawal periods

have been observed, which shall be retained for a period of

5 years from the commencement of the withdrawal period

to which it relates.

The veterinarian has an obligation to assist clients to keep

good records by, eg, supplying a medicines record book.

The National Office of Animal Health (NOAH) in conjunc-

tion with the Animal Health Distributors Association

(AHDA) produce an Animal Medicine Record Book, which

is available from AHDA (Gable Court, 8 Parsons Hill,

Hollesley, Woodbridge, Suffolk 112 3RB, telephone 01394

410444, fax 01394 410455, e-mail info@ahda.org.uk). The

Pig Veterinary Society also produces a Veterinary Medi-

cines Record of Administration Booklet (available from the

Pig Veterinary Society, Southview, East Tytherton, Chip-

penham, Wiltshire SN15 4LX, telephone 01249 740380, fax

01249 740380, e-mail office @pigvetsoc.org.uk). The NTF

Medication Book is available from the National Trainers

Federation (NTF) to assist trainers in recording the medical

treatment of horses in training. Details from NTF (9 High

Street, Lambourn, Hungerford, Berkshire RG17 8XN, tele-

phone 01488 71719, fax 01488 73005, e-mail

info@racehorsetrainers.org).




BVA Code of Practice on Medicines 17

The veterinarian should regularly examine the medicines
record book to provide confirmation of the diseases and
conditions requiring medication on the farm, whether the
dose and regimen is as recommended, and the latest
withdrawal periods.

Suspected Adverse Reaction Surveillance
Scheme

The Suspected Adverse Reaction Surveillance Scheme
(SARSS) is a national surveillance scheme run by the VMD to
record and monitor reports of suspected adverse reactions to
veterinary medicines in both animal species and humans.
The scheme also records lack of efficacy, adverse environ-
mental effects, and suspected residues in milk and meat.

A suspected adverse reaction is a harmful and unintended

reaction to a veterinary medicine (or lack of expected

effect) when administered to an animal at its normal dosage.

Any veterinary medicine, whether a drug or vaccine, may

be associated with an adverse reaction in animals. Sus-

pected adverse reactions in human operators are also seen.

All veterinarians should accept as a serious ethical obliga-

tion the reporting of suspected adverse reactions to author-

ised veterinary medicines in animals or humans. Adverse

reactions resulting from the use of authorised human medi-

cines under the cascade should also be reported. Any obser-

vation which might lead to suspicion of an adverse reaction

should be treated with careful professional judgement.

The following categories of suspected adverse reactions are

important to detect and record for all species:

* Unexpected suspected adverse reaction associated with
the use of an authorised product

* Expected suspected adverse reaction mentioned in the
data sheet but occurring more frequently than expected

* Any suspected adverse reaction to a new product within
the first year of marketing

* Any suspected adverse reaction to an authorised veteri-
nary medicine used outwith the data sheet (‘off-label’)

¢ Lack of efficacy problems such as antimicrobial or
antiparasiticidal resistance

e All suspected adverse reactions in humans possibly
associated with the use of a veterinary medicine in an
animal

» Effects of use of authorised human medicines in ani-
mals

» Effects of veterinary medicines on the environment

¢ Suspected meat and milk drug residue problems.

A veterinarian may prescribe use of an authorised product

outwith the data sheet when he/she concludes that an

authorised product does not exist in a particular case,

because likelihood of lack of efficacy is suspected or there

are unacceptable side-effects on the part of the authorised

product. Such suspicions should be reported to the VMD

where they will be recorded and monitored. The VMD will

then assess the incidence and severity of side-effects, and

the efficacy of the products and act as necessary to amend

product literature.

Under the wider scope of pharmacovigilance, the VMD col-
lects information on incidents involving the provisional
detection of antibiotic residues in milk of dairy cows which
have been treated with lactating or dry cow therapy to treat
or prevent mastitis. Problems in individual dairy cows or
bulk tank supplies may be reported. The individual animal
should be identified and treatment regimens noted. In addi-
tion, information on the milking regimen used on the farm,
such as type and service history of the milking machine,
teat-dipping protocols, the frequency of milking, and herd
lactation yield, should be given.
Suspected adverse reactions in animals or humans should
be reported on Form MLA 252A (Rev 11/02) and suspected
antibiotic residues in milk reported on Form MLA 2 (12/01)
to:

Veterinary Medicines Directorate

FREEPOST KT 4503

Woodham Lane, New Haw

Addlestone, Surrey KT15 3NB

Copies of these forms are available on request from the
VMD (telephone 01932 338427, fax 01932 336618) and are
available on the VMD website www.vind.gov.uk, then
Adverse Reactions. Tear-out copies are included in the
NOAH Compendium of Data Sheets for Animal Medicines,
The Veterinary Formulary, and the BSAVA Small Animal
Formulary.

Identification of the product marketing authorisation
number is a vital part of the validation of a suspected
adverse reaction or suspected antibiotic residues in milk
report; the product authorisation number should be pre-
ceded by the PL, vm or EU prefix. Suspected adverse reac-
tions involving use of medicines subject to Animal Test
Certificates should be recorded and reported in the same
way as for authorised products. Where a serious reaction
occurs (especially death), the report should be sent to the
VMD as soon as possible and, in any case, within 15 days of
occurrence.

It is also important to report a suspected adverse reaction or
suspected antibiotic residues in milk to the market authori-
sation holder so that appropriate steps can be taken to
investigate the alleged problem.

The vMD has provided guidance on pharmacovigilance in
Marketing Authorisations for Veterinary Medicinal Prod-
ucts: Supplementary guidance on pharmacovigilance,
AMELIA 12, revised July 2001. Available at

www.vind.gov.uk/sarss/publications/animal2.pdf

Drug residues

When treating food-producing animals, veterinarians may
use only medicines whose ingredients are contained in a
product authorised for use in the UK in food-producing ani-
mals. This is to ensure that residue implications have been
properly and fully evaluated.

Residues of veterinary medicines are defined as pharmaco-
logically active substances (whether active principles,
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excipients or degradation products) and their metabolites,
which remain in foodstuffs obtained from animals that have
been administered the veterinary medicine in question.
The EU Regulation 2377/90/EEC establishes Maximum Resi-
due Limits (MRLs) for pharmacologically active substances
used in food-producing animals. The MRL is defined as the
maximum concentration of residue resulting from adminis-
tration of a veterinary medicine which is legally permitted
in the Community or recognised as acceptable in or on a
food. Substances may be listed in one of the four Annexes
to the Regulation as indicated below:

Annex I — substances for which a full MRL has been

fixed

Annex II — substances for which an MRL is not required

Annex III — substances for which a provisional MRL has

been fixed

Annex IV — substances for which no MRL can be fixed.
The substances listed in Annex IV are Aristolochia spp and
preparations thereof, chloramphenicol, chloroform, chlor-
promazine, colchicine, dapsone, dimetridazole, metronida-
zole, nitrofurans (including furazolidone) and ronidazole.
These substances are banned from use in food-producing
animals. In addition, substances that do not have an Annex
entry (I, II, III) may not be used in food-producing animals.
Special provisions apply to horses under the horse passport
scheme (see Equidae, page 8). Further information on MRLs
may be found on the European Medicines Evaluation
Agency (EMEA) website: www.eudra.org and on the VMD
website www.vmd.gov.uk
MRLs established under these procedures are adopted in
Great Britain for surveillance and enforcement purposes
under the Animals and Animal Products (Examination for
Residues and Maximum Residues Limits) Regulations 1997.
Under these Regulations a person may not sell or supply for
slaughter any animal for human consumption if the with-
drawal period of any authorised veterinary product, which
has been administered to the animal, has not expired.
The withdrawal period is the time interval after cessation of
treatment and before the animal or any of its products can
be used as human food (the concentration of residues in tis-
sues such as muscle, liver, kidney, skin and fat, or products
such as milk, eggs and honey must be lower than or equal to
the MRL).
If no withdrawal period for the species concerned is indi-
cated on the product, the veterinarian must specify a stand-
ard minimum withdrawal period of not less than the
following:

7 days for eggs

7 days for milk

28 days for meat from poultry and mammals, including

fat and offal

500° days for meat from fish (where degree days is the

cumulative sum of mean daily water temperatures in

degrees Celsius following the last treatment).
Whenever medicines are sold, supplied or used for treating
food-producing animals, an assessment should first be
made to ensure that the appropriate withdrawal period can
be observed on the farm. The importance of observing a

withdrawal period and its duration for the product used
should be fully and clearly explained to the farmer/owner.
The UK has in place a rigorous system of statutory and non-
statutory surveillance for veterinary residues in animal
products at slaughterhouses, on farms and at retail outlets.
Both these programmes play a central role in ensuring that
the consumer is protected against harmful levels of residue
of veterinary medicines.

The National Surveillance Scheme for residues in meat is a
statutory programme designed to monitor whether residues
of veterinary medicines are passing into meat for human
consumption in unacceptable concentrations and fulfils the
UK’ obligations under Directives 96/22/EEC and 96/23/EEC.
The non-statutory programme supplements the statutory
programme and currently concentrates on raw imported
produce and surveys of produce in shops. Each year, for the
National Surveillance Scheme, a number of agencies
including the State Veterinary Service and the Meat
Hygiene Service collect samples and the Laboratory of the
Government Chemist carries out analysis on behalf of the
VMD.

Whenever excess levels of active ingredients of authorised
medicines or residues of unauthorised substances are found
under the National Surveillance Scheme, the State Veteri-
nary Service or Fish Health Officers undertake a thorough
on-farm investigation. The farmer will be advised on how
to ensure that residues do not enter the food chain. Prosecu-
tion will be considered if serious shortcomings or deliberate
misuse are found.

Farmer education plays a vital role in a successful residue
prevention programme. The programme should not only
involve the owner and his management, but also his staff
and particularly the stockpersons. This can be achieved by
regular farm visits, newsletters and discussion groups.
Product withdrawal periods are subject to change. Informa-
tion such as Withdrawal Periods for Animal Medicines
included in the current NOAH Compendium of Data Sheets
for Animal Medicines can be made available to the farmer.
However, some of the information may be outdated and it is
important to check the current product data sheet for the
appropriate withdrawal periods and ensure that the farmer is
advised. Product leaflets should be left with the farmer.

Disposal of medicines

Disposal of veterinary medicines is regulated under many
Acts and Regulations. Waste from medicines may be classi-
fied as clinical waste or pharmaceutical waste.

Clinical waste is defined as ‘any waste which consists
wholly or partly of animal tissue, blood or other body flu-
ids, excretions, drugs, pharmaceutical products, swabs or
dressings, syringes, needles or other sharp instruments, or
any other waste arising from veterinary practice, investiga-
tion, treatment, care, teaching, or research’.

Drugs or pharmaceutical products such as tablets, capsules,
creams, ointments, ampoules, and syringes and vials,
including those containing a small amount of medicinal res-
idue, are classified as Group D clinical waste. Some clinical
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waste is also classified as ‘special waste’ and subject to
controls that are over and above other waste management
controls. Waste containing or consisting of POMs is classi-
fied as ‘special waste’. Pharmaceutical product waste
should not be included with clinical waste for disposal.
Normal methods of flushing, incinerating and local refuse
collection are not appropriate. The forms required for dis-
posal of ‘special waste’ are complex.

It is suggested that companies that provide a complete stor-
age and disposal service, including sharps containers and
dump-bins (Disposal of Old Pharmaceuticals, DOOP) should
be employed to ensure safe and effective disposal of medi-
cines; local authorities can provide information on special-
ist disposal service operators. In some instances, the
product data sheet may indicate that the veterinarian should
dispose of waste following treatment.

No person required to keep a register of transactions for
controlled drugs may destroy a Schedule 2 controlled drug
except in the presence of a person authorised by the Secre-
tary of State such as police officers or Inspectors of the
Home Office Drug Office. A record must be made of the
date of destruction and the quantity destroyed, which the
authorised person must sign. Home Office legal advice indi-
cates that destruction is taken to mean ‘denatured or made
not readily recoverable’. Schedule 2 controlled drugs
returned by the client can be destroyed without formality
and their destruction need not be entered in the controlled
drugs Register. The RPSGB recommends that such destruc-
tion is documented and witnessed by a member of staff. In
order to ensure that controlled drugs are denatured the
RPSGB provides the following guidance. Liquid dose formu-
lations should be added to, and absorbed by, an appropriate
amount of cat litter, or similar product. Solid dose forms
should be crushed and placed into a small amount of hot
soapy water. The mixture should be stirred to ensure that
the drug has been dissolved or dispersed. Ampoules con-
taining parenteral formulations should be crushed with a
pestle inside a plastic container. After ensuring that all
ampoules are broken, a small amount of hot soapy water or
cat litter should be added. For fentanyl patches, the backing
should be removed and the patch folded over itself. Once
the controlled drug has been denatured, the resultant mix-
ture should be added to the general pharmaceutical waste in
a dump-bin.

Further information is available in RPSGB Medicines, Ethics
and Practice: A guide for pharmacists, available at
www.rpsgb.org.uk/members/publications/index.html

The destruction of Schedule 3, 4, and 5 controlled drugs
does not require to be witnessed by an authorised person.

In some instances, such as when an animal dies or the
results of diagnostic tests lead to a change in treatment,
medicines may be returned. Medicines returned to the sur-
gery should not be re-used because the conditions under
which the medicines have been stored will be unknown.
Once a product has reached the final user, the legislation
affecting disposal no longer applies. However, a profes-
sional responsibility still exists when advising clients as to
the proper disposal of dispensed medicines.

Farmers are also subject to the Regulations for the disposal
of both pharmaceutical and clinical waste. Veterinarians are
exempt from the need to register as carriers, provided they
are carrying waste produced in the course of their business.
They should consider providing a removal and disposal
service for farmers, eg, by regularly supplying and remov-
ing a container for sharps.

Veterinarians should be aware that solutions such as spent
sheep dips or pesticides should not be disposed of so as to
contaminate water, including ponds, ditches, ground and
surface water, public sewers or drains. The disposal of dips
must be in accordance with an authorisation granted under
the Groundwater Regulations 1998. Spent dip should be
disposed of by a reputable waste disposal contractor or
applied to a suitable area of land. The Environment Agency
or the Scottish Environment Protection Agency should be
contacted for advice. Dip concentrate should not be dis-
posed of on the farm but should be disposed of by a reputa-
ble specialist waste disposal contractor. Farmers can contact
the Environmental Services Association, 154 Buckingham
Palace Road, London, SW1W 9TR, telephone 020 7824 8882,
fax 020 7824 8753, e-mail info@esauk.demon.co.uk for
advice on reputable waste disposal contractors.

Empty dip containers should be made safe so as to be
unable to be re-used. They may be rinsed and then either
buried or disposed of at licensed disposal sites depending
on the original contents of the container. Rinsings should be
handled as for spent sheep dips.

Consent forms

Guidance on consent forms is given by the BVA in consulta-
tion with the Veterinary Defence Society (VDS); further
information may be obtained from the Veterinary Defence
Society Ltd, 4 Haig Court, Parkgate Estate, Knutsford,
Cheshire WA16 8xz, telephone 01565 652737, fax 01565
751079. The RCVS has produced specimen consent forms in
the Guide to Professional Conduct giving a suggested lay-
out and allowing veterinarians to construct consent forms
suitable for their own purposes, bearing in mind the content
of the RCVS forms.

Consent forms should be completed for all patients pre-
scribed veterinary medicines outwith the data sheet, or pre-
scribed authorised human medicines, or patients undergoing
euthanasia or likely to require an anaesthetic (local or gen-
eral) or surgery (minor or major).

It is essential that owners be advised about the risks
involved with a treatment before being asked to sign a con-
sent form. Common risks and adverse effects should be
discussed appropriate for the patients health and circum-
stances, and for the client, and then written confirmation of
the client’s informed consent should be sought. The owner
or authorised agent of the animal should be over 18 years of
age. Signed consent forms should be retained for at least 2
years.

Consent for medical treatment
Under the Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994, as
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amended, a veterinarian may administer a veterinary medi-
cine outwith the data sheet recommendations (‘off-label’),
an authorised human medicine, a specially prepared
unauthorised medicine (‘special-order product’) or a medi-
cine imported from another country under an STA under cer-
tain circumstances. A veterinarian should explain to the
owner that he/she intends to administer such a preparation
to the animal and ideally obtain the client’s written consent
(see example consent form, below).

When treating animals such as rabbits and rodents, reptiles
and exotic birds, for which there are few or no authorised
products, it will usually be necessary to use authorised
human or veterinary products outwith the data sheet recom-
mendations or specially prepared unauthorised medicines or
medicines imported from another country under an STA. In
order to avoid the owners having to complete a consent
form for each procedure or therapeutic course, the vDS has
produced a form to ensure consent of the owner for such
treatment while the animal is under the care of the
veterinary practice (example form, right).

Consent for medical treatment

CONSENT FORM
For the use of an authorised veterinary or human medicine
outwith the data sheet recommendations (ie, ‘off label’) or a
specially prepared unauthorised medicine (‘special-order
product’) or a medicine imported from another country
under a Special Treatment Authorisation

[Practice Stamp]

Details of owner

AdAress...cveeeeienenieieeeee

Telephone Home................... ‘Work/Mobile

Description of patient

NAME ..o
Species/Breed.........ccoeveininencenns

ColoUT...ccereerenieeercanene Age. ... Sex M/F/NM/NF

Other identification (Microchip/Tattoo/Brand/Ring/etc)............

Any relevant clinical history/special precautions

I understand that ........c..cccccooenne is a product which is not
authorised/licensed for use in .........ccceceeveuene but is acknowl-
edged as a product useful in the treatment of ..........ccceeeeeenne.
I have also been made aware of the possibility of side-effects
and of the precautions related to its administration. In accepting
its uSe fOr ....coevevereniciienene T accept any attendant risks.

T am over 18 years of age.

If agent:
Name....
Address...
Relationship to owner...

Consent for medical treatment (life-long care)

CONSENT FORM
For the use of an authorised veterinary or human medicine
outwith the data sheet recommendations (ie, ‘off label’) or a
specially prepared unauthorised medicine (‘special-order
product’) or a medicine imported from another country
under a Special Treatment Authorisation

[Practice Stamp]

Under UK legislation where there are no suitable drugs specifically
authorised for the treatment of a particular species (the majority of small
mammals, birds, reptiles, amphibia, fish and invertebrates) or a particu-
lar medical condition in that species, a medicinal product authorised for a
different medical condition, or for use in another species or humans, or
under certain circmstances a specially prepared unauthorised product, or
a medicine imported from another country under a Special Treatment
Authorisation may be used for the treatment of your animal with your
consent. These procedures will only be used when we consider them to
be the most appropriate treatment.

Details of owner

Name

I understand that while the animal described above is under the
care of this veterinary practice there may be occasions when it
will be necessary to use authorised human or veterinary medi-
cines (or specially prepared unauthorised medicines or medi-
cines imported from another country under a Special Treatment
Authorisation) not authorised for use in ...........coceevene (species)
or which are authorised for use in this species but not for the
particular condition for which the treatment will be given. I
have been made aware that there may be known or unknown
side-effects associated with the use of these drugs and in giving
permission for their use accept any attendant risks. I am over 18
years of age.

Relationship to owner.

Consent for anaesthesia and surgery

Veterinarians may find it prudent to present a written fee
estimate at the same time as obtaining written consent, par-
ticularly for anaesthesia and surgical procedures. The con-
sent form and written estimate may be included in the same
document but it is advisable to obtain separate signatures
for each section. When deciding on the wording, lay-out
and degree to which a particular fee estimate should be
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itemised, the veterinarian will need to take into account the
following: the animals welfare and the need to attend
promptly to an emergency; the time available for discussion
with the client; the type of case, eg, acute or chronic, elec-
tive surgery, routine treatment, complex investigation fol-
lowed by extensive surgery, treatment, or both; the
changing profile of many disease processes; the possibility
that complications may arise; the likelihood that owners
will not understand the difference between an estimate and
a quotation; and the need to inform owners that where cases
are likely to be protracted regular updates of the fee
estimate may be necessary.

The importance of maintaining good communications
with clients throughout the management of a case cannot
be over-emphasised.

Consent for anaesthesia

CONSENT FORM
ANAESTHESIA AND SURGICAL PROCEDURES

[Practice Stamp]

Details of owner

NAIMNE .ottt st

The nature of these procedures have been explained to me.

Any relevant clinical history/special precautions...........c..ce....

I hereby give permission for the administration of an anaes-
thetic to the above animal and to the operation/procedure
detailed on this form, together with any other procedures which
may prove necessary.

T understand that all anaesthetic techniques and surgical proce-
dures involve some risk to the animal. I am over 18 years of
age.

I have notified/will notify immediately the insurers concerning
the procedures planned for this animal.

Address...

Relationship to owner.

In order to avoid unnecessarily long forms, clients may be
made aware of various protocols in other ways such as prac-
tice brochures or notices in the waiting room. Such

information could include the standard of supervision for
in-patients, the level of care given, and practice policy on
performance of procedures by a veterinary student, a listed
nurse or other support staff.

Consent for euthanasia

It is recommended that separate consent forms for euthana-
sia are available. It is important that the client understands
the term ‘euthanasia’ and that there is no misunderstanding.
Under the Protection of Animals Act 1911, the Protection of
Animals (Scotland) Act 1912 and the Welfare of Animals
(Northern Ireland) Act 1972, failure to destroy an animal to
prevent further suffering may amount to cruelty. The veteri-
narian should make full records of all the circumstances
supporting a decision to euthanase without the owner’s con-
sent in case of subsequent challenge. A police officer may
order the humane destruction of an animal (horse, mule,
ass, bull, sheep, goat, or pig) to terminate unreasonable suf-
fering. The veterinarian should obtain a written and signed
instruction to destroy from the officer in charge, including
the name and identity number and log number of the inci-
dent at the police station. Where the veterinarian is asked to
destroy an animal injured in a sporting event, the opinion of
a professional colleague, if available, should be sought
before doing so. Under the Dangerous Dogs Act 1991, as
amended, and the Dangerous Dogs (Northern Ireland)
Order 1991, the Court, a Justice of the Peace, or the police
may order the destruction of a dog. The veterinarian should
request a written and signed destruction order form from the
appropriate authorities before or, if this is not possible and
there is a genuine threat to human safety, immediately after-
wards. Further advice is provided in the RCVS Guide to
Professional Conduct.

Consent for euthanasia

CONSENT FORM
EUTHANASIA

[Practice Stamp]

Details of owner

Description of patient

INAITNIE ..ttt st
Species/Breed.
Colour................

I hereby consent to the euthanasia of the animal described
above.
I am over 18 years of age.

If agent:
Name.

Relationship t0 OWNET........c.ccevuiiriirieieiiicecteeeseceee e




22 Guidance on prescribing

Further information

Recommendations for prescribing, dispensing, and safe use
of medicinal products for animals may be found in the fol-
lowing sources.

Veterinary Pharmacy courses organised by BVA special-
ist divisions. For details contact the BVA, 7 Mansfield
Street, London, W1G 9NQ, telephone 020 7636 6541, fax
020 7436 2970, e-mail bvahg@bva.co.uk

British Veterinary Association (BVA) Guidelines on the
Prudent Use of Antimicrobials, BVA Publications, 2000
Federation of Veterinarians of Europe (FVE) Antibiotic
Resistance and Prudent Use of Antibiotics in Veterinary
Medicine. Available at www.fve.org

National Office of Animal Health (NOAH) Compendium
of Data Sheets for Animal Medicines. NOAH, 3 Cross-
fields Chambers, Gladbeck Way, Enfield, Middlesex
EN2 7HF, telephone 020 8367 3131, fax 020 8363 1155,
e-mail noah @noah.co.uk

Royal College of Veterinary Surgeons (RCVS) Guide to
Professional Conduct. Available at www.rcvs.org.uk
Royal Pharmaceutical Society of Great Britain (RPSGB)
Medicines, Ethics, and Practice: A guide for pharma-
cists. Available at www.rpsgb.org.uk

Responsible Use of Medicines in Agriculture Alliance
(RUMA) Responsible Use of Antimicrobials in Poultry
Production, June 1999. Available at www.ruma.org.uk
Responsible Use of Medicines in Agriculture Alliance
(RUMA) Responsible Use of Antimicrobials in Pig Pro-
duction, June 1999. Available at www.ruma.org.uk
Responsible Use of Medicines in Agriculture Alliance
(RUMA) Responsible Use of Antimicrobials in Dairy and
Beef  Production, June 2000. Available at

www.ruma.org.uk

Responsible Use of Medicines in Agriculture Alliance
(RUMA) Responsible Use of Antimicrobials in Sheep
Production, June 2000. Available at www.ruma.org.uk
Tennant B. BSAVA Small Animal Formulary, 4th ed.
BSAVA, 2002

Veterinary Medicines Directorate (VMD) The Medicines
(Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994 (SI 1994/2987):
Guidance to the veterinary profession. AMELIA 8,
revised July 1998. Available at www.vmd.gov.uk
Veterinary Medicines Directorate (VMD) Special Treat-
ment Authorisations. AMELIA 10, November 1995.
Available at www.vimd.gov.uk

Veterinary Medicines Directorate (VMD) Marketing
Authorisations for Veterinary Medicinal Products: Sup-
plementary guidance on pharmacovigilance. AMELIA 12,
revised July 2001. Available at www.vmd.gov.uk
Veterinary Medicines Directorate (VMD) Record-
keeping Requirements: Guidance for veterinarians and
for pharmacists supplying medicinal products by retail
sale. AMELIA 16, February 2001. Available at
www.vind.gov.uk

Veterinary Medicines Directorate (VMD) Zootechnical
Feed Additives and Medicated Feedingstuffs: A
prescriber’s  guide, May 2004. Available at
www.vind.gov.uk

Veterinary Medicines Directorate (VMD) Question and
Answer Brief on Zootechnical Additives and Medicated
Feedingstuffs, June 1998
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Prescribing for animals used in competitions

Contributors:

Professor P A Flecknell MA, VetMB, PhD, DLAS, DipECVA,
DECLAM, MRCVS

G G A Smith BVSc, BSc, MRCVS

W R Steele BVSc, MRCVS

Trevor Turner BVetMed, MRCVS, FRSH

P M Webbon BVetMed, PhD, DVR, MRCVS

Many animals are used in competitive events. For example
Greyhounds or pigeons are raced; dogs, cats, poultry, and
rabbits are exhibited in beauty events; and horses compete
in racing, showing, jumping, and eventing. Drugs, includ-
ing legitimate medication, can affect their performance in
these competitive events. Therefore when prescribing it is
important to ensure that the rules of the controlling body of
the particular sport are not contravened.
Such rules encourage fair competition with animals being
judged on their inherent merits, unaided by drugs. This can
present a dilemma, for there is a fine distinction between
legitimate therapy and unacceptable drug administration,
particularly in competitions with more than one stage taking
place over time, such as Three-Day Eventing, heats and
finals of major Greyhound and Whippet racing competi-
tions, and various coursing events; all of which have their
own rules.

Some controlling bodies allow the use of particular medica-

tions or designate threshold levels for concentrations of cer-

tain substances in body fluids. Appropriate vaccination
programmes are frequently specified.

It is important to be aware that rules need not be permanent.

Approaches to therapy can change and rules may be modi-

fied in the light of new developments and scientific discov-

ery. Rules are available for those persons authorised under
those rules who therefore have agreed to abide by them.

Information on prescribing for animals used in competitions

is included in the following sources, many of which are

periodically updated.

e The Royal College of Veterinary Surgeons (RCVS).
Guide to professional conduct

e The Jockey Club. Rules of racing and Instructions

e Fédération Equestre Internationale (FEI). Veterinary
regulations

¢ Dyke, TM. Pharmacokinetics of therapeutic substances
in racehorses. Australian Equine Veterinarian 1989; 7
(suppl 1)

* European Horseracing Scientific Liaison Committee.
Information for veterinary surgeons on detection peri-
ods of named drugs (available to veterinarians from the
Chief Veterinary Advisor, The Jockey Club)

* AAFC Race Track Division. Schedule of drugs

e Australian Equine Veterinary Association. Detection of
therapeutic substances in racing horses

e The British Horse Society. Endurance riding group
rules and omnibus schedule

¢ National Greyhound Racing Club Limited (NGRC).
Rules of racing

¢ National Coursing Club. Rules

e British Whippet Racing Association. Rulebook

* National Whippet Racing Federation (NWRF). Rules

* Royal Pigeon Racing Association. Rules

e Irish Homing Union. Rules

* North of England Homing Union. Rules

¢ North West Homing Union. Rules

¢ Scottish Homing Union. Rules

¢ Welsh Homing Union. Rules

e The Kennel Club. Rules and regulations

¢ Governing Council of the Cat Fancy. Rules

e Fédération Cynologique Internationale (FCI). Regula-
tions.

Considerations of drug administration

Ingredients. The contents of any proprietary mixture
should be disclosed and the actions known. An apparently
harmless tonic may contain a prohibited substance such as
caffeine. Traces of caffeine metabolites have been detected
in the urine for up to 10 days after administration, and it is
advisable to discontinue treatment with caffeine-containing
mixtures at least 14 days before competition. Proprietary
injectable preparations sometimes contain unexpected sub-
stances, for example vitamin B, preparations may contain a
local anaesthetic. It is important to always read the data
sheet or summary of product characteristics. If the contents
or action of any preparation are uncertain, caution should be
exercised.

Ephedrine and its isomers have been detected in the urine of
horses which have been treated with herbal remedies, and
veterinarians must be satisfied that companies producing
such remedies are exercising adequate quality control meas-
ures since contamination of herbal remedies with medicinal
products is a fairly frequent finding. Quinine and quinidine
have been similarly reported to be detected after the admin-
istration of so-called ‘homoeopathic’ treatments. If admin-
istering oral therapy to racehorses, care should be taken
when dispensing medication into feed. Hands, buckets, and
utensils can be inadvertent agents of contamination, there-
fore medicated feedstuffs should be prepared well away
from feed for other horses. Isoxsuprine has been shown to
be particularly adherent resulting in its detection in urine
samples for appreciably longer than may be expected.
Carnivores such as Greyhounds can absorb drugs by con-
suming meat from previously medicated animals. Currently,
the NGRC advises trainers to avoid the feeding of knacker
meat, bread, and all breakfast cereals containing chocolate
to any racing Greyhound. The feeding of knacker meat is
prohibited within 24 hours of a race or trial.
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Formulation. Some drugs are specifically formulated to
prolong their action. Particular care needs to be taken with
hormonal implants and long-acting corticosteroid or ana-
bolic steroid preparations. Specific information is not avail-
able for horses or dogs, but it is likely that absorption of the
drug from slow-release implants will be complete in 6
months. However the veterinarian’s right to prescribe ana-
bolic steroids for large animals (including horses) and poul-
try is limited to the treatment of certain fertility problems by
legislation in the UK under The Animals and Animal Prod-
ucts (Examination for Residues and Maximum Residue Lim-
its) Regulations 1997 (SI1 1997/1729).

Despite recommendations to the veterinary profession that
it is inadvisable to administer procaine benzylpenicillin to
horses in training, there continue to be positive findings for
procaine in post-competition samples. The drug combina-
tion is valuable for prolonging the duration of antibacterial
activity, but since procaine is a basic drug its urinary con-
centration is governed by the pH of the urine. It may be
detected in racehorse urine for several days after topical
administration (even from topically applied cerate esters
contained in intramammary preparations) and sporadically
for over a month after injection. A course of the soluble
sodium salt of benzylpenicillin should be used if treatment
against penicillin-sensitive bacteria is required.
Pharmacokinetics. Delayed absorption and excretion may
occur following intramuscular injection or oral administra-
tion. Since absorption is related to vascularity and lipid sol-
ubility, inadvertent injection into fatty tissue or between
fascial planes may lead to prolonged excretion.
Lipid-soluble substances such as corticosteroids are well
absorbed following intra-articular injection and may be
detected in the urine.

Absorption of drugs across mucous membranes can be
rapid. Camphor and other ingredients of many traditional
inhalants may be detectable in urine. Nebulisation can pro-
duce high plasma-drug concentrations due to absorption
through the alveolar surface.

Consideration should be given to the content and timing of
application of shampoos and other substances for skin. Cau-
tion should be exercised when applying topical NSAIDs
because these substances can be absorbed through the skin
of the horse or dog and consequently detected in the urine.
If the epidermis is damaged, the permeable underlying der-
mis allows the passage of lipid-soluble and water-soluble
molecules. Care must be taken with topical applications
such as oil of wintergreen, which contains methyl sali-
cylate, especially when abrasions are present.

Dimethyl sulfoxide (dimethyl sulphoxide, DMSO) pos-
sesses pharmacological properties of its own, but is also
used as a vehicle for other drugs whose transcutaneous
absorption may be enhanced. This is particularly applicable
to substances with a molecular weight of less than 3000.

In many cases, the elimination time of some of the compo-
nents of a compound preparation may be unknown or
uncertain. If such a preparation is to be administered to an
animal without the certain knowledge that all residues will
have been excreted before the competition or show the

RCVS recommend that the owner should be advised in
writing that the animal should not be raced or shown on the
occasion in question.

Drug detection times. Member countries of the European
Horseracing Scientific Liaison Committee (EHSLC) are
undertaking a programme to provide detection times for
drugs which are authorised for use in horses. This informa-
tion is intended to assist veterinarians to give advice as to
when racehorses may be raced after treatment for clinical
problems.

In this programme, authorised veterinary drugs are adminis-
tered to Thoroughbred horses and samples collected and
analysed until the drug (or metabolites or isomers) are
undetectable. The published detection times represent the
longest times recorded by any of the participating European
drug testing laboratories using the current methods for con-
firmatory analysis.

This initiative for providing drug detection information to
veterinarians is complemented by an EHSLC Elective Test-
ing programme, whereby an analytical service is offered to
racehorse trainers who wish to establish before a race that
drugs given in essential veterinary treatment will not give
rise to positive post-race analyses.

Desensitised and hypersensitised limbs. The Fédération
Equestre Internationale (FEI) states that no horse shall be
allowed to compete following neurectomy on a limb nor
when any limb has been temporarily or permanently desen-
sitised by any means. Similarly under the Jockey Club rules
a horse is not qualified to start a race if the animal has been
the subject of a neurectomy operation.

Examination of skin for increased sensitivity may involve a
clinical evaluation in addition to swabbing the limb to col-
lect samples or the collection of bandages or other material
to be analysed for prohibited substances.

Oxygen and intravenous fluid therapy. At FEI events,
injections of saline fluids, electrolyte solutions, and glucose
solutions may be administered with the written approval of
the Veterinary Commission or Delegate. Administration of
oxygen must be made by the use of an intubation tube only,
inserted into a single nostril. The use of any form of mask is
forbidden. Any horse which has had oxygen or normal
nutrients administered at the conclusion of Phase D at
Three-day Events or after the Marathon at Driving Events
must be clinically examined by the Veterinary Commission
or Delegate before the next stage at these events.

Testing of animals

Forensic analysis of urine or blood samples from competing
animals is undertaken at designated laboratories. Any other
body fluid or biological material, such as vomit from Grey-
hounds, may also be examined if necessary. For samples
taken from racehorses, the procedures involved in the anal-
ysis and counter-analysis (confirmatory analysis undertaken
by a different approved laboratory) are subjected to scrutiny
by an independent review body before a sample can finally
be declared positive.
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Typically, samples are collected after performance but rules
do not preclude examination at any stage of competition
and animals may be tested more than once during multi-
stage competitions under FEI regulations. Under NGRC
rules, Greyhounds are randomly chosen by a steward of the
NGRC at a race or trial meeting and subjected to sampling.
A subsequent positive result may lead to a retrospective dis-
qualification of the dog with confiscation of prize money
and an enquiry by the NGRC.

Generally, the amount of a substance found in a sample
taken from a competing animal is irrelevant in determining
whether or not there has been a breach of the rules, except
for those substances with threshold concentrations specified
in the Jockey Club, FEI, and Hurlingham Polo Association
rules (see below). FEI regulations state that if a prohibited
substance is detected on analysis, its presence is assumed to
be the result of a deliberate attempt, on the part of the per-
son responsible, to affect the performance of the horse.
NGRC rules put the onus of responsibility on the trainer in
charge of the Greyhound. A minimum detectable level of
any prohibited substance is regarded as a positive, even
though it may fall below the minimum effective (therapeu-
tic) concentration for that drug. The official laboratory
(Horseracing Forensic Laboratory) prefers to work with
urine samples rather than blood or other bodily samples.

Horses

Medication in equine competitions

Several autonomous bodies produce their own rules on
medication control based on a list of prohibited substances.
In essence these can be regarded as variations on the rules
of the Jockey Club (Rules of racing and instructions) or of
the Fédération Equestre Internationale (FEI) (Veterinary
regulations). An exception to this is the Hurlingham Polo
Association Directive The welfare of ponies and the misuse
of drugs, which includes a list of permitted substances (see
below).

The Jockey Club and FEI describe a prohibited substance as
a substance originating externally whether or not it is
endogenous to the horse and which is contained in the list of
prohibited substances. ‘Substance’ includes the metabolites
of the substance and the isomers or biological indicators
(including their metabolites) of such substance.

Threshold levels have been established for certain sub-
stances that are commonly detected in equine urine sam-
ples. Such substances may occur in ordinary diets, or may
be endogenous to the horse, or may arise as a result of con-
tamination.

Salicylic acid can be derived directly from ingested plant
materials. Lucerne, in particular, is rich in salicylic acid and
this feedstuff has also been incriminated in the findings of
significant quantities of dimethyl sulfoxide in forensic
samples from racehorses.

Theobromine and arsenic can arise as a result of feed con-
tamination. Theobromine from cocoa products is often
introduced into compound feeds during manufacture.

The adrenal cortex secretes hydrocortisone (cortisol) in
physiologically significant amounts, and a threshold in
urine for this substance has been set. Urinary levels of this
substance can be affected by the administration either of
corticosteroids or of specific releasing hormones.

The estranediol:estrenediol ratio in urine is used to detect
the administration of nandrolone in male horses. If a sam-
ple exceeds the threshold set for testosterone or other
endogenous substance, the horse may be submitted for fur-
ther examination to establish whether the amount of the
substance could be produced naturally by the animal.

In a departure from the normal procedure of establishing
thresholds in post-race blood or urine samples, the quantita-
tion of available carbon dioxide can be undertaken using
pre-race samples.

Occasionally a prohibited substance has been found in the
urine of a horse and the source of the substance has not been
established. Therefore the Jockey Club recommends that
trainers retain samples of feedstuffs used for the particular
horse and any coding details that appear on the feed packag-
ing. This advice is particularly important because prohib-
ited substances can arise from dietary sources, for example,
the sympathomimetic hordenine derived from some barley
products, the opioid morphine from poppies, and the alka-
loid hyoscine and its isomers from soya bean meal.

Jockey Club list of threshold levels

Drug Maximum permissible concentration

Total arsenic 0.3 micrograms/mL in urine

Available carbon 37 millimoles/L in plasma

dioxide

Dimethyl 15 micrograms/mL in urine or
sulfoxide 1 microgram/mL in plasma
Hydrocortisone 1 microgram/mL in urine

Estranediol in male
horses (other than
geldings)

Sa-estrane-38, 17a- diol to
5(10)-estrene-38, 17a-diol in urine
at a ratio of 1

Methoxytyramine 4 micrograms free and conjugated

3-methoxytyramine/mL in urine

Salicylic acid 750 micrograms/mL in urine or

6.5 micrograms/mL in plasma

Theobromine 2 micrograms/mL in urine

Testosterone (free  0.02 micrograms free and congugated testo-

and sterone/mL in urine from geldings or

conjugated) 0.055 micrograms free and congugated testo-
sterone/mL in urine from fillies and mares
(unless in foal)
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Jockey Club list of prohibited substances

Substances acting on the nervous system

Substances acting on the cardiovascular system
Substances acting on the respiratory system

Substances acting on the digestive system

Substances acting on the urinary system

Substances acting on the reproductive system

Substances acting on the musculoskeletal system
Substances acting on the blood system

Substances acting on the immune system other than those in
licensed vaccines against infectious agents

Substances acting on the endocrine system; endocrine secretions
and their synthetic counterparts

Masking agents

For the purposes of clarity these include:

Antipyretics, analgesics and anti-inflammatory substances
Cytotoxic substances

Antihistamines

Diuretics

Local anaesthetics

Muscle relaxants

Respiratory stimulants

Sex hormones, anabolic agents and corticosteroids
Substances affecting blood coagulation

FEI list of theshold levels

Drug Maximum permissible concentration

Salicylic acid 625 micrograms/mL in urine or

5.4 micrograms/mL in plasma
Theobromine 2 micrograms/mL in urine

So-estrane-36, 17a- diol to
5(10)-estrene-38, 17a-diol in urine

Estranediol in male
horses (other than

geldings) at a ratio not exceeding 1
Dimethyl 15 micrograms/mL in urine or
sulfoxide 1 microgram/mL in plasma

Hydrocortisone 1 microgram/mL in urine

Available carbon 37 millimoles/L in plasma

dioxide
Testosterone 0.02 micrograms free and congugated testo-
(geldings) sterone/mL in urine from geldings, or

0.055 micrograms free and congugated testo-
sterone/mL in urine from fillies and mares
(unless in foal)

FEI list of prohibited substances

Substances acting on the nervous system

Substances acting on the cardiovascular system

Substances acting on the respiratory system

Substances acting on the digestive system other than oral raniti-
dine, cimetidine and omeprazole

Substances acting on the urinary system

Substances acting on the reproductive system other than altreno-
gest given under specified conditions for the treatment of oestrus
related behavioural problems

Substances acting on the musculoskeletal system

Substances acting on the skin (eg hypersensitising agents)
Substances acting on the blood system

Substances acting on the immune system other than those in
licensed vaccines against infectious agents

Substances acting on the endocrine system including endocrine
secretions and their synthetic counterparts

Antipyretics, analgesics and anti-inflammatory substances
Cytotoxic substances

Masking agents

The Hurlingham Polo Association list of maximum
permissible concentrations

Maximum permissible

Drug concentration
Phenylbutazone with 10 micrograms/mL in plasma
oxyphenbutazone
Flunixin 10 micrograms/mL in plasma

Note. If phenylbutazone and flunixin are used together the concen-
tration of either must be less than 5 micrograms/mL

The Hurlingham Polo Association list of permitted
substances

Antibiotics except procaine penicillin
Flunixin

Isoxsuprine

Phenylbutazone

Regumate [altrenogest]

Sputolosin [dembrexine hydrochloride]
Ventipulmin [clenbuterol hydrochloride]
Vi-Sorbin [iron and vitamin B substances]

The following drugs are only permitted if prior declaration
of their administration has been made:

Diuretics

Local anaesthetics

Vaccination of horses

All competing horses should be protected against tetanus,
although this is not a mandatory requirement under any
rules. However, the Jockey Club and the FEI insist that
horses or ponies that compete under their regulations are
vaccinated against equine influenza.

Many showgrounds require entrants to be adequately vacci-
nated against influenza, whether or not such a requirement
is incorporated into the rules of the organising authority.
This also applies to any horse or pony entering property
owned, used or controlled by the horseracing authorities,
unless the property is common ground. Foals less than 6
months old are exempt, providing the dam is fully vacci-
nated before foaling.

There must be irrefutable evidence that the vaccination
record applies to the animal presented and all entries must
be signed and stamped by a veterinarian. For racehorses, the
Jockey Club require entries to be endorsed in the horse’s
passport, and does not accept entries which have been
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altered in any way. An incorrect endorsement must be com-
pletely deleted and a new endorsement of the whole entry
made.

Jockey Club rules. Two injections for primary vaccination
must be given not less than 21 days and no more than 92
days apart. Horses should have received a booster between
150 and 215 days after the second injection of the vaccine.
Following the initial course (primary vaccination and first
booster), a booster injection must be given each year.

FEI rules. Two injections for primary vaccination must be
given no less than 21 days and no more than 92 days apart.
A booster injection must be given each succeeding 6
months (effective from 1 January 2005).

Under both sets of rules, vaccinations given by a veterinar-
ian, who is the owner of the horse at the time of vaccination,
are not accepted. The Jockey Club extend this to exclude
vaccinations given by a veterinarian who is the trainer or
who is named on the Register of Stable Employees as being
employed by the trainer of the horse.

No horse may compete or enter competition premises until
7 days after vaccination. When calculating this interval, the
day of vaccination should not be included. Horses need
only have completed a primary vaccination course before
competition. It is not necessary to wait until after the first
booster. Annual boosters may be given on the same day in
consecutive years.

The above are minimum requirements.

Greyhounds and coursing hounds
Medication in canine competitions

Drug use in racing Greyhounds is controlled by the
National Greyhound Racing Club (NGRC). The NGRC
Rules of racing do not specifically prohibit particular sub-
stances, however, their rules prohibit the administration to a
Greyhound, for any improper use, any quantity of any sub-
stance which by its nature could affect the performance or
prejudice the well-being of the dog, the origin of which can-
not be traced to normal and ordinary feeding or care. The
rules also state that it is an offence to have in one’s charge a
Greyhound which showed the presence of any such sub-
stance. Some Greyhounds may test positive to traces of
anti-inflammatory agents, barbiturates, and antibacterials
that have come from consumption of knacker meat. The
NGRC advises against the feeding of knacker meat, bread,
and all breakfast cereals containing chocolate and prohibits
the feeding of knacker meat within 24 hours of a race or
trial.

Professional and owner trainers must maintain their
Trainer’s Treatment Book, in which any tonic, medicament,
or other substance administered or applied to a Greyhound
must be recorded.

Except for preparations that are specifically authorised for
the suppression/postponement of oestrus and are used under
the authority of a veterinarian, no substance should be used
for at least 7 days before an official trial or race. This rule is
an attempt to avoid the possibility of the constituents of

tonics or other medicaments being excreted in the urine,
and interfering with the interpretation of any tests. With
regard to oestrus control, it is important to note that only
products that are specifically authorised may be used. Prod-
ucts authorised in the UK include products containing meg-
estrol  acetate, medroxyprogesterone  acetate, or
methyltestosterone. The NGRC is examining the phasing
out of use of the current oestrus suppressants in the light of
ongoing veterinary research into the possible use of a vac-
cine to prevent oestrus.

Medication control in coursing hounds is based on prohib-
ited substances.

National Coursing Club list of prohibited substances

Substances acting on the central nervous system
Substances acting on the autonomic nervous system
Substances acting on the cardiovascular system
Substances affecting the gastro-intestinal function
Substances affecting the immune system and its response
Antibiotics, synthetic and anti-viral substances
Antihistamines

Anti-malarials

Antipyretics, analgesics and anti-inflammatory substances
Diuretics

Local anaesthetics

Muscle relaxants

Respiratory stimulants

Sex hormones, anabolic agents and corticosteroids
Endocrine secretions and their synthetic counterparts
Substances affecting blood coagulation

Cytotoxic substances.

Vaccination of Greyhounds

The NGRC requires that all Greyhounds in authorised ken-
nels are fully vaccinated against distemper, viral hepatitis,
Leptospira canicola, Leptospira icterohaemorrhagiae, par-
vovirus, and any other required vaccination as may be noti-
fied from time to time. Vaccines authorised in the UK must
be used. Documentary evidence of the vaccinations must be
provided for subsequent entry in the identity book. Booster
vaccinations are required at 12-monthly intervals from the
date of the initial puppy inoculations.

Pigeons

Racing pigeons that are kept for racing and showing are
subject to The Diseases of Poultry Order 1994, as amended,
and to the rules of the six controlling organisations: the
Royal Pigeon Racing Association, Irish Homing Union,
North of England Homing Union, North West Homing
Union, Scottish Homing Union, and Welsh Homing Union.
There are no requirements or restrictions on the medication
and vaccination of other flying breeds of pigeons, birds kept
for display flying and showing, or for pigeons kept solely
for showing.
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Medication of racing pigeons

The Royal Pigeon Racing Association rules prohibit the use
of ‘anabolic steroids, corticosteroids, and beta-agonists’ in
birds used for racing. The five Homing Unions have no
written rules regarding medication of racing pigeons but
they would take appropriate action, including testing of
birds, where the use of these substances for racing are sus-
pected.

Vaccination of racing pigeons

Under The Diseases of Poultry Order 1994, as amended, an
organiser of a show or race which takes place wholly or
partly in Great Britain must ensure that all racing pigeons
entered for the show or race have been vaccinated against
paramyxovirus 1 and a record is kept. A record must be
made of every race or show for which a bird is entered by
the person who owns or keeps racing pigeons. The rules for
the Royal Pigeon Racing Association and the five Homing
Unions all contain a strict code of practice for paramyxovi-
rus vaccination.

Show animals

Medication and vaccination of dogs

The Kennel Club consider that nothing may be done which
is calculated to deceive. No substance which alters the natu-
ral colour, texture, or body of the coat may be present in the
dog’s coat for any purpose at any time during the show. No
substance that alters the natural colour of any external part
of the dog may be present on the dog for any purpose at any
time during the show. Any other substance (other than
water) must not be allowed to remain in the coat or on any
other part of the dog at the time of exhibition. Dogs are

judged against a Kennel Club ‘Breed Standard’ when
exhibited. Action may be taken should any dog act in a way
markedly different from that described as its normal tem-
perament. There are no regulations regarding vaccination
but owners have to sign an entry form prior to exhibiting
under Kennel Club regulations not to bring to the show any
dog that has contracted or been knowingly exposed to any
infectious or contagious disease during the 21 days prior to
the show.

Medication and vaccination of cats

Similarly, the Governing Council of the Cat Fancy (GCCF)
prohibits any artificial preparation of any exhibit which is
likely to change the animal’s appearance relative to the
‘Standard of Points’. Any treatment, including sedation,
causing temporary or permanent change in the normal
appearance or physical reaction of the exhibit is prohibited.
All cats exhibited at shows under GCCF rules must have
current vaccination against feline infectious enteritis (feline
panleucopenia), and feline viral rhinotracheitis and feline
calicivirus (cat flu). The full course or booster, in accord-
ance with manufacturer’s recommendations, must have
been completed more than 7 days before the show. The cer-
tificate must be issued by a veterinary practice or hospital
and signed by a veterinarian or listed veterinary nurse,
under the direction of a veterinarian.

Medication and vaccination of livestock

At major livestock shows, similar rules apply. Action will
be taken against any exhibitor who is found to have admin-
istered, or permitted the administration of, any tranquilliser
or other drugs, which may in any way affect the perform-
ance of the animal, or have the effect of making it behave in
the show in a manner which is not natural.
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Prescribing for horses
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MRCVS

This section provides general and specific advice on pre-
scribing for horses and ponies; lack of reference to a partic-
ular drug does not necessarily imply safety and efficacy
because breed and individual variation should be consid-
ered. The conditions affecting horses and their requirements
will differ according to the area, housing environment, and
management system used.

Under European legislation, the European Commisssion
considers horses as food-producing animals by providing
meat for human consumption. Marketing authorisations for
veterinary drugs used in food-producing animals may only
be given if the active substances are listed in annexes I, II,
or III of Regulation 2377/90/EC. This excludes several
drugs with marketing authorisations for use in horses in the
UK such as phenylbutazone, meclofenamic acid, eltenac,
ceftiofur, metronidazole, dihydrostreptomycin, methylpred-
nisolone, prednisolone, betamethasone, halothane, hyoscine
butylbromide, and quinalbarbital. The legislation is cur-
rently being reviewed and amended, and no action is antici-
pated to regularise this until revised legislation is put into
place. This is expected towards the end of 2005. Therefore
the above drugs continue to be available.

It is recognised that not all horses are intended for food pro-
duction and amendments to the legislation have been made
that allow use of products without established MRLs for
specified horses (Horse Passports (England) Regulations
2004). 1t is essential that all horses are clearly identified by
a passport that states whether or not the horse is intended
for human consumption. Horses declared as not intended
for slaughter for human consumption in Section IX Part II
of the passport may be treated essentially like a companion
or pet animal under the ‘cascade’. These horses must never
be used for human consumption. Horses declared as
intended for human consumption under Section IX Part
IITA may be similarly treated provided that either the ‘cas-
cade’ provisions in respect of food-producing animals or a
6-month withdrawal period is observed if products contain-
ing substances without MRLs are employed. Medicines
administered must be listed in Section IX Part IIIB of the
passport and the owner informed of the withdrawal period.
Horses declared as intended for human consumption under
Section IX Part IIIA and treated with Regulation 2377/90
Annex IV products must not go for slaughter for human
consumption.

Further information available:

*  BVA Code of practice on medicines

¢ www.defra.gov.uk/animalh/tracing/horses/horses_index.htm
*  www.beva.org.uk

* DEFRA helpline: 0207 904 6216

e VMD: 01932 336911.

Drug administration. In horses and ponies drugs are
usually supplied for individual animal treatment and can be
administered via a number of routes.

For parenteral administration, injections may be given sub-
cutaneously, intramuscularly, intravenously, or intra-articu-
larly. Particular care should be taken when injecting drugs
intra-articularly because the consequences of intra-articular
sepsis are severe in equines; an aseptic technique should
always be used. When injecting intramuscularly, the hind-
quarter musculature (gluteals, semimembranous, or semi-
tendinous), pectoral musculature, or cervical musculature
may be used. Not more than 30 mL volume should be
administered at any one site if given by intramuscular injec-
tion.

Horses are particularly sensitive to components of
parenteral preparations. Oil-based formulations or unbuff-
ered solutions or suspensions may cause irritation and tissue
damage at the site of injection.

A limited number of drugs are available for oral medication
including anthelmintics, some antibacterials, and some
NSAIDs. These can either be administered in the feed or as
an oral paste.

Drugs can also be administered by nebulisation and by topi-
cal application in equines.

Drug absorption and metabolism. In horses, absorp-
tion of some drugs administered in the feed or after feeding
can be delayed and show a biphasic pattern because unab-
sorbed drug may be conveyed to the large intestine where
further absorption takes place. For example, phenyl-
butazone may be partly absorbed from the small intestine
with further absorption occurring 8 to 12 hours later from
the large intestine.

Antimicrobial therapy can cause severe disturbances of bac-
terial fermentation in the colon and caecum of adult horses.
Whenever such a reaction occurs, it is recommended that
the antimicrobial be withdrawn. If severe colitis ensues,
aggressive medical and fluid therapy may be required. Any
antimicrobial can potentially cause such a disturbance. The
risk may increase where administration is associated with
stress such as surgery.

The use of lincosamide and macrolide antibacterials should
be avoided in horses, with the exception of oral administra-
tion of erythromycin estolate in conjunction with rifampicin
for the treatment of Rhodococcus equi infection in foals.
Fluoroquinolones should not be administered to skeletally
immature horses because these drugs may damage growth
cartilage. Aminoglycosides, particularly gentamicin, are
routinely used for treatment in horses. Gentamicin is poten-
tially nephrotoxic and should be used with care in horses
that are dehydrated or with impaired renal function. Inges-
tion of feed containing tylosin, tiamulin, or monensin may
be fatal to horses and other Equidae, because of slow
hepatic metabolism.
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NSAIDs are used extensively to treat pain, oedema, and tis-
sue destruction in inflammatory conditions in horses. Phe-
nylbutazone is widely used in horses but has a narrow
margin of safety and only recommended dosages should be
given. Some authorities consider carprofen to be less
ulcerogenic and is therefore the NSAID of choice for foals.
Corticosteroids are occasionally used in equines for condi-
tions such as allergic respiratory disease; they are reported
to be capable of inducing laminitis in susceptible animals.

The majority of sedatives and analgesics have wide safety
margins, however all sedatives can cause marked cardiovas-
cular alterations. The alpha,-adrenoceptor agonists (xyla-
zine, romifidine, and detomidine) are useful sedatives and
analgesics. Xylazine has the shortest duration of action. Ati-
pamezole has been used successfully in horses ¢ to reverse
excessive sedation and ataxia resulting from inadvertent

overdosage. Phenothiazines such as acepromazine should
be used with caution in male horses and should not be used
in breeding stallions because these drugs may cause paraly-
sis of the retractor penis muscle. The opioid analgesic
butorphanol is frequently used in combination with alpha,-
adrenoceptor agonists for sedation. Butorphanol adminis-
tration can occasionally cause extreme excitation. Opioids
in general tend to be excitatory in horses (increasing arterial
blood pressure and spinal reflex activity, for example).
Metabolites of pethidine may cause hyperexcitement,
especially if combined with monamine oxidase inhibitors.
There is limited information on breed differences in reac-
tions to particular drugs in horses and ponies. It is impor-
tant that suspected adverse drug reactions are reported
to the VMD under the Suspected Adverse Reaction
Surveillance Scheme (SARSS).
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This section provides general and specific advice on pre-
scribing for donkeys. Lack of reference to a particular drug
does not necessarily imply safety and efficacy. Breed and
individual variation should be considered. The conditions
affecting donkeys and appropriate treatment will often
depend on the geographical location, housing, environment,
and management system used.

In the EU, donkeys are considered as food-producing ani-
mals, that is they provide meat for human consumption.
Withdrawal periods for meat stated by the manufacturer
must be observed. If no withdrawal periods are given,
standard withdrawal periods must be applied. Under The
Medicines (Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994 (S1 1994/2987), as
amended, if the animal is a food-producing animal, the vet-
erinarian or person acting under his direction may only
administer a product if the pharmacologically active sub-
stances it contains are found in a product authorised for use
in food-producing animals.

In some countries, such as the UK and Ireland, donkeys are
kept as companion animals or for leisure activities and are
not usually intended for human consumption. Under the
Horse Passports (England) Regulations 2004, donkeys
must have a full passport, including veterinary medicines
pages (Section IX). This requirement is to ensure that no
Equidae enter the human food chain after having been
administered a medicine that is unauthorised for use in
food-producing animals. If the passport declarations indi-
cate that the donkey is not for human consumption, the
range of medicines that may be used will not exclude those
whose pharmacologically active ingredients are not author-
ised in the UK in food-producing animals. Further informa-
tion available from:

*  BVA Code of practice on medicines

¢ www.defra.gov.uk/animalh/tracing/horses/horses_index.htm
*  www.beva.org.uk

* DEFRA helpline: 0207 904 6216

*  VMD: 01932 336911.

Drug administration. Drugs are usually prescribed for
individual animal treatment in donkeys.

Parenteral administration includes injections given subcuta-
neously, intramuscularly, intravenously, and occasionally
intra-articularly. Particular care should be taken when
injecting drugs intra-articularly because the consequences
of intra-articular sepsis are particularly severe in Equidae;
an aseptic technique should always be used. When injecting
intramuscularly, the hindquarter musculature (gluteals,
semimembranous, or semitendinous), pectoral musculature,
or cervical musculature may be used. Consideration should
be given to the size and body condition of the donkey when

deciding the maximum volume for intramuscular injection
at any one site.

Drugs for oral medication, particularly for chronic condi-
tions, may be administered in the feed (molasses sand-
wiches are particularly useful for this purpose).

Drug absorption and metabolism. Drug distribution
and half-life have been demonstrated to differ between
horses and donkeys. NSAIDs such as phenylbutazone and
flunixin have increased volume of distribution and more
rapid clearance times in donkeys than in horses. The clini-
cal significance is that an increased dose rate and frequency
of administration are required for phenylbutazone and flu-
nixin in donkeys compared to horses. Caution should be
exercised in using phenylbutazone in older donkeys and
those with hepatic or renal impairment, especially for long-
term pain management. The signs of development of other
conditions such as colic or laminitis may be masked when
phenylbutazone is used for chronic conditions. The risks
associated with gastric ulceration must be balanced against
the necessity for pain relief and the use of an alternative
NSAID or adjunct medication may be considered.
Ketamine has a shorter half-life in donkeys than in horses.
Hence, when used in conjunction with alpha,-adrenoceptor
stimulants, ketamine produces a shorter period of general
anesthesia in donkeys. Higher doses of xylazine and keta-
mine are required for some individuals, particularly in don-
keys that are not used to being handled, that are more
boisterous, and certain types of donkeys such as miniature
donkeys. The duration of ketamine in combination with
xylazine anaesthesia can be extended using bolus doses of
thiopental up to a maximum of 3 repeated doses. The inclu-
sion of butorphanol along with detomidine, xylazine, or
romifidine is used to provide standing sedation, which can
be followed with ketamine to produced a more prolonged
and enhanced general anaesthesia. Donkeys are more sensi-
tive than horses to guaifenesin. A total intravenous anaes-
thesic technique using guaifenesin along with xylazine and
ketamine can be safely employed in donkeys. However,
careful monitoring of the depth of anaesthesia is essential.
Acepromazine in combination with etorphine (Immobilon)
neuroleptanalgesia must not be used in donkeys.

Research on antibiotics, such as oxytetracycline and poten-
tiated suphonamides, indicates that more frequent dosing is
often required in donkeys.

The full pharmacokinetics of drugs used in donkeys have
not been fully evaluated and accurate dosages have not been
established. Therefore medication authorised for horses
remains the reference point when treating donkeys.

Any contra-indications for medications used in horses
should be taken as applicable for donkeys unless stated oth-
erwise. For example, acepromazine should be used with
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caution in male donkeys and should not be used in breeding
stallions because it may cause paralysis of the retractor
penis muscle. Antimicrobial therapy can cause severe dis-
turbances of bacterial fermentation in the colon and caecum
of adult donkeys, particularly in stressed animals, and
should always be part of an holistic approach to disease
management.

Donkeys often do not readily show signs of pain as seen in
horses. Hence, assessment and effective pain management
needs to be more carefully evaluated to avoid underestimat-
ing the seriousness of a condition and allowing needless
suffering.

Hyperlipaemia commonly occurs in donkeys. It is often
caused by an underlying condition but may be exacerbated
by stress induced, for example, by social isolation or trans-
port. When treating the condition, in addition to providing
supportive treatment in the form of fluid therapy, pain
relief, and nutritional support, it is important that any under-
lying problems are identified and treated. The type of nutri-
tional support required depends on the severity of the
hyperlipaemia, assessed by measuring plasma-triglyceride
concentration and observation of clinical signs exhibited.
An essential part of treatment is to maintain some form of
voluntary feed intake whether by hand feeding, offering
favourite feed, titbits, or fresh grazing. If donkeys are
unwilling to take food this way or in sufficient quantities,
oral nutrition as a drench or via nasogastric tube should be
instituted. If ileus is present, then parenteral fluid and nutri-
tional support are required, and nothing should be given
orally.

Laminitis is frequently seen in donkeys. It often results
from poor feed control (excess intake of carbohydrates),
obesity, and improper foot care. Chronic laminitis is regu-
larly seen as a result of repeated acute laminitic episodes,
which may or may not have received treatment. Acepro-
mazine and phenylbutazone are used to treat laminitis,
along with thick foot pad bandaging, rest, and ensuring that
predisposing factors are addressed. Acepromazine should
be reduced with time and clinical response or if the donkey
becomes too sedated.
Routine endoparasite control in donkeys can be carried out
in a similar manner to horses. [vermectin based products are
frequently used, though moxidectin is now gaining popular-
ity. Infection with Dictyocaulus arnfieldi alone rarely
causes clinical problems in donkeys but it may exacerbate
respiratory infections resulting from other causes. Due to
the reported incidence of this parasite in donkeys, particu-
larly when they are co-grazed with horses for whom lung-
worm does cause a significant clinical problem, a general
control strategy is recommended with ivermectin orally
being the treatment of choice.
There are limited drugs authorised for use in donkeys. It is
important that suspected adverse drug reactions are
reported to the VMD under the Suspected Adverse
Reaction Surveillance Scheme (SARSS). The table
provides dosages for commonly used medicines.
Further information on donkeys is available from:
¢ The Veterinary Department, The Donkey Sanctuary
vets @thedonkeysanctuary.com
e E D Svendsen The Professional Handbook of the Don-
key 4th ed. Devon: The Donkey Sanctuary, 2004.
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Table 1 Doses of drugs for donkeys!

Drug Dose Condition
Acepromazine day 1, 50 micrograms/kg p.o., laminitis
then 500 micrograms/kg p.o. twice daily
Butorphanol 25 micrograms/kg i.v. improved sedation, in combination with
detomidine (10 micrograms/kg i.v) or
xylazine (1.1 mg/kg i.v.)
Detomidine 10-20 micrograms/kg i.v. sedation

Detomidine +
Ketamine!

Carprofen

Fenbendazole!

Flunixin

Ivermectin’

Mebendazole!

Moxidectin

Permethrin’

Phenylbutazone

Pyrantel embonate!

Triclabendazole
Xylazine

Xylazine +
Ketamine!

Xylazine +
Detomidine +
Ketamine'

Xylazine +
Ketamine +
Guaifenesin

Xylazine +
Ketamine! +
Thiopental 5%

20 micrograms/kg i.v. +
2.2 mg/kgi.v.

700 micrograms/kg twice daily

30-60 mg/kg p.o. as a single dose or
7.5 mg/kg p.o. daily for 5 days

1.1 mg/kg twice daily

200 micrograms/kg p.o.

5-10 mg/kg p.o.
15-20 mg/kg p.o. daily for 5 days.

400 micrograms/kg p.o.

0.1 mL/kg by ‘pour-on’ application (formulation to use:

permethrin 4%)
day 1, 4.4 mg/kg i.v., then 2.2-4.4 mg p.o. twice daily

19 mg/kg p.o.

38 mg/kg p.o.
12 mg/kg p.o.
1.1 mg/kgi.v.

1.1 mg/kgi.v. +
2.2 mg/kgi.v.

1.6 mg/kg
30 micrograms/kg
3.3 mg/kg

approx. 1 mL/kg of solution

solution: 333 mL guaifenesin 150 mg/mL, + ketamine 2 g, +
xylazine 500 mg made up to 1 litre with warm NaCl 0.9%

solution

1.1 mg/kgi.v. +
2.2 mg/kgi.v. +

1 mg/kg i.v. (maximum 3 doses may be given per anaesthesia)

field anaesthesia

pain, inflammation

roundworms

pain, inflammation

roundworms, lungworms (Dictyocaulus
arnfieldi)

roundworms

lungworms (Dictyocaulus arnfieldi)

roundworms, lungworms (Dictyocaulus
arnfieldi)

aid in control of sweet itch

pain, inflammation

roundworms

tapeworms (Anoplocephala perfoliata)
flukes

sedation

field anaesthesia

anaesthesia for mules, feral or unhandled
donkeys

maintenance of anaesthesia after
induction; monitoring of the depth of
anaesthesia is essential

extended field anaesthesia

1drug doses for preparations that have a marketing authorisation for use in this species in the UK. Therefore, unless marked ', the drug or
doses stated are not authorised for this species
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Prescribing for cattle

Contributor:
A H Andrews BVetMed, PhD, MBIAC, MRCVS

While this section provides advice on prescribing for cattle,
it is of necessity very brief. Therefore lack of reference to a
particular drug does not necessarily imply safety and effi-
cacy or lack of these because breed and individual variation
should also be considered. The conditions affecting cattle
and their medicinal requirements will differ according to
the use (dairy or beef), country, region, environment,
whether the animals are housed or outdoor, and the manage-
ment system used.

Cattle constitute food-producing animals providing meat,
milk, or both for human consumption. Withdrawal periods
for milk and meat stated by the manufacturer should be
observed. These are specific for the stated dose and dura-
tion of therapy given in the manufacturer’s data sheet. Milk
from cows should generally be excluded from human con-
sumption if the animal is ill or in poor health, particularly if
the animal has a reproductive tract infection or mammary
gland disease, or is being fed or treated with any medica-
ment that makes the milk unsuitable for human consump-
tion, or if the animal has a very low milk yield (less than 2
litres per day). Usage of a medicine authorised for farm ani-
mals but without a stated milk or meat withdrawal time will
necessitate application of standard withdrawal periods. At
present, in the UK, this is 7 days for milk or 28 days for
meat. Usage outwith the authorised treatment regimen will
necessitate application of a withdrawal period not less than
the minimum standard withdrawal period. This occurs most
commonly with intramammary treatment for mastitis when
extra tubes are used, or the treatment length is increased or
the interval between treatments is reduced or the treatment
is changed to another product. However, often medicines
are used in combination to treat a disease condition and
again in such cases a withdrawal period at least equal to the
minimum standard withdrawal period should be observed.
In the UK, lactating or milking cow intramammary treat-
ments usually provide the withholding time as milk from
treated cows may only be taken for human consumption
after a certain number of hours or number of milkings if
cows are milked twice daily. With dry cow intramammary
tubes, the minimum time period from administration to the
calving date (minimum dry period, MDP) is stated and sec-
ondly the withdrawal time after calving if MDP or more has
occurred.

Under The Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994 (SI 1994/
2987), as amended, if the animal is a food-producing ani-
mal, the veterinarian or person acting under his or her direc-

tion may only administer a product that contains substances
found in a product authorised for use in food-producing ani-
mals. This can create problems for animal welfare, for
example with general anaesthetics. In addition, the use of
drugs and medicines in cattle may be restricted or prohib-
ited. For example, use of chloramphenicol in food-produc-
ing species is not possible because potential residues in
human food may lead to bacterial resistance and, following
contact, aplastic anaemia in humans. The administration of
stilbenes is confined to companion and laboratory animals,
and farm animals kept for research purposes because of
possible carcinogenicity in humans.

Although in-feed production enhancers are not therapeutic
agents, their phasing out within the EU may result in
increased usage of therapeutic agents for some alimentary
problems.

Drug administration. Drugs may be prescribed for indi-
vidual or group medication in the feed, by drench, or drink-
ing water. For parenteral administration in cattle, injections
may be given subcutaneously, intramuscularly, or intrave-
nously. Occasionally injections may be given intra-articu-
larly, intraconjunctivally, or intraperitoneally for specific
conditions. In adult cattle when administering intramuscu-
lar injections, not more than 20 mL should be administered
at any one site and proportionally smaller volumes should
be given at one site in younger animals. The rate of drug
absorption can vary depending on the site of the intramus-
cular injection. Wherever there is a choice of injection site,
then the area used should be one which is not used, or little
used, for human consumption.

Vaccines to prevent and control many diseases are available
and can be administered by various routes including subcu-
taneous, intramuscular, intranasal, and oral administration.
In all cases, the manufacturers instructions on site of injec-
tion, dose, and frequency of revaccination should be fol-
lowed. In many instances it is an advantage to monitor the
efficacy of any herd vaccination programme by milk or
blood testing.

Ruminal boluses that can provide a continuous or pulsatile
release of a drug over a prolonged period have been devel-
oped for use in cattle for the delivery of anthelmintics, trace
elements, and magnesium. Ruminal boluses should not be
given to cattle weighing less than 100 kg body-weight, that
do not have a functional rumen, or are less than 3 months of
age. Operators should be trained in the correct method of
administration of boluses and suitable restraint. Damage
from bolus administration is not always immediately appar-
ent.

‘Pour-on’ formulations are available as anthelmintics,
endectocides, and ectoparasiticides.
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Drug absorption and metabolism. Drug absorption
from the gastro-intestinal tract in ruminant species is influ-
enced by the volume and pH of the ruminal contents and
whether the drug is subject to metabolism by ruminal
micro-organisms.

Drugs that are extensively metabolised by hepatic micro-
somal oxidative reactions are, in general, metabolised more
rapidly in ruminant animals and horses than in pigs. Phe-
nylbutazone is a notable exception in that the half-life of
this drug in cattle is many times longer than in horses. The
dose of xylazine administered to cattle is one-tenth of that
used in horses and in other ruminants the dose per kg body-
weight is less.

Whenever practicable the oral administration of anti-
microbials to ruminants should be discouraged. Orally
administered penicillins or broad-spectrum antimicrobials
may disturb microbial fermentation in the rumen in animals
with a functional rumen resulting in severe digestive distur-
bances particularly in the lactating animal when there are
effects on appetite and milk production. Fewest problems
tend to occur following oral administration of sulphona-
mides or potentiated sulphonamides. Following oral anti-

bacterial administration in ruminants, the ruminal
microflora should be re-established by cud transfer or
administration of a proprietary preparation. Probiotics may
prove helpful. An alternative is to ensure that drugs are
delivered directly into the abomasum via the reticular
groove mechanism. This can be achieved by adding the
medicant to the milk or milk substitute of pre-ruminant
calves. In cattle, oral administration of 60 mL of sodium
bicarbonate 10% is effective in achieving groove closure.
Reticular groove closure may however be counterproduc-
tive. Spontaneous closure in some individuals given oral
benzimidazoles can result in a proportion of the drug being
directly transferred into the abomasum, thus reducing the
efficacy of the drug.

In cattle, rapid intravenous injection of tetracyclines may
cause cardiovascular collapse due to chelation of calcium,
with consequent vasodilation and myocardial depression.
There is only limited information available on the breed dif-
ferences in reactions to certain drugs in cattle. It is impor-
tant that suspected adverse drug reactions are reported
to the VMD under the Suspected Adverse Reaction
Surveillance Scheme (SARSS).
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Prescribing for sheep

Contributor:
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While this section provides advice on prescribing for sheep,
it is of necessity very brief. Therefore lack of reference to a
particular drug does not necessarily imply safety and effi-
cacy or lack of these because breed and individual variation
should be considered. The conditions that affect sheep and
their medicinal requirements will differ according to the
breed and its use (dairy, meat, fibre), country, region, envi-
ronment, whether the animals are housed or outdoor, and
the management system used.

Sheep are kept for fibre production as well as being food-
producing animals providing meat, milk, or both for human
consumption. Withdrawal periods for milk and meat stated
by the manufacturer should be observed. When milk with-
holding times are stated in data sheets they will usually be
referring to cows’ milk and not that from sheep. In some
data sheets for products used in milking cows, it is indicated
‘Not to be used in sheep producing milk for human con-
sumption’. However some data sheets do not provide any
information on sheep milk withdrawal times. Where infor-
mation is not available, it is unsafe to assume the milk with-
holding period will be the same as for dairy cows. Usage of
a medicine authorised for farm animals but without a stated
milk or meat withdrawal time will necessitate application of
standard withdrawal periods. At present, in the UK, this is 7
days for milk or 28 days for meat. Usage outwith the
authorised treatment regimen, which affects many medi-
cines used in sheep, will necessitate application of a with-
drawal period not less than the minimum standard
withdrawal period; the situation is similar when different
medicines are used concurrently unless stated otherwise.
Under The Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994 (S1 1994/
2987), as amended, if the animal is a food-producing ani-
mal, the veterinarian or person acting under his or her direc-
tion may only administer a product that contains substances
found in a product authorised for use in food-producing ani-
mals. This can create problems for animal welfare, for
example with general anaesthetics. In addition, the use of
drugs and medicines in sheep may be restricted or prohib-
ited. For example, use of chloramphenicol in food-produc-
ing species is not possible because potential residues in
human food may lead to bacterial resistance and aplastic
anaemia from contact in humans. There may be interactions
when certain anthelmintics such as some imidazothiazoles
and ectoparasiticides such as organophosphorus compounds
are used in combination or within a short period contrary to
recommendations for use.

Drug administration. Drugs may be prescribed for indi-
vidual or group medication for administration in the feed,
by drench, or drinking water. For parenteral administration
in sheep, injections may be given subcutaneously, intramus-
cularly, or intravenously. The rate of drug absorption can
vary with the site of the intramuscular injection. Wherever
there is a choice of injection site, then the area used should
be one which is not, or little, used for human consumption.
If there is a choice of administration by intramuscular or
subcutaneous routes, then the latter should be used because
if damage occurs and the animal is later slaughtered, any
changes will only be superficial.

Vaccines to prevent and control many diseases are available
and can be administered by various routes including subcu-
taneous or intramuscular injection or scarification. In all
cases, the manufacturer’s instructions on the site of injec-
tion, dose, and frequency of revaccination should be fol-
lowed. Care must be taken with some subcutaneous
vaccines because they contain an adjuvant to allow slow
release of the antigen and can result in damage if inadvert-
ently injected intramuscularly. They can also cause serious
damage if accidently self-injected.

Ruminal boluses that provide continuous or pulsatile
release of a drug over a prolonged period have been devel-
oped for use in sheep for the delivery of trace elements and
magnesium. Ruminal boluses are available in different sizes
according to the age of the animal. It is important to ensure
that the correct size of bolus is administered in order to pre-
vent damage. Damage from boluses is not always immedi-
ately apparent. When in doubt, smaller boluses should be
used. Appropriate sized boluses are available for use in
sheep from about 5 weeks of age. Operators should be
trained in the correct method of administration of boluses
and suitable restraint.

‘Pour-on’ formulations, mainly ectoparasiticides, are avail-
able for use on sheep. Some ectoparasiticides are applied as
sheep dips or showering, although in the latter exposure of
the whole body surface may not occur.

Drug absorption and metabolism. Drug absorption
from the gastro-intestinal tract in ruminant species is influ-
enced by the volume and pH of the ruminal contents and
whether the drug is subject to metabolism by ruminal
micro-organisms.

Drugs that are extensively metabolised by hepatic micro-
somal oxidative reactions are, in general, metabolised more
rapidly in ruminant animals and horses than in pigs.

There is variation in absorptive ability of copper in different
breeds. Therefore whenever copper is to be administered, it
is essential that blood tests, liver biopsies, or both are
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undertaken and the copper content of the diet determined to
demonstrate the need for such treatment.

Whenever practicable the oral administration of anti-
microbials to ruminants should be discouraged. Orally
administered penicillins or broad-spectrum antimicrobials
may disturb microbial fermentation in the rumen in animals
with a functional rumen resulting in severe digestive distur-
bances particularly in the lactating animal when there are
effects on appetite and milk production. Least problems
tend to occur following oral administration of some sul-
phonamides or potentiated sulphonamides. Following oral
antibacterial administration in ruminants, the ruminal
microflora should be re-established by cud transfer or

administration of a proprietary preparation. Probiotics may
prove helpful. An alternative is to ensure that drugs are
delivered directly into the abomasum via the reticular
groove mechanism. Reticular groove closure may however
be counterproductive. Spontaneous closure in some individ-
uals given oral benzimidazoles can result in a proportion of
the drug being transferred into the abomasum, thus
reducing the efficacy of the drug.

There is only limited information available on the breed dif-
ferences in reactions to certain drugs in sheep. It is impor-
tant that suspected adverse drug reactions are reported
to the VMD under the Suspected Adverse Reaction
Surveillance Scheme (SARSS).
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Prescribing for goats

Contributor:
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This section provides general and specific advice on pre-
scribing for goats; lack of reference to a particular drug
does not necessarily imply safety and efficacy because
breed and individual variation should be considered. The
conditions affecting goats and their requirements will differ
according to the area, the housing and grazing environment,
and management system used.

Goats are kept commercially for fibre and milk production.
A smaller number are reared for meat, but the market for
goat meat, though growing, is still small and the value of
meat is therefore usually a secondary consideration when
prescribing. Many goats are kept purely as pets, and their
value to the owner often far outstrips the monetary cost of
replacement.

There are a limited number of products authorised for goats
in the UK. For these products, the manufacturer’s stated
withdrawal periods must be observed. Where no authorised
product is available, The Medicines (Restrictions on the
Administration of Veterinary Medicinal Products) Regula-
tions 1994 (SI 1994/2987), as amended, stipulate that if the
animal is a food-producing animal, the veterinarian or per-
son acting under his or her direction may only administer a
product that contains active ingredients found in a product
authorised for use in food-producing animals.

When a product is used in goats that is either not authorised
for use in goats, or is used at a dose rate or for a longer
duration than is quoted in the data sheet for that product,
then the use of the product is deemed to be ‘off-label’. In
such circumstances the standard withdrawal period should
be advised. Where the stated withdrawal period for that
product is similar to or greater than standard in other spe-
cies, the veterinarian should recommend a similar or longer
withdrawal period, at his or her discretion, if the product is
being used ‘off-label” in goats.

The lack of products specifically authorised for use in goats
can cause the veterinarian clinical, professional, and legal
problems. In general, for commercial goats, the veterinarian
should make it clear to the goat keeper when a medicine is
being used ‘off-label’ and should obtain the owner’s
informed consent for use of the product. Similarly for treat-
ment in ‘pet’ goats. Goats treated with drugs that are not
authorised for use in any food-producing animals may not
be used for human comsumption at any time.

The limited number of products available may also lead to
specific welfare problems. A particular problem arises with
the use of anaesthetics. At present, no anaesthetic is author-
ised for use in goats and only certain local anaesthetics are

authorised for use in other food-producing species. Local
anaesthetics are irritant and toxic in kid goats and use is not
recommended. Intravenous or inhalational anaesthetics are
preferred on welfare grounds for disbudding kids. Disbud-
ding is usually carried out either by masking with halothane
or isoflurane, or by intravenous administration of Saffan
(Schering-Plough) at a dose of 1 mL/3.5 kg body-weight.
Veterinarians should obtained the owner’s writtten
informed consent before anaesthetising goats. Unofficial
surveys suggest a mortality rate of about 1% resulting from
use of inhalational or intravenous anaesthetics in goats.
Animals thus treated must not enter the human food chain.
Drug administration. For parenteral administration of
drugs in goats, subcutaneous and intramuscular, and, where
appropriate, intravenous routes may be used. The rate of
drug absorption of any drug administered intramuscularly
may vary according to the site of injection, which is ideally
one that is minimally used for human consumption.

Drugs may often be given orally, sometimes in feed or
water for group treatment.

Drug absorption and metabolism. Absorption from
the gastro-intestinal tract in ruminant species is influenced
by the volume and pH of the ruminal contents and by
whether the drug is subject to metabolism by ruminal
micro-organisms.

Drugs that are extensively metabolised by hepatic micro-
somal oxidative reactions are, in general, metabolised more
rapidly in ruminant animals and horses than in pigs, and in
particular, these drugs, including sulphonamides, are
metabolised unusually rapidly in pygmy goats.

Some intramammary preparations are known to persist
longer in the caprine udder than in that of the bovine.

The half-life of some drugs that are eliminated mainly by
hepatic metabolism is, in goats, about half that for sheep.
Therefore, when treating for intestinal worms, if benzimida-
zole drenches are used, they should be given at twice the
dose recommended for sheep, and if levamisole is used, at
1.5 times the ovine dose. The dosage for avermectins is as
for sheep. It is important that after anthelmintic treatment in
goats, a faecal egg count is performed about 2 weeks later
to ensure that treatment has been effective because
anthelmintic resistance in goats is widespread and the
resistant nematodes can be passed to sheep grazing on the
same pasture. Idiosyncratic reactions to levamisole have
been recorded in individual fibre-producing goats.

As with any ruminant, in general, the oral administration
of antimicrobials to ruminants should be discouraged
other than for use in kids up to about 3 weeks of age, which
may be affected by similar neonatal infections to lambs and
calves, and which respond to similar treatments. The oral
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use of antimicrobial drugs in older goats is likely to lead to
death from enterotoxaemia and is not recommended. An
exception is oral oxytetracycline widely used in the US for
the treatment of chlamydophiliosis, apparently without ill-
effect.

The use of ‘pour-on’ preparations for the control of
endoparasites and ectoparasites in goats iS not recom-
mended because the products tend to be less readily
absorbed through the skin of goats than in other species,
with the exception of eprinomectin, which has been
reported to be effective.

Other than for anthelmintics, dosages for most preparations
will be the same as for sheep. Antibiotics, a wide range of
anti-inflammatory drugs, and other drugs including oxy-
tocin, decongestants, and antispasmodics, have all been
used in goats at the dosages for calves or sheep, with
minimal reported risk of side-effects.

Goats have an immune system that is markedly inefficient
in comparison to that of cattle and sheep. This has implica-
tions for the use of vaccines in goats. Vaccines containing
single or a low number of antigens are the vaccines of

choice. Lambivac (Intervet) is authorised for use in goats
with booster vaccination recommended every 6 months
rather than annually as for sheep.
There is only limited information available on breed differ-
ences in reactions to drugs in goats, and drug reactions in
goats compared to other species. It is important that sus-
pected adverse drug reactions are reported to the VMD
under the Suspected Adverse Reaction Surveillance
Scheme (SARSS), whether the product is authorised for
goats or not. Veterinarians are reminded that the more infor-
mation available, the safer will become the use of medi-
cines in goats whether those medicines are authorised for
use in this species or not.
Further information on the treatment of goats is available
from:
¢ The Goat Veterinary Society
www.vetweb.co.uk/sites/goatsoc.htm
Drug manufacturers may be able to provide information on
products authorised for use in other countries. However,
such advice is provided with no acceptance of liability.
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This section provides general and specific advice on pre-
scribing for deer; lack of reference to a particular drug does
not necessarily imply safety and efficacy because species,
and individual variation should be considered. There are no
breeds of deer, only species and subspecies. Therefore
extrapolation of usage and dosage from one species of deer
to another is no more reliable than it would be, for example,
to extrapolate responses from cattle to sheep. The condi-
tions affecting deer and their requirements will differ
according to the area, housing environment, and manage-
ment system used.

Few preparations are authorised for deer in the UK. Only
acepromazine + etorphine (Immobilon), oxytetracycline,
and xylazine are authorised for use in deer. Drug dosages
for deer are given in Table 2.

Deer constitute food-producing animals providing meat for
human consumption. Where drugs are authorised for use in
deer, withdrawal periods stated by the manufacturer should
be observed. Where the drugs are authorised for use in other
food-producing species such as cattle then no withdrawal
period for deer will be provided on the data sheet and stand-
ard withdrawal periods should be applied. Where the prod-
uct is not authorised for use in any food-producing animal
then the preparation must not be used in any animal that
could enter the food chain. Wild and park deer may be
culled and enter the human food chain with relatively few
controls and consideration should be given to this when
administering drugs to deer, for example, care should be
taken when deer that have been captured with a tranquilliser
are released into the wild.

Under The Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994 (S1 1994/
2987), as amended, if the animal is a food-producing ani-
mal, the veterinarian or person acting under his or her direc-
tion may only administer a product that contains substances
found in a product authorised for use in food-producing ani-
mals. This can create problems. For example, Large Animal
Immobilon is no longer authorised for use in cattle, and
consequently it cannot legally be used in any animal des-
tined for human consumption. Since there are no readily
available equally effective and humane alternatives availa-
ble in the UK for tranquillising red deer, breeding stags in
parks, which may have been transported or otherwise han-
dled during their lifetime, may have to be shot and the meat
disposed of when they reach the end of their useful lives. In
addition, the use of drugs and medicines in deer may be
restricted or prohibited. For example, use of chlorampheni-

col in food-producing species is not possible because poten-
tial residues in human food may lead to bacterial resistance
and aplastic anaemia in humans. The administration of stil-
benes is confined to companion and laboratory animals, and
farm animals kept for research purposes because of their
carcinogenicity in humans.

Drug administration. Drugs may be prescribed as group
medication for administration in the feed or drinking water
or for individual animal treatment. For parenteral adminis-
tration in deer, injections may be given subcutaneously,
intramuscularly, or intravenously.

The rate of drug absorption can vary with the location of the
intramuscular injection site. Wherever there is a choice of
injection site, then the area used should be one which is not,
or little, used for human consumption. When administering
drugs by dart to deer especially during late summer, opera-
tors should be aware that there may be several centimetres
of subcutaneous fat especially over the gluteal mass.
Ruminal boluses that provide continuous or pulsatile
release of a drug over a prolonged period have been devel-
oped for use in cattle and sheep for the delivery of
anthelmintics, trace elements, and magnesium; they are also
used in deere. Operators should be trained in the correct
method of administration of boluses and suitable restraint.
‘Pour-on’ formulations are available for use on cattle,
sheep, pigs, and are also used on deer .

Drug absorption and metabolism. Absorption from
the gastro-intestinal tract in ruminant species is influenced
by the volume and pH of the ruminal contents and whether
the drug is subject to metabolism by ruminal micro-organ-
isms. Deer have greater gastric and intestinal motility than
cattle and sheep and there is some evidence that orally
administered drugs should be given at a higher dose to deer.
Drugs that are extensively metabolised by hepatic micro-
somal oxidative reactions are, in general, metabolised more
rapidly in ruminant animals and horses than in pigs.

Deer may metabolise some anthelmintics more rapidly than
other ruminants and the recommendation has been made
that anthelmintics should be given at twice the dose for cat-
tle and sheep regardless of the route of administration. No
adverse effects have been reported using this regimen.
‘Pour-on’ preparations are preferred for use in deer. It has
been shown that diethylcarbamazine and levamisole are
much less effective in controlling lungworms in red deer
than they are in cattle.

Whenever practicable the oral administration of anti-
microbials to ruminants should be discouraged. Orally
administered penicillins or broad-spectrum antimicrobials
may disturb bacterial fermentation in the rumen in animals
with a functional rumen resulting in severe digestive distur-
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bances. Following oral antibacterial administration in rumi-
nants, the ruminal microflora should be re-established by
cud transfer or administration of a proprietary preparation.
Probiotics may be helpful. An alternative is to ensure that
drugs are delivered directly into the abomasum via the retic-
ular groove mechanism. This can be achieved by adding the
medicant to the milk of pre-weaned ruminants. Reticular
groove closure may however be counterproductive. Sponta-
neous closure in some individuals given oral benzimida-
zoles can result in only a proportion of the drug being
transferred into the abomasum, thus reducing the efficacy of
the drug.

Tetracyclines are the drug of choice for treating deer with
Yersinia pseudotuberculosis and in order to minimise stress

Table 2 Doses of drugs for deer’

in newly weaned calves, the drug is often incorporated into
the ration.
Response to tranquillisers by darting, often used to capture
deer, varies greatly between the different species, for exam-
ple there is evidence that isolated populations of red deer
differ in their responsiveness to xylazine.
There is only limited information available on the species
differences in reactions to certain drugs in deer. It is impor-
tant that suspected adverse drug reactions are reported
to the VMD under the Suspected Adverse Reaction Sur-
veillance Scheme (SARSS). Further information on the
treatment of deer is available:
e Alexander T L, Buxton D (eds) Management and
Diseases of Deer 2nd ed. Veterinary Deer Society
Publications, 1994.

Drug

Dose

Antibacterial drugs
Oxytetracycline!

Other antibacterial drugs

Parasiticides

Endectocides

red deer, 20 mg/kg i.m., repeat after 2—4 days

in general, use at same dosage as for cattle

use at about twice dosage for cattle

red deer, pour-on preparations, use at about twice dosage for cattle

Tranquillisers

Acepromazine + Etorphine’
(Large Animal Immobilon )
Reversal

tame deer, 0.5 mL/50 kg i.m. (reduce dose by 30% in pregnant hinds)
rutting or wild deer, up to 1 mL/50 kg i.m.

Diprenorphine’, volume equal to total volume of Immobilon previously administered, i.m. ¢, i.v.

Detomidine + Ketamine

(capture of reindeer, fallow deer by dart) Reversal

60-90 micrograms/kg + 1-2 mg/kg

Atipamezole, volume 3-7 times volume of detomidine previously administered

Ketamine + Xylazine?

Xylazine 20 mg/mL

fallow deer, 2-3 mL/50 kg i.m.

for sedation of red deer in yards or pens, 0.5-1.5 mg/kg, i.m.

(should not be used as sole agent for capture of free ranging deer by dart)

Reversal

Yohimbine, 250 micrograms/kg i.v.

Minerals

Copper supplements

Vaccines

Polyvalent
Clostridial vaccines

hinds, 2 times dosage for sheep

female adult red deer, 2 Copacaps Sheep

"drug doses for preparations that have a marketing authorisation for use in this species in the UK. Therefore, unless marked !, the drug or doses

stated are not authorised for this species

2dose is in mL/kg of a mixture (‘Hellabrun mixture’) made up of 4 mL ketamine 100 mg/mL added to xylazine 500 mg powder for recon stitution
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Prescribing for pigs

Contributor:
D J Taylor MA, VetMB, PhD, DipECVPM, MRCVS

This section provides general and specific advice on pre-
scribing for pigs. Lack of reference to a particular drug does
not necessarily imply safety and efficacy because species,
breed, and individual variation should be considered. The
conditions affecting this species and their requirements will
differ according to the area, housing environment, and man-
agement system used, although all pigs have similar basic
management requirements throughout the world. For exam-
ple, a wallow should be provided for pigs kept outdoors in
order to give protection against sunburn and to maintain
optimum temperatures in hot weather.

In the UK, the FAWC publishes information and reports on

aspects of animal welfare and Codes of Practice with rec-

ommendations for pig welfare are produced by several
countries including the UK:

*  Code of Recommendations for the Welfare of Livestock:
Pigs London: DEFRA Publications, 2003 PB 7950
www.defra.gov.uk/anaimlh/welfare/farmed/pigs/pigcode.pdf

Pigs are food-producing animals providing meat for human
consumption and the administration of medicines is strictly
controlled. Withdrawal periods stated by the manufacturer
of medicines should be adhered to. If no withdrawal periods
are given, standard withdrawal periods should be applied.
Under The Medicines (Restrictions on the Administration of
Veterinary Medicinal Products) Regulations 1994 (SI 1994/
2987), as amended, if the animal is a food-producing ani-
mal, the veterinarian or person acting under his or her direc-
tion may only administer a product that contains substances
found in a product authorised for use in food-producing
animals.
There is a growing trend to keep miniature pig breeds, for
example the Vietnamese pot-bellied pig, as companion ani-
mals. Veterinarians are reminded that movement of these
pigs (for example from the owner’s home to hospital
premises) requires a licence from the VMD and treatment
records should be retained for the requisite period. Behav-
ioural problems such as aggression may arise when pigs are
kept as pets and owners should be warned of potential haz-
ards. The pet pig may be the subject of surgical procedures
involving anaesthetics and may be given medicines not
authorised for food animals. Such animals must not enter
the food chain.

Drug administration. Drugs may be prescribed as group
medication for administration in the feed or drinking water
or for individual animal treatment. Group medication in the
drinking water is carried out by medication of a finite vol-
ume of water to give the required level or by continuous
administration through devices such as water proportioners.
Medicated water should be the only source of water availa-
ble during a course of treatment. Prescription-only medi-
cines can only be incorporated in the feed by a registered
feedingstuff manufacturer following completion of a MFS
prescription signed by a veterinarian. Top dressing of feed
with medication for individual animals is not allowed in the
UK. The inclusion rate of some products may be modified
to give the correct dose in mg/kg where restricted feeding is
practised (for example, sows or finishers). Where group
medication is employed, individual animals that are too sick
to ingest therapeutic doses of antimicrobial should be
removed or treated individually by parenteral
administration.

Parenteral administration in these species may be given by
subcutaneous, intramuscular, or intravenous injection, or by
intraperitoneal injection in piglets. In the course of pig prac-
tice, such injections may be given by farm staff under the
direction of the veterinarian who has the herd under their
care. The veterinarian should ensure that staff concerned are
adequately trained.

Drug absorption and metabolism. Pigs are omnivor-
ous monogastric animals and drug absorption takes place
mainly from the small intestine following oral
administration.

Drugs that are extensively metabolised by hepatic micro-
somal oxidative reactions are, in general, metabolised more
rapidly in ruminant animals and horses than in pigs. In pigs,
the defect in sulfate conjugation is compensated for by
alternative metabolic pathways such as glucuronide
synthesis.

Procaine benzylpenicillin may cause shivering in pigs. Pot-
bellied pigs may be prone to hypothermia following
anaesthesia.

There is limited information on breed differences in reac-
tions to particular drugs in pigs. It is important that
adverse drug reactions are reported to the VMD under
the Suspected Adverse Reaction Surveillance Scheme
(SARSS).
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Prescribing for dogs

Contributor:
Trevor Turner BVetMed, MRCVS, FRSH

This section provides general and specific advice on pre-
scribing for dogs; lack of reference to a particular drug does
not necessarily imply safety and efficacy. Breed and indi-
vidual variation should be considered.

Dogs are classed as companion animals and in the UK, pre-
scribing of medicines for them must be in accordance with
The Medicines (Restrictions on the Administration of Veter-
inary Medicinal Products) Regulations 1994 (SI 1994/
2987), as amended. The VMD has indicated that for the
purposes of interpretation of the Regulations ‘in certain cir-
cumstances, certain especially sensitive breeds of cat and
dog should be considered as exotic’ as indicated in Medi-
cines (Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994: Guidance notes for
the veterinary profession. Animal Medicines European
Licensing Information & Advice (AMELIA) 8 revised 1998
published by the VMD. This allows rather more
manoeuvrability under the ‘cascade’ system.

Dogs should always be weighed before being medicated
and especially with larger dogs calculation of the total dose
should be based at the lower end of the recommended
range.

Drug administration. Drugs may be administered by
mouth, via the food, by injection, or in certain circum-
stances by absorption through intact skin or mucous mem-
branes. Owner compliance should be considered when
prescribing medicines for dogs.

Common routes for injection for parenteral administration
of drugs to dogs are intravenous, intramuscular, and subcu-
taneous. Other routes for parenteral administration include
intracardiac, intraperitoneal, intrapleural, epidural, and
intra-articular. Due to the density of muscle tissue in dogs,
intramuscular injections can be very painful if the total vol-
ume exceeds 4 to 5 mL in large breeds and a maximum of 2
to 3 mL in small breeds. Injections involving volumes
greater than these should involve multiple sites. Larger vol-
umes can be administered by subcutaneous injection in the
conscious animal but multiple sites should be considered if
total volume exceeds 15 to 20 mL in small breeds and 25 to
30 mL in large dogs.

Drug absorption and metabolism. Dogs are mono-
gastric and drug absorption takes place mainly in the small
intestine. In dogs, the acetylation process for aromatic
amines such as sulphonamides is absent. This does not
decrease the overall rate of sulphonamide elimination
because alternative metabolic pathways compensate; acidic

urine favours sulphonamide reabsorption and increases
half-life.
Sulphonamides, sulphasalazine, mesalazine, and olsalazine,
administered systemically, may cause keratoconjunctivitis
sicca. Potentiated sulphonamides may cause an immune-
mediated polyarthritis particularly in larger breeds such as
Dobermanns. Tetracycline antibacterials may cause perma-
nent staining of the dental enamel if given to puppies before
eruption of the permanent dentition or to the dam during
pregnancy.
NSAIDs may cause gastric ulceration, particularly at high
doses or if given in combination with corticosteroids. These
are potent drugs and patients may show individual suscepti-
bilities to toxic effects. Dose-dependent liver failure is
encountered in dogs given excessive doses of paracetamol.
Phenothiazines such as acepromazine should be used with
caution in Greyhounds and other coursing hounds and in
brachycephalic breeds. In the Boxer in particular, fainting
may be precipitated. Phenothiazines may cause paradoxical
excitement in some dogs. Xylazine may initially cause eme-
sis in dogs. Some breeds including Basset Hounds, Great
Danes, and Irish Setters, appear susceptible to bloat after
xylazine administration. Thiobarbiturates such as thiopental
may have prolonged action in coursing hounds due to lim-
ited redistribution of the drug into fatty tissue or decreased
plasma-protein binding. Greyhounds appear particularly
sensitive in this respect and some authorities suggest that
use of thiopental in this breed is contra-indicated.
The unusual sensitivity of some breeds to ivermectin may
be due to genetic differences in permeability of the blood-
brain barrier, the release of gamma-aminobutyric acid in the
CNS, or both. In dogs, severe adverse reactions to ivermec-
tion (including fatalities) may occur. In the UK, injectable
praziquantel (Droncit) is not recommended for use in
hounds.
Pharmaceutical adjuvants may also induce adverse reac-
tions in some species. Polyoxyl 35 castor oil, the solubilis-
ing constituent of Saffan (alfaxalone and alfadolone
acetate), causes the release of histamine and histamine-like
substances in dogs and therefore the preparation should not
be used in this species.
For further information on adverse reactions of drugs, indi-
vidual product data sheets should be consulted. See also
Keller W C, Bataller N, Adverse Drug Reactions. In: Bon-
agura J D, ed. Kirk’s Current Veterinary Therapy XIII Small
Animal Practice. USA: Saunders, 2000, 239-242.
The following texts provide further information on pharma-
cology of drugs in dogs:
¢ Adams H R. Veterinary Pharmacology and Therapeu-
tics 8th edn. USA: Iowa State University Press, 2001
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Aiello S E, Mays M eds. Merck Veterinary Manual 8th
edn. USA: Merck & Co Inc, 1998. Available at:
www.merckvetmanual.com/mvm/index.jsp

Bonagura J D, ed. Kirk’s Current Veterinary Therapy
XIII Small Animal Practice. USA: Saunders, 2000

Kirk R W ed. Current Veterinary Therapy IX Small
Animal Practice. USA: Saunders, 1986

e Bonagura J D, Kirk J D eds. Current Veterinary Ther-
apy X Small Animal Practice. USA: Saunders, 1989.
Limited information is available on breed differences in
reactions to particular drugs in dogs. It is important that
suspected adverse drug reactions are reported to the
VMD under the Suspected Adverse Reaction

Surveillance Scheme (SARSS).
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Prescribing for cats

Contributor:
Trevor Turner BVetMed, MRCVS, FRSH

This section provides general and specific advice on pre-
scribing for cats; lack of reference to a particular drug does
not necessarily imply safety and efficacy. Breed and indi-
vidual variation should be considered. Cats should be
weighed prior to medication to ensure accuracy of dosage.
Cats are classed as companion animals and in the UK, pre-
scribing of medicines for them must be in accordance with
The Medicines (Restrictions on the Administration of Veter-
inary Medicinal Products) Regulations 1994 (SI 1994/
2987), as amended. The VMD has indicated that for the
purposes of interpretation of the Regulations ‘in certain cir-
cumstances, certain especially sensitive breeds of cat and
dog should be considered as exotic’ as indicated in Medi-
cines (Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994: Guidance notes for
the veterinary profession. Animal Medicines European
Licensing Information & Advice (AMELIA) 8 revised 1998
published by the VMD. This allows rather more manouvra-
bility under the ‘cascade’ system.

Drug administration. Drugs may be administered by
mouth, via the food, by injection, or in certain circum-
stances through absorption through intact skin or mucous
membranes. Owner compliance should be considered when
prescribing medicines for cats.

Common routes for injection for parenteral administration
of drugs to cats are intravenous, intramuscular, and subcuta-
neous. Other routes for parenteral administration include
intracardiac, intraperitoneal, intrapleural, epidural, and
intra-articular. Intramuscular injections can be very painful
for cats if the total volume exceeds 1.5 to 2 mL at one site.
Injections involving volumes greater than these should
involve multiple sites. Single subcutaneous injections in
conscious cats should not exceed 15 to 20 mL. Multiple
sites should be used if the volume exceeds this amount.
Drug absorption and metabolism. Cats are monogas-
tric and drug absorption takes place mainly in the small
intestine.

The cat has a relative deficiency in hepatic microsomal glu-
curonyl transferase activity and therefore drugs that are
metabolised by this pathway will usually be eliminated at a
slower rate. Organophosphorus compounds, aspirin, chlor-
amphenicol, phenytoin, and griseofulvin may be toxic
unless the appropriate dosage regimen is carefully applied.
Such drugs should be used with caution.

Paracetamol should not be administered to cats because
they are particularly susceptible to intoxication. Paraceta-

mol may cause death in cats as a result of profound anaemia
with methaemoglobinaemia due to the accumulation of
toxic metabolites.
Antiseptic and disinfectant agents such as iodine and its
derivatives, benzyl benzoate, phenols and cresol are partic-
ularly toxic to cats. This results from a combination of drug
ingestion due to the animal’s grooming habits together with
slow drug metabolism.
Overdosage of opioid analgesics including morphine,
butorphanol, etorphine, pethidine, and pethidine derivatives
such as diphenoxylate hydrochloride (an ingredient of
Lomotil) may cause violent excitatory activity in cats. Phe-
nothiazines such as acepromazine may cause paradoxical
excitement in some cats. Xylazine causes emesis in cats.
Cats are particularly susceptible to ototoxicity caused by
aminoglycoside antibacterials such as gentamicin, strepto-
mycin, and neomycin. Tetracycline antibacterials may
cause permanent staining of the dental enamel if given to
kittens before eruption of the permanent dentition or to the
queen during pregnancy.
Phosphate-containing rectal enemas cause severe hyper-
phosphataemia in cats and their use is contra-indicated in
this species.
For further information on adverse reactions of drugs, indi-
vidual product data sheets should be consulted. See also
Keller W C, Bataller N, Adverse Drug Reactions. In: Bon-
agura J D, ed. Kirk’s Current Veterinary Therapy XIII Small
Animal Practice. USA: Saunders, 2000: 239-242
The following texts provide further information on pharma-
cology of drugs in cats:
¢ Adams H R. Veterinary Pharmacology and Therapeu-
tics 8th edn. USA: Iowa State University Press, 2001
¢ Aiello S E, Mays M. eds Merck Veterinary Manual 8th
edn. USA: Merck & Co Inc, 1998. Available at:
www.merckvetmanual.com/mvm/index.jsp
e Bonagura J D, ed. Kirk’s Current Veterinary Therapy
XI1I Small Animal Practice. USA: Saunders, 2000
e Kirk R W ed. Current Veterinary Therapy IX Small
Animal Practice USA: Saunders, 1986
e Bonagura J D, Kirk J D eds. Current Veterinary
Therapy X Small Animal Practice. USA: Saunders,
1989.
Limited information is available on breed differences in
reactions to particular drugs in cats. It is important that
suspected adverse drug reactions are reported to the
VMD under the Suspected Adverse Reaction
Surveillance Scheme (SARSS).
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Prescribing for poultry

Contributor:
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Poultry are farmed domestic birds, which include chickens,
ducks, geese, and turkeys. Preparations that are authorised
for poultry are not necessarily safe or suitable for use in all
species, for example salinomycin is toxic in turkeys. There
are limited products available for use in laying fowl. Some
treatments can only be given if the standard withdrawal
period of seven days is adhered to after completion of treat-
ment, resulting in destruction of a considerable number of
eggs.

When investigating a disease problem, management proce-
dures should be examined before medicating the flock. An
undesirable environment can nullify the benefits of medica-
tion, may be the cause of illness, and should be corrected at
the same time as instituting any medication. In some cir-
cumstances it may be more economical to slaughter the
flock earlier than planned because the cost of treatment
would be excessive or the welfare of the birds may be com-
promised.

The management system can have a significant effect on the
pattern of infection. Viral diseases spread via the respiratory
route or in the faeces can be especially important where
large numbers of birds are kept together. On multi-age sites,
younger birds may be exposed to infections which are
endemic in older birds on site. In cage systems, birds are
removed from contact with their own faeces and the lack of
interaction between birds may result in slow dissemination
of certain infections within a house. This may lead to a
more protracted disease as the infection spreads across the
house and may make therapy more problematic.

In birds kept on litter, strategic anticoccidial regimens are
required to prevent clinical coccidiosis due to the birds’
exposure to the parasite on the litter. Coccidiostats are
zootechnical feed additives and must be used in accordance
with the relevant Annex entry of Directive 70/524/EEC
(The Feedingstuffs (Zootechnical Products) Regulations
1999); there is no provision for the veterinarian to alter pre-
scribing from that given in the manufacturer’s data sheet.
Treatment programmes are often designed to allow birds to
build up natural resistance to such parasites and therefore
early withdrawal of medication. This is especially signifi-
cant for birds destined for litter or free range conditions as
adult laying birds. Such birds should not be cage reared.
Natural immunity is taken a stage further with birds kept in
free range conditions where there is access to land which
may be contaminated by the birds themselves, wild birds, or
vermin. Control of coccidia and nematodes depends on stra-

tegic therapy and paddock rotation if the land is to be pre-
vented from becoming ‘fowl sick’.

Drug administration. Drugs may be given in the drink-
ing water, feed, or by injection. Administration via the
drinking water is usually preferable because sick birds will
tend to drink when they will not eat. However, fluid intake
by the birds may vary due to the weather, to the ease of
access or hygiene of drinking water dispensers (‘drinkers’),
or to the unpalatability of the medicated water. Care must
be taken that the medication does not block the water sys-
tem. Conversely, care should be taken to ensure that drink-
ers do not overflow because surrounding damp bedding
could potentially encourage coccidial oocyst sporulation.
Water contamination and hygiene problems may arise as a
result of poor mixing and preparation, or from fungal prolif-
eration in certain glucose-containing carriers present in the
formulation. Drinker lines should be sanitised before drug
incorporation and especially after drugs in a sucrose or sim-
ilar basis have been used. They should be cleaned regularly
as part of the routine terminal house disinfection.
Alternatively, the feed may be medicated. This is conven-
ient for the farmer but it may take time getting feed mixed
at the mill and mills may find making special mixes uneco-
nomical. Absorption of the drug may be unpredictable
because of binding to feed ingredients. Some birds may
have a reduced feed intake and may require adjustment of
the drug concentration in their feed.

Treatment by injection is the most predictable method of
drug administration but is only practicable where there are
sufficient staff available and the birds are of high monetary
value such as turkeys and breeding stock. Intramuscular
injection is usually given into the thigh or breast muscle in
adult birds. In day-old chicks intramuscular vaccinations
are given into the thigh or neck muscle. Aseptic procedures
must be strictly observed. There are currently no injectable
products authorised for poultry in the UK and therefore any
such treatment is deemed ‘off-label’ under the cascade.

The most accurate method of dosing is in direct relation to
body-weight. Most preparations can be administered as mg
of drug per kg body-weight. The calculated mg/kg dose can
then be given as a daily loading pulsed dose or as divided
amounts throughout the day. Alternatively treating via the
drinking water can be given on the basis of weight of prod-
uct per volume of drinking water consumed. This assumes
an estimated daily water intake sufficient to achieve the
required dosage. Advice is given in the data sheets or is
available from manufacturers.

Antimicrobial therapy. A number of antibacterials are
authorised for use in poultry for the treatment of enteric and
respiratory disease or systemic bacterial infection. Specific
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therapy must be related to accurate diagnosis of the primary
cause and any secondary (usually bacterial) sequelae. The
choice of medication is dependent on a number of variables
including knowledge of the site of action, spectrum of
activity, and distribution of the drug in tissues. If possible,
the first stage in the decision process is antimicrobial sensi-
tivity tests. In cases of high mortality, it may be necessary to
medicate using the drug most likely to be effective, while
awaiting laboratory results. Further medication can then be
adjusted in the light of these results. In addition, other fac-
tors such as ease of use of the product may be of signifi-
cance, especially in relation to the management system in
operation. For example, for birds on a nipple line water sys-
tem it is essential that a highly soluble product is used to
prevent blockage of the water system.

Certain drugs appear especially effective against specific
conditions. For example, amoxicillin is well absorbed from
the gastro-intestinal tract and is effective against acute sep-
ticaemic conditions and also arthritis and tenosynovitis
associated with staphylococcal infection. Amoxicillin is
also active against Gram-positive micro-organisms and is
the drug of choice in clostridial enterotoxaemia of broilers
and turkeys. Drugs such as neomycin are not absorbed from
the gastro-intestinal tract. Tylosin attains high bone levels
and is reported to be effective in cases of osteomyelitis
associated with femoral head necrosis. Sulfaquinoxaline
and enrofloxacin appear especially effective against Pas-
teurella infections. Tylosin, tilmicosin, tiamulin, and enro-
floxacin have specific activity against mycoplasma.
Information on dosage and preparations available for poul-
try is found in section 1.1.1.

Coccidiosis, mainly caused by Eimeria spp., is a common
infection in poultry flocks and medication is usually admin-
istered prophylactically to control the disease (see section
1.4.1). Anticoccidials such as monensin, narasin, or salino-
mycin should not be administered concurrently with tiamu-
lin as toxic effects are often fatal. Erythromycin and
sulphonamides have also been reported to cause toxic
effects when administered with monensin. Anticoccidials
should not be used in laying hens because of possible drug
residues in eggs intended for human consumption. Chick-
ens may be vaccinated against coccidiosis (see section
18.6.1), which avoids problems of drug resistance and con-
tinuous medication.

Guidelines on the use of antimicrobials in poultry are pub-
lished by organisations including the British Veterinary
Poultry Association and RUMA Alliance.

Parasiticidal therapy. Infection with the gapeworm,
Syngamus trachea, and intestinal nematodes such as Capil-
laria, Heterakis, and Ascaridia may be treated with author-
ised preparations including flubendazole. Lice, mites, and
fleas may affect poultry and preparations authorised for
treatment include cypermethrin (see section 2.2). Poultry
houses should also be treated to ensure insect eradication
(see section 2.2.6).

Other drugs. Some antibiotics may be used as produc-
tion enhancers (see section 17.1).

Vaccines. Many vaccines are available to provide protec-
tion against poultry viruses, bacteria such as Erysipelothrix
and Pasteurella, and also coccidiosis; these are described
under section 18.6.
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Prescribing for game birds

Contributor:
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Game birds include grouse, guinea fowl, quail, partridges,
and pheasants. Quail and guinea fowl are reared directly for
the table while, in the UK, pheasants and partridges are
reared for release into the wild to supplement wild popula-
tions for shooting. Grouse are essentially managed as wild
populations with a few reared in captivity in private collec-
tions. However, in grouse Trichostrongylus tenuis and loup-
ing ill may cause serious losses and veterinarians may be
consulted for advice on worm and tick control and vaccina-
tion programmes. Many of the comments in the above sec-
tion on poultry also relate to game birds and these sections
should be read together. The breeding, rearing, and manage-
ment of pheasants and partridges is now highly specialised
and becoming more intensive. Although the diseases of
game birds are not unique, management practices do have
an influence on the occurrence and type of diseases
observed in these species. In general, parasitic diseases
(protozoa and helminths) are common as a result of com-
paratively large numbers of birds being reared and released
on areas of land over a period of years.

Few medications are authorised for use in game birds and
the list is constantly declining. Game birds are classified as
food-producing species and therefore only products author-
ised for use in food-producing animals can be used. The
legal position regarding exotic pheasants in zoological col-
lections remains obscure and treating these species as non
food-producing would greatly increase the therapeutic
options available. No products registered as zootechnical
food additives (ZFA) are authorised in game birds and these
cannot be prescribed.

Many diseases in game birds present with similar clinical
signs and full laboratory back up is commonly required in
order to diagnose individual conditions. The correct use of
medication in game birds is essential especially in regard to
withdrawal periods prior to the birds being presented for
shooting. Game birds should not be medicated once they
have been released into the wild. Knowledge of the shoot-
ing seasons and likely release dates is essential. Due to the
intermixing of populations, birds must not be medicated
within at least one withdrawal period of game being pre-
sented for shooting in the same geographical area. To
ensure both legal and welfare aspects are adequately cov-
ered, veterinary involvement is a necessity.

Drug administration. Drugs may be administered in the
drinking water or in the feed when flock medication is nec-
essary, or on rare occasions by intramuscular injection into
the posterior aspect of the upper leg for the treatment of

individual birds. In the earlier stages of rearing and before
release, the birds are fairly easily handled and treated with
medication administered in the drinking water or in the
feed. However, fluid intake may vary due to weather condi-
tions, unpalatability of the medicated drinking water, or if
water is available from other sources such as streams or
rainwater. Advice should be given on suitable water supply
systems to enable medication of small groups of birds.
When medicating, account should be taken of the size of the
header tank and the amount of ‘dead’ space in pipeline sys-
tems as this may easily exceed daily consumption. The use
of flavouring in the water may mask the taste of medicine,
however the stability of the solution may be affected.

Feed medication may be impractical where the quantity of
feed required is smaller than the usual minimum amount
supplied by the mill as a single-mix batch. POM products for
incorporation in feed must be prescribed under a Medicated
Feeding Stuffs (MFS) prescription.

Antimicrobial therapy. Infections caused by E. coli,
Salmonella, and Staphylococcus are commonly seen in
game birds. Salmonella infection usually causes enteric dis-
ease, which under stress may lead to septicaemia and this
condition has a high mortality rate especially in younger
birds. Antibacterials should be given although they will
only reduce the degree of infection rather than eliminate it.
Neomycin is the drug of choice for enteric salmonellosis,
while potentiated sulphonamides are effective for the sys-
temic disease caused by Salmonella and colibacillosis.
Apramycin, enrofloxacin, difloxacin, and lincomycin/spec-
tinomycin combination can also be used in game birds for
these conditions.

Drugs used for the treatment of staphylococcal infections
include chlortetracycline for infection within the joints and
amoxicillin when the infection causes acute toxaemia.
Infections caused by Pasteurella and Erysipelothrix are
fairly common and may lead to high mortality. Acute dis-
ease should be treated with tetracycline or amoxicillin in the
drinking water. A vaccine is available for pasteurellosis and
erysipelas and may be used in pheasants. Vaccination is
helpful on farms that have previously been affected by the
disease.

The normal antibacterial course should be 5 days.
Mycoplasma infection is endemic in game birds, particu-
larly pheasants. Various treatment regimens are available.
However, treatment will control rather than eliminate the
disease and therefore management practices, for example
the formation of closed breeding flocks, need to be
reviewed in order to reduce the incidence of the disease.
Mycoplasma infection causes respiratory problems in all
ages of bird and is characterised by excessive lacrimation,
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sinusitis, and facial oedema. When complicated by second-
ary bacterial infection (usually E. coli) septicaemia is the
sequel with subsequent mortality. Poultry respiratory
viruses may play a role in the condition in game birds and
should be considered by the veterinarian. Breeding birds
carrying Mycoplasma sufter from poor egg production. The
disease is egg transmitted and any suspect birds should be
culled and all remaining birds treated before coming into
lay to prevent disease and also improve chick quality. Treat-
ment for Mycoplasma can be given via the drinking water
or by injection; enrofloxacin, tiamulin, tilmicosin, or tylosin
are used for treatment. Tiamulin must not be given in com-
bination with ionophore anticoccidials, such as monensin,
narasin, or salinomycin, because concurrent administration
may give rise to toxic effects.

Competitive exclusion products and probiotics are com-
monly used in game birds to help the incidence of disease
and as an adjunct to antibacterial therapy.

Antiprotozoal therapy. Coccidiosis is still commonly
diagnosed in game birds but the availability of more effica-
cious coccidiostats has reduced its prevalence. Lasalocid is
the only in-feed anticoccidial authorised for use in pheas-
ants and partridges. The other ionophores are zootechnical
feed additives and may not be prescribed.

A number of species of coccidia may be seen in game birds.
They are host specific and no cross infection between the
game bird species occurs. The disease tends to occur at
about 3 weeks of age or in the release pen and it is often
linked to a reduction in the intake of the anticoccidial due to
intercurrent disease. Suitable reduction (‘step down’) anti-
coccidial programmes should be employed to ensure that
adequate immunity to infection develops. Red-legged par-
tridges appear to have a poorly developed immunity to the
coccidia especially when there is a concurrent infection
with motile protozoa. Toltrazuril or sulfaquinoxaline with
trimethoprim administered in the drinking water may be
used to treat clinical coccidiosis and in some circumstances
pulsed doses (every 2 to 3 weeks) of toltrazuril are used as a
preventative measure especially in red-legged partridges.

Infection with flagellate parasites such as Hexamita melea-
gridis and Trichomonas phasioni may lead to disease char-
acterised by high mortality rate and chronic unthriftiness
with severe weight loss. Clinical signs are often seen early
in the rearing phase or in the release pen. The disease can be
particularly debilitating in red-legged partridges when co-
infection with coccidia is seen. Infections may be treated
with tetracyclines. If the outbreak is associated with concur-
rent enteritis other antibacterial therapy may be of value.
The role of electrolyte and rehydration solutions is currently
being investigated and is showing some promise. Currently
there are no products authorised for the prevention and
treatment of histomoniosis and preventative programmes
must incorporate the use of suitable anthelmintics to elimi-

nate or reduce the level of infection with the worm Heter-
akis, which acts as an intermediate host for the protozoa.
The clinical effects of Blastocystus are debatable because
no invasive forms have been observed. It is possibly a yeast
or protozoan which depends on bacteria for its survival. The
organism has been seen in birds which have lost weight and
some authorities report that it causes earth-brown droppings
and mortality. Medication of affected birds with oxytetracy-
cline removes the organism while trimethoprim may have
some effect.

Parasiticidal therapy. The gapeworm, Syngamus tra-
chea, affects game birds by causing an obstruction of the
trachea characterised by ‘gaping’ respiration. Differential
diagnosis for these clinical signs includes aspergillosis and
other respiratory disease.

Other helminths affecting game birds are the common cae-
cal worms Heterakis spp., intestinal roundworms (ascarids)
and the much smaller Capillaria worm. Capillaria affects
adult breeding stock causing a delay in onset of laying and
reduced egg production. Treatment of helminth infection is
based on the use of flubendazole in the feed, which is
authorised for these species. Other products such as fenben-
dazole, levamisole, and nitroxinil are used ‘off-label’.
Repeated doses of flubendazole may be given for the pre-
vention of helminth infection. Breeding birds should be
treated before commencement of lay to ensure maximum
fertility and production with treatments repeated during the
laying season. Growing birds are treated before entering the
release pen and several weeks later. This treatment is
becoming more important as a control measure against his-
tomoniosis.

Fenbendazole is authorised for the treatment of 7. tenuis
infection in grouse and is administered in the form of medi-
cated grit. Other products used ‘off-label’ for the treatment
of T. tenuis include levamisole and the avermectins such as
ivermectin or moxidectin by individual administration.

For the control of red mite and other ectoparasites, cyper-
methrin may be used; attention to the environment is also
essential. Tick control programmes in grouse essentially
apply to co-existing mammalian species, for example,
sheep, deer, and mountain hares; louping ill vaccination
programmes are confined to sheep flocks on the moor.

Vaccines. Viral diseases seen in game birds include New-
castle disease, which can be a fatal condition in pheasants;
authorised vaccines are available (see section 18.6.16). Vac-
cines for infectious bronchitis and avian rhinotracheitis are
not authorised for game birds but may be used on veterinary
advice. The mycoplasma vaccine containing strain Mg 6/85
is available for poultry and is not authorised for and has not
been fully tested in game birds.

Rotavirus infection is a major disease in young pheasant
chicks and increasingly in partridges; suitable vaccines are
not yet available. Hygiene precautions and adequate nurs-
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ing especially in relation to ensuring adequate fluid intake
and rehydration of the affected chicks are essential in over-
coming and preventing the condition. Concurrent antibacte-
rial therapy may be required.

Table 3 Antimicrobial doses of drugs for game birds

Complementary treatments. Recently there has been
an upsurge in the marketing of complementary and herbal
medicines for game birds. Very limited data are available on
their efficacy and none are registered products.

Drug By addition to drinking water By addition to feed

Amoxicillin 17 g/100 L —
20 mg/kg body-weight

Apramycin 25-50 g/100 L —
40 mg/kg body-weight

Chlortetra- 4-12 g/100 L 200-600 g/tonne

cycline 30 mg/kg body-weight

Difloxacin 10 mg/kg body-weight —

Enrofloxacin 5-10g/100 L —
10 mg/kg body-weight

Erythromycin 25.7 g/100 L —

Lincomycin/ 50-150 mg of powder (Linco-Spectin)/kg —

spectinomycin body-weight

Neomycin 12.6 g/100 L 220 g/tonne
11 mg/kg body-weight

Sulfadiazine with 10.7 g/100 L —

trimethoprim 30 mg/kg body-weight

Sulfaquinoxaline with 28 g/100 L 500 g/tonne

trimethoprim

Tetracycline

Tiamulin

Tilmicosin

Tylosin

30 mg/kg body-weight

4-12 g/100 L
30-60 mg/kg body-weight

25-30 mg/kg body-weight

75 mg/L
10-25 mg/kg body-weight

Treatment, 50 g/100 L,
50-200 mg/kg body-weight
Prophylaxis, 12.5 g/100 L

200-600 g/tonne

200-300 g/tonne

200 g/tonne

'drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore unless marked 1,

the drug or doses stated are not authorised for these species
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Table 4 Parasiticidal and antiprotozoal doses of drugs for game birds?

Drug Dosage
Cypermethrin control of red mites, 20 mL 0.05% solution/bird
Fenbendazole Grouse', Trichostrongylus, by addition to grit, 7-10 mg/kg in divided doses over 14 days

Pheasants, partridges, Syngamus, Heterakis, Ascardia, 12 mg/kg as a single dose
Pheasants, partridges, Capillaria, 24 mg/kg in divided doses over 3 days

Flubendazole! Pheasants, partridges, 60 g/tonne feed for 7-14 days

Ivermectin 0.2-0.25 mL/kg p.o. (formulation to use: ivermectin oral solution 800 micrograms/mL)
Lasalocid! Pheasants, partridges, 120 g/tonne feed

Levamisole 10-20 mg/kg body-weight p.o.

Moxidectin 0.2-0.25 mL/kg p.o. (formulation to use: moxidectin oral solution 1 mg/mL)
Nitroxinil Pheasants, partridges, by addition to drinking water, 24 mg/kg

Sulfaquinoxaline with by addition to drinking water, 30 mg/kg body-weight daily for 5 days

trimethoprim

Toltrazuril Pheasants, partridges, by addition to drinking water, 7 mg/kg daily for 2 days

'drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore unless marked 1,
the drug or doses stated are not authorised for these species
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Prescribing for pigeons

Contributor:
G G A Smith BVSc, BSc, MRCVS

Many breeds and types of pigeons are kept solely for show-
ing and others may be kept for meat production. Racing
pigeons are kept for racing and showing. Other flying
breeds such as tipplers, tumblers, and rollers are kept for
showing and display flying.

In the UK, few preparations are authorised for use in
pigeons; in other European countries many preparations
authorised for pigeons are available. Preparations available
for other species, particularly poultry, are frequently used.
Pigeon owners should be informed and consent obtained
when prescribing preparations outwith the data sheet rec-
ommendations. It is important that withdrawal periods
stated by the manufacturer are adhered to if the preparation
is authorised for pigeons and the birds are intended for
human consumption. If no withdrawal period is given or the
preparation is not authorised for pigeons, standard with-
drawal periods should be applied.

Drug administration. Pigeons may be medicated indi-
vidually or as a group. While clinically ill birds are often
treated individually, it is usually necessary to consider the
group or the whole loft as a colony. For many infections
only a few individuals may appear to be clinically affected
but most of the birds in the group are likely to harbour the
same infection. Treatment of the entire group is usually
essential. Individual medication is therefore often given to
sick birds with simultaneous mass medication to the group.
Individual treatment can be given by crop tubing, by injec-
tion, or by mouth using tablets, capsules, or liquids. Injec-
tions can be given subcutaneously on the back at the base of
the neck, with the needle directed posteriorly and in the
mid-line to avoid the plexus of vessels in the neck. Intra-
muscular injections may be given into the breast muscle
close to the posterior end of the keel to avoid the major
blood vessels in the anterior part of this muscle. Thigh mus-
cle can also be used. However, if this route is used, a pro-
portion of the drug may be excreted via the renal portal
system before reaching the systemic circulation. Some
preparations may cause fibrosis at the site of injection and
so could potentially adversely affect racing performance.
Most group medication is given via the drinking water.
Drug dosages are commonly calculated on the assumption
that a typical pigeon consumes about 50 mL per day but in
practice this amount is variable and may range from 15 mL
to 250 mL per day. Consumption will be low in cold dull
weather, during illness and rest periods, and will increase
considerably in hot dry conditions, racing, feeding nest-
lings, and some clinical conditions involving profuse

diarrhoea. Intake may also be reduced by the unpalatability
of some medications. Many pigeons will drink less of any
medicated water, particularly on the first day of treatment.
Some individual birds appear almost totally to refuse medi-
cated water with subsequent treatment ‘failure’. This may
lead to re-infection of the group, for example in the case of
Trichomonas or Hexamita spp. infection. Some drugs are
particularly unpalatable and it may be necessary to withhold
water for a few hours before offering medicated drinking
water.

Pigeons are frequently offered much more water than they
drink because the drinking vessels may be emptied and
refilled several times each day to ensure water is fresh and
not soiled. Pigeons normally drink mainly after feeding and
therefore consume the bulk of their daily water intake
within a fairly short period, following the main feed. It is
therefore essential to assess accurately the amount of water
being consumed (rather than the total amount being offered
to the group of pigeons) and then use that volume to carry
the appropriate amount of medication. In intensive poultry
units, stable environmental conditions enable water con-
sumption to be very accurately predicted, so that dosages
for many poultry preparations may be given as mg or mL/
litre of drinking water rather than mg/kg body-weight. Such
dosages may therefore require adjustment when using these
preparations for treating pigeons.

Preparations containing tylosin, citric acid, or copper sul-
fate should not be administered in galvanised water contain-
ers. Medicated water must not be disposed of into
watercourses, ditches, or drains.

Absorption of many drugs from the digestive tract of
pigeons is thought to be relatively poor. Calcium and mag-
nesium contained in bird grit may further reduce the absorp-
tion of medicines, particularly tetracyclines. Doses may
need to be increased, safety margins permitting, to ensure
adequate dosing.

Insoluble medication may be incorporated into the feed.
Pigeons are often selective feeders so that unless medica-
tion is actually adherent to the feed grains, it is unlikely to
be eaten. The estimated amount of food to be consumed
daily is placed in a small container and sprinkled with vege-
table oil. The oil is thoroughly mixed into the feed and the
appropriate amount of drug in the form of oral powder
added and likewise thoroughly mixed. Lemon juice and live
unpasturised yoghurt are often used instead of vegetable oil.
The amount of medication consumed by any given individ-
ual following group medication is unpredictable. Therefore
sick birds should be isolated and medicated individually.
When birds are under mass medication via the feed or
drinking water, they must be confined to prevent access to
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external sources, for example rainwater, garden ponds, and
bird baths.

Drugs may also be administered topically either as localised
treatment or with the intention that they be absorbed
through the skin and act systemically.

Although limited information is available on the toxic
effects of drugs in pigeons, in general, drug administration
should be avoided during the breeding season (mid-Decem-
ber to April) and periods of feather growth or moult.

Antimicrobial therapy. A variety of antibacterial and
antiprotozoal preparations are in wide circulation and use
by the pigeon fancy in the UK. Many antibacterial combi-
nation preparations are available in other European coun-
tries and are imported into the UK by visiting British
fanciers. Pigeons treated with these products in their native
country and imported into the UK may introduce resistant
strains of bacteria and protozoa and also significantly
increase the incidence of some conditions, for example hex-
amitosis. Consequently, when treating pigeons in the UK,
the existence and usage of these products must be taken into
account even though their use may not be admitted.

Suitable antibacterials for pigeons include amoxicillin,
enrofloxacin, doxycycline, tetracyclines, tylosin, and eryth-
romycin. Tiamulin is used but caution is recommended to
avoid toxicity. Wherever possible, bacterial sensitivity
should be determined before selecting the antibiotic. There
is widespread resistance to oxytetracycline. Some infec-
tions such as those caused by Streptococcus spp., which are
sensitive to a range of antibacterials in other species, appear
to be resistant when causing disease in pigeons.

Coccidiosis is seen in pigeon flocks. Anticoccidials such as
amprolium, clazuril, and sulphonamides may be given pro-
phylactically to control infection. Prolonged intermittent or
continuous medication may be required for severe coccidio-
sis. For the treatment and prophylaxis of trichomoniosis
(canker) caused by Trichomonas gallinae (T. columbae),
carnidazole, dimetridazole, and metronidazole are used.
Dimetridazole has a low safety margin and toxicity will
result in CNS signs, incoordination, and death. These drugs
are also used for the treatment of hexamitosis, a cause of
severe debility and rapid death in young pigeons.

Parasiticidal therapy. Gastro-intestinal ~ roundworms
found in pigeons include Ascaridia and Capillaria spp.
Drugs used for treatment include fenbendazole, febantel,

ivermectin, levamisole, and piperazine.

Levamisole is often unpalatable when added to drinking
water and oral levamisole may cause vomiting. This drug
should preferably be administered by injection. It is usually
necessary to withhold water for a period before feeding and

then offer medicated water when drug medication is given
via the drinking water.

Benzimidazoles may cause feather abnormalities if used
during feather development in young birds during moulting.
Ivermectin can be given by subcutaneous injection, individ-
ual oral dosing, or topically. Gapeworm infection is rarely
reported. Tapeworms may be treated with praziquantel.

Ivermectin is also used to control mites (skin, subcutaneous,
quill, feather, nasal, and airsac mites) and lice. Permethrin
or pyrethrins are commonly used on birds for control of lice
and mites. Loft hygiene is important in the control of inter-
nal and external parasites and essential if red mite infesta-
tion occurs. Pesticides containing malathion or permethrins
can be used on the loft and fittings.

Other drugs. Betamethasone 500 micrograms (0.5 mg)
by intramuscular injection as a single dose may be used for
anaphylactic reactions in pigeons. Ophthalmic preparations
of chlortetracycline, cloxacillin, fusidic acid, and gen-
tamicin can be used for ocular infections, applied twice
daily for up to 7 days. Systemic treatment is recommended
for unilateral conjunctivitis (‘one-eyed cold’). Levothyrox-
ine can be used to accelerate the moulting out and replace-
ment of damaged feathers. Multivitamins, probiotics, and
electrolyte preparations are widely used, particularly after
medicinal treatments and for prophylaxis and therapy dur-
ing breeding and racing. Mesterolone can be used to
improve fertility in cock pigeons at an oral dose of 12.5 mg
once daily for 5 to 7 days.

Anaesthetics. Ketamine is used for sedation and light
anaesthesia of pigeons at a dose of 50 to 100 mg/kg by
intramuscular injection. Recovery after ketamine anaesthe-
sia may be characterised by excitation. Birds should be
restrained by wrapping with a cloth and kept in the dark
until recovery is complete. Ketamine is also used at 20 to 40
mg/kg in combination with diazepam 1 to 2 mg/kg. Isoflu-
rane administered by mask is the anaesthetic of choice.

Vaccines. Under The Diseases of Poultry Order 1994 (SI
1994/3141) as amended, all racing pigeons entered for
races, shows, or training, whether wholly or partly within
GB, must be vaccinated against pigeon paramyxovirus I
using a vaccine approved by DEFRA for this purpose (see
section 18.6.21). Separate (see section 18.6.23) and combi-
nation vaccines (see section 18.6.29) are available for
pigeon pox. A vaccine against Salmonella typhimurium
(paratyphoid) in pigeons is also available (see section
18.6.22).

Further information on pigeons is available:

e David C, Tudor B S. Pigeon Health and Disease. lowa:
Iowa State University Press, 1991.



54 Guidance on prescribing

Table 5 Antimicrobial doses of drugs for pigeons? 2

Drug

By mouth

By addition to drinking water

By injection

Amoxicillin

Amoxicillin with clavulanic
acid?*
Amprolium

Carnidazole

Cefalexin

Clazuril

Diclazuril

Difloxacin
Dimetridazole

Doxycycline

Enrofloxacin

Erythromycin

Itraconazole

Ketoconazole

Lincomycin/spectinomycin

Marbofloxacin

40-80 mg/kg twice daily for
5 days

100 mg/kg daily for 5 days

(adult birds) 10 mg/bird;
(young birds) 5 mg/bird"

50 mg/kg 4 times daily for 5
days (formulation to use:
cefalexin 100 mg/mL oral
suspension)

2.5 mg/bird"

7.5 mg/kg daily for 5 days

10-20 mg/kg once daily for
3-5 days

5-20 mg/kg 1-2 times daily
for 5-10 days

26 mg/kg twice daily

30 mg/kg daily for 7 days
(formulation to use:
ketoconazole 200 mg tablets,
crushed and suspended in
water)

20 mg/kg once daily for 5
days

20 mg/kg daily for 3-5 days!
50-100 mg/kg daily for 3—5
dayse?3

28 mL (Coxoid)/4.5 litres for
7 days!

1 mL (Vecoxan)/2.5 kg daily
for 2 days

10 mg/kg daily for 5 days
1.2 g/4.5 litres' for 7 days
15 mg/kg' daily for 3—5 days
5-20 mg/kg daily for 5 days
or 100-200 mg/L for 5 days

5one level 5-mL spoonful
powder (Erythrocin Soluble,
Ceva)in 2.27 L

100 mg activity/kg or %one
level 5-mL spoonful powder
(Linco-Spectin) in 3.4 L

30 mg/kg i.m. twice daily
for 5 days (formulation to

use: long-acting
preparation)

10-20 mg/kg s.c. daily for

7-10 days
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Table 5 Antimicrobial doses of drugs for pigeons': 2 (continued)

Drug By mouth By addition to drinking water By injection
Metronidazole 40 mg/kg once daily for 5 — —
days or
100 mg/kg on alternate days
for 3 treatments or
200 mg/kg as a single dose®
Nystatin 20 000—100 000 units daily — —
for 7 days
Oxytetracycline 100 mg/kg once daily for 5 133-444 mg/L 100 mg/kg i.m. on
days alternate days
Sulfadimethoxine! 1 g/2 litres (40 birds) for 5
days'
Sulfadimidine — 2 g/L for 3 days. Repeat dose —

Sulfatroxazole with
trimethoprim

Tetracycline

Tiamulin

Toltrazuril

Tylosin

60 mg for 3 days
(formulation to use: 480 mg
dispersible tablets)

100 mg/kg daily for 3 days

1-2 times at intervals of 2
days or

6 mL/L for 5 days. Repeat
after 5 days (formulation to
use: sulphadimidine injection
333 mg/mL)

480 mg/L for 3-5 days

Sone level 5-mL spoonful
powder (tetracycline 500 mg/
g)in4.55L

250 mg/L for 3-5 days
(formulation to use: Tiamutin
12.5% solution

7.5 mg/kg daily for 3 days

500 mg/L for 3-5 days

Tdrug doses for preparations that have a marketing authorisation for use in pigeons in the UK. Therefore unless marked ', the
drugs or doses stated are not authorised for this species
2 for the purposes of this table, it is assumed that a cock racing pigeon weighs 500 g and a pigeon drinks 50 mL water per day
3 preferred dosage to ensure adequate drug intake particularly in ill pigeons with reduced water intake

4dose expressed as amoxicillin

55-mL medicine spoonful: a level spoonful is the amount of powder left in the spoon when the top of the heap has been gently
scraped off with a straight edge but not packed down

8 treatment of choice for hexamitosis and severe trichomoniosis
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Table 6 Parasiticidal doses of drugs for pigeons’

By addition to
Drug By mouth drinking water By injection Topical application
Endoparasiticides
Febantel 15 mg/bird! — — —
Fenbendazole 8 mg/bird! — — —
Ivermectin 600 micrograms/kg. — 200 micrograms/kg 600 micrograms/kg. May
May be repeated after s.c., i.m. May be be repeated after 7-10 days
7-10 days repeated after 7-10
days
Levamisole 20 mg/bird, repeat 1 mL/420 mL — —
after 3 weeks! (formulation to use:
levamisole injection
75 mg/mL)
Piperazine — 1.9 g/litre for 30 — —
birds?
Praziquantel 10-20 mg/kg. Repeat — 0.1 mL/bird s.c. —
in 10-14 days Repeat after 4 weeks
(formulation to use: (formulation to use:
praziquantel 50 mg praziquantel injection
tablets, crushed and 56.8 mg/mL)
suspended in water)
Ectoparasiticides

Benzyl benzoate —

Ivermectin 600 micrograms/kg.
May be repeated after
7-10 days?

Permethrin —

Pyrethrins —

Apply benzyl benzoate
25% solution directly to
lesions

600 micrograms/kg. May
be repeated after 7-10
days?

Dusting powder!

Dusting powder, spray

" drug doses for preparations that have a marketing authorisation for use in pigeons in the UK. Therefore unless marked ', the
drugs or doses stated are not authorised for this species
2Solution to use: 3 mL ivermectin 10 mg/mL with 10 mL propylene glycol. Administer 0.1 mL solution/pigeon of 500 g body-

weight

3 Solution to use: 0.05 mL of ivermectin ‘pour-on’5 mg/mL or 3 mL ivermectin 10 mg/mL with 10 mL propylene glycol and
administer 0.1 mL solution/pigeon of 500 g body-weight
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Prescribing for laboratory animals

Contributor:
Professor P A Flecknell
DECLAM, MRCVS

MA, VetMB, PhD, DLAS, DipECVA,

Animals used in research include guinea pigs, mice, rats
and other small rodents, rabbits, primates, dogs, cats, farm
animals, and a range of less familiar species such as
amphibians, reptiles, fish, and some invertebrates.
Vertebrates used in research are protected under the Ani-
mals (Scientific Procedures) Act 1986 along with certain
invertebrates such as the common octopus Octopus vul-
garis. All premises registered under the Act must employ a
‘named veterinary surgeon’ to advise on the health and wel-
fare of all laboratory animals. The animals are under the
care of the named veterinary surgeon and it is appropriate
that he or she should take responsibility for prescribing all
required medication and formulating preventive health
control programmes.

Before giving any medication, it is necessary to determine
whether the animals are being or will be used for any exper-
imental procedures. If so, the proposed therapy should be
discussed with the Animal Care and Welfare Officer, the
personal licensee, and the project licence holder. The per-
sonal licensee carries out the experiment described in the
project licence and is the person immediately responsible
for the welfare of the animals. The project licence holder is
required to justify the use of the animals and to provide an
assurance that no suitable in vitro techniques, which would
avoid the need to use live animals, are available.

When determining a therapeutic regimen, the welfare of the
animals concerned must be the most important considera-
tion. In many instances it will be found that treatment can-
not be undertaken, as it could influence the results of the

proposed or current study, and in these circumstances it
may be necessary to kill the animals humanely. Although
treatment may interfere with an experiment, this should not
be a total contra-indication for the use of medication. When
withholding treatment would compromise the welfare of the
animals, for example, when deciding whether to administer
analgesics, special care must be taken to ensure that a spe-
cific scientific justification is provided if treatment is to be
withheld. If the veterinary surgeon is still uncertain as to the
correct action to be taken the Home Office Inspectorate
may be consulted.

Treatment may require medication of an individual animal
or mass medication. Drugs may be administered to groups
of animals via the feed or drinking water. Antibacterials
administered in the drinking water may be ineffective due
to reduction in water consumption as a consequence of the
disease process or unpalatability of medicated water. It is
preferable, although very labour intensive, to administer
preparations by injection or gavage to each individual
animal.

Although the majority of preparations that have a veterinary
marketing authorisation have not been approved for use in
some of these species, most products authorised for human
use will have been administered to laboratory animals pre-
viously in order to assess drug safety and efficacy. There-
fore information may be obtained from scientific literature
or pharmaceutical companies. In addition see Prescribing
for fish, Prescribing for rabbits, Prescribing for rodents,
Prescribing for invertebrates, Appendix 4 Dosage
estimation, and chapters 1 to 17 for specific drug dosage
regimens.
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Prescribing for rodents

Contributor:
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Gerbils, guinea pigs, hamsters, mice, and rats are kept as
pets, exhibited, and used for research.

Drug administration. Administration of medication to
these species may be by mouth or by injection. Before treat-
ment, animals should be accurately weighed in order to
determine the correct dose of a drug. Many drug prepara-
tions will have to be diluted to obtain the required dose in a
volume that can be administered accurately. Some drugs are
not water soluble and may require dilution in other solvents.
These species will often more readily accept oral medica-
tion if either palatable veterinary preparations or human
paediatric sugar-based formulations are used. Medication
may also be incorporated into highly palatable foods or
cubes of fruit-flavoured jelly. The jelly should be reconsti-
tuted in half the recommended quantity of water, allowed to
cool and the drug then added. Sucrose may be added to the
medicated drinking water to increase palatability (50 g/litre
drinking water).

Antimicrobial therapy. The use of antimicrobial drugs
in guinea pigs and hamsters is associated with a high inci-
dence of undesirable side-effects. Clindamycin, lincomycin,
erythromycin, and narrow-spectrum penicillins can produce
fatal adverse reactions through an effect on gastro-intestinal
micro-organisms. Cephalosporins can also be toxic in ham-
sters and guinea pigs, and oral tetracyclines may cause gas-
tro-intestinal disturbance and death in guinea pigs.
Alteration of the normal bacterial flora in the intestine
results in proliferation of organisms such as Clostridium
spp. and the production of an often fatal enterotoxaemia.
When administering antibacterials to guinea pigs, it may be
advisable to provide a vitamin supplement (such as (H) Abi-
dec, Pfizer Consumer) and lactobacilli (live yoghurt) and to
continue this for five days after completion of therapy. In all
species, if diarrhoea develops during antibacterial adminis-
tration, drug treatment should be discontinued. Rats and
mice appear much less susceptible to disturbances to the
gastro-intestinal tract, but antibacterials such as streptomy-
cin and dihydrostreptomycin have been reported to have a
toxic effect in these species, causing flaccid paralysis,
coma, respiratory arrest, and death. Griseofulvin should be
used with caution in guinea pigs because the drug is derived
from Penicillium cultures. The usual antibacterial course is
5 to 7 days.

The most common bacterial infections in rodents are respi-
ratory tract infections, gastro-intestinal tract disease, and
subcutaneous abscesses caused by fight wounds or other
injuries. Pneumonia in guinea pigs caused by Bordetella
bronchiseptica can be treated using enrofloxacin, provided
therapy is commenced early in the course of the disease.
Respiratory infection in rats and mice may involve infection

by Mycoplasma pulmonis, and in the rat this may be treated
using oxytetracycline or enrofloxacin, given by injection.
Cephalosporins are also useful in treating respiratory dis-
eases in rats and mice, but affected animals frequently
develop chronic lung lesions, which can rarely be treated
successfully.

Antibacterials are of limited value in the treatment of gas-
tro-intestinal disturbances in guinea pigs, and most empha-
sis should be given to maintaining fluid balance using both
oral fluids (see section 16.1.1) and parenteral fluid therapy,
for example, using Hartmann’s solution, administered by
intravenous, intraperitoneal, or subcutaneous injection.
When treating diarrhoea in hamsters (‘wet tail’), fluid ther-
apy is of major importance, but neomycin given by mouth,
may also be of value.

Subcutaneous abscesses are seen quite frequently, espe-
cially in guinea pigs. These abscesses usually require surgi-
cal drainage and lavage with a wound cleansing
preparation. Systemic antibacterial therapy should also be
instituted. Treatment at an early stage of abscess develop-
ment is usually successful, but if the lesion has become
extensive, repeated drainage may be required.

Parasiticide therapy. Parenteral and topical ectoparasit-
icides may be used for the treatment of mites in rodents.
The safety and efficacy in rodents of many products cur-
rently available is uncertain, and the most widely used ther-
apy for ectoparasitic infection is ivermectin. Surface-living
mites, for example, Cheyletiella and Myobia may be treated
using permethrin-containing dusting powders. Treatment
may need to be repeated on several occasions at 10 to 21
day intervals. Sarcoptic mange in guinea pigs is caused by
Trixacarus caviae infection. The treatment of choice is iver-
mectin. Treatment of both affected and clinically normal in-
contact animals may be required at 7 to 10 day intervals for
six weeks. For all ectoparasitic infestations, the caging
should be thoroughly cleaned.

Treatment of endoparasites, such as Syphacia obvelata the
mouse pinworm, may be required. Ivermectin is effective
and when treating large groups of animals it is most con-
veniently administered in the feed or drinking water. If nec-
essary, treatment can be repeated after 2 to 3 weeks.
Ivermectin has been reported to be effective in a range of
small mammals, and the very wide range of dosages used
suggests that this drug is generally safe for these species.
Adverse reactions associated with high mortality have been
noted in C57/BL6 mice and related strains, indicating the
need for caution before treating large numbers of animals.
Anaesthetics. Many anaesthetics and analgesics are
used in rodents. A drug may be used alone or in combina-
tion. All of the commonly used volatile anaesthetics such as
halothane, isoflurane, and sevoflurane can be used to pro-
vide safe and effective anaesthesia in rodents. Ether is irri-
tant to mucous membranes, flammable, and explosive and
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should not be used. Volatile anaesthetics are generally rec-
ommended as the most suitable means of anaesthetising
small rodents, because the depth of anaesthesia can be
altered and both induction and recovery are generally rapid.
Safe inspired concentrations of volatile anaesthetics are
similar to those used in dogs and cats. If injectable agents
are used, then ketamine + medetomidine, or ketamine +
xylazine are recommended. These combinations cause mild
or moderate respiratory depression and oxygen should be
administered during anaesthesia. Atipamezole should be
administered to reverse medetomidine or xylazine, but this
will reverse both the sedative and analgesic actions of these
agents and it is important to ensure that other analgesics
have been administered. Opioids such as buprenorphine or
NSAIDs including carprofen and meloxicam can be used to

Table 7 Parasiticidal doses of drugs for rodents!

control post-operative and other pain in rodents.

Small rodents may be in poor clinical condition when pre-

sented for anaesthesia, especially those requiring dental

treatment. These animals may be significantly dehydrated,

and if a fluid deficit is considered likely, then replacement

therapy before inducing anaesthesia may be of significant

benefit. In small rodents, warmed fluid (for example

sodium chloride 0.18% + glucose 4% or Hartmann’s solu-

tion) can be given by intraperitoneal or subcutaneous routes

and this will be absorbed in 8 to 12 hours.

Further information on rodents is available:

¢ Meredith A, Redrobe, S (eds). Manual of Exotic Pets.
Gloucester: BSAVA Publications, 2002

¢ Quesenberry, K E, Carpenter J] W. Ferrets, Rabbits and
Rodents, Clinical Medicine and Surgery 2nd ed. St.
Louis: Saunders, 2003.

Drug Gerbil Guinea pig Hamster Mouse Rat
Endoparasiticides
Ivermectin 200400 200-500 micro- 200-400 micro- 200400 200-400 micro-
micrograms/kg s.c.  grams/kg s.c. grams/kg s.c. micrograms/kg s.c. grams/kg s.c.
500 micrograms
p-o.
Piperazine 5 g/L drinking 3 g/L drinking 10 g/L drinking 5 g/L drinking water 2 g/L drinking
water for 7 days water for 7 days water for 7 days for 7 days water for 7 days
Ectoparasiticides
Ivermectin — as above for all species—
Permethrin — dusting powder, ‘spot-on’! (dose depends on body-weight) —

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked *,

the drug or doses stated are not authorised for these species

Table 8 Doses of other drugs for rodents!

Drug Gerbil Guinea pig Hamster Mouse Rat
Dexamethasone — 400 micrograms/ 600 micro- — —
kg s.c. grams/kg s.c.
Oxytocin — 1-3 units/kg i.m.  0.2-3.0 units/kg — —
im.
Phenobarbital 10-20 mg/kg — — —
p-o.

"drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked ',

the drug or doses stated are not authorised for these species
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Table 9 Antimicrobial doses of drugs for rodents’

Drug Gerbil Guinea pig Hamster Mouse Rat
Amoxicillin — — — 100 mg/kg s.c. once 150 mg/kg i.m. once daily
daily
Ampicillin — — — 150 mg/kg s.c. twice 150 mg/kg s.c. twice
daily daily
Benzylpenicillin — — — 60 mg/kg i.m. twice 12 mg/kg p.o. once daily
daily (formulation to use: injec-
tion, powder for reconsti-
tution)
Cefalexin 25 mg/kg i.m. 15 mg/kg i.m. — 60 mg/kg p.o. dailyin 3 60 mg/kg p.o. daily in 3
once daily twice daily divided doses divided doses
30 mg/kg i.m. once 15 mg/kg s.c. once daily
daily
Chloram- 30 mg/kg i.m. 50 mg/kg p.o. 3 30 mg/kg s.c. 200 mg/kg p.o. 3 times  20-50 mg/kg p.o. twice
phenicol once daily times daily twice daily daily daily
20 mg/kg i.m. 50 mg/kg s.c. twice 10 mg/kg i.m. twice daily
twice daily daily
Enrofloxacin 50-100 mg/L 50-100 mg/L 50-100 mg/L 50-100 mg/L drinking  50-100 mg/L
drinking water  drinking water drinking water water drinking water
5 mg/kg p.o., 5 mg/kg p.o., s.c.  5Smg/kgp.o.,s.c. 5mg/kgp.o.,s.c.twice 5 mg/kg p.o., s.c. twice
s.c. twice daily’ twice daily’ twice daily’ daily? daily?
Gentamicin 5 mg/kg i.m. 5-8 mg/kg s.c. 2-4 mg/kg s.c. 5 mg/kg i.m. once 4.4 mg/kg i.m. twice
once daily once daily twice daily daily daily
Griseofulvin 15-25 mg/kg 25 mg/kgp.o.once 25-30mg/kgp.o. 25 mg/kg p.o. once 25 mg/kg p.o. once daily
p.o.once daily  daily for 2 weeks  once daily for 3  daily for 2 weeks for 2 weeks
for 3 weeks 800 micrograms/  weeks
kg feed
Neomycin 100 mg/kg p.o. 5 mg/kg p.o. twice 250 mg/kg p.o. 2.5 g/L drinking water 2 g/L drinking water
daily in divided daily daily in divided
doses doses
Oxytetracycline 5 g/L drinking — 5 g/L drinking 400 mg/L drinking 800 mg/L drinking water
water water water 10 mg/kg s.c. twice daily
20 mg/kg s.c. 20 mg/kg s.c. 10 mg/kg s.c. twice
once daily once daily daily
Streptomycin — — 25 mg/kg s.c. — —
once daily
Sulfadiazine with — 120 mg/kg s.c. 48 mg/kg — 120 mg/kg s.c. once daily
trimethoprim once daily s.c.once daily
Sulfadimidine — 20 g/L drinking — 500 mg/L drinking 200 mg/L drinking water
water water
Tetracycline 20 mg/kg p.o. — 10 mg/kg p.o. 500 mg/L drinking 15-20 mg/kg p.o. twice
twice daily once daily water daily
Tylosin 10 mg/kg s.c. — 500 mg/L drink- 10 mg/kg p.o., s.c. 10 mg/kg i.m. once daily
once daily ing water
10 mg/kg s.c.
once daily

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !, the drug
or doses stated are not authorised for these species
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Table 10 Doses of analgesics and anaesthetics for rodents!

Drug Gerbil Guinea pig Hamster Mouse Rat
Acepromazine 2.5 mg/kg 2.5 mg/kg 2.5 mg/kg 2.5 mg/kg 2.5 mg/kg
im., i.p. im. im., i.p. im. im., i.p.
Alfaxalone/alfadolone — 40 mg/kg — 10 mg-15 mg/kg  10-12 mg/kg
i.p. iv. iv.
Atipamezole 1 mg/kg s.c., 1 mg/kg s.c.,im., 1 mg/kgs.c.,im., 1 mg/kgs.c.,im., 1 mgkgs.c.,im.,
im, ip.,iv. ip., i.v. ip., i.v. ip., L.v. ip., iv.
Atropine 40 micrograms/ 50 micrograms/kg 40 micrograms/kg 40 micrograms/kg 40 micrograms/kg
kg s.c., i.m. s.c., i.m. s.c., i.m. s.c., i.m. s.C., i.m.
Buprenorphine 100 micrograms/ 50 micrograms/kg 100 micrograms/kg 100 micrograms/ 50 micrograms/kg
kg s.c. s.C. s.C. kg s.c. s.C.
Butorphanol — 2 mg/kg s.c. — 1-5 mg/kg s.c. 2 mg/kg s.c.
Carprofen — — — 5mg/kgs.c.twice 5 mg/kg s.c. twice
daily daily
Diazepam 5 mg/kg 2.5 mg/kg im., i.p. 5 mgkg 5 mg/kg 2.5 mg/kg
ip. i.p. im., i.p. ip.
Doxapram 5-10 mg/kg 5-10 mg/kg i.v. 5-10 mg/kg 5-10 mg/kg 5-10 mg/kg
iv. iv. iv. iv.
Fentany] citrate/fluanisone 0.5-1.0 mL/kg 1.0 mL/kg i.m." 0.5-1.0 mL/kgim., 0.0l mL/30 gi.p." 0.4 mL/kgim.,
im. i.p. ip.!
Flunixin — — — 2.5 mg/kg s.c. 2.5 mg/kg s.c.
twice daily twice daily
Ketamine 200 mg/kg 100 mg/kg i.m., 200 mg/kg 150 mg/kg 100 mg/kg
im., i.p. i.p. im., i.p. im., i.p. im., i.p.
Ketamine — 40 mg/kg 100 mg/kg 75 mg/kg 75 mg/kg
+ medetomidine + 500 micrograms/ 4250 micrograms/kg  + 1 mg/kg i.p. + 500 micrograms/
kg i.p. ip. kg i.p.
Ketamine 50 mg/kg 40 mg/kg 200 mg/kg 100 mg/kg 90 mg/kg
+ xylazine + 2 mg/kg i.m. + 5 mg/kg im. + 10 mg/kg i.p. + 10 mg/kg i.p. + 10 mg/kg i.p.
Ketoprofen — — — — 5 mg/kg i.m.
Meloxicam 2 mg/kg p.o., s.c.  1-2mg/kg p.o., s.c.
once daily once daily
Methohexital — 30 mg/kg i.p. — 10 mg/kg i.v. 7-10 mg/kg i.v.
Morphine — 5 mg/kg s.c. — 5 mg/kg s.c. 5 mg/kg s.c.
Nalbuphine — — — 4-8 mg/kg s.c. 1-2 mg/kg s.c.
Naloxone 10-100 micro- 10-100 micro- 10-100 micrograms/  10—100 micro- 10-100 micro-
grams/kg i.m., grams/kg im., ip.,, kgim.,ip.iv. grams/kg i.m., grams/kg i.m., i.p.,
ip., i.v. iv. ip., L.v. iv.
Pentazocine — — — 10 mg/kg s.c. 10 mg/kg s.c.
Pethidine — 10 mg/kg s.c., i.m. — 10 mg/kg s.c., 10 mg/kg s.c., i.m.
im.
Propofol — — — 26 mg/kg i.v. 10 mg/kg i.v.
Thiopental — — — 30-40 mg/kgi.v. 30 mg/kgi.v.

1drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !, the drug

or doses stated are not authorised for these species
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Prescribing for rabbits

Contributor:
Professor P A Flecknell
DECLAM, MRCVS

MA, VetMB, PhD, DLAS, DipECVA,

Rabbits are kept as pets, exhibited, used for research, and
may also be bred for meat or fur production. There is grow-
ing concern that pet rabbits are often kept in solitary condi-
tions with poor housing and this may have an effect on the
disorders seen in these animals.

Drug administration. Medication may be administered
to rabbits by mouth or by injection. Before treatment, ani-
mals should be accurately weighed in order to determine the
correct dose of a drug. Many drug preparations will have to
be diluted to obtain the required dose in a volume that can
be administered accurately. Some drugs are not water solu-
ble and may require dilution in other solvents.

Rabbits will often more readily accept oral medication if
either palatable veterinary preparations or human paediatric
sugar-based formulations are used. Medication may also be
incorporated into highly palatable foods or cubes of fruit-
flavoured jelly. The jelly should be reconstituted in half the
recommended quantity of water, allowed to cool and the
drug then added. Sucrose may be added to medicated drink-
ing water to increase palatability (50 g/litre drinking water).
Antimicrobial therapy. The use of antimicrobial drugs
in rabbits is associated with a high incidence of undesirable
side-effects. Clindamycin, lincomycin, erythromycin, and
narrow-spectrum penicillins can produce fatal adverse reac-
tions through an effect on gastro-intestinal micro-organ-
isms. Alteration of the normal bacterial flora in the intestine
results in proliferation of organisms such as Clostridium
spp. and the production of an often fatal enterotoxaemia.
When administering antibacterials to rabbits, it may be
advisable to provide a vitamin supplement (such as (H) Abi-
dec, Pfizer Consumer) and lactobacilli (live yoghurt) and to
continue this for five days after completion of therapy. If a
rabbit develops diarrhoea during antibacterial therapy, or is
presented with clinical signs of enterotoxaemia, treatment
with colestyramine may be of value. If diarrhoea develops
during antibacterial administration, drug treatment should
be discontinued. The usual antibacterial course is 5 to 7
days.

The most common bacterial infections in rabbits are respi-
ratory tract infections, gastro-intestinal tract disease, and
subcutaneous abscesses caused by fight wounds or other
injuries. Respiratory infection in rabbits is normally caused
by Pasteurella multocida, and remission of clinical signs
can usually be obtained using cefalexin or sulfadiazine with
trimethoprim. Recurrence of infection is however common,
even following prolonged periods of therapy of 10 to 21
days. Ocular involvement is frequently associated with
naso-lacrimal blockage; flushing of the duct with either
saline or antibacterial solutions may be beneficial.
Antibacterials are of limited value in the treatment of

gastro-intestinal disturbances in rabbits and most emphasis
should be given to maintaining fluid balance using both oral
fluids (see section 16.1.1) and parenteral fluid therapy, for
example, using Hartmann’s solution, administered by intra-
venous, intraperitoneal, or subcutaneous injection.
Subcutaneous abscesses are seen quite frequently, espe-
cially in rabbits. These abscesses usually require surgical
drainage and lavage with a wound cleansing preparation.
Systemic antibacterial therapy should also be instituted.
Treatment at an early stage of abscess development is usu-
ally successful, but if the lesion has become extensive,
repeated drainage may be required.

Antimicrobial therapy may also be required to treat masti-
tis. This can occur in lactating or pseudopregnant does. Sev-
erly affected animals may require fluid and other supportive
therapy, and debridement and drainage of the affected
tissue.

Parasiticide therapy. Parenteral and topical ectoparasit-
icides may be used for the treatment of mites in rabbits. The
safety and efficacy in rabbits of many products currently
available is uncertain, and the most widely used therapy for
ectoparasitic infection is ivermectin. Ear mites, Psoroptes
cuniculi, in rabbits can be treated either with topical acari-
cides or by subcutaneous administration of ivermectin. Sur-
face-living mites, for example Cheyletiella and Myobia,
may be treated using permethrin-containing dusting pow-
ders. Treatment may need to be repeated on several occa-
sions at 10 to 21 day intervals. Imidacloprid may be used
for flea infestation on rabbits more than 10 weeks of age.
The treatment is applied by ‘spot-on’ once weekly. For all
ectoparasitic infestations, the caging should be thoroughly
cleaned.

Rabbits are susceptible to myiosis (fly-strike), especially
when kept in hutches with poor standards of husbandry.
Obesity and dental disease also predispose to the condition,
due to accumulation of caecotrophs around the perineum as
aresult of reduced grooming. If untreated, the condition can
be life-threatening. The animal should be sedated, the mag-
gots removed, and the fur clipped and cleaned, and topical
and systemic antibiotics administered. Fluid and supportive
treatment is also required. Ivermectin should be adminis-
tered and an NSAID such as carprofen may be useful. The
underlying cause of the problem should be addressed and
routine use of cyromazine can help prevent recurrence.
Anaesthetics. Many anaesthetics and analgesics are
used in rabbits. A drug may be used alone or in combina-
tion. All of the commonly used volatile anaesthetics such as
halothane, isoflurane, and sevoflurane can be used to pro-
vide safe and effective anaesthesia in rabbits. Induction of
anaesthesia with inhalational agents in rabbits is not recom-
mended unless the animal has been heavily sedated. Safe
inspired concentrations of volatile anaesthetics are similar
to those used in dogs and cats.
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If injectable agents are used, then the combination of keta-
mine + medetomidine, or ketamine + xylazine are recom-
mended. Both of these combinations cause mild or
moderate respiratory depression, and oxygen should be
administered during anaesthesia. Atipamezole should be
administered to reverse medetomidine or xylazine, but this
will reverse both the sedative and analgesic actions of these
agents and it is important to ensure that other analgesics
have been administered. Opioids such as buprenorphine or
NSAIDs including carprofen and meloxicam can be used to
control post-operative and other pain in rabbits.

Rabbits may be in poor clinical condition when presented
for anaesthesia, especially those requiring dental treatment.
These animals may be significantly dehydrated, and if a
fluid deficit is considered likely, then replacement therapy
before inducing anaesthesia may be of significant benefit.
Warmed fluid (for example sodium chloride 0.18% + glu-
cose 4% or Hartmann’s solution) can be given by the intra-
venous route. A catheter (20 to 25 gauge) can be placed in
the ear vein or cephalic or saphenous veins. Placement of
the catheter is facilitated by applying local anaesthetic
cream (@ Emla, AstraZeneca) to the ear. The cream is cov-
ered with cling-film and an outer layer of self-adhesive

Table 11 Antimicrobial doses of drugs for rabbits!

bandage. After 45 to 60 minutes, the dressing is removed,

the ear cleaned, and venepuncture undertaken. If intrave-

nous administration is not possible, then fluids can be given

intraperitoneally or subcutaneously, although absorption

from the latter route may take 8 to 12 hours, and be rela-

tively ineffective if the animal is severly dehydrated.

Other drugs. Authorised preparations of buserelin are

available for the induction of postpartum ovulation in rab-

bits (see section 8.1.2). A number of other drugs are

reported to be of value in this species and dosages are listed

in table.

Vaccines. Rabbits may be vaccinated against infectious

myxomatosis and viral haemorrhagic disease (see section

18.7).

Further information on rabbits is available:

e Flecknell, P A (ed). Manual of Rabbit Medicine and
Surgery. Gloucester: BSAVA Publications, 2000

e Harcourt-Brown, F. Textbook of Rabbit Medicine.
Oxford: Butterworth-Heinemann, 2002

¢ Quesenberry, K E, Carpenter J W. Ferrets, Rabbits and
Rodents, Clinical Medicine and Surgery 2nd ed. St.
Louis: Saunders, 2003.

Drug Dose

Cefalexin 15 mg/kg s.c. twice daily
Chloramphenicol 50 mg/kg p.o. once daily

15 mg/kg i.m. twice daily
Chlortetracycline 1 g/L drinking water
Clopidol 200 g/tonne feed!
Enrofloxacin 50-100 mg/L drinking water

5-10 mg/kg p.o., s.c. twice daily’
Gentamicin 4 mg/kg i.m. once daily
Griseofulvin 25 mg/kg p.o. once daily for 4 weeks
Neomycin 200-800 mg/L drinking water
Oxytetracycline 30 mg/kg p.o. twice daily

15 mg/kg i.m. twice daily
Robenidine 50-66 g/tonne feed'
Streptomycin 50 mg/kg i.m. once daily

Sulfadiazine with trimethoprim 48 mg/kg s.c. once daily
Sulfadimidine

Tetracycline 30 mg/kg p.o. twice daily

100-233 mg/L drinking water

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked ',

the drug or doses stated are not authorised for these species
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Table 12 Parasiticidal doses of drugs for rabbits

Drug Dose
Endoparasiticides
Ivermectin 200-400 micrograms/kg s.c.

400 micrograms p.o.

Piperazine 500 micrograms/kg p.o., repeat after 10 days
Ectoparasiticides
Cyromazine' apply 6% solution (Rearguard, Novartis) topically every 8-10 weeks
Imidacloprid' 40 mg, applied as ‘spot-on’ (Advantage, Bayer)
Ivermectin as above
Permethrin dusting powder, shampoo

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !,
the drug or doses stated are not authorised for these species

Table 13 Doses of other drugs for rabbits'

Drug Dose
Colestyramine 2 g/adult daily for 2 weeks
Dexamethasone 0.5-2.0 mg/kg s.c., i.m., i.v.

Fusidic acid!
Gentamicin sulfate’

Metoclopramide

eye ointment, apply 1-2 times daily
eye drops, apply three times daily
0.2-1.0 mg/kg p.o., s.c., i.m., i.v. twice daily

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked ',
the drug or doses stated are not authorised for these species



Prescribing for rabbits

65

Table 14 Doses of analgesics and anaesthetics for rabbits!

Drug Dose
Acepromazine 1 mg/kg i.m.
Alfaxalone/alfadolone 6-9 mg/kg i.v.

Atipamezole
Atropine
Buprenorphine
Butorphanol

Carprofen

Diazepam

Doxapram

Fentany] citrate/fluanisone
Flunixin

Ketamine

Ketamine
+ medetomidine

Ketamine
+ xylazine

Ketoprofen

Meloxicam

Methohexital
Morphine
Nalbuphine
Naloxone
Pentazocine
Pethidine
Propofol
Thiopental

1 mg/kg s.c., im., i.p., i.v.
50 micrograms/kg s.c., i.m.

50 micrograms/kg s.c., i.v.

100-500 micrograms/kg s.c., i.v.

1.5 mg/kg p.o. twice daily
2—-4 mg/kg s.c. once daily

1-2 mg/kg i.m., i.v.

5-10 mg/kg i.v.

0.5 mL/kg i.m.!

1.1 mg/kg s.c. twice daily
50 mg/kg i.m.

15 mg/kg
+ 250 micrograms/kg s.c.

35 mg/kg
+ 5 mg/kg i.m.

3 mg/kg i.m.

100-300 micrograms/kg p.o. once daily
200-300 micrograms/kg s.c. once daily

10 mg/kg i.v.
5 mg/kg s.c.
1-2 mg/kg i.v.

10-100 micrograms/kg i.m., i.p., i.v.

5 mg/kg i.v.

10 mg/kg s.c., i.m.
10 mg/kg i.v.

30 mg/kg i.v.

"drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked ',
the drug or doses stated are not authorised for these species
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Prescribing for ferrets

Contributors:
S W Cooke BVSc, MRCVS

In the UK, domesticated ferrets Mustela putorius furo, are
now used for rabbit hunting, as pets, as show animals
(including demonstrations such as ferret racing), and for
biomedical research.

Ferrets are carnivorous and will take prey much larger than
themselves, killing it with their strong jaws and sharp
canine teeth. They do not have a caecum and are unable to
digest fibre. High concentration of carbohydrates in the diet
may predispose to diabetes mellitus. The diet should con-
tain a high concentration of good quality protein (26 to 36%
wet matter basis), less than 30% carbohydrate, fat (15%),
and approximately 4 kcal/g metabolisable energy. Commer-
cially produced compounded diets are now readily availa-
ble. Excess fat in the diet may cause obesity, lethargy, and
poor reproductive performance. Hypovitaminosis E and
excess polyunsaturated fats may cause a steatitis and is usu-
ally seen in young animals fed excessive amounts of fish or
horsemeat. Fresh water should be provided ad lib. Thiamine
deficiency may be caused by feeding young ferrets solely
on whole chicks due to the thiaminase contained in day old
chick yolk sacs.

The Mustelinae all possess anal glands and produce a
strongly smelling ‘musk’. However 90% of the animal’s
odour originates from the sebaceous glands. Neutering
(both sexes) is effective at controlling odour and anal gland
removal is not indicated for this purpose. In females,
oestrus may last up to 6 months and ovulation is coitus
induced.

Bone marrow suppression and irreversible anaemia may be
caused by persistent high levels of oestrogens so oestrus
should be terminated promptly by mating (preferably using
a vasectomised male or hobble), neutering, or the use of
proligestone, Delvosteron (Intervet). The product may
cause irritation on injection and care should be taken to
avoid a bite reflex.

Sexual maturity is at 8 to 12 months but may be as early as
5 months. Despite often uncontrolled interbreeding, on
average ferrets live for 5 to 7 years with evidence of ageing
beginning at 3 years.

Due to their inquisitive nature, varied diet, and ability to
chew, gastro-intestinal foreign bodies are commonly diag-
nosed in ferrets. Gastric emptying ranges from 25 to 130
minutes and small intestinal transit time is less than 120
minutes, the small intestine being best visualised in barium
series at 20 and 40 minutes post administration. Barium
often ‘sticks’ to the gut mucosa and such deposits should
not be confused with filling defects.

Drug administration. Ferrets readily accept oral medi-
cation if the taste of the medicine is disguised in sweet or
fatty foods, for example flavoured syrups (not real choco-
late), cat laxatives, nutritional supplements, honey, fatty

acid supplements, double cream, taramasalata, or couscous.
Individuals may show a preference. Tablets may be given
whole with a commercial tablet administrator, such as that
used for cats, but ferrets are often not tolerant of tablet
administration. Alternatively tablets may be crushed and
mixed with a palatable substance. In view of the short intes-
tinal transit time, tablets formulated for other species (espe-
cially humans) are likely to show rather low bioavailability.
Subcutaneous injections should be given in the neck and
shoulder regions using small gauge needles (22 g to 27 g) to
reduce discomfort. Up to 20 mL of fluid may be given at a
single injection site. Intramuscular injections should be
given in the semitendinous, semimembranous, biceps femo-
ris, or lumbar muscles and a maximum volume of 0.25 mL
may be given at any one site.

Intravenous injections may be given into the cephalic, jugu-
lar, or lateral saphenous veins; the jugular site is often
poorly tolerated. Liberal application of spirit or alcohol to
the fur often allows better visualisation of the vein than
clipping. For long to medium term administration, 22 g to
24 g over-the-needle catheters should be used and may
require chemical restraint to ease placement. Butterfly cath-
eters (23 g to 25 g) are useful for short term fluid or chemo-
therapy administration. The animal should be prevented
from chewing the catheter by covering the area with adhe-
sive dressing.

Intra-osseous catheters are very useful in severely debili-
tated animals. The femur (most commonly used), humerus,
or tibia are suitable bones. A 22 g to 20 g spinal needle or
similar sized hypodermic using sterile orthopaedic wire as a
stylet may be used. Anaesthesia is required for placement.
Catheters may be left in place for several days for giving
intravenous medication (except some chemotherapeutics); a
syringe pump is necessary and antibiotic treatment is rec-
ommended during this time and for 3 days after removal.
Intraperitoneal injections should be restricted to euthanasia
or fluid replacement in very debilitated animals due to the
risk of organ damage if the animal struggles.

Blood transfusions may be performed in ferrets. They have
no discernible blood types so a number of donors may be
used for a single recipient. A maximum of 1% of body-
weight may be collected from the anaesthetised (preferably
with isoflurane or sevoflurane) donor with either heparin or
acid citrate dextrose (ACD) solution as anticoagulant and
administered immediately to the recipient at a rate of 0.25
to 0.5 mL/minute. Isoflurane anaesthesia causes red cell
sequestration to the spleen and so dramatically influences
haematology parameters such that RBC count, haematocrit,
and haemoglobin are all reduced by approximately 35%,
and plasma-protein concentration by 20%. This effect
should be taken into consideration when interpreting
laboratory results reported for samples obtained under
anaesthesia.
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Antimicrobial therapy. Abscesses caused by Staphylo-
coccus, Streptococcus, Pasteurella, Corynebacterium,
Actinobacillus and E. coli occur as opportunist infections
secondary to penetrating wounds, for example bites from
other ferrets or other animals, foreign bodies such as sharp
bones in the diet, or skin injuries.

Bacterial pneumonia may be primary, or secondary to a
viral infection for example influenza, or other illnesses such
as hyperadrenocorticism or abscesses. Organisms impli-
cated include Streptococcus zooepidemicus, S. pneumoniae,
E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Bordetella bronchiseptica and Listeria monocytogenes.
Enteritis is commonly seen, especially in young ferrets, and
may be husbandry related. Secondary opportunist infec-
tions, for example with E. coli, may cause sudden death.
Proliferative bowel disease caused by a Campylobacter
(Desulfovibrio) affects ferrets of less than 1 year of age and
may require treatment with gentamicin or chloramphenicol.
Helicobacter mustelae infection is implicated in causing
gastric ulceration, chronic atrophic gastritis, gastric adeno-
carcinoma, and mucosa-associated lymphoid tissue lym-
phoma. Treatment includes amoxicillin combined with one
or two other appropriate antibiotics as well as mucosal pro-
tectants, proton pump inhibitors, and H, antagonists. Other
Helicobacter spp. have been implicated in causing hepatic
disease (ranging from cholangiohepatitis to neoplasia) in a
colony of ferrets.

Ferrets are very susceptible to salmonellosis, and tuberculo-
sis caused by Mycobacterium avium, M. bovis and M.
tuberculosis. They are not very susceptible to leptospirosis
but may be exposed if used for rodent control. Infection due
to Listeria monocytogenes has been reported.

Botulism (Types A, B, and especially the common C) may
pose a risk to animals fed uncooked food or by soil expo-
sure. Actinomycosis should be considered in the differential
list for ‘lumpy jaw’. Both Mycoplasma and Chlamydophilia
(Chlamydia) have been isolated from ferrets but their clini-
cal significance is not known.

Ferrets are extremely susceptible to canine distemper (usu-
ally from dogs) with mortality approaching 100%. Intensive
nursing and symptomatic treatment reduce mortality. Vacci-
nation with an appropriate dog vaccine with prior advice
from the manufacturer may be of value. Ferrets are also
very susceptible to rabies. There is a significant incidence
(approximately 6%) of post vaccination anaphylactic shock
reaction to authorised distemper (modified live) and rabies
(inactivated) vaccines administered either together or sepa-
rately. The reaction is characterised by hyperaemia, hyper-
salivation, and vomiting 25 minutes post vaccination.
Dermal and subcutaneous tumours with some of the charac-
teristics of vaccine site fibrosarcomas have been reported.
Aleutian disease, which is usually a problem in mink farms,
is caused by a parvovirus but often remains as an asympto-
matic infection; morbidity and mortality are very variable.
Human influenza virus infections are pathogenic for ferrets.
In adults, infection is characterised by a short illness with
spontaneous recovery and low mortality. Infection may
cause high mortality in kits. Feline panleucopaenia, feline

leukaemia virus, mink enteritis, and canine parvovirus are
not thought to constitute a risk to ferrets.

Blastomycosis, cryptococcosis, histoplasmosis, coccidio-
mycosis, and mucormycosis are all reported (especially
from the USA) and should be considered if other diseases
are eliminated by appropriate diagnostic methods. Ring-
worm due to Microsporum canis and Trichophyton menta-
grophytes are reported.

Coccidia (Isospora spp.), Toxoplasma, Sarcocystis, Giardia
may occur in ferrets.

Antiparasiticidal therapy. Both internal and external
parasites are common in ferrets and treatment is similar to
that used for cats. Caution should be exercised with dosage
of any preparation but particularly organophosphorus com-
pounds because the animal’s small body-weight predisposes
to overdose and toxic dose levels have not been established.
It is recommended to treat several times with the minimal
dose rather than attempt a single-dose medication.

Fleas (Ctenocephalides spp.), ear mites (Otodectes cynotis),
ticks (many species), and sarcoptes (Sarcoptes scabiei)
affect ferrets. Sarcoptes infestation may be generalised or
limited to the feet. Toxascaris, Toxocara, Ancylostoma, ces-
todes, and (in the USA), heartworm (Dirofilaria immitis)
are all reported as occurring in ferrets.

Other drugs. Insulinoma is commonly reported as is
hyperadrenocorticism, and diabetes mellitus. Patients
respond well to surgical resection for insulinoma. ACTH
stimulation and dexamethasone suppression tests to diag-
nose hyperadrenocorticism are not reliable in ferrets. Surgi-
cal removal of adrenocortical adenomas and carcinomas is
possible but there is a significant incidence of malignant
myxoid differentiation of carcinomas and subsequent meta-
static spread, which reduces success rate and influences a
decision to treat surgically. Tumours such as lymphosar-
coma, ovarian and other reproductive organ tumours (mam-
mary tumours and pyometra are uncommon), skin and
subcutaneous tumours (mast cell tumours, squamous cell
carcinomas and adenomas) occur in ferrets. A cutaneous
epitheliotropic lymphoma is reported to have responded
palliatively to a 60-day course of isotretinoin. T-cell lym-
phoma affecting the mediastinum in young ferrets is com-
monly recorded. Some lymphomas have features suggestive
of a retrovirus induction. Lymphoma and lymphosarcoma
have been successfully treated with prednisolone alone to
provide an acceptable quality of life for many months.
Starting treatment at immunosuppressive doses (2 mg/kg)
and reducing gradually often provides good remission but
over time greatly increased doses (up to 5 mg/kg twice
daily) may be necessary. More aggressive multi-agent
chemotherapy regimens based on those used in dogs and
cats also give good results with cases that relapse often
responding well to high dose vincristine or doxorubicin plus
radiation therapy.

Dilated and hypertrophic cardiomyopathies are commonly
diagnosed and usually respond well to treatment initially.
However, survival times in one study were only 3 to 5
months from onset of clinical signs.

Gastric dilation (may be associated with Clostridium
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welchii), eosinophilic gastro-enteritis, periodontal disease,
posterior paralysis/paresis and splenomegaly (the latter two
may be caused by a number of other disease entities and are
not pathognomonic for any one) are all reported as being
significant clinical entities. A pseudohypoparathyroidism
causing seizures responded well to dihydrotachysterol and
calcium carbonate.

Zinc toxicosis is also reported as are cases of struvite uro-
lithiasis and osteodystrophy. Treatment of conditions
should be approached using conventional veterinary knowl-
edge and techniques and modified where necessary by ref-
erence to known drug dosages and client/patient
compliance.

Ibuprofen has been reported as causing toxic effects includ-
ing depression, dyspnoea, and death in ferrets.

Complete nutritional replacement therapy may be used in
debilitated or convalescing animals. Prescription diet a/d
(Hill’s) may be given at a dose of 10 to 20 mL/kg 3 to 6
times daily. Pharyngostomy tubing (using 8 to 19 F paediat-
ric feeding tube placed under general anaesthesia) is well

Table 15 Parasiticidal doses of drugs for ferrets!

tolerated if the protective dressings are light and not restric-
tive but are sufficient to prevent chewing of the cap or cath-
eter end and subsequent gastro-intestinal foreign body
problems. Calorific requirements are 200 to 300 kcal/kg/
day.

For fluid administration in ferrets, maintenance replace-
ment is approximately 60 to 70 mL/kg/24 hours. There is a
high incidence of insulinoma in ferrets (in one report as
high as 50% of individuals over 3 years of age) and glucose
2.5% or 5% + sodium chloride 0.9% solution should be
used rather than lactated Ringer’s solution in animals over 3
years of age including during elective surgery if indicated.

Ketamine and medetomidine cause severe hypothermia as
well as reduced respiratory and heart rates. External heat
must be provided when using these drugs and consideration
should be given to using inhalation anaesthesia for most if
not all elective surgery. Mask or anaesthetic chamber induc-
tion with isoflurane or sevoflurane is considered the method
of choice.

Drug Dose
Endoparasiticides
Fenbendazole 20 mg/kg p.o. daily for 5 days or
100 mg/kg as a single dose?
Mebendazole 50 mg/kg p.o. twice daily for 2 days

Milbemycin oxime
Praziquantel

Pyrantel

Ectoparasiticides
Carbaril
Ivermectin

Pyrethrins

1.15-2.30 mg/kg p.o. monthly
5-10 mg/kg s.c. Repeat after 2 weeks
4.4 mg/kg p.o. as a single dose

shampoo, once weekly for 3—5 weeks
0.4-1.0 mg/kg s.c. Repeat after one week

dusting powder, weekly for 3 weeks

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked 1, the drug or

doses stated are not authorised for these species

2reported cases of bone marrow suppression, gastro-intestinal tract irritation, and teratogenicity in some mammalian species given high

doses
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Table 16 Antimicrobial doses of drugs for ferrets'

Dose

Amantadine
Amikacin

Amoxicillin

Amoxicillin with clavulanic acid?

Amphotericin B

Ampicillin

Cefadroxil
Cefalexin
Ciprofloxacin
Clindamycin

Enrofloxacin

Erythromycin
Gentamicin
Griseofulvin
Itraconazole
Ketoconazole
Lincomycin
Metronidazole

Neomycin

Oxytetracycline

Sulfadiazine with trimethoprim

Sulfamethoxazole with trimethoprim

Tetracycline

Tylosin

6 mg/kg p.o. or nebulisation twice daily

10-15 mg/kg s.c., i.m. twice daily

10-20 mg/kg p.o., s.c. 2-3 times daily for 7-10 days
13-25 mg/kg p.o., s.c., i.m. twice daily

0.25-1.0 mg/kg i.v. daily or on alternate days until total dose of 7-25 mg given
cryptococcosis, 150 micrograms/kg i.v. 3 times weekly for 2—4 months

20 mg/kg p.o., s.c. twice daily
10 mg/kg i.m. twice daily

15-20 mg/kg p.o. twice daily
15-30 mg/kg p.o. 2-3 times daily
10 mg/kg p.o. twice daily
5.5-10.0 mg/kg p.o. twice daily

5-10 mg/kg p.o. twice daily
3-5 mg/kg s.c., i.m. twice daily

10 mg/kg p.o. 4 times daily

5 mg/kg s.c., i.m. once daily

25 mg/kg p.o. once daily

25-33 daily p.o. long term (Cryptococcus neoformans infection)
10-30 mg/kg p.o. once daily for 60 days

11 mg/kg p.o. 3 times daily

20 mg/kg p.o. twice daily

10 mg/kg p.o. 4 times daily

17-20 mg/kg p.o. 3 times daily
10 mg/kg i.m. twice daily

30 mg/kg p.o., s.c. twice daily
30 mg/kg p.o., s.c. twice daily
20 mg/kg p.o. 3 times daily

10 mg/kg p.o. 3 times daily
5-10 mg/kg i.m., i.v. twice daily

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !, the drug or
doses stated are not authorised for these species

2dose expressed as amoxicillin
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Table 17 Doses of analgesics and anaesthetics for ferrets!

Drug Dose
Acepromazine 100-250 micrograms/kg s.c., i.m.
Alfadolone + Alfaxalone 10 mg/kg i.m.; 8-12 mg/kg i.v.
Atipamezole 0.4-1.0 mg/kg i.m.
Atropine 50 micrograms/kg s.c., i.m.
Buprenorphine 10-50 mg/kg s.c., i.m., i.v. 2-3 times daily
Butorphanol 10-50 mg/kg i.m. every 4—6 hours
Diazepam 1-2 mg/kg i.m.
Fentanyl + Droperidol 0.15 mL (Innovar-Vet)/kg i.m.
Fentanyl + Fluanisone 300 micrograms/kg i.m.
Glycopyrronium 10 micrograms/kg s.c.
Halothane induction, 3.0-3.5%; maintenance, 0.5-2.5%
Isoflurane induction, 3.0-5.0%; maintenance, 1.5-3.0%
Ketamine + 20-35 mg/kg s.c., i.m.
Acepromazine 200-350 micrograms/kg for 30-35 minutes effect
Ketamine + 25-35 mg/kg s.c., i.m.
Diazepam 2-3 mg/kg
Ketamine + 10-25 mg/kg s.c., i.m. (use with caution)
Xylazine 1-2 mg/kg i.m.
Ketamine + 10 mg/kg
Medetomidine + 200 micrograms/kg i.m. (combination provides 28—54 minutes anaesthesia, may be

reversed with atipamezole)

Medetomidine + 80 micrograms/kg i.m.

Ketamine + 5 mg/kg

Butorphanol 100 micrograms/kg

Methoxyflurane induction, 1-3 %; maintenance, 0.3—-0.5%
Morphine 0.5-5.0 mg/kg s.c., i.m. every 2—6 hours
Nalbuphine 0.5-1.5 mg/kg i.m., i.v. every 2—3 hours
Naloxone 40 micrograms/kg s.c., i.m., i.v.
Oxymorphone 50-200 micrograms/kg s.c., i.m., i.v. 2-3 times daily
Pentazocine 5-10 mg/kg i.m. every 4 hours

Pethidine 5-10 mg/kg s.c., i.m., i.v. every 2—4 hours
Phencyclidine + 0.8-1.1 mg/kg i.m.

Promazine 1 mg/kg i.m.

Propofol 2-10 mg/kg i.v.

Thiopental 8-12 mg/kg i.v.

Tiletamine + Zolazepam 8-22 mg/kg i.m.

Xylazine 4 mg/kg s.c.

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked *, the drug or
doses stated are not authorised for these species
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Table 18 Doses of other drugs for ferrets!

Drug

Dose

Aminophylline
Apomorphine
Aspirin
Atenolol

Atropine

Barium sulfate suspension (30% w/v)

Betamethasone
Bismuth subsalicylate

Bleomycin

Buserelin

Chorionic gonadotrophin

Chlorphenamine
Cimetidine
Crisantaspase?
Cyclophosphamide?
Dexamethasone
Diazepam
Diazoxide

Digitoxin

Diltiazem
Diphenhydramine
Doxapram
Doxorubicin?
Enalapril
Famotidine

Flunixin

Furosemide

Hydrocortisone
Immunoglobulins

Insulin, protamine zinc

4.4-6.6 mg/kg p.o., i.m. twice daily

5 mg/kg s.c. as a single dose

0.5-20.0 mg/kg p.o. once daily or on alternate days
6.25 mg/kg p.o. once daily

organophosphorus toxicity, 5—10 mg/kg s.c., i.m.
contrast radiography, 8—13 mL/kg p.o.

100 micrograms/kg s.c.

0.25 mL (Pepto-Bismol)/kg p.o. every 4—6 hours

20 units/m? once weekly (temporary reduction in size of metastatic squa-
mous cell carcinoma)

1 microgram i.m.

20~-100 units i.m.

1-2 mg/kg p.o. 1-2 times daily
5-10 mg/kg p.o., i.v. 3 times daily
400 units i.p. total dose

10 mg/kg s.c.

0.5-2.0 mg/kg s.c., im., i.v.

1.0 mg/kg i.v.

2.5-30.0 mg/kg p.o. twice daily

70-100 micrograms/kg p.o. once daily or on alternate days. Plasma-
digitoxin concentration should be monitored

3.75-7.5 mg/kg p.o. twice daily

0.5-2.0 mg/kg p.o. 2-3 times daily

2 mg/kg i.m.

1 mg/kgi.v.

500 micrograms/kg p.o. from 3 times daily to on alternate days
250-500 micrograms/kg p.o., i.v. once daily

inflammation, 1.1 mg/kg; analgesia, 0.3-2.0 mg/kg s.c., i.m. 1-2 times
daily (on alternate days for long-term therapy)

1-2 mg/kg p.o., s.c., i.m., i.v. 2-3 times daily. May use up to 4 mg/kg i.m.
for acute conditions

25—-40 mg/kg i.v. as a single dose
0.2 mL (Maxaglobulin P)/kg s.c., i.m. for distemper prophylaxis
0.5-1.0 unit/kg s.c. once daily
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Table 18 Doses of other drugs for ferrets! (continued)

Drug

Dose

Iohexol

Iron dextran
Ketoconazole
Lactulose
Levothyroxine
Oxytocin
Methotrexate?
Mitotane
Nandrolone

Prednisolone?

Proligestone!
Propranolol
Sucralfate
Theophylline

Vincristine?

contrast radiography, dilute 1 volume with 1 volume water, 10 mL/kg p.o.
10 mg/kg i.m. weekly

hyperadrenocorticism, 15 mg/kg p.o. twice daily

150-750 mg/kg p.o. 2-3 times daily

200-400 micrograms/kg p.o. 2—-3 times daily

0.2-3.0 units/kg s.c., i.m.

500 micrograms/kg i.v.

50 mg/kg p.o. once daily. Reduce to every 3 days after 1 week

1-5 mg/kg i.m. weekly

inflammation, 250—500 micrograms p.o. twice daily. May increase up to 2
mg/kg gradually

malignant disease, 1 mg/kg p.o. once daily

50 mg/kg s.c. as a single dose

0.2-1.0 mg/kg p.o. 2-3 times daily

25-30 mg p.o. 4 times daily

4.25 mg/kg p.o. 2-3 times daily

70 micrograms/kg i.v.

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked 1, the drug

or doses stated are not authorised for these species

2usually cyclophosphamide, prednisolone, and vincristine are given concurrently. Alternatively cyclophosphamide, prednisolone, and
vincristine combination may be given with cristantaspase and methotrexate, or doxorubicin
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Prescribing for fish
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Fish are farmed as food-producing animals and also kept by
enthusiasts as a hobby. In the UK, Atlantic salmon and rain-
bow trout are most commonly farmed. Species kept by
enthusiasts may be divided into cold-water and tropical
fish. Cold-water fish include goldfish and koi in ponds, and
fancy goldfish and temperate marine fish in aquaria. Tropi-
cal fish may be freshwater or marine.

Preventive medicine is extremely important for fish health.
Fish live in a ‘bacterial soup’ and poor water quality or
frank infection may quickly lead to an acute cascade of dis-
ease within a cage, pond, or tank. Maintenance of good
water quality, adequate feeding but not overfeeding, long
quarantine, and low stocking densities will aid the produc-
tion and maintenance of healthy fish.

Farmed fish

Antibacterial therapy. The majority of bacterial infec-
tions affecting fish are caused by Gram-negative organisms
such as Aeromonas, Vibrio, and Pseudomonas spp., which
cause furunculosis, septicaemia, and ulcer disease. Winter
ulcer disease associated with Moritella viscosa is com-
monly seen in Atlantic salmon smolts newly introduced to
the sea. It is characterised by shallow patches of ulceration
on the flank of the fish. Yersinia ruckeri infection causes
enteric redmouth disease. The intracellular bacterium Pis-
cirikettsia salmonis has been implicated in some disease
outbreaks in salmon.

Bacterial kidney disease (BKD) infection caused by the
Gram-positive bacterium Renibacterium salmoninarum
affects all salmonid stocks. This chronic disease causes
highest mortality with changing water temperatures. Fish
are lethargic, anorexic, and have darkened skin often with
shallow ulcers on the flanks. Internally the kidney is very
swollen and grey with a fibrinous peritonitis over the inter-
nal organs. Vertical transmission within the egg makes con-
trol of this disease difficult.

Bacterial resistance to antimicrobial therapy has been a
problem in the fish industry. Good husbandry including sin-
gle year classes, fallowing sites, and lower stocking densi-
ties, and vaccination have significantly reduced the use of
antimicrobials in the UK.

Antimicrobials are usually formulated as in-feed medica-
tions for farmed fish. The drug is surface coated on the pre-
pared pellet and then oil is added to maintain adhesion. Fish
should be starved for 12 to 24 hours before treatment
because in-feed medication may be unpalatable. Adequate
oxygenation must always be maintained, particularly in
treatment tanks.

Antibacterial preparations that are used in farmed fish
include amoxicillin, florfenciol, oxytetracycline, and sul-
fadiazine with trimethoprim. Further information on
these antibacterials is given in section 1.1. The usual treat-
ment course is 7 to 10 days, but readers should also refer to
the manufacturer’s data sheet. Sulfadiazine with trimetho-
prim administered at a dose of 30 mg/kg daily for 7 to 10
days has been found to cause lethargy and inappetence in
Atlantic salmon. In practice, the usual dose administered is
15 mg/kg daily ¢ or 30 mg/kg on alternate days .

When administering antimicrobials to farmed fish, the
appropriate withdrawal periods must be observed. Fish are
ectothermic and their basal metabolic rate varies with water
temperature. Therefore withdrawal periods vary with ambi-
ent water temperature, and so are stated in degree days. For
example 400 degree days is 20 days at a water temperature
of 20°C or 40 days at 10°C. The standard withdrawal period
for fish of 500° days should be observed unless otherwise
stated by the manufacturer.

In general, treatment with in-water antimicrobials or
methylthioninium chloride (methylene blue) should not be
carried out in tanks with biological filters. Although some
drugs are claimed not to disturb biological filters, many do
so depending on the dose used. It is preferable to administer
the treatment in a quarantine tank without filtration but with
appropriate monitoring of water quality or water changes.
Alternatively, with a commercial recirculation system,
individual tanks may be isolated for treatment and then the
water discharged to waste. Operators should apply to the
local office of the Environmental Agency or SEPA for a
Discharge consent.

Vaccines are available for the control of some fish diseases
caused by bacteria (see section 18.8).

AMOXICILLIN TRIHYDRATE
(Amoxycillin trihydrate)

UK

Indications. Amoxicillin-sensitive
furunculosis

Warnings. Penicillins and cephalosporins may cause
hypersensitivity (allergy) following self-injection, inhala-
tion, ingestion, or skin contact; operators should wear suit-
able protective clothing; operators with known
hypersensitivity should not handle these drugs; clinical
signs of allergic reaction in operators include skin rash,
swelling of the face, lips, or eyes, or difficulty breathing
Dose. Fish: by addition to feed, 80 mg/kg body-weight
daily for 10 days

infections including

POM Vetremox Fish (Alpharma) UK

Powder, for addition to feed, amoxicillin trihydrate 100%, for Atlantic
salmon

Withdrawal Periods. Atlantic salmon: slaughter 40° days
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FLORFENICOL

UK

Indications. Florfenicol-sensitive
furunculosis

Contra-indications. Brood stock
Warnings. May prolong the effects of anaesthetics; Drug
Interactions — see Appendix 1; operators should wear suita-
ble protective clothing

Dose. Fish: by addition to feed, 10 mg/kg body-weight
daily for 10 days

infections including

MES Florocol (Schering-Plough) UK
Powder, for addition to feed, florfenicol 500 mg/g, for Atlantic salmon
Withdrawal Periods. Atlantic salmon: slaughter 150° days

OXYTETRACYCLINE
UK

Indications. Oxytetracycline-sensitive infections including
furunculosis

Warnings. Chelated in hard water (not applicable for in-
feed medication); operators should wear suitable protective
clothing

Dose. Fish: by addition to feed, 75 mg/kg body-weight
daily for 4-8 days

POM Aquatet (Alpharma) UK

Powder, for addition to feed, oxytetracycline hydrochloride, for Atlantic
salmon, rainbow trout

Withdrawal Periods. Atlantic salmon, rainbow trout: slaughter 400° days

SULFADIAZINE WITH TRIMETHOPRIM

UK

Indications. Sulfadiazine/trimethoprim-sensitive
tions including furunculosis

Side-effects. Warnings. High dosage may cause lethargy
and inappetence, see notes above; operators should wear
suitable protective clothing

Dose. Expressed as trimethoprim + sulphadiazine

Fish: by addition to feed, 30 mg/kg body-weight daily for
7-10 days but see dose ¢ above

infec-

POM Sulfatrim (Novartis) UK

Powder, for addition to feed, sulphadiazine 416.7 g, trimethoprim 83.3 g/kg,
for salmon

Withdrawal Periods. Salmon: slaughter 500° days

Parasiticidal and antifungal therapy. The common
protozoal infections affecting farmed fish include white
spot caused by Ichthyophthirius multifiliis; slime disease
due to Chilodonella, Ichthyobodo (Costia), and Trichodina;
velvet disease caused by Piscinoodinium (Oodinium) spp.;
and fin rot caused by traumatic injury, poor water quality,
and protozoal and ectoparasitic infections. Other ectopara-
sites causing lesions include flukes such as Gyrodactylus,
which attach on to the skin and Dactylogyrus, which affect
the gills, and the anchor worm Lernaea. Gyrodactylus sala-
ris causes widespread losses in Atlantic salmon in Norway

due to skin damage. Saprolegnia is a common fungal infec-
tion of fish; it is usually a secondary infection.

Fish should be starved before any flush or bath treatment
because this reduces the metabolic rate of the fish and the
organic loading of water from food and faeces, which
increases the oxygen demand. Initially only a few fish in a
group, as a representative sample, should be treated. After
observing these fish for good recovery over a few hours, the
remaining fish can be treated similarly. Adequate oxygena-
tion should always be provided in treatment tanks.
Chemicals or drugs are added to the water, which is used as
a bath, a flush, or a dip. To prepare a bath, a low concentra-
tion of drug is added to the water and the fish are placed in
the solution for 30 to 60 minutes, or longer for prolonged
immersion. When given as a flush, a higher concentration
of drug is added to the water, which is then flushed through
with fresh incoming water. This usually means the fish
remain in contact with the drug for 15 to 20 minutes. In a
dip, a very concentrated solution of the drug is prepared
and fish are netted into the solution for 30 to 60 seconds and
then replaced in their original tank.

The organophosphorus compound azamethiphos is used
for the treatment of salmon infested by the sea lice,
Lepeophtheirus salmonis and Caligus spp., before the stage
at which serious skin damage is evident. Organophosphorus
compounds affect mature sea lice (stages pre-adult 1 to
adult); they do not affect juvenile stages. Therefore treat-
ment may need to be repeated after 10 to 20 days and again
after a further 14 days to ensure complete eradication of the
infestation. Vigorous water aeration should be provided
when using organophosphorus compounds. Gasping and
rolling are signs of toxicity and asphyxiation in fish.
Cypermethrin is a synthetic pyrethroid and is used for the
treatment of sea lice and has largely superseded the organo-
phosphorus compounds. Cypermethrin is used to treat and
control all stages of sea lice. Treatment before the sea lice
reach the reproductive stage should help to reduce the
number of free-swimming infective stages released and
fewer treatments will be required. Fish may be retreated
when re-infestation occurs.

Goldsinney wrasse have been used, as an alternative to
chemical treatment, to control sea louse infestation on
salmon (the wrasse ingest the lice).

AZAMETHIPHOS

UK

Indications. Sea lice infestation

Warnings. Limit treatment to 30 minutes at water tempera-
tures greater than 10°

Prescribing veterinarian must ensure that operators
have received adequate instruction in safe use of the
product; may cause sensitisation by inhalation and skin
contact; operators should wear suitable protective clothing;
operators should seek medical advice if breathing problems
occur or if they feel persistently unwell after using the
product

Dose. Fish: by bath, 0.1 ppm for 30-60 minutes
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POM Salmosan (Novartis) UK
Powder, azamethiphos 500 mg/g, for salmon
Withdrawal Periods. Fish: slaughter 1 day

BRONOPOL

UK

Indications. Fungal infections in fish and fish eggs
Contra-indications. Smolting Atlantic salmon; concurrent
other bath treatments

Warnings. Irritant to eyes and skin; operators should wear
suitable protective clothing

Dose. Fish: by bath, 20 ppm daily for 30 minutes for up to
14 consecutive days

Fish eggs: by bath, 50 ppm daily for 30 minutes, commenc-
ing 24 hours after fertilisation

POM Pyceze (Novartis) UK

Solution, for dilution with water, bronopol 500 mg/mL, for Atlantic salmon,
farmed fertilised salmonid eggs

Withdrawal Periods. Fish: slaughter withdrawal period nil. Should not be
used in fish eggs intended for human consumption

Parasiticides may be toxic to animals and the operator.

Care should be taken with dosage and handling of the

product. The recommendations for storage, use, and

disposal of unused materials and containers should be
followed. For guidance and information, see:

*  MAFF/HSE. Code of Practice for the Safe Use of
Pesticides on Farms and Holdings. London: HMSO,
1998. PB3528

¢ Control of Substances Hazardous to Health (COSHH)
Regulations 2002.

CYPERMETHRIN
UK

Indications. Sea lice infestation

Side-effects. Rarely mild transient headshaking and unco-
ordinated swimming

Warnings. Oxygen concentration should be maintained at
greater than 7 mg/litre during treatment; safety in brood-
stock has not been established; operators should wear suita-
ble protective clothing

Dose. Fish: by seawater bath, 0.005 ppm (5 micrograms/
litre) for 60 minutes

POM Excis (Novartis) UK

Solution, for dilution with water, cypermethrin (cis:trans 40:60) 1% for
Atlantic salmon. Correct dose diluted with 40 litres of seawater before add-
ing to the seacage

Withdrawal Periods. Atlantic salmon: slaughter 24 hours

EMAMECTIN BENZOATE
UK

Indications. Sea lice infestation for smolts raised in tanks
or flowing waterways

Contra-indications. Adult Atlantic salmon intended for
brood stock; treatment of smolts in freshwater cages
Side-effects. Slight inappetence

Warnings. Level of infestation should be monitored; treat-
ment should be given for full 7-day period; operators should
wear suitable protective clothing

Dose. Fish: by addition to feed, 50 micrograms/kg fish
daily for 7 days. Maximum number of marine treatments is
5 per year growth cycle and not more than 3 per 12 month
period

POM Slice (Schering-Plough) UK

Premix, emamectin benzoate 2 g/kg, for Atlantic salmon

Withdrawal Periods. Slaughter withdrawal period nil. Do not treat more than
once within 60 days before slaughter

Chemicals used in the treatment of fish diseases may be
obtained in the UK from:

* Alpharma

* James A Mackie (Agricultural)

* Vetark.

There are many chemical treatments for ectoparasitic and
fungal infections available. These chemicals may be used in
fish destined for human consumption because they are con-
sidered as non-medicinal curative substances. Although res-
ervations about their use have been expressed by consumer
groups and fish farming organisations, any potential risks
remain unproven. Malachite green residues persist in flesh
and it must not be used.

In general, the ectoparasiticides of choice for farmed fish
are formaldehyde, chloramine, and sodium chloride. For
fungal infections, bronopol, formaldehyde, or sodium chlo-
ride is employed.

Formaldehyde is a general ectoparasiticide and is also used
for fluke infections due to Gyrodactylus and resistant Chilo-
donella infections. The dose of formaldehyde should be
adjusted according to the water pH; low doses should be
used at low pH and higher doses used at high pH. Toxic pre-
cipitates of paraformaldehyde form on storage which
should be discarded before use. Formaldehyde actively
depletes water oxygen and adequate aeration must therefore
be provided.

Chloramine is effective against ectoparasites. It aids in the
control of fin rot by decreasing the bacterial loading. Chlor-
amine is more toxic in soft water with a low pH. Sodium
chloride is used as a general antifungal and ectoparasiticide
in freshwater fish and for supportive therapy.

Iodine compounds are used for disinfection of fish eggs
and also for direct application to lesions. These compounds
are toxic to newly hatched fish. Benzalkonium chloride is
used as a general antibacterial. It acts as a surfactant,
removing excess mucus and slime containing parasites and
bacteria from the fish. It is also used as a disinfectant of
rainbow trout eggs against Flavobacterium psychrophilum,
which causes rainbow trout fry syndrome. Benzalkonium
chloride tends to be more toxic in soft water and lower
doses should then be used.
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Copper sulfate is used for velvet disease but is potentially
toxic in fresh water. It is inadvisable to use this compound
where other treatments are available. The dose of copper
sulfate in fresh water depends on the water hardness. It
should be used with caution if the calcium carbonate level
in the water is less than 50 mg/litre, as occurs in soft water.
Potassium permanganate is toxic in water of high pH
because manganese dioxide may precipitate on to the gills.
Potassium permanganate acts by liberating oxygen and has
been used in situations of intensive fish stocking in earth
ponds where emergency aeration is needed. This oxidising
effect is potentially dangerous and use of this chemical
should be restricted to specialists. Methylthioninium
chloride (methylene blue) is also used in cases of nitrite
toxicity; it converts methaemoglobin to haemoglobin.
Methylthioninium chloride is absorbed through the skin
regardless of the condition of the gills. The agent is easily
removed by charcoal filtration. However, it must not be
used with biological filter systems.

1 ppm =1 mg/litre
=1 mL/1000 litres
=1mLin 1 m3

After the use of any in-water medication, reliable water test
kits should be used to monitor the water chemistry to ensure
that appropriate water conditions are maintained. After
medication to aquaria or ponds, water changes should be
carried out before the use of other chemicals.

BENZALKONIUM CHLORIDE

UK

Indications. External bacterial infections, in particular bac-
terial gill disease; disinfection

Warnings. Toxicity is increased in soft water

Dose. By bath, as indicated in the following table: Where

Dose (ppm) Duration of treatment
10 5-10 minutes
5 30 minutes
2 60 minutes
1 several hours

the water softness is unknown lower doses should be used
and then increased as appropriate.

Ark Klens (Vetark) UK
Solution, benzalkonium chloride 12.5%

CHLORAMINE
(Chloramine-T)

There are many chloramines. Chloramine BP is synonymous with
chloramine-T. Chloramine-B has similar uses. There are many
other complex chloramines, some of which are toxic to fish and are
contra-indicated for use in these species

UK

Indications. Ectoparasitic and external bacterial infections;
disinfection; aid in control of fin rot

Warnings. Appropriate grade material (see definition
above) must be used; avoid contact with metal

Dose. By bath (1 hour), dose dependent on pH and water
hardness as indicated in the following table:

Dose (ppm)
pH of water Soft water Hard water
6.0 2.5 7.0
6.5 5.0 10.0
7.0 10.0 15.0
7.5 18.0 18.0
8.0 20.0 20.0

Chloramine-T UK
Available from Alpharma, James A Mackie (Agricultural), Vetark

COPPER SULFATE
UK

Indications. Ectoparasitic infections

Warnings. Specialist use only. Potentially toxic in low pH,
soft water systems; kills marine invertebrates and elasmo-
branchs. (Copper can be removed from the system by water
changes or activated charcoal 3 g/litre of water being
treated)

Dose. Dissolve 400 mg in 1 litre water for stock solution.
By prolonged immersion, 1 mL stock solution/litre. Daily
tests should be carried out to maintain a copper concentra-
tion of 100—200 micrograms/litre for at least 10 days. Water
changes should be carried out if the copper-concentration
rises. In fresh water, care needs to be taken because the dose
depends on water hardness.

FORMALDEHYDE SOLUTION

Formaldehyde is available as formaldehyde solution (formalin)
which is diluted before use, the percentage strength being
expressed in terms of formaldehyde solution rather than formalde-
hyde (CH,0). For example, in the UK, formaldehyde solution 3%
consists of 3 volumes of Formaldehyde Solution BP diluted to 100
volumes with water and thus contains 1.02 to 1.14% w/w of for-
maldehyde (CH,0).

UK

Indications. Ectoparasitic infections

Contra-indications. Should not be mixed with potassium
permanganate; fish with gill disease

Warnings. Operators should avoid contact with skin and
inhalation of formaldehyde fumes, see notes above. Oxygen
depletion is rapid at high temperature. Therefore water-oxy-
gen concentration should be monitored and emergency aer-
ation employed if required
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Dose. Expressed in terms of formaldehyde solution 35—
40%

By bath, 250 ppm (high pH) or 170 ppm (low pH), for 30 to
60 minutes

By prolonged immersion, 20 ppm for 12 hours

Formalin UK
Available from Alpharma

IODINE COMPOUNDS
UK

Indications. Disinfection of fish eggs; cleaning wounds
Warnings. Toxic to unfertilised ova and live fish
Dose. See preparation details

Buffodine (Evans Vanodine) UK

Solution, iodine 1%; 1 litre

Dose. Eggs: by bath, 10 mL/litre for 10 minutes. Rinse ova thoroughly in
clean water

Tamodine (Vetark) UK
Solution, povidone-iodine 0.75%
For topical application only

Tamodine-E (Vetark) UK

Solution, available iodine 1.6%

Dose. Eggs: by bath, 3 mL/litre for 10 minutes. Rinse ova thoroughly in
clean water

Vetridine (Alpharma) UK
Solution, available iodine 1.6%

METHYLTHIONINIUM CHLORIDE
(Methylene blue)

UK

Indications. Ectoparasitic and fungal infections
Contra-indications. Toxic to scaleless fish; should not be
used in tanks with bacterial filters

Dose. Dissolve 10 g methylthioninium chloride in 1 litre
water for stock solution.

By prolonged immersion, 0.2-0.4 mL stock solution/litre.
Dose may be doubled with care

POTASSIUM PERMANGANATE

UK

Indications. Ectoparasitic infections, emergency oxygena-
tion

Warnings. See notes above

Dose. Treatment.

By bath, 5 ppm for 1 hour

By dip, 10 ppm for 10-40 seconds. If organic load is high,
repeat treatment after 24 hours

Emergency aeration.

By permanent bath, 2 ppm or 3—4 ppm if a high organic
load is present

SODIUM CHLORIDE (Todine-free)

UK

Indications. Fungal and ectoparasitic infections in fresh-
water fish; osmotic support for stressed or diseased fresh-
water fish

Contra-indications. Galvanised zinc containers

Dose. By bath, 10 000—15 000 ppm for 20 minutes

By dip, 20 000-30 000 ppm (2-3 kg/100 litres) until fish
show signs of distress

Hormonal preparations authorised for fish are availa-
ble. Buserelin (see section 8.1.2), a synthetic analogue of
gonadotrophin-releasing hormone, is used to facilitate strip-
ping in male and female rainbow trout and to reduce mortal-
ity due to egg binding.
Immunomodulators are
suppliers.

Anaesthetics should preferably be administered to fish
after they have been starved for 12 to 14 hours. Constant
aeration and a recovery tank of clean water should be avail-
able in case the fish become too deeply anaesthetised. If this
occurs fish should be pushed through the water manually so
that fresh water passes across their gills in an antero-poste-
rior direction. Thumb/finger pressure ventrally between the
operculae will usually open the fish’s mouth and flare the
operculae, therefore facilitating artificial ventilation. Exces-
sive water flow in the wrong direction may severely dam-
age the delicate structure of the gills.

A few fish are anaesthetised as a sample group. Sedation or
anaesthesia should take 1 to 3 minutes to develop. Fish
placed in a clean tank following anaesthesia usually recover
within 2 to 3 minutes.

The anaesthetics most commonly used in fish are tricaine
mesilate, benzocaine, and phenoxyethanol. They are used
for tranquilisation of fish for transportation, weighing,
examination or minor procedures such as treating a surface
lesion, and for anaesthesia before drug administration by
injection, for example vaccination. Sedative doses may be
given by merely reducing the amount of anaesthetic that is
placed in the bath to half the anaesthetic dose.

Tricaine mesilate may reduce the pH of soft water to about
3.8, which may cause stress to fish. The anaesthetic solution
should be prepared using the type and composition of water
normally needed for the fish species to be treated. Benzo-
caine should be dissolved in an organic solvent before use
(see below).

available from  various

BENZOCAINE

UK

Indications. Sedation and anaesthesia of fish

Warnings. Care should be taken when handling the organic
solvent. Solutions should be stored protected from light
Dose. Dissolve 40 g benzocaine in 1 litre ethanol or ace-
tone (benzocaine 40 mg/mL) stock solution.

By bath, 0.6-1.2 mL stock solution/litre
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PHENOXYETHANOL

UK

Indications. Sedation and anaesthesia of fish

Warnings. May elute toxins from activated charcoal filters;
solidifies below 5°C

Dose. Fish: by bath, 0.1-0.5 mL/litre

By prolonged immersion, 0.1 mL/litre for prolonged seda-
tion

TRICAINE MESILATE
(Tricaine mesylate)

UK

Indications. Sedation and anaesthesia of fish
Contra-indications. Should not be used for certain tropical
fish

Warnings. Solution should not be exposed to direct sun-
light

Dose. Fish: by bath, 25—-100 mg/litre

PML MS-222 (Alpharma, Thomson & Joseph) UK

Powder, tricaine mesilate 100%, for fish
Withdrawal Periods. Fish: slaughter 10 days

Viral conditions. Increased prevalence of many notifia-
ble viral diseases is now seen. Infectious pancreatic necro-
sis (IPN) is classically a disease of first-feeding rainbow
trout fry. This viral disease is often stress mediated and
mortality can occur from overcrowding and transportation.
The disease is characterised by skin darkening, inappetence,
ascites, and exophthalmos. Over the last few years IPN has
caused major losses in Atlantic salmon especially in smolts
in the sea.

Infectious haemopoietic necrosis (IHN) is a viral disease
affecting mainly very young fish with the highest losses
occurring at temperatures over 10°C where morbidity can
reach 100% of the population. Clinical signs include erratic
swimming patterns, skin darkening, ascites, and exophthal-
mia. Haemorrhages may be seen on the fins and head with
the fish appearing anaemic. Transmission is both horizontal
and vertical.

Viral haemorrhagic septicaemia (VHS) is an acute to
chronic disease occurring in rainbow trout but also seen in
other species. The disease has been diagnosed in turbot in
the UK. In the acute form, the fish are anaemic with exten-
sive haemorrhages, exophthalmia, and skin darkening. The
chronic form is characterised by very dark fish with pro-
nounced ascites. Outbreaks are usually a continuum
between the acute and chronic types. Transmission is only
horizontal and so eradication can be achieved by using
clean stocks.

Infectious salmon anaemia (ISA) caused by an orthomyxo-
type (envelope) virus has been diagnosed on a number of
marine salmon farms in Scotland. Anaemia, ascites, ocular
haemorrhages and necrotic and haemorrhagic lesions in the
liver are seen. Under UK law, large numbers of in-contact

healthy fish may need to be slaughtered with the few
affected fish.

Spring viraemia of carp (SVC) is a viral disease endemic in
a number of European countries and is caused by a rhab-
dovirus. The disease has occurred in the UK due to importa-
tion of infected stock. SVC is known to infect common carp
and varieties such as koi as well as other ornamental species
including goldfish. Strict importation controls are required
for farmed and ornamental fish together with veterinary
inspection and quarantine. Clinical signs of this disease are
variable.

Ornamental fish

Management. Correct management is the most important
aspect of maintaining ornamental fish health because the
fish are kept in a confined body of water. Improving envi-
ronmental conditions alone will often aid recovery without
the need for drug therapy. Metabolic wastes and their prod-
ucts should be monitored regularly every two weeks (and
more frequently if water conditions are poor). Simple and
reliable test kits for ammonia, nitrite, nitrate, and pH are
available from aquatic suppliers.
To limit the occurrence of toxicity, the Ornamental Aquatic
Trade Association (OATA) recommends the following con-
centrations:

ammonia (unionised)

nitrite

< 0.01 mg/litre
< 0.125 mg/litre

nitrate < 40 mg/litre (above ambient)

oxygen (dissolved) > 5.5 mg/litre.
Some fish species will have other minimum requirements
for pH, water hardness, and salinity. Nitrifying bacteria in
the environment and filter systems remove ammonia and
nitrite but take several weeks to reach sufficient numbers in
a new facility. These beneficial bacteria must be considered
when adding any antibacterial medication to the water.
High concentrations of ammonia and nitrite are toxic to fish
while raised concentrations are physiologically stressful
and may compromise the fish’s natural resistance to infec-
tion and disease. Frequent water changes (30% every 2 to 3
days) may be required to improve water quality and reduce
the chemical concentrations to acceptable levels. The addi-
tion of salt (2 g/litre) may benefit freshwater species in poor
water conditions while water changes are taking place.
Many other chemicals are equally harmful to fish but may
prove difficult to detect. Water changes should be per-
formed if environmental poisoning is suspected, in which
case, typically, all fish will be affected and the onset of clin-
ical signs is sudden.
Raising the water temperature to 20°C with submersible
electric heaters will benefit many cold-water species
because their rate of metabolism and recovery from disease
is related to ambient water temperature.
The clinical signs of many diseases that affect ornamental
fish are similar and it is important to establish a cause where
possible and identify disease agents. Parasites are always
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present on fish but stress often results in the parasites multi-
plying to high levels that then cause clinical disease.

Attention to water quality and husbandry is the primary
consideration in the management of diseases of
ornamental fish

Drug administration. The operator should aim to use
the least stressful method of treatment to achieve the thera-
peutic concentration of medication. Ornamental fish may be
treated by the following methods: in-water medication
(short dip or permanent bath), oral medication (in feed or by
gavage), intramuscular injection, or topical application.
In-water medication is usually employed for the treatment
of fungal infections and ectoparasites. This may involve
short-timed dips in a strong chemical solution or a perma-
nent bath of low-dose medication in a tank or pond. Where
ultra-violet sterilisers are in use, these should be switched
off when using some water treatments. Activated carbon or
ozone should not be used in filters during medication.
There are several methods to make home-made in-feed
medication for ornamental fish: gelatin solution may be
mixed with the drug, then applied to the feed, and then
allowed to solidify. Alternatively the feed may be damp-
ened with a solution containing water-soluble drugs and
then allowed to dry or the drug may be mixed with the dry
food then coated with a small amount of vegetable oil.
However, many fish are fastidious eaters and may prove
difficult to treat orally.

Antibacterials are more effective and commonly adminis-
tered by intramuscular injection. The needle should be care-
fully angled and inserted between the scales so as not to
damage or remove scales when injecting. Sites for injection
vary according to personal preference but injections are
usually given into the flank above the lateral line. Due to
species differences in anatomy, intraperitoneal injection
should be used with care in ornamental fish.

Topical preparations are often applied after debridement of
skin wounds under general anaesthesia. Preparations used
include skin disinfectants such as povidone-iodine, and top-
ical antibacterials such as Panolog Ointment (Novartis).
This may be followed by application of a protective sealant
for example, (B Orabase (ConvaTec) or (H) Orahesive
(ConvaTec).

Antibacterial therapy. The most common bacteria caus-
ing disease in ornamental fish are Gram-negative rods such
as Aeromonas, Pseudomonas, Vibrio, Flavobacterium, and
Edwardsiella. These bacteria are commonly associated with
acute septicaemia and ulcerative skin lesions. Nocardia and
Mycobacteria cause systemic granulomata; the latter is a
zoonotic disease. Ulcer disease is caused by atypical
Aeromonas salmonicida and affects cyprinids such as carp
and goldfish. The organism is a variant of the one that
causes furunculosis in salmonids.

There are few antibacterial preparations authorised for use
in ornamental fish in the UK. However, these species may
be considered as ‘minor or exotic species’ under The

Medicines (Restrictions on the Administration of Veterinary
Medicinal Products) Regulations 1994 (SI 1994/2987).
Therefore, the final choice of drug often depends on anti-
bacterial resistance, availability of a suitable formulation,
and palatability, where applicable.

It may be necessary to take samples for bacterial culture and
sensitivity tests because of increasing bacterial resistance.
Although results may not be available for 5 to 14 days,
treatment should be instituted immediately to limit the
severity and spread of the disease.

Oral antibacterials are often administered for up to 3 weeks.
Fish are given approximately 1 to 5% of their body-weight
per day as medicated feed. Therapy is administered by
injection to fish that are not feeding, are of suitable size and
value, and to initiate treatment that is continued by oral
medication. Injections may be repeated 3 to 4 times and
may require anaesthesia. However, this is stressful and it
may be preferable to attempt feeding oral antibacterials.
The administration of antibacterials via the water is prob-
lematic. Small fish respond quite well and may be too small
to inject. However in large fish, although treatment may
appear to be clinically effective particularly where skin
lesions are part of the condition, drugs may not be ade-
quately absorbed and the condition may not be resolved.
Concentrated or pure drugs should be used wherever possi-
ble to avoid potential water chemistry problems due to other
agents in formulated preparations. Where pure preparations
are not commercially available, it may be possible to obtain
the drug directly from the manufacturer.

In general, treatment with in-water antibacterials or methyl-
thioninium chloride (methylene blue) should not be carried
out in tanks with biological filters. Although some drugs are
claimed not to disturb biological filters, many do so
depending on the dose used. It is preferable to administer
the treatment in a quarantine tank without filtration but with
appropriate monitoring of water quality and water changes.
This will allow removal of the fish in case of accidental
overdose.

Benzalkonium chloride, acriflavine, proflavine hemisulfate,
and chloramine are used for external bacterial infections.

Parasiticidal and antifungal therapy. The common
external protozoal infections of freshwater fish include
white spot caused by Ichthyophthirius multifiliis; slime dis-
ease due to Chilodonella, Ichthyobodo (Costia), and tri-
chodinids; velvet disease caused by Piscinoodinium
(Oodinium) spp.; and secondary infection of skin wounds
with Epistylis. Other ectoparasites causing lesions include
flukes such as Gyrodactylus (body fluke), which attach on
to the skin and Dactylogyrus (gill fluke), which affect the
gills. The crustacean parasites include the anchor worm
Lernaea and the fish louse Argulus, which cause localised
damage to the skin, and the gill maggot Ergasilus. The fish
leech Piscicola is found in fresh and salt water. Saprolegnia
(cotton wool fungus) is a common fungal infection in fish
that usually develops from secondary invasion of lesions on
the skin and gills. Dermocystidium is a fungal-like pathogen
that affects the skin and gills.
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The flagellate protozoan Hexamita infects the skin and the
gut. Various microsporidia and myxosporidia are found
internally in a wide variety of ornamental fish. The round-
worms Camallanus and Capillaria may infect freshwater
tropical fish. The tapeworm Bothriocephalus is occasion-
ally found in the gastro-intestinal tract of carp.

Common protozoal infections of marine fish include white
spot caused by Cryptocaryon irritans, coral fish disease
caused by Amyloodinium ocellatum, and infestation with
Uronema mariunim, Brooklynella hostilis, and trichodinids.
Monogeneans such as Benedenia and Neobenedenia spp.
cause skin irritation and corneal lesions such as keratitis and
ulceration. Ichthyophonus hoferi, a fungal-like organism,
causes systemic granulomatous disease.

External parasitic and fungal infections affecting ornamen-
tal fish are usually treated by in-water medication. Fish
should be starved before any treatment because this reduces
their metabolic rate and the organic loading of water from
food and faeces, which increases the oxygen demand. Ini-
tially only a few fish in a group, as a representative sample,
should be treated. After observing these fish for good
recovery over a few hours, the remaining fish can be treated
similarly. Adequate aeration should always be provided in
treatment tanks because some medications reduce dissolved
oxygen, for example formaldehyde. Temporary treatment
tanks may not be available for tropical fish and their capture
and handling may be excessively stressful. Therefore medi-
cation is often administered directly into the tank. In gen-
eral, when medicating ornamental fish, treatment should
always begin at the lower end of a dose range, increasing as
necessary. When treating fish in soft water or at low pH,
low doses should be used because chemicals may be more
toxic under these conditions.

Many different chemical treatments are used for ectopara-
sitic and fungal infections (see Prescribing for farmed fish
for information on individual chemicals). Malachite green
is primarily used for fungal infections and some ectopara-
sitic infections. Care should be taken with regard to the
source of malachite green; some grades may be lethal to
fish. Low doses should be used at low pH and higher doses
used at high pH. Residues of this chemical persist in flesh
and it may only be used in ornamental fish or eggs not
intended for human consumption. Similarly for Leteux-
Meyer mixture. This combination is used in ornamental fish
as an ectoparasiticide in particular for white spot and slime
disease. It is effective against secondary fungal overgrowth.
When treating ornamental fish the volume of diluted chemi-
cal required may be small and difficult to titrate correctly.
Therefore it is preferable to advise the use of a proprietary
preparation. There are many commercial preparations avail-
able which contain one or several ingredients and are rec-
ommended by the manufacturer for various conditions.
Proprietary preparations for ornamental fish should be
the initial choice of treatment. Complete eradication of
the parasite may involve repeated treatments to kill resistant
stages, for example eggs, and treatment of the environment
to remove free-swimming parasites.

Proprietary preparations and the manufacturer’s indications
are listed below in alphabetical order. Although these prep-
arations have been used for years by the aquarist, most of
the products do not have a marketing authorisation. Manu-
facturer recommendations for conditions such as the treat-
ment of viral infections, systemic bacterial infections, and
lice infestation may not be able to be substantiated. Cases
that fail to respond to these proprietary preparations for
ornamental fish may be treated with chemicals such as
those listed in Prescribing for farmed fish.

After in-water medication, reliable water test kits should be
used to monitor the water chemistry to ensure that appropri-
ate water conditions are maintained. Following the addition
of a medicine to aquaria or ponds, water changes should be
carried out before the use of other chemicals.

Attention to environmental conditions is important
because correct treatment may prove ineffective unless
water quality is adequate.

Disinfection and general hygiene of tanks, ponds, and
equipment is part of good husbandry. Only products
considered safe for use in fish should be used.

Anaesthetics for fish are discussed under Prescribing for
farmed fish. Great care must be taken to allow for species
variation in tolerance to the anaesthetic agent. Efficacy and
toxicity are also influenced by variations in water condi-
tions and quality. Due to the anatomy of some species (for
example some marine fish and eels which have a soft gill
cover), assistance may be required during recovery and
clean water should be gently flushed through the mouth.
Euthanasia of ornamental fish is carried out by using an
overdose of anaesthetic followed by one of the following
methods: severing the spinal cord just behind the gill cov-
ers, a sharp blow to the head using a blunt instrument, or
administration of a lethal dose of pentobarbital into the
heart or intravenously into the caudal vein found ventral to
the vertebrae of the peduncle. In the absence of anaesthetics
commonly used in fish, isoflurane at a dose of 5 mL/litre, or
clove oil at a dose of 10 drops/litre have been used; their use
has not been fully evaluated.

Other drugs. Vitamin deficiencies are rarely identified in
species fed on commercial manufactured diets which have
added vitamins and minerals. However, dietary deficiencies
may arise in fish fed on a limited variety of natural food-
stuffs. Compound multivitamin and mineral preparations
for fish are available (see section 16.7).
Immuno-modulators are available from various suppliers.
They may be given alone or in conjunction with antibacteri-
als. Their main use has been in the fish farming industry but
they are now incorporated into some commercial ornamen-
tal fish feeds.

Viral conditions. Carp pox is caused by cyprinid herpes-
virus (CHV) and produces smooth raised hyperplastic
lesions, which resemble drops of candle wax on the skin of
carp such as koi. It is not fatal, rarely causes secondary
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health problems, and often resolves spontaneously. Usually
only one or two fish are affected. There is no treatment.
Lymphocystis is caused by an iridovirus and is character-
ised by discrete lesions due to hypertrophy of dermal
fibroblasts, which swell to about 1 mm in diameter and fre-
quently cluster to form larger masses up to 1 cm in size.
Morbidity, clinical pattern, and lack of treatment are similar
to carp pox but lymphocystis mainly affects tropical marine
fish.

Koi herpesvirus is a highly infectious disease that causes
acute gill disease and may result in up to 100% mortality.
The disease is most severe when water temperatures are
between 18 and 25°C. It has only been recorded in koi and
other carp.

Spring viraemia of carp is known to infect common carp
and varieties such as koi as well as other ornamental species
including goldfish; it is a notifiable disease (see Prescribing
for farmed fish).

Proprietary preparations for ornamental fish

There are many preparations available. This is not a com-
prehensive list but contains preparations for which informa-
tion on active ingredients is available from the
manufacturer. It is preferable to use preparations for which
the active ingredients are known in order to limit potential
problems of toxicity in the operator, fish, and invertebrates.

UK

Indications. See preparation details

Contra-indications. Side-effects. Warnings. See mono-
graphs under Farmed fish, manufacturer’s information, and
preparation details

Dose. A measure is provided with many products, see
manufacturer’s instructions for dosage details

ACE-High (Vetark) UK

See section 16.7 for preparation details

Indications. Conditions requiring compound mineral and multivitamin
supplement

Acriflavine (PPI, UK Pond Products) UK
Liquid, acriflavine, for pond fish
Indications. External bacterial, fungal, and protozoal infections

Aquarium Care Fungus (NT Labs.) UK
Liquid, malachite green, for aquarium fish
Indications. Fungal and ectoparasitic infections

Aquarium Care White Spot (NT Labs.) UK

Liquid, acetic acid, for freshwater aquarium fish

Indications. Protozoal infections (Ichthyophthirius, Ichthyobodo, Chilo-
donella, Piscinoodinium)

Ark-Klens (Vetark) UK

Liquid, benzalkonium chloride, for pond fish

Indications. External bacterial infections

Comments. Harmful to filters; use half dosage in soft water; corrosive and
irritant for skin, eyes, and respiratory system; treatment should be carried out
in an isolation facility

Bacta-Pure (UK Pond Products) UK

Liquid, acriflavine, aminoacridine, formaldehyde, for pond fish
Indications. External bacterial and fluke infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Bacterial Control No 7 (Sinclair) UK

Liquid, allantoin, formaldehyde, magnesium sulfate, sodium chloride, for
freshwater aquarium fish

Indications. External bacterial and fungal infections

Bactocide (NT Lab.) UK

Liguid, acriflavine, aminoacridine hydrochloride, formaldehyde, for fresh-
water and marine aquarium fish

Indications. External bacterial, fluke, and Piscinoodinium infections

Baktopur (Sera) Ger:

Liquid, acriflavine, 1,3-butylglycol, methylthioninium chloride, for fresh-
water aquarium fish

Indications. External bacterial infections

Comments. Harmful to filters

Chloramine-T (Alpharma, Vetark) UK

Powder, chloramine-T, for pond fish

Indications. External bacterial, protozoal (Ichthyobodo, Ichthyophthirius)
and fluke (Gyrodactylus) infections

Comments. Use higher dosage in high pH and hard water; irritant for skin,
eyes, and respiratory system; may cause sensitisation in people prone to
allergic asthma

Costapur (Sera) Ger.

Liguid, malachite green, potassium iodide, for freshwater and marine
aquarium fish

Indications. Protozoal infections (Ichthyophthirius, Ichthyobodo, Chilo-
donella)

Comments. Harmful to marine invertebrates

Cyprinopur (Sera) Ger.
Liquid, 1,3 dihydroxybenzol, ethanol, phenol, for pond fish
Indications. Treatment of open wounds and ulcers

Disease Clear (Sinclair) UK

Liquid, silver protein, mild, for freshwater aquarium fish
Indications. External bacterial infections

Comments. Harmful to marine fish; best at 10-30°C

Diseasolve Aquarium Antiseptic (NT Lab.) UK

Liquid, acriflavine, methylthioninium chloride, for aguarium fish and pond
fish

Indications. External bacterial and protozoal infections

Ectopur (Sera) Ger.

Powder, sodium borate, sodium chloride, sodium perborate, for freshwater
and marine aquarium fish

Indications. Fungal and ectoparasitic infections

Fin-Rot (NT Lab.) UK

Liquid, acriflavine, aminoacridine hydrochloride, formaldehyde, for fresh-
water aquarium fish

Indications. External bacterial and fluke infections

Fin Rot and Fungus Control No 6 (Sinclair) UK
Liquid, 2-phenoxyethanol, for freshwater aquarium fish
Indications. Fungal infections

Comments. Harmful in salt water; best at 16-27°C

Formaldehyde 30% Solution (Alpharma, UK Pond Products) UK

Liquid, formaldehyde, for pond fish

Indications. Ectoparasitic infections

Comments. Harmful, may cause skin sensitisation by skin contact, causes
burns

Formalachite (PPI) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. Protozoal (Ichthyophthirius, Ichthyobodo, Trichodina) and
fluke infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Formalin (PPI) UK

Liquid, formaldehyde, for pond fish

Indications. Protozoal (Ichthyophthirius, Ichthyobodo, Trichodina) and
fluke infections
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GillPure (UK Pond Products) UK

Liquid, benzalkonium chloride, for pond fish

Indications. External bacterial and parasitic infections
Comments. Harmful to filters; use half dosage in soft water

Ichcide (NT Labs.) UK

Liquid, formaldehyde, malachite green, for freshwater aquarium fish
Indications. Fungal and protozoal (Ichthyophthirius, Chilodonella) infec-
tions

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Koi Bath (PPI) UK
Liquid, benzalkonium chloride, stabiliser, aloe vera, witch hazel, for pond

fish

Indications. External bacterial, and parasitic infections of the gills

Koi Care Acriflavin (NT Labs.) UK
Liquid, acriflavine, for pond fish
Indications. External bacterial infections

Koi Care Formaldehyde 30% Solution (NT Lab.) UK

Liquid, formaldehyde, for pond fish

Indications. Protozoal (Ichthyophthirius, Trichodina, Ichthyobodo) and
fluke infections

Comments. Toxic

Koi Care F-M-G (NT Lab.) UK

Liquid, formaldehyde, malachite green, for koi, goldfish

Indications. Fungal or parasitic infections

Comments. Switch off ultraviolet light; harmful to orfe, rudd, tench, and
sterlets; may cause skin sensitisation by skin contact, operators should avoid
skin contact and inhalation of product

Koi Care Gill-Wash (NT Lab.) UK

Liquid, benzalkonium chloride, for pond fish

Indications. External bacterial infections of the gills
Comments. Harmful to filters; use half dosage in soft water

Koi Care Koi Calm (NT Lab.) UK
Liquid, clove oil

Indications. Use as a calmative
Comments. Harmful to skin

Koi Care Malachite (NT Lab.) UK

Liquid, malachite green, for pond fish

Indications. Fungal and external parasitic infections
Comments. Irritant

Koi Care Permanganate (NT Lab.) UK

Liquid, potassium permanganate, for koi and other pond fish

Indications. External bacterial and parasitic infections

Comments. Best used as a 30 minute bath at 10 mg/L; use topically for
Argulus, Lernaea

Koi Care Ulcer Swab (NT Lab.) UK

Liquid, benzalkonium chloride, povidone, for koi and other pond fish
Indications. Cleanser and disinfectant for skin wounds

Comments. Topical use only; best used in conjunction with Koi Care
Wound Seal (NT Lab.)

Koi Care Wound Seal (NT Lab.) UK

Liquid, zinc cream, aloe vera, for koi and other pond fish

Indications. Used to seal wounds and assist healing

Comments. Topical use only; best used in conjunction with Koi Care
Ulcer Swab (NT Lab.)

Malachite (PPI) UK
Liquid, malachite green, for pond fish
Indications. Fungal and parasitic infections

Malachite Green (Alpharma) UK
Liquid, malachite green, for ornamental fish
Indications. Fungal and parasitic infections

Malachite Green Solution (UK Pond Products) UK

Liquid, malachite green, for pond fish

Indications. Fungal and some parasitic infections

Comments. Harmful, may cause skin sensitisation by skin contact

Methylene Blue No 10 (Sinclair) UK

Liquid, methylthioninium chloride, for freshwater aquarium fish
Indications. Fungal, fluke and protozoal infections

Comments. Harmful to filters; harmful to marine fish and plants; best at
10-30°C

Mycopur (Sera) Ger.

Liquid, acriflavine, copper chloride, copper sulfate, for freshwater aquarium
fish

Indications. Fungal infections, fluke infestations

Nishicare Anti-Bacterial Fin Rot Treatment (Nishikoi) UK

Liquid, acriflavine, aminoacridine hydrochloride, formaldehyde, for pond
fish

Indications. External bacterial infections

Nishicare Anti-Fungus Treatment (Nishikoi) UK
Liquid, malachite green, for pond fish
Indications. Fungal infections

Comments. Use above 6°C

Nishicare Anti-Parasite White Spot Treatment (Nishikoi) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. Protozoal infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product; use above 6°C

Oodinopur A (Sera) Ger:

Liquid, copper chloride, copper sulfate, for freshwater and marine aquar-
ium fish

Indications. Protozoal (Piscinoodinium) infection

Comments. Harmful to marine invertebrates

Paracide (NT Lab.) UK

Liquid, citric acid, cupric sulfate, formaldehyde, for freshwater and marine
aquarium fish

Indications. Protozoal infections including Piscinoodinium, Cryptocaryon
Comments. Harmful to invertebrates

ParaPure (UK Pond Products) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. Fungal and protozoal infections

Comments. May be applied topically for Argulus, Lernaea; may cause skin
sensitisation by skin contact, operators should avoid skin contact and inhala-
tion of product

Pond Aid Bacterad (NT Lab.) UK

Liquid, acriflavine, aminoacridine hydrochloride, formaldehyde, for pond
fish

Indications. External bacterial and fluke infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Pond Aid Eradick (NT Lab.) UK

Liguid, formaldehyde, malachite green, for pond fish

Indications. Protozoal infections including Ichthyophthirius, Chilodonella,
Ichthyobodo, and fungal infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Pond Pride No 3 — Parasite Control (Sinclair) UK

Liquid, acriflavine, malachite green, quinine sulfate, for pond fish
Indications. Protozoal infections

Comments. May cause sensitisation by skin contact

Pond Pride No 4 — Fungus Control (Sinclair) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. Fungal infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product
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Pond Pride No 5 - Fin and Tail Rot Control (Sinclair) UK

Liquid, silver protein, mild, for pond fish

Indications. External bacterial infections

Comments. May cause sensitisation by skin contact; may be used topically

Pond Pride No 8 — Open Wound Treatment (Sinclair) UK

Liquid, allantoin, formaldehyde, magnesium sulfate, sodium chloride, for
pond fish

Indications. External bacterial infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Potassium (PPI) UK

Liquid, potassium salts, for pond fish

Indications. Protozoal infections (Ichthyophthirius, Trichodina), anchor
worm, fungal infections

Protoban (Vetark) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. Protozoal (Ichthyobodo, Trichodina, Chilodonella) infections
and some external bacterial and fluke infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

Tamodine (Vetark) UK

Solution, povidone-iodine, for all fish species

Indications. Topical application to skin ulcers and wounds

Comments. Some individuals may develop an acute allergic-type dermati-
tis following skin contact

Tamodine-E (Vetark) UK

Liquid, iodophor, for all fish species
Indications. Disinfection
Comments. Highly toxic to live fish

TetraFin Goldfish Disease Treatment (Tetra) UK

Liquid, formaldehyde, malachite green oxalate, for aquarium goldfish
Indications. External bacterial and protozoal infections
Comments. Harmful, may cause skin sensitisation by skin contact

TetraFin GoldMed (Tetra) UK

Liquid, formaldehyde, malachite green oxalate, for aguarium goldfish
Indications. External bacterial, fungal, and protozoal infections
Comments. Harmful, may cause skin sensitisation by skin contact

TetraMedica ContraSpot (Tetra) UK

Liguid, formaldehyde, malachite green, for freshwater aquarium fish
Indications. Protozoal and fluke infections

Comments. May cause skin sensitisation by skin contact, operators should
avoid skin contact and inhalation of product

TetraMedica FungiStop (Tetra) UK

Liquid, collidon, metanil yellow, silver in colloidal form, for freshwater
aquarium fish

Indications. Fungal infections on fish and eggs

Comments. Not recommended for marine aquaria

TetraMedica General Tonic (Tetra) UK

Liguid, acriflavine, aminoacridine, ethacridine lactate, methylthioninium
chloride, for freshwater aquarium fish

Indications. External bacterial infections

TetraPond Medifin (Tetra) UK

Liquid, formaldehyde, malachite green, for pond fish

Indications. External bacterial, fungal, fluke, and protozoal infections
Comments. Harmful, may cause skin sensitisation by skin contact, opera-
tors should avoid skin contact and inhalation of product

Velvet Control No 8 (Sinclair) UK

Liquid, cupric sulfate, for freshwater aquarium fish

Indications. Piscinoodinium infection

Comments. May be toxic in soft water, use half dose for light scaled fish
e.g. sharks, loaches; use at 20-30°C

White Spot Control No 5 (Sinclair) UK

Liquid, acriflavine, malachite green, quinine sulfate, for freshwater aquar-
ium fish

Indications. Protozoal infections

Comments. Harmful to marine fish; best at 25-30°C

WS3 White Spot Terminator (Sinclair) UK

Liquid, acriflavine, malachite green, quinine sulfate, for freshwater aquar-
ium fish

Indications. Protozoal (Ichthyophthirius, Ichthyobodo, Trichodina) infec-
tions

Comments. Harmful to marine fish; best at 25-30°C

Table 19 Endoparasiticidal doses of drugs for ornamental fish'

Drug Dose Condition
Fenbendazole by gavage or addition to feed, 50 mg/kg body-weight daily for 2 days, repeat roundworms
after 14 days
Levamisole by addition to water, 5 mg/L as a single dose roundworms
Mebendazole by addition to feed, 25-50 mg/kg body-weight weekly for 3 weeks roundworms
Piperazine by addition to feed, 10 mg/kg body-weight for 3 days roundworms
Praziquantel by gavage, 50 mg/kg as a single dose tapeworms

by addition to feed, 5 mg/kg body-weight weekly for 3 weeks

10-25 mg/kg i.m. as a single dose

"drug doses for preparations that have a marketing authorisation for use in ornamental fish in the UK. Therefore, unless
marked 1, the drug or doses stated are not authorised for ornamental fish
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Table 20 Antimicrobial and ectoparasiticidal doses of drugs for ornamental fish?

Drug

Dose

Condition

Acriflavine (neutral)

Amikacin

Amoxicillin

Ampicillin

Benzalkonium
chloride

Chloramine

Chloramphenicol
Copper sulfate

Dimetridazole

Enrofloxacin

Florfenicol

Formaldehyde
Formaldehyde and
malachite green
mixture
(Leteux-Meyer
mixture?)
Gentamicin3
Itraconazole

Lufenuron

Malachite green
(zinc free)

Mebendazole
Methylthioninium
chloride (Methylene
blue)

Metronidazole

Neomycin

by addition to water, 5—10 mg/L as prolonged bath
or by addition to water, 500 mg/L daily as 30 minute bath

5 mg/kg i.m. twice daily

by addition to feed, 80 mg/kg body-weight for 10 days

15 mg/kg i.m. as a single dose (formulation to use: long-acting prep-
aration)

10 mg/kg i.m. daily

see Prescribing for farmed fish

see Prescribing for farmed fish

40 mg/kg i.m. daily
see Prescribing for farmed fish

by addition to feed, 28 mg/kg body-weight for 10 days
by addition to water, 5 mg/litre every 3 days for 3 treatments

by addition to feed, 10 mg/kg body-weight for 10 days
by addition to water, 2 mg/L for 5 hours daily for 5 days
5-10 mg/kg i.m. on alternate days for 15 days

40-50 mg/kg i.m. daily
by addition to feed, 10 mg/kg body-weight for 10 days

see Prescribing for farmed fish

by bath, 25 ppm for 1 hour
by prolonged immersion, 15 ppm at 3—4 day intervals for 3 treat-
ments for Ichthyophthirius infections

2.5 mg/kg i.m. every 3 days
by addition to feed, 1-5 mg/kg body-weight every 1-7 days

by addition to water, 88 micrograms/L (0.088 mg/L) as a single dose
(formulation to use: oral suspension)

Fish#: by dip, 50-60 ppm for 10-30 seconds

by bath, 1-2 ppm for 30-60 minutes (the higher dose should only be
used for large fish kept in hard water)

by prolonged immersion, 0.1 ppm for 30-96 hours

Eggs: by bath, 0.5 ppm for 1 hour

1 mg/L as a 24 hour bath

see Prescribing for farmed fish

by addition to water, 7 mg/L (14 mg/L for Piscinoodinium)
by addition to feed, 10 g/kg feed for 5 days

by addition to water, 50-75 mg/L (sea water) for 24—48 hours

bacterial, fungal, and
ectoparasitic infections

bacterial infections

bacterial infections

bacterial infections
external bacterial infections
external bacterial and
ectoparasitic infections
bacterial infections
ectoparasitic infections

protozoal infections

bacterial infections

bacterial infections

ectoparasitic infections

fungal and ectoparasitic
infections

bacterial infections
systemic fungal infections

crustacean parasites

fungal and protozoal
infections

ectoparasitic flukes
fungal and ectoparasitic
infections

protozoal infections

bacterial infections
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Table 20 Antimicrobial and ectoparasiticidal doses of drugs for ornamental fish'(continued)

Drug

Dose

Condition

Oxolinic acid

Oxytetracycline

Potassium
permanganate

Praziquantel

Proflavine hemisulfate
Sarafloxacin

Sodium chloride
Sulfadiazine +
trimethoprim

Toltrazuril

Water, fresh

by addition to feed, 10 mg/kg body-weight (freshwater fish)
by addition to feed, 30 mg/kg body-weight (marine fish)

by addition to water, 10—100 mg/L for 1-3 days
by addition to feed, 75 mg/kg body-weight

25 mg/kg i.m. daily for 5-7 days®

see Prescribing for farmed fish

2 mg/L as a permanent bath or

10 mg/L as 4 hour bath

by addition to water, 1 mg/L as a permanent bath

10 mg/kg body-weight daily for 10 days

by addition to fresh water, 10-30 g/L as a 15-30 minute bath
by addition to fresh water, 30-35 g/L as a 4-5 minute bath

by addition to feed, 30 mg/kg body-weight
30 mg/kg i.m. on alternate days for 14 days

30 mg/L as a 60-minute bath
20 mg/L as a 60-minute bath on alternate days for 6 days

(marine fish) 2—10 minute dip daily for 5 days. Add sufficient
sodium bicarbonate to ensure pH equals that of tank water

bacterial infections

bacterial infections

external bacterial and
ectoparasitic infections

ectoparasitic flukes

mild bacterial infections
bacterial infections
external bacterial and
ectoparasitic infections
bacterial infections

myxozoan parasites

protozoal infections

1drug doses for preparations that have a marketing authorisation for use in ornamental fish in the UK. Therefore, unless
marked 1, the drug or doses stated are not authorised for ornamental fish

2a stock solution containing malachite green 3.3 g/litre in formaldehyde solution 35-40%
3may cause renal toxicity in some species, for example Opsanus spp.

4toxic to Tetras and scaleless fish, may be toxic to small marine fish

5]ong-acting preparations may cause reaction at injection site with formation of sero-sanguineous fluid-filled cavity; may also

be immunosuppressive

Table 21 Doses of other drugs for ornamental fish!

Drug Dose Indications
Butorphanol 50-100 micrograms/kg (0.05-0.1 mg/kg) i.m. as a single dose analgesia
Dexamethasone 1-2 mg/kg i.m. as a single dose treatment for shock,

trauma, and stress
Doxapram 5 mg/kg i.m, i.v. as a single dose respiratory stimulant

Potassium iodide

Sodium chloride

Sodium thiosulfate

by addition to feed, 10 mg/kg body-weight once weekly

1-3 g/L as permanent bath

10 mg/L in tap water

goitre

prophylaxis and aid in

wound healing in fresh-

water fish

dechlorination

drug doses for preparations that have a marketing authorisation for use in ornamental fish in the UK. Therefore, unless
marked 1, the drug or doses stated are not authorised for ornamental fish
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Prescribing for invertebrates

Contributors:
L Jepson MA, VetMB, CBiol, MIBiol, MRCVS
G F Rendall BVSc, MRCVS

There are many species of invertebrates with diverse envi-
ronmental, nutritional, and behavioural requirements. Spe-
cies of economic importance include bees, crustaceans,
snails, and silkworms. Others such as spiders and butterflies
are kept as pets or for exhibition. Many are used in research,
for example leeches and octopuses.

The majority of conditions affecting invertebrates kept in
captivity are related to poor husbandry or nutritional defi-
ciencies and thus conditions for which pharmacological
intervention is appropriate are generally limited to infec-
tious disease. With the increasing popularity of numerous
invertebrates as pets, the growth of commercial snail farm-
ing, and the conservation importance of many endangered
invertebrate species, further work on disease in these ani-
mals and the development of effective chemotherapeutic
agents is important.

Many agents used for these animals are not authorised for
the target species and are used under the responsibility of
the veterinarian who has the animal ‘under his care’.
COSHH regulations should be adhered to when handling
chemicals.

Terrestrial invertebrates

Although considerable work has been undertaken on the
diseases of the honey bee Apis mellifera (see below) and the
silkworm Bombyx mori because of their economic impor-
tance, little is known about the diseases of terrestrial inver-
tebrates such as insects (cockroaches, mantids, and stick
insects), arachnids (spiders and scorpions), myriapods (cen-
tipedes and millipedes), terrestrial crustacea (land and tree
crabs), or molluscs (snail species). Invertebrate pathology
has concentrated on diseases in which invertebrates act
merely as vectors, or in the use of diseases for biological
control of pest species.

In practice, the veterinarian is most likely to encounter ter-
restrial invertebrates kept as pets, in particular the large
theraphosid spiders (tarantulas). Other invertebrates such as
pasmids (stick insects), hissing cockroaches (Grom-
phadorhina spp.), and land hermit crabs (Coenobita spp.)
are also occasionally encountered.

Drug administration. The use of drugs in terrestrial
invertebrates should be approached with caution. Hardly
any pharmacokinetic data for the use of therapeutic drugs in
these groups exist. As with other ectothermic animals, the
invertebrate must be kept within its preferred optimum tem-
perature zone (POTZ) for optimal drug metabolism. As a
general guide, a lower dose rate should be selected because
these animals have a significantly lower metabolic rate than
mammals. Dermatological or ophthalmic medicinal oint-

ments designed for topical use have relatively high concen-
trations of active ingredients and although these may appear
ideal for topical use, overdose can occur if applied directly
to mucous membranes or if ingested. Injections and haemo-
lymph sampling should be performed with care. Insects
have an open haemolymph system with a dorsal heart
extending along the first nine abdominal segments. Tarantu-
las and scorpions have a a semi-closed system with a larger,
dorsal mid-line heart with a well developed arterial system.
Injections should be given in the caudolateral aspect of the
abdomen to avoid these critical structures. Fluids (up to
0.5 mL Hartmann’s solution or sodium chloride 0.9%) may
be administered to dehydrated tarantulas by this route, and
the hole sealed with tissue glue or equivalent. The same
area is used for the insertion of microchips. Alternatively
fluids may be administered into the ventral aspect of a distal
leg joint.

Antimicrobial therapy. A great many viral infections are
known to infect insects including picornaviruses (such as
cricket paralysis virus), entomopoxviruses and iridoviruses,
and little can be done for these except culling infected indi-
viduals and enforcing strict hygiene. Sublethal doses of
arsenic sulphide 0.01% have been given in feed to silkworm
larvae to reduce the effects of viral disease.

Bacterial infections are common in mantids, phasmids, spi-
ders and cricket cultures. Such infections are probably sec-
ondary to immunosuppression as a result of poor
husbandry. Common isolates include Serratia, Bacillus,
Clostridia, and Pseudomonas. This last is thought to enter
the invertebrate via the digestive tract and can cause death
within 24 to 48 hours due to a septicaemia-like condition.
Many bacterial pathogens produce environmentally resist-
ant spores and so pose a constant threat; hence the core
management of these problems should be directed towards
correcting any environmental or husbandry deficits.
Attempted antimicrobial therapies should be based upon
culture and sensitivity, but could include broad spectrum
antibiotics such as potentiated sulphonamides. This can be
administered as an oral paediatric elixir formulation or by
intra-abdominal injection of a dilute intravenous prepara-
tion. Sulphonamides have been reported as being safe and
efficacious in grasshoppers, mealworms, and bees.

Fungal infections are common in terrestrial invertebrates
especially those kept in humid conditions. Muscardine,
caused by Beauvaria bassiana, has been a serious problem
in silkworms but has also been noted in other terrestrial
invertebrate colonies. Other fungal infections include Ento-
mophthorales, Hyphomycetes, and Oomycetes. These fungi
can be active pathogens with spores attaching and invading
across the cuticle. Death is often slow; in some cases epizo-
otics can result. Antifungal drugs that may be of use include
topical ketoconazole or enilconazole used as a spray formu-
lation or painted on.
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Parasiticidal therapy. Protozoal parasitism can be diffi-
cult to diagnose in terrestrial invertebrates. Some such as
Gregarina are known entomopathogens, while others may
be normal commensals. The microsporidian parasite
Nosema bombycis can be a serious problem in silkworms. It
can be transmitted horizontally on infected leaves; verti-
cally by transovarian transmission and venereally from the
male. In the latter case, spores transferred at the time of
mating secondarily contaminate the fertilised eggs and the
subsequently hatched silkworm larvae. To eliminate this
kind of contamination, the eggs are routinely surface steri-
lised in 2% formalin solution in grainages (building or room
where silkworm pupae are stored).

The nematode Nemihelix bakeri is reported to cause
reduced fecundity in snails such as Achatina and Helix but
no treatment regimens have been suggested except hygiene
measures. Nematodes can also be a problem for tarantulas.
Some such as heterorhabtids carry symbiotic bacteria that
can infect and quickly kill the spider host. These nematodes
appear as a whitish discharge around the mouthparts and
should be removed physically with a damp cottonwool bud
with the spider under a general anaesthetic. Benzimidazoles
and fluoroquinolones have proved of little use in these
cases.

Mites can be a problem in both myriapods and tarantu-
las.They should be physically removed. In the USA, cul-
tures of predatory mites (Hypoaspis miles) are available for
biological control of the parasitic species. However, not all
mites found are parasitic. The hissing cockroach Grompha-
rodina potentosa has a commensal relationship with its mite
and so no treatment should be undertaken. Parasitic wasp
larvae are occasionally encountered in wild caught tarantu-
las. Nothing can be done for these.

Sudden deaths. Unexplained deaths are often due to poi-
sonings such as cigarette smoke or use of garden insecti-
cidal sprays. Concurrent use of fipronil on other household
pets has been tentatively linked to unexpected mortalities.
Anaesthesia. Pet tarantulas have a different respiratory
system to insects and this can affect their response to gase-
ous anaesthetics. The ‘primitive’ groups such as the scorpi-
ons and tarantulas have book lungs as their only gaseous
exchange system; oxygen and anaesthetic gases are distrib-
uted by diffusion through the haemolymph. More advanced
spiders, insects and the myriapods have a system of tubes
called trachea that directly transport oxygen to tissues. In
insects, the tracheae subdivide down to tracheoles that
invest individual cells. These anatomical and physiological
differences mean that induction and recovery with gaseous
anaesthetics, such as isoflurane, is quite quick in insects
while in tarantulas the process may be prolonged.

For tarantulas the method of choice is to soak some isoflu-
rane on to cotton wool and place this with the tarantula in a
sealed container. Response to anaesthetic is assessed by
monitoring righting reflex. The use of carbon dioxide or
hypothermia should be avoided for invasive procedures
because these provide no analgesia. Snails may be anaes-
thetised by placing the foot in appropriate solutions of ben-
zocaine, phenoxyethanol, or tricaine mesylate.

Bees

Honeybees, Apis mellifera, are kept for the production of
honey, beeswax, pollen, royal jelly, venom, and propolis;
for the propagation of queen bees and the preparation of
new colonies; and for the purpose of pollination of agricul-
tural and horticultural crops. Honeybees are also used in
research into, for example, the neural tract and giant
neurons.

There is limited information available on the diseases and
their treatment in bees. Some diseases have low economic
value or have been incompletely researched; for others the
causative agent is unknown.

Bees are susceptible to a number of viral, bacterial, proto-
zoal, fungal, and acarine infections, which affect either the
adult bees or their brood. Diseases affecting adults include
nosema caused by the microsporidian Nosema apis. The
disease is spread in the faeces of infected bees. During the
warmer period of the year the faeces are discharged away
from the hive and represent no risk to the colony, but in
winter and early spring faecal contamination of the inside of
the hive may occur if cleansing flights are limited by
adverse weather. The young bees on ‘house’ duties are
infected with the organism when cleaning soiled frames.
The organism multiplies in the epithelial cells of the midgut
producing huge numbers of spores.

‘Amoeba disease’ is caused by the protozoa Mal-
pighamoeba mellificae. The organism encysts in the mal-
pighian tubules, later moving into the ventriculus where it
multiplies, becomes flagellated and then invades the mal-
pighian tubules again to form cysts, some of which are
discharged through the intestine.

Tracheal mites are acarine mites, Acarapis woodi, which
live in the trachea behind the first thoracic spiracle. Eggs
are laid in the trachea, which hatch, pass through a nymph
stage, and when mature may emerge from the spiracle and
transfer to other bees. It is believed that they can only enter
the spiracle in young bees where the hairs guarding the
entrance are still soft. Feeding on haemolymph through the
tracheal wall, they have the potential of passing on infec-
tions to their host and their presence is usually associated
with chronic bee paralysis virus, characterised by angled
wings, fluttering, and bloated abdomen.

The larvae of the greater wax moths Galleria mellonella
(honeybee moths) and the lesser wax moths Achroia
grisella (Meliphora grisella) feed on larval skins and pupal
remains together with some wax in the brood combs. Their
tunnels are lined with silken threads and frass, which the
bees dislike, causing the bees to abandon areas of comb.
There may also be mechanical damage to any brood present
resulting in the condition called ‘bald brood’. In an empty
hive, there is complete destruction of the combs, leaving a
tangled mass of silk threads, frass, and debris, and probably
erosions into the woodwork by the pupae.

Braula coeca (‘bee louse’) lives on the adult bees, rarely
causing any problem. However its larval stages pass along
the cappings of the stored honey, producing lines that dis-
figure the appearance of comb honey. (Subjecting the comb
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Table 22 Husbandry requirements for common pet terrestrial invertebrates

Habitat/
Species Vivarium type POTZ (°C) Humidity (%) Diet

Mexican red knee tarantula  terrestrial 22-25 55-70 carnivorous

(Brachypelma smithi)

Chilean rose terrestrial 22-25 (summer) 55-70 carnivorous

(Grammostola cala) 10-15 (winter)

Bird eating tarantulas arboreal 25-28 (day) 70-80 carnivorous

(Avicularia spp.) 20-23 (night)

Baboon spider terrestrial 25-30 80 + carnivorous

(Ceratogyrus spp)

Emperor scorpion terrestrial 25-30 (day) 70-85 carnivorous

(Pandinus imperator) 20-25 (night)

Mantids arboreal; house individually;  25_30 50 -70 carnivorous: small to large

(order Mantodea) need height (3 times body insects depending upon spe-
length minimum) to cies
moult properly

Stick insects arboreal; need height (3 times 21— 28 (day) 50-70 most species eat bramble and

(order Phasmida) body length minimum) to moult 7_5o (night) rose; the common Indian
properly stick insect Carausius moro-

sus feeds well on privet

Land hermit crab Relatively humid; sand or old  20_25 60—80 wide range of food materials

(Coenobita clypetus) compost as substrate; provide eaten including commercially
spare mollusc shell available pellets

Giant African land snail Basic terrestrial vivarium; 20-25 60—80 wide range of vegetable

(Achatina fulica)

humid; old compost, bark, or
leaf mould as substrate

materials; must have calcium
source supplied
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to freezing for a brief period will prevent development of
the larvae.)

Chalkbrood is a widespread infection due to the fungus
Ascosphaera apis. Most hives have a few cells of infected
larvae but it can become more extensive if other factors,
such as chilling, weaken the brood. The spores germinate in
the ventriculus and invade the haemocoel. The larvae die
just after capping and when exposed by the bees are swollen
and chalky white. They then shrink and are removed by the
bees and dropped at the front of the hive (known as ‘mum-
mies’ by beekeepers). Dead larvae are occasionally black
due to the presence of fungal fruiting bodies. Stonebrood is
a less frequent infection caused by Aspergillus flavus or
Aspergillus fumigatus and is similar to the above.

Sac brood is fairly common and is caused by sac brood
virus (SBV), which is able to cause clinical disease appar-
ently without needing a triggering factor. The virus inter-
feres with the production of a chitinase responsible for
enabling the separation and sloughing of the skin at the final
larval moult. The partially shed skin fills with fluid contain-
ing huge amounts of virus particles.

American foul brood (AFB) caused by Paenibacillus
larvae larvae infection and European foul brood (EFB)
caused by Melissococcus plutonius infection are notifiable
diseases in the UK. The bacteria are passed to the newly
hatched larvae by infected nurse bees and then multiply at
different stages dependent on the oxygen:carbon dioxide
concentrations. The disease is characterised by death after
capping (AFB) or usually before capping (EFB). Dried
remnants of the AFB infected larvae are difficult to remove
from the comb and the contained spores provide a very
durable source of further infections, hence the requirement
to destroy by burning any infected material such as frames
and combs. EFB is not so persistent and does not form
spores but does appear unexpectedly in colonies;
subclinical or latent infection in otherwise normal colonies
can be detected by the laboratory tests recently developed.
Research into the biological control of EFB is being carried
out using Paenibacillus larvae pulvifaciens, a non-
pathological type of AFB.

Varroosis caused by infestation by the acarine mite, Varroa
destructor (Varroa jacobsoni) is also a notifiable disease in
the UK. A high level of infection of varroa mites on the bee
brood will result in developmental damage such as
deformed wings and abdomens, and also abnormal salivary
glands so that the emerging bee is unable to carry out nor-
mal duties in the hive and the lifespan is shortened. Treat-
ment in the UK has largely depended on the use of the
pyrethroids, flumethrin, and fluvalinate. However the
appearance of pyrethroid-resistant mites at several sites in
the UK (as on mainland Europe) has necessitated changes
in technique and introduction of Integrated Pest Manage-
ment (IPM).

Under IPM, treatment is carried out for the specified period
and only when necessary as shown by assessment of the
mite population. Non-pyrethroid varroacides or non-medic-
inal curative substances are advocated. Trap combs of drone
brood, in which mother mites have entered for the purpose

of breeding, are removed and destroyed before emergence
of daughter mites. Use of bio-technical methods of queen
trapping are recommended. Use of open mesh floors (or
specially-designed floors such as Anti-Varroa Bottom
Board available from Happykeeper), rather than solid
floors, ensures that fallen mites are outside the hive, unable
to climb back into the hive on passing bees, and do not sur-
vive. Use of beeswax foundation with a smaller than normal
cell size (available from Thorne (Beehives)) is recom-
mended. Small cell foundation (SCF) colonies appear to
gain an advantage from 30% less larval food present, mites
find it more difficult to hide in the restricted space in SCF
brood cells, and smaller but more numerous bees are more
efficient in maintaining the brood temperature at a level
above that preferred by Varroa mites, which then seek
drone brood or cells on the periphery of the comb.

For many years it has been known that several honeybee
viruses persist as inapparent infections, difficult to detect by
normal techniques. It has been found that in combination
with infections, such as Varroa destructor (Varroa jacob-
soni) or Nosema apis, these viruses can increase to lethal
levels. Slow paralysis virus (SPV) in the UK, acute paraly-
sis virus (APV) in other parts of Europe, deformed wing
virus, and cloudy wing virus are associated with varroosis.
Kashmir bee virus, a virulent and highly infective bee virus,
previously found in Apis cerana in Asia and in A. mellifera
in Australia and New Zealand has been recovered associ-
ated with Varroa infection in Canada, USA, and Spain and
recently in Costa Rica together with deformed wing virus
infection. Similarly Nosema infections can be associated
with black queen cell virus, bee virus Y, and filamentous
virus. The latter is common in the UK, fortunately showing
little pathogenicity.

Drug administration. Drugs can be administered to bees
as powder, in syrup, in gel, by aerosol, in smoke, or by con-
tact with a medicated strip. Fumigation is used to treat
combs. Great care should be taken to ensure that the bees
utilise the drug immediately rather than store it because the
drug may contaminate the honey. This is achieved in the
case of medicated sugar syrup by using a slow feeder from
which the drug is taken over 2 to 3 days, rather than a rapid
feeder which allows the bees to take litres of syrup over-
night, which is then likely to be put into the honey super.
However, medication should not normally be administered
with honey supers still on the hive. There is a risk that cer-
tain drugs may accumulate in the wax of the comb and
remain potent for a considerable period with little break-
down even if the wax is heat processed. This has occurred
with some varroacidal preparations. Therefore the manufac-
turer recommends that bee products other than honey, for
example comb honey, are not taken for human consumption
until the spring following treatment. Transfer to extracted
honey is negligible. The duration of treatment specified in
the data sheet should not be exceeded.

The formulation of the preparation may affect its stability
within the hive, for example oxytetracycline degrades rap-
idly in aqueous solution but retains potency for several
months in sugar syrup. The ambient temperature has a
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significant effect on the activity of the bees and also affects
the vaporisation of chemicals such as formic acid and
essential oils; ambient temperature should be monitored to
ensure adequate, but not toxic, concentration of medication.
Few preparations for bees have a UK marketing authorisa-
tion; preparations for bees available in other countries may
be obtained by veterinarians under a Special Treatment
Authorisation from the VMD. The Medicines (Restrictions
on the Administration of Veterinary Medicinal Products)
Amendment Regulations 1997 prohibits personal imports of
products not authorised in the UK.

Under the Animal and Animal Products (Examination for
Residues and Maximum Residue Limits) Regulations 1997,
bees are considered as food-producing animals. The VMD
have indicated that non-medicinal curative substances such
as industrial talc, lactic acid, oxalic acid, thymol, other
essential oils, homoeopathic treatments, oil of wintergreen,
liquid paraffin, and formic acid may be used for bees if such
agents are unlikely to be harmful to human health, if trans-
mitted to honey.

In the UK, preparations for bees are available from drug
manufacturers and also bee equipment suppliers including:

* Beesy
* Happykeeper
« KBS

e Loveridge

¢ Maisemore Apiaries

* National Bee Supplies
e Thorne (Beehives)

e Vita (Europe)

*  Wynne Jones.

Further information on bees and beekeeping is available
from many sources including:

Bee Improvement and Bee Breeders Association (BIBBA)
British Beekeepers Association (BBKA)

International Bee Research Association (IBRA)

National Bee Unit.

ACETIC ACID
UK

Indications. Eggs and larvae of wax moths, Nosema apis,
Malpighamoeba mellificae

Warnings. Concentrated solutions are irritant to skin; oper-
ators should take care not to inhale fumes; corrosive to
metal hive parts

Dose. As fumigant, soak pads of cotton wool in 150 mL
acetic acid 80% and place between hive bodies full of
combs in winter storage. Ventilate the combs before offer-
ing them to the bees

BACILLUS THURINGIENSIS
UK

Indications. Infestation of comb by the larvae of the
greater wax moth Galleria mellonella

Warnings. Not effective against the lesser waxmoth. Store
the suspension at <20°C, do not freeze

Dose. See preparation details, apply in autumn before stor-
ing the combs, or in spring prior to placing on the hive

Certan (Swarm, distributed by Thorne (Beehives)) UK
Dose. Dilute 1 volume in 19 volumes water. By spraying, 10 mL of diluted
solution on each comb surface, ensuring penetration of the open cells.

Mellonex (Andermatt Biocontrol) Switrz.
Dose. By spraying, dilute 7.5 mL in 100 mL water

DIAGNOSTIC TEST KITS
UK

Indications. Diagnosis of American Foul Brood by detec-
tion of presence of dead sealed brood in the suspect hive
Warnings. The results should be interpreted in conjunction
with clinical signs; AFB is notifiable in the UK; no treat-
ment is permitted

Vita AFB Test Kit (Vita (Europe)) UK
Field test kit, based on monoclonal antibodies, for honey bees

UK

Indications. Diagnosis of European Foul Brood by detec-
tion of abnormal larvae in open brood (occasionally in
sealed brood)

Warnings. The results should be interpreted in conjunction
with clinical signs; EFB is notifiable in the UK treatment at
the discretion of the Bee Inspector, National Bee Unit

Vita EFB Test Kit (Vita (Europe)) UK
Field test kit, based on monoclonal antibodies, for honey bees

ESSENTIAL OILS

Essential oils such as oil of citronella and oil of sandalwood
act by repelling the mites from beeswax that has oil incor-
porated. Other oils, especially oil of cinnamon, are toxic to
mites. The efficacy of treatment is reduced considerably if
ambient temperature falls below 12°C or in very large
hives.

Oils are relatively insoluble in water so negligible transfer
to honey occurs and cannot be detected by smell or taste.
Residues in wax dimish rapidly and airing the combs will
speed evaporation (melting the wax has no effect).

UK

Indications. Prophylaxis of mites Varroa destructor (Var-
roa jacobsoni)

Warnings. Best used in late summer immediately after
honey harvest; whole apiary should be treated at the same
time; honey supers should be removed before treatment;
treatment is less effective if there is a drop in temperature
Dose. Apply one tablet (broken into 3-4 parts) to either
over or under brood frames. Close hive and leave for 7-8
days, depending on ambient temperature. Repeat 3—4 times
and remove residues at end of treatment. Apply in late sum-
mer when daily temperature is over 12°C, ideally 20-30°C
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GSL Apilife VAR (Chemicals LAIF) Italy

Impregnated tablet, camphor 3.7%, eucalytol 16.0%, menthol 3.7%, thymol
74.08%

FORMIC ACID

Formic acid is a liquid at less than 50°C, is soluble in water
and honey, is a small molecule, and penetrates porous wax
cappings. Therefore it may be used in the treatment of
sealed brood.

UK

Indications. Control of mites Acarapis woodii and Varroa
destructor (Varroa jacobsoni), bee louse Braula coeca, wax
moth larvae

Side-effects. A few bees may be killed and bees emerging
from sealed cells and queens appear to be at greatest risk
Warnings. Corrosive, causes severe burns to skin and dan-
gerous if inhaled; reported to be cytotoxic. Operator should
take adequate precautions; remove honey supers before
treatment

Dose. By vaporiser, formic acid 60% or 85%. Treatment
can be applied at any time of year if ambient temperature is
high enough to achieve adequate vaporisation and the bees
are not clustered

FLUMETHRIN

UK

Indications. Diagnosis and control of mites
destructor (Varroa jacobsoni)

Warnings. Avoid use during periods of honey flow except
for diagnosis, or treatment if necessary for survival of the
colony; avoid contact of preparation and honey to be har-
vested for human consumption

Dose. Treatment, suspend 2—4 impregnated strips between
the combs in the brood chamber. Leave in place for a maxi-
mum of 6 weeks

Diagnosis, leave in place for 24 hours. Dead mites seen on
floor tray, which must be protected by a mesh or screen to
prevent removal by the bees. The level of infestation can be
estimated by the number of mites. Interpretation of the
result must relate the number of mites to the size and condi-
tion of the colony, previous treatment, time of year, the
breeding activity of bees at the time

Varroa

GSL Bayvarol (Bayer) UK
Impregnated strip, flumethrin 3.6 mg/strip, for honey bees

Withdrawal Periods. Bees: honey withdrawal period nil; other bee produce
intended for human consumption should not be taken until the spring follow-
ing treatment

FLUVALINATE

UK

Indications. Diagnosis and control
destructor (Varroa jacobsoni)
Contra-indications. Leaving strips in the hive for more
than 8 weeks

of mites Varroa

Warnings. Keep in original packing until ready for use;
operator should take adequate precautions such as wearing
gloves, avoiding contact with skin, mouth, or eyes

Dose. Treatment, suspend 2 strips between the combs in
the brood chamber; leave for 6-8 weeks. May be used
throughout the period of honeyflow if required

GSL Apistan (Vita (Europe)) UK
Impregnated strip, fluvalinate 10%, for honey bees
Withdrawal Periods. Bees: honey withdrawal period nil

FORMALDEHYDE SOLUTION

UK

Indications. Nosema apis, Malpighamoeba mellificae,
European Foul Brood, wax moths

Warnings. Use only on empty combs or hive bodies; oper-
ators should take care not to inhale fumes

Dose. As fumigant, add 500 mL Formaldehyde Solution
BP to 240 g potassium permanganate (sufficient for 30 m3).
Leave in contact with combs or hive bodies for 14-17 days

LACTIC ACID

UK

Indications. Treatment of mites Varroa destructor (Varroa
Jjacobsoni)

Contra-indications. Brood cappings are not penetrated by
the acid, therefore should not be used in presence of brood
Warnings. Chilling of bees by the spray is stressful and
treatment at low temperatures should be avoided. Lactic
acid is corrosive and likely to cause skin burns. Operator
should wear protective clothing

Dose. By spray, 5 mL lactic acid 15% solution each side of
combs directly on to the bees, ensuring that they are thor-
oughly wetted. Repeat 4 times at weekly intervals. Ambient
temperature should be between 5°C and 10°C (late autumn)
when minimal flying is taking place so that most bees are
treated and there is little brood to conceal mites. May be
used in summer on broodless stocks such as natural or arti-
ficial swarms

METHYL SALICYLATE

UK

Indications. Prevention of migration of mites Acarapis
woodi from infested bee to healthy bee. Mites are not killed
Warnings. May taint honey if used when honey supers are
present

Dose. As fumigant, moisten a gauze pad with 2.5 mL and
apply over frames daily for 6 days or fill a small bottle fit-
ted with a wick and place it at the back of the hive, allowing
natural evaporation

OXALIC ACID
UK

Indications. Control of mites Varroa destructor (Varroa
Jjacobsoni)
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Warnings. Care must be taken not to contaminate honey (if
applied as directed accumulation in wax does not occur and
no residues remain); operators should wear suitable protec-
tive clothing

Dose.

By hand spray or pressure pump with a very fine nozzle,
reconstitute 30 g oxalic acid dihydrate in 1 litre water (=
oxalic acid 2.1% solution). Apply 3—4 mL oxalic acid 2.1%
solution to the bees on each side of combs. May be repeated
2-3 times. Time of treatment depends on level of infesta-
tion, but likely to be July to December. Ambient tempera-
ture should be more than 5°C

By application of solution, reconstitute 50 g oxalic acid
dihydrate in 1 litre sugar syrup (= oxalic acid 3.5% solu-
tion). Apply 30-50 mL per colony using 5-6 mL for each
occupied frame space. Do not repeat. Apply autumn or
early winter after colony has ceased to rear brood

By sublimation (Isenring’s method), 3 g oxalic acid dihy-
drate inserted into closed end of a 15 mm x 80 cm copper
tube (Varrox, Andermatt Biocontrol). Open end of tube
inserted into hive entrance or aperture in crown board.
Closed end heated to vaporise the acid, which condenses on
bees, comb, and hive walls. May be repeated after 3 weeks.
Treatment at any time when no honey supers present and
temperature more than 3°C

OXYTETRACYCLINE

UK

Indications. Oxytetracycline-sensitive infections

Dose. Bees ¢: by addition to sugar syrup, 250-400 mg/5
litres sugar syrup

By addition to patty, 250-500 mg mixed with yeast, pollen,
and honey and placed on top of frames or up to 1 g mixed
with sugar and vegetable fat and placed on top of frames
By dusting, 250-500 mg mixed with powdered sugar and
dusted on frames

POM Terramycin (Pfizer) UK

See section 1.1.2 for preparation details

Note. In the UK, use is only permitted under the supervision of DEFRA and
issued for the treatment of European Foul Brood

POWDER

Inert dust or powder such as glucose powder, talcum, chalk,
flour, corn starch, milk powder, cellulose, icing sugar,
finely ground pollen, diatomaceous earth. Mites are not
killed but lose their grip on bees because of the effect of the
powder on the sticky tarsal pads. Recent tests reveal that
powdered sugar was the most efficient in dislodging mites
from bees followed by talc and corn starch. Minimal drug
residues or drug resistance occur because powder such as
sugars, pollen, and milk powder are utilised by the bees and
other powders are removed by grooming. Powdered sugar
stimulates bees’ grooming behaviour.

UK
Indications. Control of mites Varroa destructor (Varroa
Jjacobsoni)

Contra-indications. Do not apply near the honey super
Warnings. Excessive amounts of powder should be
avoided because of risk of damage to uncapped brood; very
fine powder may cause blockage of the spiracles of bees.
Dose. By sprinkling (using container with fine holes such
as flour dredger), lightly cover all bees on each side of
combs in the brood box. Close the hive entrance for 20-30
minutes. Collect mites on floor tray or use open mesh floor.
Repeat as necessary at 4-day intervals

THYMOL

UK

Indications. Control of mites Acarapis woodi, Varroa
destructor (Varroa jacobsoni), and fungal infection chalk-
brood caused by Ascosphaera apis infection
Contra-indications. Use at temperatures < 15°C; use for
longer than 6 weeks

Side-effects. Strong odour persistent in the hive after treat-
ment, which can adhere to the honey

Dose. As fumigant and by contact, place one tray with lid
removed on top of brood frames. Allow sufficient space
over top of tray to allow access by bees and circulation of
air. After 14 days, place another tray alongside and leave for
4 weeks or until supers are required

GSL Apiguard (Vita (Europe)) UK
Slow-release gel, thymol 25%, for honey bees
Withdrawal Periods. Bees: honey withdrawal period nil

VEGETABLE OILS/LIGHT PARAFFIN OILS/FOOD
GRADE MINERAL OILS (FGMO)

UK

Indications. Control of mites Acarapis woodi, Varroa
destructor (Varroa jacobsoni)

Warnings. Care must be taken not to contaminate honey;
use at temperature > 12°C

Dose.

By addition to sugar patty, vegetable oils. Mites are not
killed directly but attractiveness of host bee diminished

By spray (fine nozzle), apply an emulsion to bees on each
side of the comb; repeat twice after 1-week interval

By fogger (15 micron-size particle)y FGMO every 1-4
weeks in conjunction with cotton cords soaked in an emul-
sion of FGMO, honey, and beeswax placed on tops of
frames

Aquatic invertebrates

Aquatic invertebrates, for example bivalve molluscs and
crustaceans such as lobsters (Homarus), shrimps, and
prawns are farmed for food. They are also used in research,
for example Daphnia have been used in pollution studies.
Aquatic invertebrates are exhibited in private, public, and
educational establishments. Some of these animals are
important in medicine, for example leeches Hirudo medici-
nalis are used in skin graft management and also for the iso-
lation, characterisation, and production of their beneficial
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salivary components such as hirudin, a very potent antico-
agulant.

When administering drugs to aquatic invertebrates used for
human consumption, withdrawal periods should be consid-
ered. Where no withdrawal period for invertebrates is
given, it is advisable to apply the withdrawal period for fish.
The health and welfare of aquatic invertebrates, like all
aquatic animals, are closely dependent upon their immedi-
ate environment. Each species has its own preferred envi-
ronment within which it is able to survive, grow, and
multiply. Therefore consideration must be given to the sub-
strate and water temperature, composition, pH, and hard-
ness. In some species, provision of light of the correct
wavelength is required. Unfortunately, information about
the physiology and habitat requirements of many species,
particularly tropical marine invertebrates, is incomplete and
therefore there may be unknown factors influencing captive
success. Furthermore, marine organisms have evolved in a
stable environment and may lack the range of physiological
and behavioural responses to cope with any alteration in
their habitat.

Generally, invertebrates appear to be relatively resistant to
infections providing water quality and environmental con-
siderations are met. Detectable levels of ammonia, nitrites,
and other pollutants, as well as overstocking can readily
predispose to viral, bacterial, and fungal disease. Most of
the diseases recognised in aquatic invertebrates are those
encountered in commercially important species, but some
are known from studies in the wild.

Antimicrobial therapy. Although there are many bacte-
rial infections to which aquatic invertebrates are susceptible
the commonest are caused by Aeromonas and Pseudomonas
spp., and in marine invertebrates, Vibrio spp. Bacteria asso-
ciated with marine invertebrates are mainly Gram-negative
while those affecting freshwater invertebrates are both
Gram-positive and Gram-negative. An important bacterial
disease of the lobster is gaffkaemia (‘red tail’) caused by
Aerococcus viridans. This is a natural commensal of lob-
sters with 5 to 7% of individuals in a population hosting the
bacterium. In the past, commercial vaccines against
gaffkaemia have been available and hence autogenous vac-
cination delivered by injection to individual animals may be
considered. The experimental use of the small freshwater
crustacean Moina macrocopa as a biocarrier of norfloxacin
to feed to fish suggests that, for this antibiotic at least,
uptake directly out of the surrounding water is good.

Coral diseases both in the wild and in aquaria have received
some attention. Caribbean elkhorn coral Acropora palmata
is susceptible to Serratia infection (white pox) and Vibrio
charcharii (a cause of white band disease). Vibrio vulnifi-
cus is the cause of rapid tissue necrosis (RTN) of acropora
and small-polyped stony corals and Phormidium corallyti-
cum, a cyanobacterium, is the main pathogen involved in
black band disease. There are now some commercially
available products for marine hobbyists to use for these
conditions: Lugol’s solution, containing iodine and potas-
sium iodide, and Tech D, containing iodine, potassium
iodide, and potassium bromide (available from Kent

Marine). Both are used as dips and concentrates. Freshwater
baths are also sometimes effective. If identified, these dis-
eases will often respond well to antibiotics.

Antibacterials have an optimal pH for maximal activity.
Marine systems usually have a pH greater than 8.0 and this
will limit the effectiveness of, for example the tetracyclines,
which have optimal activity at pH 6.0 to 6.6. Chloramphen-
icol or streptomycin may be preferred because their optimal
activity is at pH 7.4 to 8.0. Antibacterials in solution are
constantly being deactivated due to reducing substances,
chelation (for example tetracyclines), and high pH. Strepto-
mycin, chloramphenicol, kanamycin, and neomycin have a
long half-life in solution. Penicillin and erythromycin have
a short half-life and therefore medication will need to be
repeated. Neomycin, kanamycin, and chloramphenicol are
considered potentially toxic to invertebrates. Attempts
should be made to determine the toxicity for each new drug
used with a different invertebrate species. One cannot safely
extrapolate from one species to another, for example in the
marine crustacean Artemia, penicillin is toxic at 200 mg/
litre whereas 40 mg/litre is toxic to the freshwater crusta-
cean Daphnia. In general, treatment with antibacterials
should not be carried out in tanks with biological filters.

Probiotics may aid prevention of bacterial diseases. Epicin
(Epicore BioNetworks) has been shown to significantly
reduce the incidence of Vibrio spp. in pond cultures both
directly by production of natural bacteriostatic products
(bactocillins) and indirectly by competition at substrate
sites. For lobsters the dose is 30 g/455 litres for 4 weeks,
then every 2 weeks. For shrimp, the dose is 0.5 to 1 ppm for
vibriosis.

Rickettsial and chlamydial infections have been recorded in
scallops, cockles, mussels, crayfish, and clams.

Fungal infections such as freshwater Saprolegnia are also
of major importance. Other fungal diseases seen include
Aphanomyces asataci infection (‘crayfish plague’) and
Fusarium spp. infection (fungus disease, ‘burn spot dis-
ease’) of lobsters.

Protozoan diseases such as thelohaniosis (‘porcelain dis-
ease’) of crayfish or microsporidiosis of oyster eggs (one of
the causes of oyster egg disease) have no practical treatment
in open systems. Some promising in vitro studies with the
protozoan affecting lobsters Anophryoides haemophila sug-
gest that formaldehyde, pyrimethamine combined with
sulfaquinoxaline, and monensin are possible treatments but
amprolium is not effective. Alternative methods of disease
control include the production of resistant stock; this has
been used for Haplosporidium nelsoni infection (MSX dis-
ease) in oysters.

Parasiticidal therapy. Parasitic diseases are common
and problematic to control. Drugs that are toxic to the para-
site may also be toxic to the host. The red worm parasite of
oysters, mussels, clams, and cockles is a copepod (Crusta-
cea) and there is no known method of prevention or control.
Various insecticides for terrestrial species have been used in
the control of aquatic parasites. However, there are con-
cerns about persistent drug residues in marine sediments
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and drug action on non-target species and use is not recom-
mended.

Viral conditions. Many viral infections have been recog-
nised in invertebrates including herpes-type virus disease of
oysters, Baculovirus penaei (BP virus disease) of shrimps
and prawns, hepatopancreatic parvovirus (HPV) disease of
shrimps and prawns, and baculovirus of blue crayfish. The
management of viral diseases involves regular health moni-
toring, the correction of predisposing factors, and the dis-
posal of affected stock.

Anaesthetics. Anaesthetics for aquatic invertebrates are
usually added to the water, the depth of anaesthesia being
controlled by a combination of the concentration and time

of exposure. Recovery from anaesthesia is achieved by
returning the animal to fresh, well aerated water and can be
accelerated, where practical, by manually moving the ani-
mal forwards and backwards in an attempt to increase the
water flow over the gills. In octopuses, flushing fresh sea
water through the mantle cavity and massaging the muscu-
lature will aid recovery. The use of hypothermia to induce
‘anaesthesia’ must be approached with caution. Many of the
criteria for assessing the depth of anaesthesia such as cessa-
tion of respiration and loss of chromatophore tone have a
temperature dependence in these ectotherms and so may not
be a reflection of the degree of analgesia experienced by the
animal.

Table 23 Anaesthetic doses of drugs for aquatic invertebrates!

Drug Dose

Species

Benzocaine Dissolve 100 g in 1 litre ethanol for stock solution.

univalve molluscs

Add stock solution to water dropwise according to the animal’s

response
Carbon Bubble gas through water or Dilute 1 volume soda water in
dioxide 1 volume water

Ethanol 2.0-2.5 mL/100 mL sea water

96% 8 mL/100 mL water

Isobutanol  1-2 mL/10 g body-weight, by injection into the abdominal sinus
Tricaine Add in incremental doses until desired effect achieved

mesilate

Hirudo medicinalis

cephalopods (may be irritant to octopuses)
Hirudo medicinalis, univalve molluscs

Homarus americanus

various aquatic invertebrates (not
Homarus americanus, Actinosphaerum,
Hydra, Planaria)

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked 1,

the drug or doses stated are not authorised for these species
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Table 24 Antimicrobial doses of drugs for aquatic invertebrates’

Drug

Dose

Condition

Species

Amphotericin B

Benzylpenicillin

Chloramine

Chloramphenicol

Chlortetracycline

Erythromycin

Formaldehyde
solution

Griseofulvin

Malachite green

Methylthioninium
chloride
(Methylene blue)

Neomycin

Nystatin

Oxytetracycline

Streptomycin

Tetracycline
Vancomycin

Water, fresh

1-25 mg/L for 2—-7 days (formulation to use:
amphotericin, powder for reconstitution)

80 mg/kg body-weight i.co.
5.5-100 mg/L for 2 days

20 mg/L (formulation to use: chloramphenicol
(as sodium succinate), powder for
reconstitution)

1 mg/L

30 mg/L
0.65-1.3 mg/L

20-25 ppm indefinitely

100 mg/L for 2 days (formulation to use:
griseofulvin 75 mg/g, oral powder)

0.5-1.0 ppm as a bath for up to 12 hours
8-10 mg/L

100 mg/L for 2 days

1 mg/L (formulation to use: nystatin 100 000
units/mL, oral suspension)

450 mg/kg biomass

75 mg/kg p.o. or injection into abdominal
sinus

10-100 mg/L

100 mg/L
1.2 mg/L
25 mg/kg injection into abdominal sinus

2—10 minutes daily for 5 days

Water temperature and pH must be same as
main aquarium; add sodium bicarbonate and
dechlorinator if using tapwater

fungal infections

gaffkaemia

protozoal and fungal

infections

bacterial infections

bacterial infections

bacterial infections
bacterial necrosis

fungal infections

fungal infections

fungal infections

protozoal and fungal

infections

fungal infections

fungal infections

Vibrio infection

gaffkaemia

bacterial infections

bacterial infections
bacterial necrosis
gaffkaemia

bacterial infections

crustacea

lobsters

paenid prawns

tropical marine invertebrates

tropical marine invertebrates

oyster and clam larvae
crustacea

rock lobster Jasus edwardsii

Penaeus

rock lobster Jasus edwardsii

crustacea

Penaeus

Penaeus

paenid prawn larvae

lobsters

variety of invertebrates

oyster and clam larvae
paenid prawn larvae
lobsters

soft and hard corals

"drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked ’,
the drug or doses stated are not authorised for these species
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Prescribing for amphibians

Contributor:
L Jepson MA, VetMB, CBiol, MIBiol, MRCVS

Most commonly kept amphibia are the salamanders and
newts (orders Urodela, including the axolotl Ambylostoma
mexicanum) and frogs and toads (order Anura).

Successful care of the captive amphibians is based on an
understanding of the basic biology of these animals in gen-
eral and also on a knowledge of the environment normally
inhabited by the particular species in question. Hence texts
on amphibian husbandry should be consulted. Environmen-
tal factors underly the vast majority of amphibian disease
outbreaks. Water quality, in particular, is paramount in
maintaining amphibian health.

Amphibians are ectotherms and have a preferred body tem-
perature, or more correctly, a preferred optimal temperature
zone (POTZ). Within the POTZ their body functions oper-
ate at maximal efficiency. This reliance on heat from the
surrounding environment has important ramifications for
captive animals. Suboptimal temperatures will result in
delayed neurological reactions and abnormal behaviour,
reduced digestion and absorption of food, and impaired
immunological defences. The absorption, metabolism, and
excretion of drugs are markedly slower than when the ani-
mal is kept within the correct temperature range.
Amphibians have an unusually fragile and permeable skin.
The stratum corneum, although having some effective bar-
rier functions, is only a few cell layers thick since it acts, in
adults, as the prime respiratory organ. While epidermal and
dermal glands secrete mucus and wax, passage of water
through the skin allows substantial cutaneous water loss. In
some toad species, the skin of the belly is particularly
designed to absorb water across it. Electrolytes and toxins
can be absorbed across undamaged skin. Trauma or toxic
damage leads to infection with organisms normally present
in the environment. Therefore amphibians should be
restrained with care and the operator’s hands should be kept
moist or ideally disposable plastic gloves should be worn.
The aquatic tadpole (larval) stage of amphibia and the adult
form are markedly different, which necessitates different
methods of diagnosis and treatment. In general, it is the
adult animal that is seen in veterinary practice and these are
mainly pet frogs and toads.

Amphibians produce urea as a nitrogenous waste product;
aquatic amphibians excrete ammonia.

Drug administration. Adding drugs such as antibacteri-
als directly into the surrounding water is to be discouraged.
Although uptake is generally good because of the nature of
amphibian skin, it is impossible to judge exact dosages
received by the animal via this route. Antibacterials in
aquarium water can predispose to fungal overgrowth and
seriously compromise biological filtration.

If a topical route via exposure to a bath is to be used, the
animal should be placed in a treatment tank for a defined

period each day, doses and exposure times being empiri-
cally determined.

The subcutaneous injection route is preferred. Although
each animal must be handled, this allows brief clinical
inspection of the patient. Hands should be washed or gloves
changed between individuals where infectious disease is
suspected.

Caution is required when applying topical agents to
amphibians because relatively ‘harmless’ substances, for
example dilute povidone-iodine or chlorhexidine, can
induce severe dermatitis and toxicity.

Drug dosage. Limited data are available on the pharma-
cokinetics and pharmacodynamics of drugs in amphibians
and most dosages have to be extrapolated from other
groups. However, significant variation occurs between spe-
cies and at different temperatures. Determination of dosages
of parenterally or orally administered drugs could use allo-
metric scaling but this, together with the variation at differ-
ent body temperatures, renders the calculation of doses
complicated. Doses are therefore given in the standard mg/
kg assuming that the drug will be given within the POTZ of
the animal. The metabolism of the drug actually varies with
the log of the temperature but such considerations become
somewhat academic when variations from the POTZ are
small. Anurans have a low metabolic rate but a high rate of
fluid turnover and a higher dosage within a range should be
used for these species, unless otherwise indicated.
Antimicrobial therapy. While several viral diseases have
been reported in amphibians, bacterial conditions lead to
most significant morbidity and mortality. ‘Red leg’ is the
main cause of death in captive amphibians. This condition
is characterised by petechial epidermal lesions seen with a
Gram-negative septicaemia. Many bacteria have been iso-
lated but predominantly the condition is caused by Aerom-
onas hydrophilia. Other epidermal lesions include
ulceration and subcutaneous oedema. Poor water quality
and nutrition as well as suboptimal environmental tempera-
tures may be predisposing factors. In these cases cull or
quarantine of affected animals and prophylactic treatment
of in-contact individuals is important; tetracycline is the
treatment of choice.

Chlamydophiliosis is characterised by similar dermatologi-
cal lesions and postmortem histopathological diagnosis is
required.

Mycobacterial disease is seen sporadically. The condition
may be characterised by dermal lesions such as pale nod-
ules and occasional ulcerations, or by a more systemic dis-
ease with visceral involvement associated with non-specific
clinical signs such as weight loss. These atypical mycobac-
teria are zoonoses, causing aquarists’ nodule; operators
should wear gloves. Non-specific antibacterial agents are
used in addition to antibiotics, and may be useful for proph-
ylaxis in in-contact or at risk animals.
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Fungal diseases in amphibians are variable. Saprolegniasis
is seen in aquatic species and is characterised by cotton
wool-like growths on skin and gills. Systemic infections
include chromomycosis caused by pigmented fungi, for
example Cladosporium and phycomycosis caused by the
non-pigmented Mucor and Basidiobolus. All these condi-
tions present as similar dermal lesions and diagnosis is
achieved by culture and biopsy rather than from clinical
presentation alone.

Some fungal diseases in aquatic species may be ameliorated
by physical removal and topical treatment with merbromin
(mercurochrome). Deep cutaneous or systemic infections
require combined topical treatment and parenteral therapy.
Amphotericin B should not be given by intramuscular injec-
tion; severe muscle necrosis may occur.

Protozoa are mainly non-pathogenic in amphibians. How-
ever, Entamoeba ranarum causes amoebiosis characterised
by enteritis and hepatic abscesses. Aquatic protozoa such
as Piscinoodinium (Oodinium), Trichodina, and Voticella
may cause skin irritation and lesions in tadpoles but rarely
affect adults.

Parasiticidal therapy. Parasitic infections include nema-
todiosis with strongyle infection either of the gastro-intesti-
nal tract or lungs. Pseudocapillaroides infection of the skin
is commonly found in Xenopus and large numbers of filarid
roundworms in tissues and blood vessels may be signifi-
cant.

Anthelmintic treatment should be administered when para-
sitic ova are present in a faecal sample on a routine health
check even in the absence of physical clinical signs. Non-
specific parasiticidal agents are used in addition to
anthelmintics. For visceral roundworm infections, ivermec-
tin is particularly useful. However, the death of large num-

bers of roundworm larvae or microfilaria in situ may give
rise to a severe inflammatory reaction, compromising the
patient. Fenbendazole and tiabendazole do not appear to
produce such a reaction. A levamisole bath is reported to be
as efficacious as parenteral treatment.

Trombiculid mite larvae may be found subcutaneously with
minute vesicles containing the parasite and the fish louse
Argulus may be found on aquatic adults and tadpoles.
Other drugs. Nutritional deficiencies seen in amphibians
include inadequate calcium intake resulting in metabolic
bone disease in carnivorous species, thiamine deficiency
causing flaccid paralysis, or amino acid deficiency resulting
in nutritional myopathy. Dropsy or anasarca may be a clini-
cal sign of osmotic dysfunction or may occur in otherwise
healthy animals.

Hormonal drugs are used increasingly to manipulate captive
breeding in various amphibian species. Although these
techniques were originally employed in biomedical
research, they are proving useful for the captive breeding of
endangered species and mass propagation of pet stock.
Intracoelomic injection is the normal route for fluid admin-
istration in a dehydrated amphibian. The preferred solution
is sodium chloride 0.18% + glucose 4%. Other solutions
used are 1:2 sodium chloride 0.9%:glucose 5% or 1:2 Hart-
mann’ solution:glucose 5%.

Anaesthetics. Anaesthetics can be administered by injec-
tion, gaseous induction, or transcutaneously using an anaes-
thetic bath. Reversal of anaesthesia is facilitated by
transferring the animal to a bath of clean well oxygenated
water. Doxapram also aids recovery by stimulating respira-
tion.

Tricaine mesilate, isoflurane, and propofol are the anaes-
thetic agents of choice.
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Table 25 Husbandry requirements for amphibians

Habitat/
aoua POTZ
Species Vivarium type (°C) Lighting? Diet
European common frog best kept outdoors in garden  0-25  broad spectrum, various invertebrates including flies,
(Rana temporaria) enclosure, pond for breeding sunlight worms, crickets, maggots. Vitamin/
recommended mineral supplementation
recommended
Common toad garden enclosures, well 5-20  broad spectrum, various invertebrates including insects,
(Bufo bufo) drained site, pond for breeding sunlight worms, slugs, crickets. Vitamin/min-
recommended eral supplementation recommended
White’ tree frog well ventilated vivarium with 5-25  broad spectrum larger insects and other invertebrates,
(Litoria caerulea) land and water partition for dead neonate mice. Vitamin/mineral
breeding, leaf-litter of bark supplementation recommended
chips as substrate, stout
branches for climbing
European tree frog outside enclosure with high 5-25 broad spectrum various invertebrates including flies,
(Hyla arborea) humidity and protection from waxworms, mealworms, moths. Vita-
frost, or large unheated indoor min/mineral supplementation recom-
vivaria mended
Poison arrow frog large tropical vivarium with ~ 22-28 bright, broad small invertebrates including fruit flies
(Dendrobates spp.) good ventilation, frequent spectrum (Drosophilia) and small crickets.
spraying essential Vitamin/mineral supplementation
recommended
African clawed toads aquatic species, 10to 20cm  18-22 broad spectrum small fish, earthworms, aquatic insects.
(Xenopus spp.) freshwater depth Vitamin/mineral supplementation rec-
ommended
Horned toads large tropical vivarium with ~ 25-28 broad spectrum various insects and small pre-killed
(Ceratophrys spp.) spacious shallow water area rodents. Vitamin/mineral supplementa-
(depth of water approximately tion recommended if feeding inverte-
half height of frog) brate prey, unnecessary if feeding
whole dead rodents
European fire salamander large vivarium with shallow  5-20  broad spectrum, small invertebrates including worms,
(Salamandra salamandra) water dish and substrate of subdued crickets, waxworms, mealworms, and
peat, leaf-litter, and moss slugs. Vitamin/mineral supplementa-
tion recommended
Japanese fire bellied newt aquatic species (but may leave 10-20 broad spectrum Daphnia, Tubifex, and various
(Cynops pyrrhogaster) water at end of breeding sea- invertebrates including worms.
son), large aquarium, 20 cm Vitamin/mineral supplementation
freshwater depth recommended
Axolotl large aquarium, 45 cm 16-22 broad spectrum small invertebrates including worms,
(Ambystoma mexicanum)  freshwater depth crickets, waxworms, mealworms, and

slugs; small whole fish.Vitamin/min-
eral supplementation recommended

1 temperature requirements are air temperature range
2 broad-spectrum lighting includes ultra-violet B light
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Table 26 Antimicrobial doses of drugs for amphibians'

Drug Dose Comments
Acriflavine 0.025% in water for 5 days
or 500 mg/L as 30 minute bath once daily
Amikacin 5 mg/kg i.m. on alternate days
Ampicillin 6 mg/L as bath

Amphotericin B

Benzalkonium chloride

Chloramphenicol

Doxycycline

Enrofloxacin

Gentamicin

Isoniazid
Itraconazole
Ketoconazole
Malachite green

Merbromin
(Mercurochrome)

Methylthioninium

chloride (Methylene blue)

Metronidazole

Miconazole
Nalidixic acid

Oxytetracycline

Paromomycin

Piperacillin

Rifampicin

1 mg/kg i.co. daily for 15-20 days

2 mg/L as 60 minute bath once daily
or 0.25 mg/L water as 2 hour bath

fungal infections

50 mg/kg i.m. twice daily
or 20 mg/L as bath

10-50 mg/kg p.o. once daily chlamydiosis in African clawed frogs
5-10 mg/kg s.c., i.m. once daily

American bullfrog (Rana catesbieana) 5 mg/kg every 4

days

2.5-5.0 mg/kg s.c., i.m., i.co. once daily at 22°C

or 10 mg/L as bath (poor efficacy)

or 1.3 mg/L as soak for 1 hour daily

Mudpuppy (Necturus maculosus) 2.5 mg/kg every 3 days at
3°C

caution: may be toxic in some species

12.5 mg/L as bath

0.01% solution as a 5 minute bath daily for 11 days chytridiomycosis
10 mg/kg p.o. daily

150 micrograms/L as soak daily fungal infections

3 mg/L as 72 hour bath

2-4 mg/L decreases mortality in tadpoles

100-150 mg/kg p.o. weekly

or 50 mg/kg p.o. daily for 3 days
or 5 mg/kg food

or 50 mg/L as 24 hour bath

protozoal infections

5 mg/kg i.co. daily
10 mg/L

25 mg/kg i.m., s.c. daily

or 50 mg/kg p.o. twice daily

or 1 g/kg food daily for 7 days

American bullfrog (Rana catesbieana) 50 mg/kg i.m. every
4 days

55 mg/kg p.o., repeat after 14 days
or 25 mg/kg p.o., repeat after 7 days
100 mg/kg s.c., i.m. once daily anaerobic infections

25 mg/L as bath
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Table 26 Antimicrobial doses of drugs for amphibians' (continued)

Drug Dose

Comments

Sodium chloride 4-6 g/L as 72 hour bath

or 10-25 g/L as 5-10 minute bath

Sulfadimidine 1 g/L as bath

Sulphonamide +
Trimethoprim

3 mg/kg p.o., s.c. once daily

Tetracycline 50 mg/kg p.o. twice daily

Water, distilled 2-3 hours bath

protozoal infections; osmotic compli-
cations may occur depending on the
species

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or

doses stated are not authorised for these species

Table 27 Parasiticidal doses of drugs for amphibians!

Drug Dose Indications
Copper sulfate 500 mg/L bath for 2 minutes daily parasites
Fenbendazole 50-100 mg/kg p.o. every 14 days roundworms
Formaldehyde (10%) 1.5 mL/L as 10 minute dip every 48 hours ectoparasites
Ivermectin 200-400 micrograms p.o. every 14 days
or 200 micrograms/kg i.m. as a single dose roundworms
or 400 micrograms/kg i.m. as a single dose rhabdiosis
or 2 mg/kg by topical application on thorax (Rana
spp.)
Levamisole 300 mg/L as 24-hour bath
or 8-10 mg/kg i.co. every 14-21 days
or 50-75 mg in 4.0-6.5 L tank water/frog
Mebendazole 20 mg/kg p.o., repeat after 14 days
Niclosamide 150 mg/kg p.o., repeat after 14 days tapeworms
Oxfendazole 5 mg/kg p.o. as a single dose
Praziquantel 10 mg/L bath for 3 hours as a single dose
or 8-24 mg/kg p.o., s.c. daily for 14 days
Tiabendazole 50-100 mg/kg p.o., repeat after 14 days

"drug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or

doses stated are not authorised for these species
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Table 28 Doses of other drugs for amphibians!

Drug Dose Indications
Chorionic gonadotrophin 2000-5000 units/kg s.c., i.m. breeding
(hCG) Xenopus spp., 300-400 units s.c., i.m.

Ambystoma spp., (female) 250 units s.c., i.m., (male) 300 units i.m.

Doxapram 5-10 mg/kg i.m., i.v. respiratory stimulation
Serum gonadotrophin Xenopus spp., 50 units s.c., i.m., then 600 units after 72 hours breeding
Thiamine 25 mg/kg of fish
Vitamin E 200 units/kg food

" drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked 1,
the drug or doses stated are not authorised for these species

Table 29 Anaesthetic doses of drugs for amphibians'

Drug

Dose Comments

Benzocaine
(Dissolve in ethanol )

Clove oil (pure)

Isoflurane

Ketamine
Phenoxyethanol

Propofol

Tiletamine + zolazepam

Tricaine mesilate

larvae, 50 mg/L water
frogs, salamanders, 200-300 mg/L water

0.3-0.5 mL/L
Leopard frog, 0.3 mL/L as a bath
Tiger salamander, 0.46 mL/L as a bath

all species, 4—5% bubbled into water administered
according to animal’s response or
place animal on damp towels in induction chamber

frogs, newts, toads, mix 3 mL liquid isoflurane with 1.5 use lower dose for frogs and newts,

mL water and 3.5mL KY jelly. Apply to animal’s dorsum higher dose for toads
at a dose of approx. 0.025-0.035 mL/gram body-weight.

Place animal in small sealed container until induction

occurs (5—15 minutes). Wipe dermis free of anaesthetic

when righting and withdrawal reflexes lost. Duration

45-80 minutes

50-100 mg/kg s.c., i.m. long recovery period
0.1-0.5 mL/L
all large species, 10 mg/kg i.v. for salamanders use ventral tail vein,

for frogs and toads use abdominal

vein or heart
Tiger salamander, 25-35 mg/kg i.co.

10-15 mg/kg i.m. variable response

tadpoles, newts, 200—500 mg/L administered according to animal’s
response

frogs, salamanders, 0.5-2.0 g/L buffer with sodium bicarbonate

toads, 1-3 g/L or buffer with sodium bicarbonate

50-150 mg/kg s.c., i.m., i.co.

"drug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or
doses stated are not authorised for these species
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Prescribing for exotic birds

Contributor:
B H Coles BVSc, DipECAMS, RCVS Specialist in Zoo and Wildlife
Medicine (Avian), FRCVS

This section provides general advice on prescribing for
exotic birds including Passeriformes, Psittaciformes, and
Falconiformes. Research indicates that the metabolism of
individual species of birds can differ widely. The pharma-
cokinetics and hence dosage and safety of some drugs are
especially likely to be different in unrelated species. This
section is provided for guidance and the reader should also
refer to additional texts. For some species it may be prefera-
ble to refer to the sections on Prescribing for poultry, game
birds, or pigeons. Drug preparations authorised for use in
exotic birds are not generally available. Preparations
authorised for use in other species or authorised human
preparations may be administered under the responsibility
of the veterinarian who has the animal ‘under his care’.
When prescribing for exotic birds, it is important to firstly
ascertain the feeding, husbandry, and stress under which the
birds have been kept since disease in these species is often
directly related to these factors.

It is often advisable to hospitalise exotic birds for treatment.
In these conditions an ambient temperature of 29°C to 32°C
together with oxygen, nebulisation, fluid and supportive
therapy can be provided. In addition a strict routine for drug
administration can be adhered to.

Fluids can be provided in the form of lactated Ringer’s
solution (Hartmann’s solution) or sodium chloride 0.9%
and glucose 5% solution given intravenously, intra-
osseously, or into the cloaca. For guidance, the volume of
fluid that may be administered by intravenous injection into
the jugular vein is 5% of the body-weight, given in 4
divided doses over 12 hours. The volume of fluid for
cloacal administration into the rectum is usually 0.5 mL
(budgerigars), 1 mL (cockatiels), 4 mL (amazons), or 6 to 7
mL (macaws). Thereafter, the minimal daily fluid
requirement of 50 mL/kg may be met by oral
administration, subcutaneous or slow intravenous injection,
or by administration into the medullary cavity of the ulna or
tibiotarsal bone using a 20 to 22 gauge needle with an
indwelling stylet. In avian patients with hypovolaemic
shock, a plasma substitute such as Dextran 70 (see section
16.2), may be used at a dose of 10 to 20 mL/kg.

Provision of nutritive support is similarly important. This
may be provided via a gavage (stomach), pharyngostomy,
or oesophagostomy tube. Suitable products include Critical
Care Formula (Vetark) and baby foods such as # Milupa
(Milupa) with probiotics, for example Avipro Plus (Vetark),
added. Intravenous parenteral nutrition may also be
employed; asepsis is paramount. Preparations used include
Duphalyte (Fort Dodge) diluted 1:1 with sodium chloride
0.9% and administered by slow intravenous injection at a
dose of 10 mL/kg or dextrose 40% diluted 1:1 with sodium

chloride 0.9% solution and administered by slow

intravenous injection at a dose of 2 mL/kg.

Drug administration. Drugs may be administered to
exotic birds by addition to drinking water or feed. The drug
dose is mixed in half the daily ration of feed, which should
be consumed before any further food is offered. This
method is non-stressful and convenient for groups of birds
on either a therapeutic or prophylactic basis. However,
often the correct dose may not be consumed because sick
birds may be anorexic or polydipsic leading to under or
overdosage. Palatability of drugs, such as chlortetracycline
or ivermectin, may be improved by mixing with honey,
syrup, or fruit juice or, alternatively, a sweetened paediatric
preparation may be used where available.

Oral medication may also be given by gavage using a metal
tube for parrots, or plastic catheters for other birds. This
direct method of medication is more reliable but requires
frequent handling, which may cause stress. It is important
that the fluid is placed directly into the crop and not into the
upper oesophagus. The volume of fluid administered will
depend on the individual bird. For guidance: 0.5 mL (budg-
erigars), 2 mL (cockatiels), 5 mL (amazons), or 10 mL
(macaws). Capsules or tablets can be given to birds of
pigeon size and larger (placed in the mouth and gently
pushed into the oesophagus with a finger).

Therapy may also be administered by parenteral injection
but frequent handling of the patient is necessary. Subcuta-
neous injection may be given in the inguinal region and
over the breast muscle, but is most readily given at the back
of the base of the neck. Care should be taken not to punc-
ture the crop or the cervical-cephalic air sac, both of which
may extend into this area. For critically ill birds, intramus-
cular or intravenous injection is preferred. Intramuscular
injection is given in the posterior part of the pectoral mus-
cles or the quadriceps muscle. Certain preparations given
by intramuscular injection may cause pain and muscular
damage. Birds have a renal-portal system and a proportion
of a medicament may therefore be excreted before reaching
the systemic circulation when the drug is given into the leg
muscles. Intravenous injection is given into the right jugular
vein or the brachial vein; the superficial medial metatarsal
vein may be used in some larger species. In larger birds,
medication may be injected directly into the infra-orbital
sinus to treat localised infections.

Nebulisation may be used for treatment of disease of the
respiratory tract or the skin. This requires specialised equip-
ment that produces a droplet size of 0.5 to 5.0 microns.
Equipment for human use, such as the (H) Porta-Neb 50
nebuliser (Profile Respiratory), may be employed with a
small air compressor, or with oxygen flow provided by an
anaesthetic machine delivering not less than 6 litres oxygen
per minute. Drugs administered by nebulisation include
amphotericin B and tylosin.
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Drugs may also be applied topically although preparations
should be used sparingly. Ointments and creams used in
excess are easily spread through preening and may damage
plumage, which can lead to loss of body heat. Some drugs,
such as ivermectin, are absorbed percutaneously.

Antimicrobial therapy. It is strongly advised that before
the use of antibacterials is considered other methods of ther-
apy are employed and bacterial sensitivity tests are first car-
ried out. However where a systemic diagnosis has not been
made and where use of a broad-spectrum antibiotic is con-
sidered imperative, one of the fluoroquinolones such as
enrofloxacin or marbofloxacin may be administered (but
should not be used in growing birds or with concurrent
NSAID therapy). Where a tentative systemic diagnosis has
been made, the following antibacterials are recommended:
amoxicillin with clavulanic acid for respiratory-tract infec-
tions; aminoglycosides plus sulfadiazine with trimethoprim
for gastro-intestinal or urinary-tract infections; and amoxi-
cillin with clavulanic acid or sulfadiazine with trimethoprim
for skin infections.

Many adverse reactions to antimicrobials have been
reported in exotic birds particularly in smaller birds such as
finches, canaries, and soft bills. The aminoglycoside anti-
bacterials are potentially nephrotoxic. Sulphonamides may
cause tissue haemorrhage and anaemia. Sulfadiazine with
trimethoprim may cause gastro-intestinal disturbances such
as crop stasis or emesis. Enrofloxacin may cause vomiting
in raptors.

All birds should be weighed before being medicated.
Visual estimation of weight may be grossly inaccurate

In potentiated sulphonamide formulations, the half-life of
trimethoprim and the sulphonamide differ and may vary
considerably in different species of birds. To be effective
both need to be at their optimal concentration.

Calcium and magnesium found in bird grit may affect the
absorption of tetracyclines, although this effect may be
reduced by adding citric acid 500 mg/100 mL drinking
water. Ideally, tetracyclines should only be used after bacte-
rial sensitivity has been established because resistance to
these antibacterials is now widespread.

Psittacosis is a zoonotic disease caused by Chlamydophila
psittaci (Chlamydia psittaci). Tetracyclines (in particular
doxycycline) are the drugs of choice for the treatment of the
disease in birds. Fluoroquinolones may also be used but
only after bacterial sensitivity tests. A minimum 45-day
course of treatment is essential (because the viable patho-
gen is retained within monocytes), after which the bird
should be retested for the continued excretion of Chlamydo-
phila (Chlamydia) in the faeces and therapy continued if
necessary.

Candida albicans is a normal component of the gastro-
intestinal microflora. Overgrowth of C. albicans in the gas-
tro-intestinal tract may occur with prolonged antibacterial
therapy, retinol (vitamin A) deficiency, crop impaction, or
feeding of infected grain. Nystatin is effective against can-

didiasis. Alternatively, flucytosine may be given in combi-
nation with amphotericin B, itraconazole, or ketoconazole.
Treatment of aspergillosis, a severe and life-threatening dis-
ease, includes amphotericin B in combination with keto-
conazole or itraconazole and fluid therapy.

Amphotericin B is severely hepatotoxic and should not be
used in birds that are dehydrated or have renal impairment.
However, its side-effects should not prohibit its use for the
treatment of aspergillosis. The drinking water should be
acidified with citric acid or apple cider vinegar during treat-
ment with amphotericin B.

Imidazoles are relatively frequently hepatotoxic. Clotrima-
zole has been given by nebulisation and found to be effec-
tive. Terbinafine administered orally has also been found to
be an effective treatment for aspergillosis.

Metronidazole, carnidazole, and ronidazole are used for
Giardia, Trichomonas, Cochlosoma, and Hexamita infec-
tions. Coccidiosis may occasionally be a problem, particu-
larly in finches, budgerigars, and parrots. Sulfadimidine is
an effective treatment for coccidiosis; the dosage must be
adequate.

Caryospora spp. can be an important pathogen in captive
raptors. Toltrazuril is an effective treatment.

Parasiticidal therapy. General parasite control meas-
ures are indicated. To avoid contact with invertebrates
(which may act as vectors) birds should be kept in free-
standing cages with wire mesh flooring or aviaries with
solid concrete flooring, birds should be isolated to avoid
indirect contact with wild birds, and regular faecal exami-
nation should be carried out every 4 to 6 months.
Endoparasiticides such as fenbendazole or levamisole may
be used regularly (every 4 to 6 months) for prophylaxis in
groups of birds. The parasiticide group used should be alter-
nated to avoid problems of drug resistance. However there
is growing evidence that fenbendazole may be toxic in cer-
tain circumstances. It should not be used in nestlings, in
growing birds, or those in moult because it inhibits mitosis
and has an adverse effect on growing tissues. It can cause
crypt cell necrosis of the intestine leading to invasion of
pathogens and it also inhibits bone marrow resulting in a
neutropenia.

Levamisole must not be administered parenterally to birds
in any circumstances. Levamisole gives a bitter taste when
added to drinking water. The addition of sweeteners may
improve palatability. The margin of safety with levamisole
is relatively narrow and some species are particularly sensi-
tive to this drug.

Parenterally administered ivermectin may be toxic to
finches and budgerigars but is relatively safe when applied
to the skin and subsequently absorbed and distributed
throughout the body.

Ectoparasiticides such as pyrethrins and fipronil are used in
birds to control Cnemidocoptes, feather mites, and lice
infestations. A dichlorvos-impregnated strip such as
Vapona (Sara Lee) may be placed in the bird room for up to
3 days, with removal at night. Birds should not come into
direct contact with the strip. The strip should be removed
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immediately and the room ventilated if signs of toxicity
such as ruffled feathers occur.

Other drugs. These are used for the treatment of a vari-
ety of disorders in exotic birds.

Medroxyprogesterone acetate may be given to stop persist-
ent egg laying due to ovarian cysts. Chronic use of
medroxyprogesterone acetate may lead to obesity and poly-
dipsia. Medical treatment for egg binding includes oxytocin
in combination with calcium gluconate 10% solution, or the
prostaglandin dinoprost; up to 50% of cases requiring medi-
cal treatment also need surgery.

Birds excrete nitrogenous waste as uric acid rather than
urea. Allopurinol inhibits tubular uric acid resorption and
active tubular uric acid secretion, the latter function being
more important in birds. Consequently the use of allopuri-
nol is contra-indicated in birds. For treatment of gout in
birds, vitamin A supplementation should be provided and
the concentration of protein reduced.

The NSAIDs ketoprofen and carprofen have been used in
exotic birds for treatment of shock, inflammatory condi-
tions, and trauma. NSAIDs are contra-indicated in patients
with renal impairment. These drugs may occasionally cause
vomiting.

In general, the routine use of corticorticoids is not recom-
mended in birds because they inhibit the immune system.
Prolonged use results in long lasting depression of the pitui-
tary-adrenal axis leading to corticosteroid deficiency when
therapy is stopped. Short-acting glucocorticoids may be
indicated in cases of severe shock.

Respiratory system and epidermal disorders in birds are
often caused by an underlying vitamin A deficiency. Bird
seed often does not provide adequate vitamin A, which may
need to be provided as a supplement (see section 16.7).
Treatment is given twice weekly by injection for 2 weeks
followed by maintenance with an oral supplement. The diet
should be changed to include sources high in vitamin A
such as carrots and spinach. Bromhexine with concurrent
vitamin A therapy, may also aid recovery.

Hypothyroidism is a common condition in budgerigars fed
loose-bought seed. Treatment consists of iodine supplemen-
tation.

Antiepileptics such as diazepam and potassium bromide are
used in exotic birds to aid in the treatment of seizures due to
various disorders including lead poisoning. Sodium
calciumedetate is used for treatment of lead and zinc
poisoning.

Some neuroleptics (antipsychotic) and antidepressant drugs
have undergone limited trials in exotic birds for behavioural
problems, in particular feather picking in parrots. Before
using these drugs it is essential that all other possible causes
of feather picking have been eliminated. Owner compliance
may be a problem with the use of these drugs because they
may need to be administered continuously for 3 to 4 months
before they can be shown to be effective and cost may pre-
clude their use in some patients. Many of the drugs are
administered by addition to the drinking water. To ensure
that the bird receives the full dose, the average daily water
intake should be calculated and the dose added to this vol-

ume of drinking water. Birds drink on average 50 to 150 mL
water/kg body-weight daily, depending on diet and basal
metabolic weight.

Haloperidol has been found to be effective in a broad range
of psittacine species and is considered to have a wide mar-
gin of safety. Regrowth of feathers may be seen in about 3
months. Side-effects of haloperidol include depression,
inappetance, and occasionally hyperactivity or excitability,
which are resolved when treatment is discontinued and
recommenced at a lower dosage after an interval of 2 to 3
days.

Anaesthetics. Ketamine given in combination with sed-
atives is the injectable drug of choice. When ketamine is
combined with medetomidine, its alpha,-adrenoceptor ago-
nist effects can be antagonised by administration of atipam-
ezole at 5 times the previously administered medetomidine
dose (= the same volume Antisedan as previously adminis-
tered Domitor). Isoflurane is the preferred inhalational
anaesthetic. Administration of butorphanol 1 mg/kg by
intramuscular injection 10 minutes before isoflurane anaes-
thesia is found to reduce the amount of anaesthetic required.

Table 30 Anaesthetic doses of drugs for exotic birds'

Drug Dose

Injectable anaesthetics

Ketamine 50 mg/kg i.m.
Ketamine + 5-10 mg/kg i.m.
medetomidine 100 micrograms/kg i.m.
Ketamine + 20 mg/kg i.m.
midazolam 4 mg/kg i.m.

Inhalational anaesthetics

Induction, 5%
Maintenance, 2.5-3.5%

Isoflurane’

! drug doses for preparations that have a marketing authorisation for use
in these species in the UK. Therefore, unless marked’ , the drug or doses

stated are not authorised for these species
Further information on exotic birds is available:

e Coles B H. Avian Medicine and Surgery 2nd ed.
Oxford: Blackwell, 1997

e Coles B H, Krautwald-Junghanns M E. Avian Medicine.
Mosby, 1998

e Forbes N A, Altman R B. Avian Medicine. Manson
Publishing, 1998

e Lake. Avian Medicine: Principles and Application.
Worth, Wingers Publishing, 1994

e OQOlsen G H, Orosz S E. Manual of Avian Medicine.
Mosby, 2000

e Tully TN, Lawton M P C, Dorrestein G M. Avian Med-
icine. Oxford: Butterworth Heinmann, 2000.



Prescribing for exotic birds

105

Table 31 Antimicrobial doses of drugs for exotic birds'

By addition to By addition to
Drug By mouth drinking water feed By injection Other methods of administration
Amoxicillin 150-175 mg/kg 1.5-4.5g/L 600 mg/kg soft 150 mg/kg i.m. daily —
2 times daily feed (formulation to use:
(formulation to long-acting
use: tablets or oral preparation)
suspension)
Amoxicillin 125 mg/kg — — 100 mg/kg i.m. —

with_clavulanic
acid

Amphotericin
B (but see text)

Carnidazole

Cefalexin

Clotrimazole

Doxycycline

Enrofloxacin

Flucytosine

Itraconazole
(but see text)

Ketoconazole
(but see text)

Lincomycin/
spectinomycin

4 times daily

treatment of —
megabacteriosis in
budgerigars, 0.2

mL/bird twice

daily for 10 days
(formulation to

use: intravenous

infusion 5 mg/mL)

10 mg (adults);
5 mg (young
birds)

35-50 mg/kg, —
repeat 4 times

daily; if less than

500 g body-

weight, repeat 8

times daily

25 mg/kg twice 500 mg/L ¢

daily ¢ 260 mg/2

15 mg/kg1 litres'. Birds
with low daily
water intake,
260 mg/500
mL'

10 mg/kg twice 100-200 mg/L

daily for 5-10 days

50 mg/kg twice —

daily for 2-4

weeks

10 mg/kg twice —

daily for 30-60

days (formulation
to use: itracon-
azole 100 mg cap-

sules)
20 mg/kg daily for
2 weeks
— 1 g (Linco-
Spectin)/L

80-300 mg/kg
feed (psittacines,
mynahs)

10 mg/kg twice
daily for 30-60
days (formula-

tion to use: itra-

conazole 100 mg

capsules)

40-100 mg/kg
soft feed

1.5 mg/kg i.v. daily

for 7 days

25-50 mg/kg i.m.

75-100 mg/kg i.m.

every 5-7 days

10 mg/kg i.m. twice

daily

By oral topical application, 10 %
solution

By nebulisation, 100 mg diluted
in 15 mL of sodium chloride 0.9%
solution

By intratracheal administration, 1
mg/kg daily for 12 days then on
alternate days for 5 weeks

By nebulisation, clotrimazole 1%
solution (formulation to use:
Canesten solution)
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Table 31 Antimicrobial doses of drugs for exotic birds' (continued)

By addition to

By addition to

Drug By mouth drinking water feed By injection Other methods of administration
Metronidazole 20-50 mg/kgonce 100 mg/L — 5 mg/kg i.m. twice —
daily for 7 days daily
Nystatin 300 000-600 000 100 000 units/ 200 000 units/kg — —
units/kg 2-3 times L for 3—6 soft feed for 3—6
daily for 1-2 weeks
weeks
Oxytetracy- 25-50 mg/kg Treatment. Treatment. 300 50 mg/kg i.m. daily —
cline 0.65-2.0 g/L  mg/kg soft feed (>400 g body-
for 5-14 days for 5-14 days weight); 100 mg/kg
4.5 mg/bird (as = i.m. daily (<400 g
medicated seed1) body-weight)
Sulfadiazine 75 mg/kg for up to — — 20 mg/kg s.c., i.m. —
with trimetho- 7 days twice daily
prim
Sulfadimidine 50 mg/kg 220 mg/L for 3 — 30 mg/kg s.c., i.m. —
days, repeat
after 2 days
Terbinafine 10 mg/kg daily for — — — By nebulisation, 1 mg/mL 3 times
30 days daily for 7 days
Toltrazuril — 2 mg/L, give — — —
on 2 consecu-
tive days per
week
Tobramycin — — — 2.5 mg/kgim. 3 —
times daily for 14
days (raptors); 5 mg/
kg i.m. 2-3 times
daily for 14 days
(other species)
Tylosin 20 mg/kg daily for 500 mg/L — 20-40 mg/kg i.m. 3 By nebulisation, 100 mg diluted
3 days times daily (use in 5 mL DMSO and 10 mL

higher dose for sodium chloride 0.9% solution

smaller birds)

1 drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !

the drug or doses stated are not authorised for these species

dose expressed as amoxicillin
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Table 32 Parasiticidal doses of drugs for exotic birds'
By addition to Other methods of
Drug By mouth drinking water By injection administration

Endoparasiticides

Fenbendazole
(but see text)

Ivermectin

Levamisole
(but see text)

Praziquantel

Ectoparasiticides

Dichlorvos-
impregnated strips
(bird room)

(but see text)

Fipronil

Pyrethrins'

50 mg/kg once, repeat
after 10 days (nematodes);
33 mg/kg, repeat daily for
3 days (microfilaria,
trematodes);

20 mg/kg, repeat daily for
5 days (Capillaria)

200 micrograms/kg, repeat
after 2-3 weeks

10 mg/kg, repeat after 2
weeks

5-10 mg/kg, repeat after
2—-4 weeks

10 mg/L (finches)

80 mg/L (finches);
100 mg/L daily for 3
days (other

species)

200 micrograms/kg
i.m., repeat after 2-3
weeks (not finches,
budgerigars)

7.5 mg/kg s.c., i.m.,

repeat after 2—4 weeks

(not finches)

By topical
application, one
drop of 1%
solution

Minimum air space
30m? per strip, use
for up to 3 days,
see notes above

Spay on to skin,
repeat after 14 days
if required

Dusting powder,
spray

1 drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked 1 the drug
or doses stated are not authorised for these species
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Table 33 Doses of other drugs for exotic birds'

Drug Dose Indications
Bromhexine 3-6 mg/kg i.m. respiratory disorders
6.5 mg/L drinking water
Butorphanol 2 mg/kg i.m. daily. May be used for up to 28 days analgesia
Calcium gluconate 10% 1-2 mL/kg i.m. + oxytocin egg binding

Carprofen
Diazepam

Digoxin

Dinoprost

Doxapram

Haloperidol

Hydrocortisone

Todine

Ketoprofen
Lactulose

Medroxyprogesterone
acetate

Metoclopramide
Oxytocin
Penicillamine
Potassium bromide
Sodium calciumedetate
(but see text)

Vitamin A

Vitamin E /selenium

Vitamin K

2-10 mg/kg i.m.
0.5-1.5 mg/kg p.o., i.m., i.v. 3 times daily

10-20 micrograms/kg p.o. twice daily or 4 micrograms/30 mL drinking
water (formulation to use: Lanoxin-PG elixir 50 micrograms/mL)

20-100 micrograms/kg i.m. as a single dose
(< 2 kg body-weight) one drop p.o.;
(> 2 kg body-weight) 7 mg/kg i.m.

by addition to drinking water, initial dose 200 micrograms/kg (< 1 kg
body-weight); initial dose 170 micrograms/kg (> 1 kg body-weight)
(formulation to use: haloperidol oral liquid). Gradually increase dose to
900 micrograms/kg over a 9 week period. Maintenance doses of 400
micrograms/kg may be required if a relapse occurs and may be given
for more than 12 months

10 mg/kg i.v.

Dilute 1 volume Aqueous Iodine Oral Solution with 14 volumes water.
Add 1 drop of this solution to 30 mL drinking water daily for 3 weeks

2 mg/kg i.m.
0.3 mL/kg p.o.

30 mg/kg s.c., i.m. Repeat dose once every 4 weeks

500 micrograms/kg p.o., i.m.

3-5 units/kg i.m. + calcium gluconate

50-55 mg/kg p.o. daily for 7-14 days

75 mg/kg p.o. (parrots)

10-40 mg/kg i.m., slow i.v.

0.2 mL/kg Multivitamin injection (Arnolds) i.m. daily for 2 weeks,
then Nutrobal (Vetark) or Ace High (Vetark) p.o.

68 micrograms/kg i.m. every 7-14 days (formulation to use: 0.01 mL
Dystosel (Intervet)/kg)

0.2-2.5 mg/kg i.m.

inflammatory disorders
seizures

congestive heart failure

egg binding

respiratory stimulation in
apnoea and newly
hatched chicks

behaviour modification

but see text

hypothyroidism

inflammatory disorders

persitant egg laying (but
see text)

anti-emetic, to increase
motility of upper gastro-
intestinal tract

egg binding

copper, zinc, mercury,
and lead poisoning

idiopathic epilepsy

lead and zinc poisoning
respiratory and epithelial
disorders

cockatiel paralysis,
paresis syndrome and
similar neuropathies in

other psittacines

coagulopathies

1 drug doses for preparations that have a marketing authorisation for use in these species in the UK. Therefore, unless marked !
the drug or doses stated are not authorised for these species
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Prescribing for reptiles

Contributor:
L Jepson MA, VetMB, CBiol, MIBiol, MRCVS

The class Reptilia consists of more than 6500 species,
divided into the following groups: lizards (order Squamata,
suborder Sauria), snakes (order Squamata, suborder Serpen-
tes), tortoises, terrapins, and turtles (order Chelonia), and
crocodiles. Fortunately only some 20 to 30 species are com-
monly seen in practice and these fall into the first three
groups, although many zoological and specialist collections
will house species from all four groups.

Although often regarded as ‘primitive’, reptiles are in fact
highly adapted species that have evolved to exploit quite
specific niches in the wild. The successful care and medical
management of them therefore requires a knowledge of
their specific nutritional and husbandry requirements, much
of which can be gained from advanced hobbyist literature
and some veterinary texts. Reptiles should not be regarded
as a homogeneous one-drug-suits-all species. They are as
different from each other as are mammals.

All reptiles should be weighed accurately (to the nearest
gram) before being treated to avoid overdosage. It is also
useful to reweigh during the treatment course to help
assess response to therapy.

All reptiles are ectotherms and so rely on environmental
heat and behaviour adaption to maintain their preferred
body temperature (PBT). The PBT varies with species, age,
season, time of day, pre- and post-prandially, and is the tem-
perature at which metabolism is optimal. PBT affects
immune functions such as antibody production and phago-
cytosis, as well as how the reptile metabolically handles any
drugs. PBT therefore affects drug distribution, metabolism,
excretion, and elimination half-life. The preferred optimum
temperature zone (POTZ) is the temperature range that
allows the reptile to achieve its PBT, and this temperature
range should be provided within the home, in the hospital
vivarium, on the operating table, or during recovery from
anaesthesia. Some therapeutic regimens state a fixed tem-
perature at which the reptile should be maintained during
treatment, which means for those drugs where pharmacoki-
netic data exist that the elimination will be known and con-
stant. The stated temperature must be within the reptile’s
POTZ; if it is above or below then stress and debilitation
may ensue. Also, maintaining a reptile at a constant temper-
ature, even one within its POTZ, is unnatural and may cause
stress and maladaption over a period of time.

Reptiles have a well developed renal portal system (RPS)
where blood from the caudal half of the body may pass
directly through the kidneys before joining the systemic cir-
culation. This does not occur continuously and although no
physical structure has yet been identified, it is believed that
there is a valvular mechanism that determines whether

blood is shunted around or through the kidneys. The RPS is
of significance with drugs that are renally excreted because
if injected into the caudal half of the body, such drugs may
have a significantly reduced half-life, while nephrotoxic
drugs may reach the kidneys at a significantly high concen-
tration. As a precaution, if in doubt treatment should be
injected into the cranial half of the reptile, or in snakes the
middle third.

Chelonians have a large voluminous bladder that may act as
a drug reservoir, producing a second therapeutic peak many
hours after intitial drug administration.

The shell of chelonians is largely living tissue and therefore
all chelonian medication should be based on total body-
weight.

Drug administration. There are few drug preparations
authorised for use in reptiles. Therefore, drugs authorised
for use in other species or for humans may be administered
under the responsibility of the veterinarian who has the ani-
mal ‘under his care’. A limited number of pharmacokinetic
studies for reptiles have been published and where possible
these should always be used. Where species specific infor-
mation is lacking, then it may be possible to extrapolate
from closely related species. For example, data for Her-
mann’s tortoise (Testudo hermanni) could be used for the
Spur-thigh tortoise (Testudo graeca).

Medication may be administered to reptiles by mouth or
stomach tube or by subcutaneous, intramuscular, intrave-
nous, intracoelomic, intraosseous, intrasynovial, or intra-
tracheal injection. Some drugs may be applied topically,
given per cloaca, or administered by nebulisation.

Antimicrobial therapy. The majority of bacterial infec-
tions in reptiles are caused by Gram-negative bacteria, par-
ticularly Pseudomonas, Aeromonas, Citrobacter; Klebsiella,
and Proteus spp. Bacterial resistance to many antibacterials
is common and many bacteria can have unexpected sensi-
tivity to particular antibacterials. Therefore sampling for
microbial culture and sensitivity testing should be carried
out before commencing therapy. However, antibacterial
cover should be given while awaiting the results of tests and
typically amikacin, ceftazidime, or a fluoroquinolone such
as enrofloxacin, ciprofloxacin, or marbofloxacin would be
used. In severe infections, amikacin may be combined with
ampicillin or amoxicillin for respiratory tract infections, or
ceftazidime for generalised or systemic infections. Chlor-
amphenicol in combination with neomycin may be given
for gastro-intestinal infections. Metronidazole, lincomycin
or clindamycin can be used for anaerobic infections,
although the use of the latter two should be considered care-
fully in herbivorous reptiles such as iguanas or tortoises. If
possible a bactericidal antibiotic rather than a bacteriostatic
antibiotic should be chosen because many sick reptiles are
immunocompromised.



110  Guidance on prescribing

Table 34 Husbandry requirements for reptiles

Habi
abitai/ POTZ Humidity
Species Vivarium type (°cn (%) Lighting? Diet

Bearded dragon terrestrial/ 20-32 20-30%  broad-spectrum mainly insectivorous, also

(Pogona vitticeps) desert carnivorous, herbivorous

Boa constrictor terrestrial/ 28-32  50-80 special requirements ~carnivorous

(Boa constrictor) rain forest (semi-arboreal, not known

aquatic)

Box tortoise terrestrial/ 24-30 50-80  broad-spectrum mainly herbivorous and

(Terrapene carolina) semi-aquatic, temperate insectivorous, also carnivorous

Burmese python terrestrial/ 26-30 50-80 special requirements ~ carnivorous

(Python molurus) rain forest, scrub land not known

Corn/Rat snake terrestrial/ 25-30 30-70 special requirements ~carnivorous

(Elaphe guttata) scrub land not known

Garter snake terrestrial/ 21-28 50-80 special requirements ~carnivorous

(Thamnophis sirtalis) temperate not known

Green anole arboreal/ 23-29 70-80  broad-spectrum mainly insectivorous

(Anolis carolinensis) rain-forest

Green iguana arboreal/ 29-34 60-85 broad-spectrum herbivorous

(Iguana iguana) rain-forest

Leopard gecko terrestrial/ 25-30 20-30% special requirements mainly insectivorous, also

(Eublepharus macularius) desert not known carnivorous

King snake terrestrial/ 25-30 30-70 special requirements carnivorous

(Lampropeltis spp.) scrub land not known

Mediterranean tortoise terrestrial/ 20-28 30-50  broad-spectrum mainly herbivorous

(Testudo spp.) subtropical, temperate

Plumed basilisk arboreal/ 24-32 70-85  broad-spectrum mainly insectivorous, also

(Basiliscus plumifrons) rain-forest carnivorous

Red-eared terrapin aquatic/ 20-26 60-90  broad-spectrum mainly carnivorous, also

(Trachemys scripta elegans) subtropical herbivorous

Royal python terrestrial/ 26-30 50-80 special requirements ~carnivorous

(Python regius) scrub land not known

Sand boa burrowing/ 25-30 20-302 special requirements carnivorous

(Eryx spp.) desert not known

Veiled or Yemen chameleon arboreal/desert 22-33 40-70  broad-spectrum carnivorous - mainly

(Chameleo calypterus) insectivorous, some vegetable
matter. Must be sprayed
because rarely drink from a
bowl

Water dragon arboreal (semi-aquatic)/  25-32 80-90  broad-spectrum mainly insectivorous, also

(Physignathus cocincinus)

rain-forest

herbivorous

1 temperature requirements are air temperature ranges. In general, basking temperature should be 5°C greater and night temperature should be 5°C less
2 broad-spectrum lighting includes ultra-violet B light
3 humidity requirements will be significantly greater during ecdysis
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Fungal and yeast infections occur in reptiles. Gastro-intesti-
nal mycoses are particularly common in reptiles that have
been maintained on inappropriately long-term broad-spec-
trum antibacterials. Cutaneous mycoses can often be treated
by debridement and the topical application of malachite
green or povidone-iodine, although griseofulvin can also be
used. Gastro-intestinal infections can be treated with nysta-
tin while systemic infections may require ketoconazole,
amphotericin B, or polymixin B. In cases of pulmonary
mycoses, antifungal medication may be given by nebulisa-
tion, or intratracheal or intrapulmonary injection.

Viral diseases including ophidian paramyxovirus, boid
inclusion body disease virus, and herpesviruses are identi-
fied in reptiles; aciclovir has been used with some success
against herpesviruses.

Entamoeba invadens is a fatal protozoan disease of snakes
that can penetrate the gastro-intestinal mucosa causing
severe gastro-enteritis and can also invade other organs
including the liver. Protozoa are not necessarily restricted to
the alimentary tract and some, notably Hexamita, can cause
kidney and bladder disease in tortoises. Metronidazole is
the drug of choice for these conditions. However, neurolog-
ical signs have been reported with repeated use of metroni-
dazole and, in general, a single dose of 250 mg/kg
(maximum 400 mg/animal) is recommended. Adverse
effects have been reported in indigo snakes (Drymarchon
spp.), king snakes (Lampropeltis spp.), and uracoan rattlers
(Crotalus vegrandis) and a maximum dose of metronida-
zole 40 mg/kg is recommended for these species. Crypto-
sporidiosis can cause hypertrophy of the gastric mucosa and
chronic regurgitation in snakes and treatment is largely
ineffective. Many other protozoa are commonly seen in the
faeces of healthy reptiles; these are usually part of the nor-
mal gut flora and indiscriminate treatment may be counter-
productive.

Parasiticidal therapy. Ticks and helminth parasites, that
require an intermediate host, are more commonly associ-
ated with wild caught imports. Mites and helminths with a
direct life cycle are usually seen in captive bred reptiles.
Individual ticks can be removed while heavy tick infesta-
tions are treated with the localised application of a topical
spray or the use of systemic ivermectin (not Chelonia).
Mites, particularly the snake mite Ophionyssus natricis, can
be difficult to eradicate. The snake mite readily hides in fis-
sures in vivarium furniture, is parthenogenetic, and highly
mobile making its complete removal difficult and pro-
longed. Re-infestations are common. Mite infested reptiles
should be placed in a temporary vivarium and treated with
ivermectin (given by injection or spray) or fipronil, while
the main vivarium is thoroughly cleaned. Anything that
cannot be disinfected or heat treated should be discarded. If
it is not possible to remove the snake then fipronil or iver-
mectin may be used on a weekly basis.

Occasionally large ascarids may be passed in the faeces of
tortoises. The faeces or a cloacal wash should be examined
for eggs and larvae to identify the parasite(s) present. In
general, worming should be repeated until faecal examina-
tions are negative. For certain species, particularly Mediter-

ranean tortoises kept on contaminated ground, regular
worming during spring and late summer is recommended.
Oxfendazole is the benzimidazole of choice for the treat-
ment of roundworms, although fenbendazole may also be
used.

Most endoparasites affect the gastro-intestinal tract. How-
ever, Kalicephalus (hookworm) can penetrate the skin and
cause extensive damage by tissue migration. Rhabdias
(lungworm) and pentastomids (arthropods) are parasites of
the respiratory tract of snakes and examination of a lung
wash and lung endoscopy are recommended.

Parasiticide overdosage may lead to drug toxicity, which
may manifest as neurological signs including seizures.
Ivermectin is contra-indicated in Chelonia, and adverse
reactions have been reported in iguanid lizards, skinks,
and indigo snakes. Milbemycin has been used successfully
in box tortoises and terrapins but it is recommended that
avermectins and milbemycins are avoided in Chelonia.
Other drugs. Nutritional disease in reptiles is still very
common. Ocular problems in terrapins due to hypovitamin-
osis A can be treated with vitamin A supplementation,
although a change in diet is essential to produce a perma-
nent cure. Hypovitaminosis B causes neurological signs in
garter and ribbon snakes (Thamnophis spp.) fed fish that
contain thiaminase. Thiamine produces a rapid recovery but
a change of diet or preboiling fish to destroy any thiaminase
is needed. Hypovitaminosis C is implicated in cases of sto-
matitis, iron deficiency is associated with anaemia in alliga-
tors, and iodine supplementation is required in cases of
goitre in tortoises.

Nutritional metabolic bone disease (NMBD) remains the
primary nutritional disease of captive reptiles fed an inap-
propriate diet (typically high protein or low Ca:P ratio) and/
or kept in an unsuitable environment (lack of UVB light).
High calcium and phosphorus concentrations may cause
soft tissue mineralisation. Nutrobal (Vetark) is a multivita-
min and high calcium supplement given at a maintenance
rate of 0.1 mg/kg daily. This supplement has been used
orally at 1 to 2 mg/kg daily ¢ to treat NMBD without induc-
ing hypercalcaemia or any side-effects. Commercial reptile
diets are available for some species and may help in pre-
venting nutritional disease.

Most sick reptiles present in a state of dehydration. Reptiles
are uricotelic and excrete uric acid rather than urea, and
therefore gout is of important clinical concern and may
necessitate the use of allopurinol to reduce further uric acid
production. For reptiles receiving potentially nephrotoxic
drugs such as potentiated sulphonamides or aminoglyco-
sides, concurrent oral or subcutaneous fluid therapy at 20
mL/kg daily is sufficient. In cases of severe dehydration,
parenteral hypotonic fluids are recommended. This can be
achieved by intracoelomic administration of warm fluids or
the use of syringe drivers (even in reptiles as small as 75 g
body-weight) for intravenous or intraosseous fluids. In liz-
ards, intraosseous fluids can be given into the proximal tibia
and in Chelonia the cancellous bone of the lateral bridge
that connects the plastron and carapace or proximal tibia
may be used. For larger iguanas and monitor lizards, the
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Table 35 Antimicrobial doses of drugs for reptiles'23

Drug Dose? Comments
Abacavir (in boa constrictor, abacavir 5 mg/kg every 3 days anti-retroviral combination used to treat
combination with (formulation to use: Trizivir, GSK) boid inclusion body disease
Lamivudine, and
Zidovudine)
Aciclovir 80 mg/kg p.o. daily

topical cream 1-2 times daily

Amikacin gopher snakes, initial dose 5 mg/kg i.m., then 2.5 mg/kg i.m.
every 3 days
gopher tortoises, 5 mg/kg i.m. on alternate days at 30°C
American alligators (juvenile), 2.25 mg/kg i.m. every 3—4
days at 22°C
royal python, 3.5 mg/kg i.m. every 4-5 days

Amoxicillin 22 mg/kg p.o. 1-2 times daily often ineffective unless given in combi-

10 mg/kg i.m. daily nation with aminoglycosides
Amphotericin B 0.5-1.0 mg/kg i.co., i.v every 1-3 days for 14-28 days aspergillosis; fluid therapy recommended
Ampicillin Hermann’ tortoises, 50 mg/kg i.m. on alternate days

20 mg/kg i.m. daily at 26°C for 7-14 days
Cefalexin 20-40 mg/kg p.o. twice daily

Ceftazidime 20-40 mg/kg i.m. every 3 days
snakes, 20 mg/kg i.m. every 3 days at 30°C

Ceftiofur tortoises, 20 mg/kg i.m. daily; 4 mg/kg i.m. daily (upper
respiratory tract infection)
snakes, 2.2 mg/kg i.m. on alternate days
turtles, 2.2 mg/kg i.m. daily

Cefuroxime 100 mg/kg i.m. daily for 10 days at 30°C

Ciprofloxacin 10 mg/kg p.o. on alternate days

Clarithromycin desert tortoises, 15 mg/kg p.o. every 2-3 days mycoplasmal infection
Clindamycin 5 mg/kg p.o. daily

Chloramphenicol indigo snakes, 50 mg/kg i.m. twice daily

Midland water snakes, 50 mg/kg i.m. every 4 days
bull snakes, 40 mg/kg i.m. daily

Dimetridazole 40 mg/kg p.o. daily for 5 days

Doxycycline 2.5-10.0 mg/kg p.o. 1-2 times for 10 days
Hermann’ tortoises, initial dose 50 mg/kg i.m., then 25 mg/kg
i.m. every 3 days
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Table 35 Antimicrobial doses of drugs for reptiles'23 (continued)

Drug

Dose?

Comments

Enrofloxacin

Gentamicin

Griseofulvin
Itraconazole
Ketoconazole
Lincomycin
Malachite green

Marbofloxacin

Metronidazole

Neomycin
Nystatin

Oxytetracycline

Piperacillin

5 mg/kg p.o., i.m. every 1-2 days'

upper respiratory tract infection in tortoises, 15 mg/kg i.m.
every 3 days; nasal flush, 1-3 mL every 1-2 days (using
solution of enrofloxacin 200 mg/L water)

Burmese pythons (juvenile), initial dose 10 mg/kg i.m., then
5 mg/kg i.m. on alternate days; Pseudomonas infection, 10
mg/kg i.m. on alternate days

Hermann’s tortoises, 10 mg/kg i.m. daily

gopher tortoises, snakes, 5 mg/kg i.m. every 1-2 days
Indian star tortoises, 5 mg/kg 1-2 times daily

box tortoises, 5 mg/kg i.m. every 4-5 days

Savannah monitor, initial dose 10 mg/kg i.m., then 10 mg/kg
p-o. every 5 days

American alligator (juvenile) 5 mg/kg every 36 hours

green iguana, 5 mg/kg every 24 hours

red-eared terrapins, 10 mg/kg p.o. every 3 days or 5 mg/kg
i.m. on alternate days

American alligators, 1.75 mg/kg i.m. every 3—4 days at 22°C
painted turtles, 10 mg/kg i.m. on alternate days at 26°C
red-eared terrapins, 6 mg/kg i.m. every 2-5 days

gopher snakes, 2.5 mg/kg i.m. every 3 days at 24°C
nebulisation, solution of 50 mg (1 mL) gentamicin + 9 mL
NaCl 0.9% solution. Repeat every 12 hours

20-40 mg/kg p.o. every 3 days
spiny lizard, 23.5 mg/kg p.o. daily for 3 days

crocodilians, 50 mg/kg p.o. daily
turtles, 25 mg/kg p.o. daily for 14-28 days
tortoises, 15 mg/kg p.o. daily

10 mg/kg p.o. daily
5 mg/kg i.m. 1-2 times daily

150 micrograms/L water, 1 hour dip daily for 14 days

Chelonia, 10-15 mg/kg p.o., i.m. daily or on alternate days
Squamata, 2—-10 mg/kg p.o., s.c., i.m. daily or on alternate
days

bacterial infections, 150 mg/kg p.o. every 7 days

or 50 mg/kg p.o. daily for 5-7 days

protozoal infections, 250 mg/kg p.o. as a single dose (may be
repeated after 14 days)

or 100 mg/kg p.o., repeat after 14 days and 28 days

or 25-40 mg/kg p.o., repeat after 3—4 days

10 mg/kg p.o. daily
turtles, 100 000 units/kg p.o. daily for 10 days

5-10 mg/kg p.o., i.m. daily for 7 days
American alligators, upper respiratory tract infection, 10 mg/
kg i.v. every 4-10 days

50-100 mg/kg i.m. every 1-2 days

potentially nephrotoxic. Animal should
be kept at lower end of temperature range
because drug is less nephrotoxic at lower
temperatures

fungal dermatitis

skin necrosis at site of injection unlikely
because product has aqueous basis

maximum dose 400 mg

maximum dose for tricolour snakes, king
snakes, indigo snakes, or uracoan rattles
is 40 mg/kg. Repeat after 14 days and 28
days for protozoal infections

should not be given systemically
enteric fungal conditions
pain, irritation, and inflammation at i.m.

injection site

fluid therapy recommended
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Table 35 Antimicrobial doses of drugs for reptiles'23 (continued)

Drug Dose? Comments
Polymixin B 1-2 mg/kg i.m. daily
Sulfadoxine + 15-25 mg/kg p.o., i.m. daily fluid therapy recommended
trimethoprim 30 mg/kg i.m. on alternate days
Sulfamethoxy- initial dose 80 mg/kg s.c., then 40 mg/kg s.c. daily for 4 days coccidial infections
pyridazine or 50 mg/kg p.o. daily for 3 days, repeat after an interval of 3

days

Tobramycin turtles, 10 mg/kg i.m. daily fluid therapy recommended

tortoises and terrapins, 10 mg/kg i.m. every 1-2 days
Chelonia, snakes, and lizards, 2 mg/kg i.m. daily

Tylosin 5 mg/kg i.m. daily

tdrug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or
doses stated are not authorised for these species

2 where a particular temperature is not stated, the reptile should be maintained within the species-specific POTZ

3 species-specific data should be used wherever possible

Table 36 Parasiticidal doses of drugs for reptiles!

Drug Dose Farasite Comments
Endoparasiticides
Albendazole 50 mg/kg p.o. as a single dose ascarids
(25 mg/mL)
Fenbendazole 50-100 mg/kg p.o. every 5—7 days roundworms
Ivermectin 200 micrograms/kg s.c., i.m., repeat after 28 do not use in Chelonia; care in
days skinks and indigo snakes
Levamisole 5-10 mg/kg i.m., repeat after 14 days roundworms in care in tortoises
400 mg/kg p.o. as a single dose snakes, lizards
Mebendazole 20-25 mg/kg p.o., repeat after 14 days strongyles and
ascarids
Oxfendazole 66 mg/kg p.o. as a single dose roundworms
Praziquantel 8 mg/kg p.o., i.m., repeat after 14 days tapeworms, flukes

and 28 days; or 30 mg/kg p.o. as a single dose

Loggerhead turtles, 25 mg/kg, repeat twice at tapeworms
intervals of 3 hours

Ectoparasiticides

Fipronil by spraying, every 7—10 days mites and ticks
Ivermectin by spraying, 1-2 mL/L water every mites and ticks do not use in Chelonia; care in
(10 mg/mL) 7-10 days skinks and indigo snakes

200 micrograms/kg i.m. every 7 days

"drug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or
doses stated are not authorised for these species
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cephalic vein may be catheterised. In snakes, the right jugu-
lar vein may be catheterised using a cut-down technique. In
emergencies, an intracardiac catheter may be safely left in
place for 24 hours. For parenteral fluid therapy sodium
chloride 0.18% + glucose 4% solution or lactated Ringer’s
(Hartmann’) solution is effective. In cases of shock or
severe dehydration, fluids may be given at a dose of 50 to
100 mL/kg/24 hours by intravenous or intraosseous infu-
sion for 2 to 3 hours before reducing the infusion rate to 20
to 30 mL/kg/24 hours. For oral therapy, warm (30°C) elec-
trolyte mixtures (see section 16.1.1) may be employed but
the solution should be diluted an additional 10% beyond
that stated for mammals.

Egg-bound reptiles should initially be radiographed to pro-
vide a good quality dorsoventral radiograph. In cases of
post-ovulatory egg stasis the eggs may occupy most of the
coelomic cavity, often appear oval in shape and possess a
thin, sometimes barely perceptible, shell. In cases of pre-
ovulatory stasis, the ova can be difficult to distinguish even
though they occupy most of the coelomic cavity. If visible,
the ova often appear quite rounded and lack a shell. Injec-
tion of a small volume of air into the coelomic cavity can
improve contrast and visualisation of the individual ova.
Many egg-bound reptiles are dehydrated on presentation
and parenteral fluid therapy is usually indicated. Parenteral
calcium should not be administered unless hypocalcaemia
has been confirmed. In most cases provision of a suitable
nesting environment will stimulate reptiles to lay or give
birth. Oxytocin may be given by slow intravenous or intra-
osseous administration. Chelonia respond well to oxytocin,
lizards and snakes less so. In snakes, the concurrent use of
prostaglandins E and F,, has been successful. Any evi-
dence of abnormality such as large or deformed eggs or ovi-
ductal or cloacal obstruction precludes medical therapy and
the reptile should be stabilised for surgery.

Respiratory disease is common in reptiles kept constantly
below their POTZ, exposed to draughts, inappropriate
humidity, poor ventilation, or kept in squalid conditions.
Diagnosis relies on good quality horizontal beam radio-
graphs (lateral views in Squamata; lateral and cranio-caudal
views in Chelonia), endoscopy, and lung washing (using up
to 1 mL fluid/100 g body-weight) for microscopy (para-
sites), cytology (inflammatory cells), and aerobic and
anaerobic bacterial and fungal culture and sensitivity.
Treatment options include husbandry improvements (tem-
perature, humidity and ventilation), surgical removal of
caseous lung material, coopage, bronchodilators, and anti-
microbial drugs. Antimicrobial drugs can be given by
intratracheal or intrapulmonary injection. In cases of partial
tracheal blockage or lung surgery, the air sac part of the
lung can be cannulated in many snakes. This can be
achieved in the mid-caudal third of the lung and provides an
airway through which oxygen and isoflurane can be deliv-
ered. The cannula may be safely left in place for up to 5
days.

Ulcerative stomatitis in snakes is a multifactorial disorder
which may arise from mouth trauma from cage furnishings
or prey items, secondarily to pneumonia or systemic infec-

tion, parasites (for example Kalicephalus spp.), persistent
hypothermia, poor conditions, stress, maladaptation, or fol-
lowing hibernation. Most cases are seen in snakes and tor-
toises although certain lizards, such as water dragons, are
also frequently affected. Most snake cases are due to Gram-
negative bacteria while tortoises often have fungal and
yeast involvement. Untreated cases may progress to maxil-
lary/mandibular osteomyelitis, aspiration pneumonia, ear
abscesses, septicaemia and death. Treatment involves the
correction of underlying husbandry factors, surgical debri-
dement, and antimicrobial therapy based on culture and
sensitivity. Daily debridement using dilute povidone-iodine
is usually necessary and in severe cases fluid and nutritional
support (including vitamin C) may be required.

‘Runny nose syndrome’in Mediterranean tortoises ( 7estudo
spp.) is a common presentation of a multifactorial disease.
The nasal discharge may be clear and serous, haemorrhagic,
or purulent in nature. Various environmental, bacterial, and
viral aetiologies have been advocated but none appear to be
universally applicable. It appears that this syndrome is more
common in the Spur-thighed tortoise (Testudo graeca) than
in the Hermann’s tortoise ( Testudo hermanni) and outbreaks
have often followed the mixing of these two species.
Diagnostic investigation includes haematology, nasal
flushing for cytological examination, bacterial and fungal
culture and an accurate assessment of husbandry is
essential. PCR tests for two of the main aetiological agents,
Mpycoplasma agassizi and chelonian herpesvirus, are now
available from the Department of Pathology and Infectious
Diseases, RVC. Treatment includes isolation of affected
individuals and improvements in husbandry, particularly
temperature, humidity, and ventilation. Antimicrobial drugs
can be given by mouth, by injection, or by nasal flushing.
In refractory cases, scanning electron microscopy for
viruses (for example chelonian herpesviruses) can be
considered. Ideally, affected animals should not be allowed
to hibernate.

Chemotherapy in reptiles is in its infancy and most tumours
are managed surgically. Accessable cutaneous tumours can
be treated by injecting cisplatin directly into the tissue mass
on a weekly basis as a debulking exercise. Radiation has
been used to treat an acute lymphoblastic leukaemia in a
sungazer lizard (Cordylus giganteus) and surgical laser has
been used in the treatment of a dermal melanoma in a green
iguana.

Anaesthetics. Propofol is the injectable anaesthetic of
choice because of its rapid smooth induction and recovery,
minimal accumulation on repeated injections, and limited
excitatory side-effects; the drug is administered by intrave-
nous or intraosseous injection.

Ketamine may be given by intramuscular injection and its
effect is dose dependent. At higher doses apnoea and recov-
ery may be prolonged, taking up to 72 hours in certain cir-
cumstances. Ketamine should be used with care in
debilitated reptiles.

Once anaesthesia has been induced, the reptile should be
intubated and anaesthesia mantained with an inhalational
agent. Many species such as iguanid and monitor lizards
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may be induced using a face mask, although aquatic reptiles
such as terrapins are able to breath-hold for an extremely
long time. Conscious intubation and intermittent positive
pressure ventilation (IPPV) is advised only for snakes.

Many reptiles have subclinical liver disease and isoflurane
is the inhalational anaesthetic of choice because it is less
hepatotoxic than halothane. However, sevoflurane may be
preferred to isoflurane. Studies suggest that the cardiopul-
monary effects are similar but induction and recovery are
smoother and shorter for sevoflurane. The respiratory drive

in most reptiles is governed by hypoxia and not hypercap-
nia. Therefore, it is not uncommon for reptiles to be apnoeic
for much of the anaesthetic period and part of the recovery
phase if the inhalational agent is delivered with pure oxy-
gen, necessitating IPPV every 5 to 30 seconds. Maintaining
anaesthetised reptiles using air (20% oxygen) seems to
induce most species to breathe spontaneously, but in such
circumstances it is important to monitor peripheral blood
oxygen using an oesophageal or cloacal (ventral aspect)
pulse oximeter.

Table 37 Doses of pre-medicants, sedatives, and anaesthetics for reptiles'

Drug Dose Anaesthetic times Comments
Alfadolone/ 9-15 mg/kg i.m. induction: <1 minute (i.v.), incremental doses may be given
alfaxalone 6-9 mg/kg i.v. 15-20 minutes (i.m.) every 30 minutes

duration: 10-20 minutes (i.v.),
20-30 minutes (i.m.)
recovery: 30—45 minutes
Atropine 10-20 micrograms/kg i.m. may inhibit intracardiac shunting
Diazepam 220-620 micrograms/kg i.m. administered to alligators before
suxamethonium
Etorphine crocodilians, 0.05-5.0 mg/kg i.m.
sedation and analgesia in turtles, 0.5—
2.75 mg/kg i.m.
Gallamine crocodilians, 0.4—1.0 mg/kg i.m. induction: 2—10 minutes may cause respiratory arrest; no
recovery: 1.5-15 hours loss of consciousness or
analgesia; can be reversed with
neostigmine; to be used only in
an anaesthetised animal
Isoflurane’ induction, 3-5% induction: 2—10 minutes less hepatotoxic than halothane
maintenance, 1-3% recovery: 2—10 minutes
Ketamine sedation, 10-50 mg/kg i.m. should not be used in debilitated
animals; prolonged apnoea at
anaesthesia, 50—100 mg/kg i.m.; induction: 10-30 minutes high doses; involuntary
5-15 mg/kg i.v. duration: 10-60 minutes locomotor activity may occur
recovery: 12—72 hours during induction
Ketamine + S mg/kgim. + induction: 5-45 minutes reversal: atipamazole 5 times

Medetomidine

Propofol Squamata, 10-14 mg/kg i.v.
Chelonia, 12-15 mg/kg i.v.
snakes, 12 mg/kg intraventricular
Sevoflurane induction, 5-8%
maintenance, 3—5%
Suxameth- Crocodilians, tortoises, 0.25-5.0 mg/
onium kgim.
Tiletamine/ 4-5 mg/kg i.m.
zolazepam

100-150 micrograms/kg i.m.

duration: 14-30 minutes
recovery: 2—20 minutes

induction: <1 min
duration: 15-25 minutes
recovery: 20—-40 minutes

induction: 3—-9 minutes
recovery: 3—11 minutes

induction: < 4 minutes
duration: 1-9 hours
recovery: 1-9 hours

induction: 9—15 minutes
recovery: 1-12 hours

dose medetomidine given 25-90
minutes after ketamine/
medetomidine; transient hind
limb paralysis

must be given i.v. or i.0. (or
intraventricular in snakes)

may cause respiratory arrest; no
loss of consciousness or
analgesia; to be used only in an
anaesthetised animal

not suitable as sole agent;
sedation rather than anaesthesia

Tdrug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked 1, the drug or doses
stated are not authorised for these species
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Table 38 Doses of other drugs for reptiles!

Drug Dose? Indications
Allopurinol 10-20 mg/kg p.o. daily gout, reduction of uric acid production
Aminophylline 2-4 mg/kg i.m. respiratory disease where bronchodilation required
Argipressin 0.01-1.0 micrograms/kg egg binding (more potent than oxytocin)

Ascorbic acid
Butorphanol
Calcitonin
Calcium gluconate
(10 mg/mL)
Carprofen
Cimetidine
Colecalciferol
Cyanocobalamin
Dexamethasone
Dinoprost
Doxapram

Flunixin

Furosemide
Todine

Iron
Levothyroxine
Meloxicam
Metoclopramide
Prednisolone
Selenium
Sucralfate
Thiamine

Vitamin A

Vitamin ADE complex

Vitamin B complex

Vitamin E

10-200 mg/kg i.m. as required
0.2-2.0 mg/kg i.m.

1.5 units/kg s.c. 3 times daily
50 units/kg i.m., repeat after 2 weeks

100 mg/kg i.m. 4 times daily
or 400 mg/kg i.v., i.0. given over 24 hours

2-4 mg/kg s.c., i.m., i.v.

4 mg/kg p.o. 3—4 times daily

100—1000 units/kg i.m. as a single dose
50 micrograms/kg s.c., i.m.

30-150 micrograms/kg i.m., i.v., i.0.
500 micrograms/kg i.m. as a single dose
5-10 mg/kg i.v., i.0.

100-500 micrograms/kg i.m., i.v. 1-2
times daily

2-5 mg/kg i.m., i.v. 1-2 times daily
2-4 mg/kg p.o. every 7 days

12 mg/kg i.m. every 7 days (alligators)
20 micrograms/kg p.o. on alternate days
50 micrograms/kg p.o. once daily

60 micrograms/kg p.o. daily for 7 days
1-2 mg/kg p.o.

25-500 micrograms/kg i.m.

0.5-1.0 g/kg p.o. 3—4 times daily
50-100 mg/kg i.m.

10 000 units/kg p.o. (ACE-High, Vetark)
every 7 days

0.02 mL (Duphafral ADE Forte, Fort
Dodge) every 7 days

0.2 mL (Anivit 4BC, Animalcare)/kg

50-100 mg/kg i.m.

ulcerative stomatitis
analgesia

hypercalcaemia (fluid therapy also recommended)
secondary hyperparathyroidism

hypocalcaemia in iguanas

analgesia (possible risk of renal impairment if dehydrated)
regurgitation, vomiting, gastritis, gastro-intestinal ulceration
hypocalcaemia, fibrous osteodystrophy in iguanas

appetite stimulation

inflammation, shock

egg binding in snakes

respiratory stimulation

inflammation, pain

diuresis

prophylaxis for goitrogenic diets

anaemia in alligators

hypothyroidism in tortoises

analgesia (possible risk of renal impairment if dehydrated)
stimulation of gastric emptying in tortoises
anti-inflammatory, reduction of nephrocalcinosis
deficiency in lizards

gastric irritation

thiamine deficiency

hypovitaminosis A (iatrogenic hypervitaminosis A may result
from repeated treatment)

hypovitaminosis A, hypovitaminosis D, hepatic lipidosis

vitamin E deficiency

" drug doses for preparations that have a marketing authorisation for use in these species in the UK; unless marked ', the drug or doses
stated are not authorised for these species
2 where a particular temperature is not stated, the reptile should be maintained within the species-specific POTZ
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Prescribing in hepatic impairment
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Hepatic disease can alter the bioavailability and disposition
of a drug and influence the pharmacological effects pro-
duced by the drug; these effects are dependent on the nature
and severity of the disease. The liver is the principal organ
for metabolism of lipid-soluble drugs and for the production
of plasma proteins.

The enhanced effect of drugs in patients with hepatic dis-
ease is mainly due to decreased drug metabolism and there-
fore increased duration of drug action. Glucuronide
conjugation of drugs appears to be relatively unaffected by
hepatic disease. Other reasons for augmented effect, partic-
ularly of those drugs that act on the CNS, could be attrib-
uted to decreased drug-protein binding due to
hypoalbuminaemia, or increased permeability of the blood-
brain barrier due to release of substances from the damaged
liver, or a combination of both.

The occurrence of drug-induced hepatotoxicity is more
commonly associated with chronic medication or overdos-
age of certain drugs than with short courses of therapy. The
halogenated anaesthetic agents, paracetamol, antiepilep-
tics, and corticosteroids are among the most significant
causes of drug-related hepatotoxicity encountered in veteri-
nary practice. Drugs that should be avoided in patients with
hepatic disease are listed in the table.

Diagnosis of hepatic impairment. Routine  hepatic
function tests poorly correlate with liver dysfunction, drug
metabolising activity, or both. Serum-albumin concentra-

tion might serve as a prognostic indicator of hepatic drug-
metabolising activity. Plasma or serum enzymes released
from the hepatocytes, such as alanine aminotransferase
(ALT) or from biliary epithelial cells such as alkaline phos-
phatase (ALP), while associated with hepatic damage may
also be raised for other reasons and do not relate to the
degree of liver dysfunction. In horses, dogs, cats, and pri-
mates serum-bile acid concentration gives a sensitive but
variably specific test of hepatocellular function and the
integrity of the enterohepatic portal circulation, and is not
affected by hypoalbuminaemia. Although elevation of bile
acid indicates liver dysfunction, correlation with the degree
of functional loss is poor.

Ultrasonographic examination may show focal or diffuse
changes in liver size and texture but specific diagnosis of
chronic hepatic failure usually requires a liver biopsy.

Drug dosage in hepatic impairment. Although the
effect of hepatic disease on the bioavailability and disposi-
tion of drugs is highly variable and difficult to predict, there
are well-recognised principles for modifying dosage. The
dose of drugs administered parenterally, or low clearance
drugs given orally, should be reduced by 50%. Drugs with
high hepatic clearance, for example propranolol and the
opioid analgesics pentazocine and pethidine, should be
given orally at 10% to 50% of the usual dose. In general,
when administering drugs that depend on hepatic metabo-
lism to animals with liver disease, the dosage interval
should be increased.

Drugs to be avoided or used with caution in animals with hepatic disease
This list is not comprehensive; absence from the table does not imply safety

Acepromazine Danazol
Anabolic steroids Diazepam
Anaesthetics, halogenated Diltiazem
Antiepileptics Doxapram
Atipamezole Doxorubicin
Beta-adrenoceptor blocking drugs  Ethylestrenol
Buprenorphine Epirubicin
Buspirone Fenthion
Butorphanol Flucytosine
Carbamazepine Fluoxetine
Chloramphenicol Furosemide
Chlorpropamide Glibenclamide
Chlorpromazine Glipizide
Clorazepate Griseofulvin
Codeine Heparin
Copper salts Ketamine
Corticosteroids Ketoconazole

Lidocaine Phenytoin

Lincosamides Polysulfated glycosaminoglycan

Megestrol acetate Propofol

Meglumine antimonate Quinidine

Metformin Rocuronium
Methoxyflurane Sodium stibogluconate
Methyltestosterone Sulphonamides

Metronidazole Suxamethonium

Mexiletine hydrochloride Tetracyclines

Mitoxantrone Theophylline
NSAIDs Thiacetarsamide
Pancuronium Thiamazole
Paracetamol Tolbutamide
Pentamidine Trilostane

Pentobarbital Thiopentone

Pentosan polysulfate sodium Vecuronium

Phenobarbital Zidovudine
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Prescribing in renal impairment
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Renal excretion is the principal process of elimination for
drugs that are predominantly ionised at physiological pH
and for polar drugs and drug metabolites with low lipid sol-
ubility. Renal excretion is dependent on renal blood flow,
urinary pH, drug polarity, and lipid solubility. While the
same basic mechanisms of renal excretion apply to mam-
malian species, the glomerular filtration rate, activity of
tubular secretion, and contribution of pH-dependent passive
reabsorption vary among species.

The degree to which impaired renal function affects drug
elimination is determined by the fraction of the dose that is
excreted unchanged by the kidneys. In severe renal disease,
decreased drug excretion and changes in drug distribution
occur, thereby enhancing the pharmacological effect of the
drug. In uraemic patients and patients with nephrotic syn-
drome, plasma-protein binding of many drugs, notably
furosemide, phenylbutazone, and phenytoin is decreased.
Permeability of the blood-brain barrier may be increased in
renal disease and therefore the anaesthetic effect of, for
example, thiopental is enhanced. Decreased renal function
affects not only the excretion of drugs that are eliminated by
the kidneys, but may also alter the distribution and metabo-
lism of drugs that are eliminated by the liver.

Nephrotoxic renal failure is most commonly associated
with injury to the proximal tubules. It may be caused by
antimicrobial drugs such as aminoglycosides, amphotericin
B, cefaloridine, and polymyxins, and by heavy metals
including mercuric salts, arsenic salts, bismuth, and copper.
Nephrotoxic drugs should, if possible, be avoided in
patients with pre-existing renal disease because conse-
quences of nephrotoxicity are likely to be more serious
when the renal reserve is already reduced. Nephrotoxicity
caused by aminoglycosides is dose-related; the total amount
of drug administered is probably more important than the
daily dose in determining toxicity. Dehydration due to
reduced water intake and increased loss due to vomiting in
animals in renal failure, sodium deprivation, or administra-
tion of diuretics in particular furosemide, increases the
nephrotoxic potential of aminoglycosides. Diuretic-induced
potassium loss may be a contributing factor. Neonates are
more susceptible than adult animals to aminoglycoside
nephrotoxicity.

Diagnosis of renal impairment. Reduced renal func-
tion is commonly assessed from the plasma (or serum) con-
centrations of urea or creatinine. Increased urea and
creatinine concentrations result from moderate to severe
renal dysfunction but plasma-urea concentration may be
complicated by diet and protein metabolism. It is important
to rule out pre-renal causes of renal function impairment,
such as dehydration from any cause, circulatory disorders,
hypotension, and hypovolaemia. Glomerular filtration rate

(GFR) will be reduced by 75% before plasma-urea and cre-
atinine concentrations rise and signs of clinical disease are
readily evident. This is because of the large functional
reserve of the kidney. In adult animals, creatinine clearance
provides a better quantitative indication of the degree of
renal impairment and is the parameter on which calculation
of dosage adjustment should be based. A limitation associ-
ated with the use of plasma creatinine as an indicator of
renal function impairment is that patients with the same
plasma-creatinine concentration may have widely varying
renal function; hence the justification for using creatinine
clearance.

Drug dosage in renal impairment. There are several
approaches which can be applied to dose adjustment in
renal disease. Most of the methods assume that the required
plasma therapeutic concentration of the drug in patients
with renal dysfunction is similar to that required in those
with no renal impairment. The objective is therefore to
maintain uraemic patients at the same average concentra-
tion after multiple doses or the same steady-state concentra-
tion during infusions as those for normal individuals.

The design of dosage regimens is based on the pharmaco-
kinetic changes that have occurred. In general pharmaco-
kinetic approaches to dosage adjustment in renal failure can
be based either on drug clearance or the GFR as an estimate
of elimination rate constant. The latter is the more com-
monly used and requires assessment of the patient’s renal
function. It might be thought that active excretion or reab-
sorption of drug by the nephron might invalidate this
approach. However, although occasional significant dis-
crepancies can arise, in most circumstances, GFR is an ade-
quate measure. For example, although procainamide and
penicillins are actively excreted, their renal elimination is in
each case proportional to measured GFR, regardless of the
nature of the renal dysfunction. The simplest reliable
assessment of GFR is by measurement of plasma-creatinine
concentration.

Creatinine is an obligatory by-product of muscle metabo-
lism and is normally produced at constant rate and elimi-
nated by renal clearance. Thus, under steady-state
conditions, the plateau principle applies to creatinine and,
since its production rate is invariant and equals its whole-
body clearance, the plasma concentration is inversely
related to GFR. It should be noted, however, that reduced
muscle mass will reduce creatinine production and thus
steady-state plasma concentrations. Uraemic animals often
have significant muscle wasting and the degree of renal
function impairment will therefore be underestimated and
GFR overestimated. None the less plasma-creatinine con-
centration gives a simple measure on which to base altera-
tions in dosing regimen that is sufficiently accurate for
most purposes in chronic renal failure. It can therefore be
used as a substitute for measurement of creatinine clearance
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although the latter is preferable, if practical. Plasma-creati-
nine concentration will lag several hours to days behind
changing renal function in acute renal failure.

The dosage regimen can be adjusted by reducing the dose,
increasing the dosage interval, or altering both. Changing
the dosing interval alone may result in very large fluctua-
tions in plasma concentration between doses. Altering the
maintenance dose alone minimises fluctuations. However,
since toxicity may be related both to the peak and trough
concentrations for some drugs, and since peak concentra-
tions may be important for therapeutic effect, there is merit
in adjusting both variables so as to match the variations in
concentration in the normal as closely as possible in the
compromised patient.

If the plasma-creatinine concentration was found to be
increased fourfold, the maintenance dose could be quar-
tered and the dosage interval increased fourfold, but a better
option is to halve the dose and double the dosage interval.
To find the most satisfactory dosage regimen to use in the
uraemic patient, use the following equations:

U = uraemic patient

N = normal patient

Dose rate = average hourly rate

C = proportion increase in plasma-creatinine concentration

1
Dose (U) = Dose (N) X —
Jc
Dose interval (U) = Dose interval (N) X Jc
Dose rate (U) = W

If a significant proportion of the drug (greater than 20%) is

eliminated by non-renal routes the correction should be
applied for that proportion of the dose eliminated by renal
excretion. Basing the adjustment of dosage on plasma creat-
inine is an imperfect approach; in particular the reduction in
dose required may be overestimated at low GFR. However,
since caution in drug usage is required at very low GFR this
may be an acceptable failing. It is certainly preferable to use
this approach rather than to avoid dosage adjustment at all
simply because creatinine clearance or drug clearance can
not easily be measured in practice.

One or more loading doses may be required if a prompt
therapeutic effect is sought because the desired steady-state
plasma concentration will not be reached until after five
times the half-life, and this will be greatly prolonged if the
half-life is significantly lengthened as a consequence of
reduced elimination.

Drugs that are nephrotoxic

This list is not comprehensive; absence from the table does not
imply safety

Amphotericin B Doxorubicin
Aminoglycosides Methotrexate
Carboplatin Methoxyflurane
Ciclosporin Pentamidine

Cisplatin Sodium stilbogluconate

Drug prescribing should be kept to a minimum in all
patients with severe renal disease. If renal impairment is
considered on clinical grounds, renal function should be
assessed before prescribing any drug which requires dose
modification even when renal impairment is mild.

Drugs to be avoided or used with caution in animals with renal impairment
This list is not comprehensive; absence from the table does not imply safety

Acepromazine

Chlorpropamide

Alcuronium Chlorpromazine
Allopurinol Ciclosporin
Anmiloride hydrochloride Cisplatin
Amphotericin Clindamycin
Ampicillin Danazol
Apramycin Disodium etidronate
Bendroflumethiazide Doxapram
Beta-adrenoceptor blocking drugs  Enalapril
Buspirone Fenthion
Captopril Flucytosine
Carbamazepine Fluorouracil
Carboplatin Fluoxetine
Cardiac glycosides Furosemide
Cephalosporins Gallamine
Chloramphenicol Gentamicin

Glibenclamide
Glipizide
Glucocorticoids
Hydrochlorothiazide
Hydroxycarbamide
Ketamine
Meglumine antimonate
Mesalazine
Metformin
Methyltestosterone
Metronidazole
Neomycin

NSAIDs

Olsalazine
Pancuronium

Pentamidine

Pethidine

Phenoxybenzamine

Piperazine

Polysulfated glycosaminoglycan
Procainamide

Propofol

Rocuronium

Sodium stibogluconate
Spironolactone

Sulphonamides

Tetracyclines (except doxycycline)
Thiazides

Tolbutamide

Trilostane

Tubocurarine

Zidovudine
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Prescribing for pregnant animals
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Effect of drugs used during pregnancy. Important
physiological changes occur during pregnancy that may
alter the processes of drug absorption, distribution, and
elimination. Changes occur in the cardiovascular, pulmo-
nary, renal, and gastro-intestinal systems, and in body water
compartments. The placenta, amniotic fluid, and fetus con-
stitute additional distribution compartments for drugs.
Drug exposure of offspring during pregnancy is determined
by transplacental transfer. The rate and degree of transpla-
cental transfer is influenced by the same principles and fac-
tors that affect transfer across other cellular barriers. These
are: the concentration of free drug on each side of the bar-
rier, the degree of ionisation, and the lipid solubility of the
unionised drug. As a general rule, if a drug can be absorbed
from the gut it will usually cross the placenta and enter the
fetus. The fetus is susceptible to damage during implanta-
tion, when embryonic death is the outcome; during the
embryonic and fetogenic stages when teratogenesis may
result, and at birth when CNS, cardiovascular and respira-
tory depression are the most serious effects.

Some drugs may cause abortion, congenital malforma-
tions or neonatal disease if administered during preg-
nancy. Drugs that are known to cause teratogenesis in
animals include some benzimidazoles such as albendazole
and oxfendazole (particularly at high doses), corticoster-
oids, griseofulvin, ketoconazole, and methotrexate. Drugs
that may affect the fetus or neonate include opioids and bar-
biturates, which may alter respiration. Diethylstilbestrol
administered for misalliance, may cause aplastic anaemia in
offspring. Chlorpropamide and tolbutamide may cause
hypoglycaemia. Salicylates (including aspirin) are tera-
togenic and prolonged use may also increase the risk of
haemorrhage. Tetracyclines may cause dental discoloration
and malformation in the offspring. Corticosteroids may
cause teratogenesis and also affect skeletal calcification.
Steroid hormones including androgens, anabolic steroids,
and progestogens are teratogenic and may affect the sexual
development of the offspring. Drugs may induce abortion or
premature parturition and these are discussed below.

This does not mean that the use of drugs is contra-indicated
in pregnant animals, but drug selection and manufacturer’s
warnings on the data sheets and package leaflets must be
considered. The need for therapy of the dam must be
weighed against the generally uncertain risk to the fetus. It
is important that the balance of risks is fully discussed with
the client. Sometimes administration during a certain period
of pregnancy is not recommended. In many cases, safety
has not been established and limited data are available on
the consequences of administering drugs to the dam during
pregnancy; manufacturer’s information on the effect of
drugs in laboratory animals may be helpful when assessing

drug safety in other species. The pharmacological class of
drug, the physicochemical properties that influence its pas-
sage by passive non-ionic diffusion across the placental bar-
rier, and the mechanisms of elimination of the drug must
also be taken into account. Modification in dosage, if
required, should be based on changes in pharmacokinetic
parameters, such as bioavailablity, systemic clearance,
apparent volume of distribution, and half-life. It must be
remembered that the dam’s cardiovascular, respiratory,
renal and metabolic physiology are changing throughout
pregnancy, as are those of the fetus.

Unfortunately, too few studies of the absorption, distribu-
tion, and disposition kinetics of drugs have been performed
in pregnant animals to allow even general recommendations
to be made on dosage modifications.

Effect of drugs used at parturition. Drugs may cause
pregnancy termination or premature parturition. Abortion
may be induced by corticosteroids, cabergoline, some pros-
taglandins, and alpha,-adrenoceptor stimulants such as
xylazine. Prostaglandins are used therapeutically to termi-
nate early pregnancy in cattle, and to induce parturition in
cattle and pigs. In dogs, the progesterone receptor antago-
nist aglepristone is used for the prevention of implantation
and the termination of pregnancy before day 45. When
drugs are used to induce early parturition, the length of ges-
tation should be calculated to minimise the risk of non-
viable offspring.

Drugs may also prolong normal delivery. Clenbuterol is
used as a bronchodilator and also to reduce uterine motility.
When used to treat a respiratory condition, therapy should
be discontinued before the expected date of parturition. Pro-
gestogens may delay parturition. NSAIDs may delay or
prolong parturition, and may cause premature closure of the
fetus’s ductus arteriosus.

Drugs to be avoided or used with caution at
parturition

This list is not comprehensive; absence from the table does not
imply safety.

Alpha,-adrenoceptor stimulants (detomidine, metomidine,
romifidine, xylazine)

Barbiturates

Chlorpropamide

Corticosteroids

Clenbuterol

NSAIDs

Opioid analgesics

Progestogens

Tolbutamide
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Drugs to be avoided or used with caution in pregnant animals
These drugs can present hazards to certain operators such as women of child-bearing age and pregnant women, as well as the patient
This list is not comprehensive; absence from the table does not imply safety

Aglepristone Cytotoxic drugs Isoxsuprine Salicylates

Amitraz Danazol Ketamine Sex hormones

Atipamezole Diethylstilbestrol Ketoconazole Sodium cromoglicate

Barbiturates (including Diltiazem Levamisole Tetracyclines (including

phenobarbital) doxycycline)

Benazepril Enalapril Metoclopramide Thiamazole

Beta-adrenoceptor blocking Ethosuximide Misoprostol Trilostane

drugs

Some benzimidazoles Ethylestrenol Pethidine Vaccines, live (but refer to
individual vaccine information)

Bromocriptine Fenthion Phenothiazines ‘Warfarin

Buprenorphine Flucytosine Phenytoin

Cabergoline Fluoroquinolones Piperazine

Clenbuterol hydrochloride Gentamicin Polysulfated glycosaminoglycan

Clonazepam Griseofulvin Primidone

Corticosteroids Hydrochlorothiazide Prostaglandins

Cyromazine Some inhalational anaesthetics Ramipril

Safety of the following drugs in pregnant animals has not been established

This list is not comprehensive; absence from the table does not imply safety

Ceftiofur Etamiphylline Pethidine Selegiline

Ciclosporin Lidocaine Pimobendan Theophylline

Clindamycin Methoprene Praziquantel (horses) Valnemulin

Clomipramine Omega interferon Propentofylline
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Prescribing for lactating animals

Contributor:
R J Evans MA, PhD, VetMB, DipEVCPT, MRCVS

Drug therapy in lactating animals should preferably only be
instituted with a knowledge of the possible effects of that
drug on lactation, the amount of drug likely to pass into the
milk, whether the presence of the drug in milk is likely to be
harmful to a neonate feeding from the dam, and, for food-
producing animals, a knowledge of the withdrawal period
for both meat and milk. When no authorised product for a
particular situation exists in an animal where the milk could
be used for human consumption, the choice of product and
withdrawal period applied must take into account provi-
sions of EC legislation. It should be noted that if an active
ingredient is included in Annex IV of Regulation 2377/90/
EEC, no product containing that active ingredient can be
administered to a food-producing species, whether lactating
or not.

During lactation lipid-soluble drugs pass from the systemic
circulation into milk. The concentration of drug attained in
the milk is influenced by the extent of plasma protein-bind-
ing, its lipid solubility, and degree of ionisation. Milk is
separated from the general circulation by an intact mem-
brane through which only the non-ionised lipophilic form of
a drug may pass. When the non-ionised form of a basic drug
such as a macrolide enters the relatively acid milk it dissoci-
ates and so becomes trapped resulting in high concentra-
tions in milk - the so called ‘ion-trap’. Therefore
erythromycin, novobiocin, and trimethoprim achieve high
concentrations in milk and diffuse well throughout the
udder. Polar organic bases, such as the aminoglycosides
streptomycin and neomycin, and organic acids are less con-
centrated in milk than in plasma. The pH difference
between blood (pH 7.4) and normal milk (pH 6.7) is
reduced in patients with mastitis, when milk pH may rise to
pH 7.3. Increased blood flow and increased capillary per-
meability contribute to the transfer of antibacterials and
other drugs into mastitic milk. The presence of milk has an
inhibitory effect on some antibacterials when tested in vitro.
This effect is most pronounced with oxytetracycline,
dihydrostreptomycin, erythromycin, and trimethoprim-con-
taining preparations.

Drugs achieving high concentrations in milk include: eryth-
romycin, metronidazole, quinidine, trimethoprim and vera-
pamil (metronidazole is included in Annex IV of
Regulation 2377/90/EEC and its use is banned in food-pro-
ducing animals).

Limited data are available on the effect of drugs on the off-
spring being suckled. Chloramphenicol may be found in
milk but safety to neonates has not been established (chlor-
amphenicol is included in Annex IV of Regulation 2377/90/
EEC and its use is banned in food-producing animals). Dan-
tron preparations, for example, should not be administered
to lactating mares because the drug may affect the nursing

foal. Barbiturates could also theoretically pass into milk to
affect the neonate. Phenobarbital may inhibit the sucking
reflex. Many topical ectoparasiticides should not be used on
nursing bitches or queens. In general, any treatment given
to the dam during lactation should be used with caution.
Drugs such as atropine, bromocriptine, cabergoline, and
furosemide may inhibit lactation and cause agalactia.
Repeated glucocorticoid therapy may also depress appetite
and milk yield.

There may be potential problems for humans arising from
drug residues in milk. For example, iodides are concen-
trated in milk. Milk iodine is primarily affected by dietary
intake, but pre- and post-milking teat dipping, if not per-
formed correctly, has a significant effect on milk-iodine
concentration. Also antibacterial residues in milk can be
sufficient to trigger an anaphylactic reaction in a sensitive
individual.

Drugs to be avoided or used with caution in
lactating animals or for which safety in lactating
animals has not been established

This list is not comprehensive; absence from the table does not
imply safety

Acepromazine NSAIDs

Amitraz Omega interferon
Atropine Phenobarbital
Benazepril Pimobendan

Bromocriptine Praziquantel

Cabergoline Selegiline
Clomipramine Thiamazole
Diltiazem Tilmicosin
Fluoroquinolones Trilostane
Furosemide Pyriproxyfen
Lidocaine Ramipril
Methoprene Valnemulin
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The neonatal period varies between species: from one week
in foals to 6 to 8 weeks in calves and puppies. Physiological
systems that affect drug absorption and disposition differ
during the neonatal period and undergo rapid development
particularly during the first 24 hours after birth. Character-
istics of the neonatal period include more efficient absorp-
tion from the gastro-intestinal tract compared to older
animals, lower binding to plasma proteins, increased vol-
ume of distribution of drugs that are distributed in extracel-
lular fluid or total body water, increased permeability of the
blood-brain barrier, and slower elimination of many drugs.
These differences largely account for the clinical observa-
tion that neonates are often more sensitive to the effects of
some drugs. Enhanced effect or toxicity may be seen with a
number of drugs including chloramphenicol, nitrofurantoin,
sulphonamides, and tetracyclines. There is generally, how-
ever, a reduced risk of immunological hypersensitivity.
Some antimicrobial agents that are poorly absorbed after
oral administration to adult animals, particularly aminogly-
cosides, may attain effective systemic concentrations in
neonates.

The gastro-intestinal absorption pattern of drugs in young
ruminants is similar to that in monogastric species, depend-
ing on dietary composition, until the functional rumen has
developed. The high incidence of diarrhoea in this period of
life is a common cause of unpredictable alterations in oral
bioavailability.

There is wide variation among species in the rate of devel-
opment of hepatic microsomal oxidative reactions and glu-
curonide conjugation, which constitute the principal
pathways of metabolism for various lipid-soluble drugs.
Until the pathways are fully developed at between 1 and 8
weeks of age, depending on the species, drugs are metabo-
lised at a slower rate. Most other hepatic metabolic path-
ways develop rapidly within the first 1 to 2 weeks after
birth. For kittens and puppies it is often assumed that the
hepatic drug metabolising system is mature by 4 to 6 weeks
of age. This may, however, be too optimistic, because
maturity for some substrates may require 6 months. Slow
clearance and prolonged half-life of chloramphenicol, sul-
phonamides, tetracyclines, macrolides and lincosamides
persist beyond 6 weeks of age.

Renal excretion mechanisms are poorly developed in
neonates, particularly in puppies, kittens, and piglets. In
calves and foals, glomerular filtration reaches functional
maturity 24 to 48 hours after birth, whereas in puppies it
may take 2 weeks. Tubular secretion develops more slowly
and at a rate that also varies between species.

Neonates of all species produce acidic urine, which pro-
motes tubular reabsorption of lipid-soluble organic acids
prolonging the duration of action of these drugs. The

combined effect of slow hepatic metabolic reactions and
inefficient renal excretion in very young animals may con-
siderably decrease the elimination of lipid-soluble drugs
and their metabolites. Therefore care must be exercised in
the calculation of drug dose and dose frequency.

Limited data are available on the side-effects of drugs in
neonates and young animals. Tetracyclines may cause stain-
ing of the teeth and fluoroquinolones may adversely affect
the articular cartilage during periods of rapid growth.
Precise recommendations cannot be made on dosage adjust-
ment of drugs for neonates. In The Veterinary Formulary
the dose for young animals, in mg/kg, is the same as that
given for adults, unless otherwise stated. In general, the
dose frequency should be reduced to allow for the
decreased rate of elimination of the drug. It is clearly
important to select drugs with a wide therapeutic dose range
and therapeutic index whenever possible, given the uncer-
tainties over absorption and elimination. It is essential
whenever possible to weigh the patient.

The oral route is generally preferable to parenteral adminis-
tration, for convenience and relative safety, but when the
parenteral route is required it may be best to administer the
drug by intravenous infusion, which should be given slowly
to avoid circulatory overload and to ensure complete sys-
temic availability of the dose, although difficulties can arise
because of small fragile veins and the difficulty of immobi-
lising the patient. Low muscle mass and poor muscle blood
supply can cause irregular and unpredictable absorption
from intramuscular administration sites. Haematoma for-
mation and discomfort are more common than in adult ani-
mals. It is wise to avoid topical or aerosol insecticides,
although fipronil is an exception to this generalisation, and
to exercise care with topical glucocorticoids, medicated
shampoos, ointments, creams, and occlusive dressings
because of the risk of high drug absorption rates. The intra-
peritoneal route has little to recommend it, being hazardous,
due to risks of infection and of hyperosmolarity, and giving
slow absorption. For particularly small patients insulin
syringes are useful for dosing because measurement of vol-
umes to 0.01mL is facilitated.

Due to the immunodeficient condition of the neonatal ani-
mal combined with the decreased ability to eliminate drugs,
antimicrobial drugs that have a bactericidal action and wide
margin of safety should be used in the treatment of systemic
infections. Such drugs include penicillins (for example
amoxicillin or ticarcillin combined with clavulanic acid),
potentiated sulphonamides, and most of the cephalosporins.
Gut colonisation by micro-organisms is an important pro-
cess in the neonate. This is susceptible to disturbance, par-
ticularly by antibiotics. Studies in humans and experimental
animals, particularly in respect of colonisation by anaer-
obes, show marked inhibition of colonisation following
administration of metronidazole, furazolidone, or oral
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ampicillin or cloxacillin. Moderate inhibition is produced
by amoxicillin, tetracycline and chloramphenicol, while
aminoglycosides, trimethoprim, sulphonamides, erythro-
mycin, and parenteral penicillins are without major effect.
Some agents may be beneficial in this period in increasing
resistance to colonisation by pathogens and these include
potentiated sulphonamides, polymyxin B and neomycin.
The extent to which these findings can be extrapolated to
veterinary clinical circumstances is unknown.

When normal nourishment of offspring is not possible for

any reason, it may be necessary to feed neonates with a
milk substitute. Colostrum replacers should be adminis-
tered within 12 hours of birth. Fresh or frozen colostrum
from the farm’s own herd or flock is superior to commercial
colostrum substitutes. Colostrum primarily provides a
source of immunoglobulins.

Milk replacers do not contain immunoglobulins but are an
important source of nutrition when, for example, the dam is
unable to feed the offspring due to eclampsia or other
causes.
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Prescribing for geriatric animals

Contributor:
R J Evans MA, PhD, VetMB, DipEVCPT, MRCVS

Advances in nutrition, husbandry, welfare and veterinary
practice are leading to increased longevity in animals. A
greater proportion of elderly dogs and cats will be seen by
veterinarians, and, as the horse population is anticipated to
continue increasing, more elderly horses are likely to be
encountered. Elderly farm animals are least likely to be pre-
sented but this too is changing with the increasing popular-
ity of organic and extensive systems and of hobby farming
or small-holding.

Ageing is a process of progressive degeneration of tissues,
organs and body systems coupled with reduced regenerative
capacity and an associated decline in functional reserve
capacity. This leads to discernible anatomical changes and
to an impaired ability to adapt to environmental variables
and to respond to and survive stress. The animal can be con-
sidered geriatric once these deficiencies come to have a
detectable impact on the animal’ lifestyle and/or its veteri-
nary care and maintenance. This reduced response capacity
may not be apparent until the animal is stressed by disease,
kennelling, hospitalisation, anaesthesia, or surgery. In
humans, elderly (60 to 75 years) and aged (beyond 75
years) categories are distinguished but it is currently
impracticable to attempt such discrimination in veterinary
work. The age at which the changes become clinically sig-
nificant vary with species and, within species, with breed,
size, individual, and the use to which the animal is put. It is
therefore difficult to generalise but the threshold is in the
range 10 to 13 years for cats; 9 to 13 years for small to
medium dogs, 7 to 10 years for most large breeds of dog
and as early as 6 years for some giant breeds.

Ageing affects all body systems and the consequences are
wide-ranging. Those most likely to be noticed by the owner
of the dog or cat include changes in coat quality and pig-
mentation, thinning and loss of pliability of the skin,
increased sensitivity to cold, obesity, reduced mobility,
reduced alertness, cataract development, and loss of fastidi-
ousness in urination, defecation and grooming. These are
not necessarily of diagnostic significance or amenable to
treatment.

Cattle, sheep and goats can survive, breed and lactate well
into their second decade and some individuals have lived
much longer, however by 8 to 10 years of age many will be
requiring special attention in terms of husbandry and possi-
bly veterinary intervention. Degenerative joint disease, foot
problems and tooth loss all of which may contribute to diffi-
culty in feeding are most likely to be encountered. The con-
sequent inability to graze sufficiently or to compete with
younger animals may lead to the need for separate feeding
and require the use of compound feeds. It is important in
dealing with these older animals that full clinical investiga-
tion is pursued otherwise false assumptions may be made,

for example loss of condition may be due to overlooked
parasitism rather than poor feed intake.

With horses, particularly competition animals, as with farm
livestock, there is strong pressure to eliminate animals with
compromised performance early in life. This must result in
marked selection of the animals surviving into old age and
thus may account for the lower incidence of problems
encountered than for other species. Nevertheless a signifi-
cant proportion of horses and numerous ponies are roughed-
off and kept into old age without particular problem. Old
age can be considered to begin at 15 years, and at 20 years
of age many horses will be distinctly geriatric, but animals
can survive to twice this. Many owners will be neither
working nor breeding from animals over 20 years of age.
Renal and hepatic dysfunction are rare in old horses and
when liver disease occurs it is usually characterised by
fibrosis and decreased hepatic mass associated with ragwort
ingestion or unknown causes, as in younger animals. The
commonest problems of older horses are pituitary adenoma
and the associated endocrine problems, degenerative joint
disease, and dental problems. Joint disease involves a range
of joints but most commonly the hock and distal limb joints.
The dental problems encountered include overgrowth,
spontaneous tooth decay, and infundibular abscesses. There
is no particular evidence for important pharmacokinetic
changes in older horses and generally clinicians use the
range of drugs and dosage regimens employed in younger
horses.

Prescribing for older dogs and cats requires complex judge-
ments. Because of the increased prevalence of many dis-
eases (see tables below), older animals are more likely to be
affected by several concurrent conditions. The need for
polypharmacy is thus more common than in younger ani-
mals. Conditions needing long-term treatment are also more
prevalent in older animals. There is thus greater likelihood
of drug interactions and adverse reactions and also contra-
indications to treatment. In some cases, there can be consid-
erable difficulty in selecting safe and effective treatments,
particularly when several conditions exist concurrently.
Because of the increased risk of adverse effects and drug
interactions, it is prudent to minimise drug therapy as far as
practicable. It may be necessary to leave conditions
untreated if they interfere with the therapy of a more signif-
icant disorder, to tolerate adverse effects which may be less
acceptable in younger animals, to accept limited therapeutic
responses, or to elect for euthanasia. Which of these is more
appropriate will depend not only upon the clinical circum-
stance but on the welfare implications for the animal and
the perceptions, philosophy, and financial resources of the
owner. It is important that there is discussion of the availa-
ble options. Elderly owners are likely to have older com-
panion animals, limited financial resources but to be greatly
dependent on the companionship afforded by the human-
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animal bond and such circumstances will require particu-
larly delicate consideration.

Factors influencing pharmacokinetics in older animals
include renal insufficiency, with reduced GFR, leading to
reduced renal clearance; hepatic insufficiency with reduced
drug metabolism, conjugation or biliary clearance; reduced
first pass effect; and reduced body water proportion.

There is no evidence that age-related changes influence
drug absorption, whether following oral or parenteral
administration. There is reduced plasma-albumin concen-
tration, but the magnitude of the change is small and has not
been shown to have a significant influence on bound to free
ratio.

Reduction in body water proportion can be of greater signif-
icance. For hydrophilic drugs, the volume of distribution is
generally reduced by this, whereas, for lipophilic drugs, the
distribution volume is increased.

The dose regimen adjustment appropriate for the animal’s
GFR can be estimated using the method outlined in the sec-
tion Prescribing in renal impairment. However this formula
is unreliable for animals with muscle wasting and thus for
many older patients. Reduced muscle mass (and thus creati-
nine production) means that plasma-creatinine concentra-
tion will be inappropriately low for a given GFR. In
consequence, adjusted dose rates will be overestimated
when using the formula based on plasma-creatinine concen-
tration. In such circumstances creatinine clearance is a more
reliable estimate of drug clearance and therefore adjusted
dose rate.

Even in animals without clinically detectable hepatic dys-
function, drug uptake and clearance may be reduced
because with ageing, hepatic blood flow decreases and the
activity of the microsomal oxidative enzymes and of conju-
gating systems declines. There is no clinically applicable
method of estimating the degree of impairment of hepatic
drug handling. Empirical reduction in dose rate, coupled
with close clinical monitoring of therapeutic and adverse
effects in order to titrate the dose, must be employed.

When administering fluid therapy it is important to remem-
ber that reduced renal functional reserve, decreased ability
to concentrate urine and less facile cardiovascular compen-
satory responses together render the animal less tolerant of
fluid electrolyte and pH disturbances and to volume and
electrolyte overload. Renal ability to excrete H* ions is also
reduced and influences the clearance of drugs by ion-trap-
ping.

Discomfort associated with oral lesions and greater risk of
aspiration associated with sluggish laryngeal reflex
responses may render oral adminstration problematical.
Other miscellaneous effects can be significant. Myelin loss
results in enhancement of the effect of local anaesthetics.
Decreased immunocompetence may lead to greater suscep-
tibility to disease, reduced ability to eliminate infections,
and require prompt, more aggresive antibiotic therapy pref-
erably with bactericidal agents. Infected teeth may lead to a
higher incidence of bacteraemic episodes and bacterial
seeding to other organs. Chronic airway disease and
reduced mucociliary clearance increase susceptibility to

bronchopulmonary infection and the difficulty of attaining
bacteriological cure, so that longer-term and more aggres-
sive antimicrobial therapy may be required.

Drugs to be used with caution in aged animals

This list is not comprehensive; absence from the table does not
imply safety

Acepromazine (may result in prolonged recovery time)
Aminoglycosides

Antidysrhythmic agents

Barbiturates (and repeat dosing should be avoided)
Cholinergic agonists and antagonists (may lead to exaggerated
cardiac rate changes)

Digoxin

Ketamine

Tiletamine

Xylazine

Zidovudine

It is those conditions for which long-term or aggressive
treatment are needed that will present greatest difficulty.
Drugs with a narrow therapeutic index will need careful
individualisation of dosage regimen, particularly if affected
by one of the pharmacokinetic variables.

Common conditions seen in older dogs and cats

Dogs Cats
Anaemia + +
Cardiovascular disease’ + +
Cataracts +
Cystitis + +
Degenerative joint disease’ + +
Dental calculus +
Diabetes mellitus’ + +
Endocardiosis +
Endocrine disease +
Gingivitis + +
Hepatic insufficiency? + +
Hepatic lipidosis + +
Hyperadrenocorticism’ +
Hyperthyroidism + +
Hypothyroidism'-2 +
Myocardial insufficiency +
Mitral insufficiency +
Neoplasms! +
Obesity? + +
Oral disease + +
Periodontitis + +
Prostatic disease! (abscessation, hyper- +
trophy) +
Prostatitis +
Renal insufficency? + +
Tooth decay + +
Urinary incontinence’ +
Urinary tract disease + +
Urolithiasis + +

1 Conditions likely to require long-term therapy
2 Conditions where dosage regimen individualisation is
essential
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Treatment of poisoning

Contributor:
R J Evans MA, PhD, VetMB, DipEVCPT, MRCVS

Poisoned patients commonly present as emergencies, and
often without definitive evidence of poisoning. General
supportive therapy, essentially as for any other emergency,
is outlined in the plan below. Useful specific antidotes are
rare. It is important to collect diagnostic specimens before
initiating therapy and to keep detailed contemporary
records in case of possible litigation.

Veterinary Poisons Information Service

The Veterinary Poisons Information Service (VPIS) centres in
London and Leeds offer an information and advice service to
veterinarians and animal welfare organisations who have regis-
tered and have paid an annual subscription fee. The registration
fee is scaled according to the number of veterinarians in the
practice. Subscribers are issued with a membership number that
should be quoted when an enquiry is made.

VPIS (London)

Telephone: 020 7635 9195

Facsimile: 020 7771 5309

E-mail: vpis @gstt.sthames.nhs.uk or vpis@gstt.nhs.uk

VPIS (Leeds)

Telephone: 0113 245 0530

Facsimile: 0113 244 5849

E-mail: medicines.information @leedsth.nhs.uk

TOXBASE
NPIS clinical toxicology data base available at
www.spib.axl.co.uk

Remove the animal(s) from the source or
suspected source of intoxicant

Any partly eaten food or vomitus should be kept, together
with a sample of the suspected poison and its packaging, for
subsequent examination, identification, and possible
analysis.

Decontaminate the patient

Wash any contaminants from the skin, fur, or fleece with
running water. It may be necessary to clip the coat to
remove contamination. QOily materials, paint, or tar should
be gently removed with cloths or paper towels and then the
animal washed with copious amounts of soapy water. The
use of cooking oil or margarine to dilute such materials
prior to their removal with liquid detergents or hand
degreasing agents is not now considered good practice
because of the risk of increasing percutaneous absorption.
In practice, however, decontamination can often only be

achieved in this way and must be followed by thorough
rinsing. If the animal has been in contact with strong alkalis,
wash with copious amounts of water, and vinegar or lemon
juice. If acids are implicated, wash with water and a weak
solution of sodium bicarbonate. The owner should be
advised to be careful of self-exposure to the toxicant and
those performing decontamination should wear appropriate
protective clothing, particularly gloves, if necessary.

Reduce absorption and enhance elimination

In dogs and cats, ingested materials may be removed by
inducing vomiting or by gastric lavage. Gastric lavage is
preferred because of the risks and contra-indications of
emesis, however cost and practical circumstances often dic-
tate the use of emetic agents. Vomiting should not be
induced if the poison has been ingested for more than 2
hours or if the ingesta are thought to contain paraffin, petro-
leum products, or other oily or volatile organic materials
due to the risk of inhalation. The risk of inhalation is also
great and vomiting should not be induced if the animal is
unconscious, convulsing, or has a reduced or absent cough
reflex. In such cases, endotracheal intubation followed by
gastric lavage is indicated in small animals and, in rumi-
nants, rumenotomy may be performed.

Ingesta containing strong acids or alkalis may cause further
oesophageal damage if emesis is attempted. Ingested alkalis
can be partly neutralised using lemon juice or vinegar
diluted 1 volume with 4 volumes of water. Ingested acids
should not be neutralised with sodium bicarbonate because
of gas formation; magnesium hydroxide mixture is pre-
ferred.

Gastric lavage with water, sodium chloride 0.9% (normal
saline) solution, or a slurry of activated charcoal may be
carried out; isotonic saline is the treatment of choice. Some
activated charcoal should be left in the stomach after lav-
age. Activated charcoal is the residue from destructive dis-
tillation of vegetable material. Adsorption of intoxicants is
due to surface binding and activity is therefore greatest with
small particle sizes. Saline or laxatives may also aid elimi-
nation of the toxin.

Apomorphine is a useful emetic and if employed with care
produces self-limiting emesis within a few minutes. It is
more effective as an emetic after subcutaneous administra-
tion than by other routes; a dose at the lower end of the dos-
age range is less likely to induce hyperemesis. If the first
dose is ineffective repeat administration is unlikely to
induce vomiting and should not be attempted. Apomor-
phine is not recommended for use in cats.

Although not generally recommended, in an emergency
information on emesis may be given to the owner if they are
unable to present the animal promptly. Crystalline washing
soda (sodium carbonate), salt (sodium chloride), or
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mustard deposited at the back of the tongue and swallowed
can cause vomiting.

In large animal practice, emesis and gastric lavage are not
used. Laxatives may be used to eliminate toxin from the
gastro-intestinal tract. In ruminants, gastric emptying may
be performed only by rumenotomy. If the ruminal contents
are removed, they should be replaced by suitable fluids and
roughage, and the bacterial microflora re-established.

APOMORPHINE
UK

Indications. Induction of emesis

Contra-indications. General contra-indications to emesis,
see notes above; CNS depression; cats

Side-effects. Hyperemesis, respiratory depression, seda-
tion

Dose. Dogs: by subcutaneous (preferred) or intramuscular
injection, 100 micrograms/kg

by intravenous injection, 20—40 micrograms/kg

POM APO-go Ampoules (Forum) UK
Injection, apomorphine 10 mg/mL

CHARCOAL, ACTIVATED

UK

Indications. See notes above

Dose. Administer as an aqueous slurry of 2 g charcoal in
10 mL water

Horses: 1-3 g/kg

Ruminants: 2-8 g/kg

Pigs: 2 g/kg. Administer saline purge 30 minutes after char-
coal

Dogs, cats: 0.5-2.0 g/kg by oesophageal tube following
gastric lavage. Administer saline purge 30 minutes after
charcoal

P @ Actidose-Aqua Advance (Cambridge) UK
Oral suspension, activated charcoal 50 g/240 mL

GSL BCK (Fort Dodge) UK
See section 3.1.1 for preparation details

P ® Carbomix (Meadow) UK
Oral powder, activated charcoal 25 mg, 50 mg

PH) Charcodote (PLIVA) UK
Oral suspension, activated charcoal 50 g/250 mL

Liqui-Char-Vet (Arnolds) UK
Mixture, activated charcoal USP 50 g/240 mL

Collect samples for diagnosis

The samples to be collected may include:

(a) blood for haematological and biochemical examinations
including fluid and electrolyte balance

(b) vomitus, lavage washings, urine, blood, faeces, plus
other defined samples for particular intoxicants (after
seeking laboratory advice) for possible toxicological
examination.

Ensure that the airway is clear

The airway should be clear of vomitus, tongue, and debris.
Intubate and ventilate if required. Avoid the use of analep-
tics to stimulate respiration.

Regularly monitor and record body functions

Data should include body temperature, respiration, pulse
and peripheral perfusion, hydration, electrolyte balance,
and urine output.

Institute fluid therapy

Fluid therapy should be instituted to correct any detected
imbalances.

Correct and maintain body temperature

Heat sources or cooling, as appropriate, should be used to
correct and maintain body temperature.

Ensure urine output

If the animal is oliguric or anuric indicating renal shutdown
administer, by intravenous injection, mannitol (see section
4.2.5) or sodium chloride 0.18% and glucose 4% solution
(see section 16.1.2) with furosemide (see section 4.2.2) to
re-establish renal function and induce diuresis.

For weak acid intoxicants, excretion may be enhanced by
alkalinisation of the urine with 7 mL/kg of sodium bicarbo-
nate 1.26% solution given intravenously every 3 to 4 hours
in rotation with glucose saline solution.

For weak bases, acidification may be achieved with 7 mL/
kg glucose 5% solution, to which has been added 1 g
ammonium chloride per 100 mL of glucose 5% solution,
given intravenously every 3 to 4 hours in rotation with glu-
cose saline solution. Ammonium chloride may be adminis-
tered by mouth at a dosage of 66 mg/kg 3 times daily for
dogs, and for cats the dosage is 20 mg/kg twice daily.
Urinary output and pH should be monitored and the regi-
men adjusted on this basis whenever diuresis with urinary
acidification or alkalinisation is employed to enhance elimi-
nation of intoxicants.

Treat convulsions,
gastro-intestinal
appropriately

cardiac dysfunction,
irritation, and pain

Treatment of convulsions should include diazepam or other
anticonvulsants (see section 6.9.2), administered by intrave-
nous injection. The dose is dependent on the degree of CNS
depression required and each animal should be treated
according to response. Acepromazine lowers the seizure
threshold and should not be administered to animals with,
or at risk of, seizures.
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Administer antidote

If the intoxicant has been identified and a suitable antidotal
treatment is available, this should be given. Other support-
ive therapy should be maintained until the toxicant has been
metabolised or eliminated.

Keep detailed contemporary records

This is particularly important where there is the possibility
of litigation. Ideally, all samples for analysis should be
labelled, dated, and sealed in the presence of a witness. If
possible, samples should be divided so that they may be
analysed by more than one laboratory.

Antidotes and other specific therapy

Antidotes act in a variety of ways. They may antagonise the
toxin, react with it to form less active or inactive com-
plexes, or interfere with the metabolism of the poison. For
the purpose of this section intoxicants are considered under
the following classification: household products; medicinal
preparations intended for humans; pesticides and herbi-
cides; minerals and inorganic substances; miscellaneous
chemicals; food, feed additives, and food toxins; poisonous
plants; and poisonous animals. The toxicity of veterinary
drugs is dealt with under the relevant monographs in Chap-
ters 1 to 19.

Household products

Detergents, bleaches, and disinfectants commonly contain
hypochlorite, phenols, or pine oils and are widely used in
the home, veterinary practices, and boarding establish-
ments. Dilute bleach is a mild to moderate irritant but inges-
tion of concentrated solutions causes severe erosion of the
gastro-intestinal mucosa. Surface-active agents such as
detergents and soaps damage membranes and remove
mucus thus enhancing damage to mucosal surfaces. Alkalis
also produce damage to membranes and epithelia causing
severe burns with little or no initial pain so that the injury
may be overlooked. The marked alkalinity of many dish-
washer powders, particularly older high bulk products, can
result in stomatitis and pharyngitis with oesophageal ulcera-
tion and perforation; neutralisation with a weak acid such as
lemon juice or vinegar is indicated.

Phenols and coal tar products are corrosive, may cause
local coagulative necrosis, and are absorbed from the gas-
tro-intestinal tract and percutaneously. Hepatic and renal
damage may result. Ocular exposure may result in severe
corneal damage and perforation. Cats are particularly sus-
ceptible to the hepatic effects of phenols. Pine oil is a gas-
tro-intestinal irritant and is also absorbed causing CNS
depression and pulmonary, hepatic, and renal damage.
Carbon monoxide is generated by the incomplete combus-
tion of hydrocarbon fuels and thus by gas heaters and solid
fuel stoves which are improperly adjusted or have an inade-

quate air supply. Poisoning in the domestic situation is not
uncommon and poultry and pig houses are also particularly
at risk. The gas is intensely toxic and is absorbed by inhala-
tion. It reacts with the iron atom of haemoglobin to form
carboxyhaemoglobin which is incapable of oxygen trans-
port. The clinical consequences depend upon carbon mon-
oxide concentration. Up to approximately 200 ppm is
without discernible clinical effect. Above this level and up
to around 2000 ppm ataxia, muscle weakness, dyspnoea,
and cardiac dysrhythmias may be noted. Above 2000 ppm
death occurs in 2 to 4 hours or less as the concentration
rises. Affected animals have cherry red mucous membranes
and blood. Treatment is symptomatic and supportive.
Affected animals should be removed from the carbon mon-
oxide atmosphere (with due regard for human safety in
doing so) and allowed to breathe fresh air, an oxygen 95%
and carbon dioxide 5% gas mixture, or 100% oxygen, pref-
erably humidified.

Smoke injury is relatively common as a consequence of
fires. The effects are complex. There is direct thermal injury
of upper airways. In addition, chemical and particle injury
of lower airways and lung parenchyma occurs due to low
oxygen tension in the fire atmosphere and carbon monoxide
and other combustion products. The pathology and clinical
signs are progressive. Acute pulmonary insufficiency with
upper airway obstruction and lower airway oedema occur
over the first 36 hours. Pulmonary parenchymal oedema
with alveolar proteinosis may develop over one to three
days and secondary bacterial bronchopneumonia may occur
up to a week following smoke exposure. Initial clinical
signs include tachypnoea, dyspnoea, marked increase in
expiratory effort, paroxysmal coughing, nasal discharge,
and cyanosis. Auscultation reveals decreased air movement,
crackles, and wheezes. Radiology indicates pulmonary
oedema with diffuse or patchy densities early in the condi-
tion, with bronchial interstitial and alveolar patterns devel-
oping later. Treatment includes administration of oxygen
95% and carbon dioxide 5% gas mixture, preferably humid-
ified. Cautious fluid therapy with crystalloids may be
needed initially. Plasma and colloids should not be admins-
tered for at least the first 12 to 24 hours. Bronchodilators
are helpful and aminophylline may be adminstered at a
dosage of 4 to 10 mg/kg 3 times daily in dogs and cats. The
use of glucocorticoids is controversial but use of short-act-
ing preparations may have some benefit if there is severe
pulmonary oedema. Antibacterials should be used only in
the face of documented infection and not for prophylaxis.
Acrolein is an unsaturated aldehyde generated by the
decomposition of hot fats, notably overheated chip pans. It
is a severe corneal irritant, lachrimatory agent, and causes
dyspnoea. Hepatotoxicity, tonsillar enlargement, airway
constriction and oedema, epistaxis, pulmonary haemor-
rhage, and cyanosis can also result. Most cases encountered
involve dogs and prolonged exposure can be fatal.
Polytetrafluoroethylene (PTFE, Teflon) degradation prod-
ucts are formed when the material decomposes and vapour-
ises when overheated. The products cause pulmonary
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oedema, acute haemorrhagic peritonitis, and cardiac and
hepatic degeneration. Birds are particularly susceptible and
in these species exposure is often fatal.

There are no specific antidotes for these household materi-
als and supportive and symptomatic treatment should be
given.

Medicinal preparations intended for humans

P and GSL medicines for humans that may be sold over the
counter, such as paracetamol and the NSAIDs aspirin and
ibuprofen, are not infrequently administered by pet owners
to dogs and cats.

Aspirin and other salicylates have a longer half-life in dogs
(9 to 13 hours) compared to man (3 to 4 hours) and a mark-
edly longer half-life in cats (22 to 45 hours). In both dogs
and cats, the half-life is dose dependent such that it is
increased at higher doses. Intoxication may result from a
single ingestion of an excessive quantity, from over fre-
quent administration, or from the repeated administration of
small or moderate overdose.

Intoxication usually presents as gastro-enteritis, which may
be haemorrhagic. Steps should be taken to minimise
absorption and enhance elimination. Treatment is sympto-
matic: H,-receptor antagonists, such as cimetidine (see
section 3.8.2), proton pump inhibitors, such as omepra-
zole (see section 3.8.2), or sucralfate (see section 3.8.2)
may be of value to minimise gastritis and ulceration. Miso-
prostol (see section 3.8.2), an analogue of prostaglandin E,,
is cytoprotective to the mucosa and may be used in the
treatment of gastritis. Severe intoxication may result in ini-
tial respiratory alkalosis followed by metabolic acidosis or
by fluctuating acid-base status. The acidosis should be
ameliorated by administration of intravenous fluid therapy
and the judicious use of sodium bicarbonate (see section
16.1.2).

Ibuprofen has a narrow margin of safety in dogs and cats
such that repeated doses of more than 5 mg/kg daily can
result in intoxication in dogs. Overdose or intoxication
gives rise to gastro-intestinal irritation with enteritis, haem-
orrhage and possible perforation, in addition to renal failure
and metabolic acidosis. Treatment for this, and intoxication
with most other NSAIDs, is as for the gastro-intestinal dis-
turbances due to salicylates.

Paracetamol (acetaminophen) intoxication is most common
in cats due to the deficiency of hepatic glucuronidation in
this species. Also, feline haemoglobin is particularly sus-
ceptible to oxidative damage. The resulting methaemoglob-
inaemia is the major clinical sign of paracetamol poisoning
in cats rather than hepatic necrosis as in other species. Para-
cetamol poisoning occurs in cats at doses greater than 45
mg/kg. Large overdoses (of more than 250 mg/kg) can
cause clinical signs of hepatic failure and nephropathy in
dogs. The reactive metabolite of paracetamol, N-acetyl-p-
benzoquinoneimine (NABQI) is inactivated by conjugation
with glutathione leading to preferential depletion of gluta-
thione. Free NABQI then accumulates leading to damage.
Acetylcysteine is a precursor for replenishment of gluta-

thione. Acetylcysteine reduces free NABQI concentrations,
decreases toxicity, and is the major element of treatment. In
cats, in addition to acetylcysteine, administration of ascor-
bic acid (see section 16.6.3) 30 mg/kg every 6 hours for 7
treatments by intravenous injection or orally, is also of
value in order to reduce methaemoglobin to haemoglobin.
Ferrous sulfate may be toxic when ingested in the form of
iron tablets, iron-supplemented vitamin preparations, or
moss killer for lawns. Ferrous sulfate (iron) poisoning
presents as severe gastro-enteritis and cardiovascular shock
followed by pulmonary oedema and pallor or grey cyanosis.
Haematemesis or black-stained vomitus may be noted and
the faeces may be black and offensive. Acute liver necrosis
may also develop, as may anuria or oliguria. After recent
ingestion, gastric lavage is essential. The use of desferriox-
amine as a chelating antidote may assist in treatment of
severe cases.

Ointments containing the vitamin D derivative calcipotriol
(@ Dovonex, Leo) are prescribed for the management of
psoriasis in humans. Ingestion of ointment by animals by
chewing of the tube or licking of the area to which applica-
tion has been made can result in toxicity with acute and
severe hypercalcaemia, hypercalciuria, bone resorption,
nephrocalcinosis, and respiratory and cardiovascular dys-
function. Treatment should be as for intoxication with ergo-
calciferol (see Pesticides and Herbicides below).
Direct-acting beta,-adrenoceptor stimulants are used in aer-
osol or nebulised form for the symptomatic management of
asthma in humans. Cases of toxicosis in dogs have been
reported following the ingestion or inhalation of orciprena-
line (metaproterenol) or terbutaline when the animal has
chewed into the owner’s inhaler. Animals may present with
anxious demeanour, weakness, rapid shallow respiration,
cardiac tachydysrhythmia, premature contractions, pulse
deficit, and vomiting. Pulse strength may be increased or
decreased. Fluid therapy and beta-adrenoceptor blocking
drugs are indicated. Propranolol (100 to 300 micrograms/
kg, by slow intravenous injection repeated if necessary
within one hour and after a further 2 to 3 hours) alone, or
followed by oral propranolol (0.3 to 1.0 mg/kg 3 times
daily) or atenolol (700 micrograms/kg twice daily) for up to
five days, are suggested on the basis of reported cases.
Palatable laxatives, for example phenolphthalein in a choc-
olate basis, are potential sources of poisoning.

Poisoning with caffeine or ‘doping’ may be seen in horses
or dogs used in competitions. In dogs, diazepam (see sec-
tion 6.9.2) is used to control the clinical symptoms of
excitement, incoordination, and convulsions.

ACETYLCYSTEINE
UK

Indications. Paracetamol poisoning

Dose. Dogs, cats: by intravenous injection, 140 mg/kg as
soon as possible after ingestion, then 70 mg/kg every 4-6
hours 3-7 times

POM (H) Parvolex (Celltech) UK
Injection, acetylcysteine 200 mg/mL
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DESFERRIOXAMINE MESILATE
(Deferoxamine mesilate, Deferoxamine mesylate)

UK

Indications. Ferrous sulfate (iron) poisoning

Side-effects. Hypotension, when given by rapid intrave-
nous injection

Dose. Dogs, cats: by intramuscular injection, 20 mg/kg

By intravenous infusion, 10—15 mg/kg per hour (max. dose
75 mg/kg over 24 hours)

POM (H) Desferal (Novartis) UK
Injection, powder for reconstitution, desferrioxamine mesilate 500 mg

Pesticides and Herbicides

Pesticides include insecticides, molluscicides, and rodenti-
cides. Many older herbicides and pesticides have now been
withdrawn and more recently introduced products are gen-
erally safer.

The organochlorine insecticides, for example lindane and
dieldrin, have largely been phased out of use. Cases of poi-
soning are, however, still encountered and present with
CNS stimulation and seizures. Convulsions may be control-
led with diazepam or other anticonvulsants (see section
6.9.2).

The organophosphorus and carbamate insecticides are
inhibitors of cholinesterase and poisoning results in severe
muscarinic stimulation. Atropine (see section 6.6.1) at a
dose of 25 to 200 micrograms/kg is used to control mus-
carinic signs; it is usually recommended that one-quarter to
one-half of the dose is administered according to response
by intravenous injection and the remainder by subcutaneous
injection. Atropine administration should be repeated as
required. Pralidoxime may also be used to reactivate
cholinesterase in cases of organophosphorus poisoning pre-
sented within 24 hours of exposure. It has generally been
thought that pralidoxime is contra-indicated in poisoning by
carbamate anticholinesterases. Recent findings suggest that
pralidoxime may be of benefit in toxicity due to many car-
bamate insecticides but not that due to carbaril.

Pyrethrum and pyrethroid insecticide poisonings are fre-
quently reported in dogs and cats. Hypersalivation is a com-
mon sign after ingestion of pyrethrum-containing powder.
In more severe cases vomiting, diarrhoea, CNS distur-
bances including hyperexcitability, tremors, or fascicula-
tions are seen. Diazepam may be used to control the CNS
signs.

Metaldehyde is still widely used as a molluscicide and
many older preparations were highly palatable to dogs and
cats. It is also used as a solid fuel in some camping stoves.
The resulting CNS stimulation, with hyperexcitability or
convulsions, should be controlled with diazepam or other
anticonvulsants (see section 6.9.2).

Many rodenticides contain warfarin or related coumarin
anticoagulants, sometimes in combination with ergocalcif-
erol. The coumarins inhibit the synthesis of vitamin K
dependent coagulation factors. Treatment is by administra-
tion of phytomenadione (vitamin K,). In large animals

each dose should be divided between a number of injection
sites. In severe cases, the drug may be given initially by
slow intravenous injection. Menadione is ineffective and
should not be used. Treatment should be continued for 7
days in cases of warfarin intoxication. Second generation
coumarins, for example bromadiolone, brodifacoum, and
difenacoum, have a very long half-life and treatment for 4
to 8 weeks is required. The one stage prothrombin time
should be checked 3 to 4 days after the cessation of treat-
ment. In severe cases blood transfusion may be indicated to
replenish coagulation factors immediately because there is a
6 to 8 hour delay before the action of phytomenadione is
evident.

Ergocalciferol (vitamin D,) causes hypercalcaemia, hyper-
phosphataemia, and renal failure. To reduce the hypercal-
caemia, saline diuresis and furosemide (see section 4.2.2) at
a dosee of 2.5 to 4 mg/kg 3 times daily by mouth may be
employed. A low calcium diet, prednisolone (see section
7.2.1) at a dose# of 2 to 4 mg/kg daily by mouth and, if
necessary, treatment of renal failure are indicated. Exposure
to sunlight should be avoided. In severe cases, the use of
calcitonin (see section 7.7.1) by subcutaneous or intramus-
cular injection at a dose of 8 to 18 units/kg daily in divided
doses for up to 28 days may help to reduce bone resorption,
although vomiting may be an unacceptable adverse effect.
Aluminium hydroxide (see section 3.8.1) at a dose of 10 to
30 mg/kg by mouth 2 to 3 times daily has also been recom-
mended to limit intestinal phosphate absorption.
Alphachloralose induces hypothermia, which may be fatal
in small animals including mice, hedgehogs, and birds. Cats
are more susceptible to poisoning than dogs. Maintenance
of body temperature is essential. Strychnine is used under
rigorous control for killing moles. Blockade of spinal inhib-
itory transmission results in rigidity and seizures. There is
no antidote; symptoms may be controlled with diazepam or
other anticonvulsants (see section 6.9.2).

While most herbicides, and particularly those for garden
use, are of low toxicity, the bipyridylium agents paraquat
and diquat are extremely dangerous by direct exposure,
although they are inactivated on contact with soil. Paraquat
and diquat poisoning is characterised by severe oral and
pharyngeal ulceration, vomiting, diarrhoea, and marked
abdominal pain followed by renal function impairment, pul-
monary oedema, and progressive pulmonary fibrosis. In
cases presented within 4 hours of ingestion, fuller’s earth
(available from home winemaking shops, pharmaceutical
suppliers, and pharmacies), bentonite, activated charcoal
(preferred and at a dose of 2 g/kg body-weight), or clay soil
(as a last resort) should be administered by stomach tube or
orally. Forced diuresis to enhance clearance is also of value
in the first 12 to 24 hours after ingestion. Administration of
oxygen enhances pulmonary damage and should be
avoided. Massive doses of glucocorticoids and cytotoxics
have been employed with inconsistent results.

Poisoning with sodium chlorate, which is used as weed-
killer, causes conversion of haemoglobin to methaemo-
globin. Methylthioninium chloride (methylene blue) (see
under Poisonous plants) is administered as the antidote.
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PHYTOMENADIONE
(Vitamin K,)

UK

Indications. Warfarin and coumarin poisoning

Dose. Horses, ruminants, pigs: by intramuscular injec-
tion, 0.5-1.0 mg/kg daily in divided doses. For second gen-
eration coumarins, continue treatment after the first week
with by subcutaneous or intramuscular injection, 1 mg/kg
daily as a single dose in ruminants

Dogs, cats: by intramuscular injection, 3—5 mg/kg daily in
divided doses for 1-3 days followed by oral administration.
In severe cases, initial treatment may be given by slow
intravenous injection. For second generation coumarins,
continue treatment after the first week with by mouth, 1 mg/
kg daily in 3 divided doses

POM (H) Konakion (Roche) UK

Tablets, s/c, phytomenadione 10 mg

Injection, phytomenadione 2 mg/mL

Note. Contains polyethoxylated castor oil which has been associated with
anaphylaxis; should not be diluted therefore not for intravenous infusion

POM (H) Konakion MM (Roche) UK

Injection, phytomenadione 10 mg/mL

Note. May be administered by slow intravenous injection or intravenous
infusion in glucose 5%; not for intramuscular injection

POM @ Konakion MM Paediatric (Roche) UK

Injection, phytomenadione 10 mg/mL

Note. May be administered by mouth, by intravenous injection or intramus-
cular injection

PRALIDOXIME MESILATE
(Pralidoxime mesylate)

UK

Indications. Adjunct to atropine in organophosphorus and
carbamate (see notes above) poisoning

Dose. Administer within 24 hours of exposure and repeat
after 12 hours if required

Horses, ruminants: by slow intravenous injection, 10-40
mg/kg

Dogs: by slow intravenous injection, 20-50 mg/kg

Cats: by slow intravenous injection, 20 mg/kg

POM @ Pralidoxime Mesilate (Non-proprietary) UK
Injection, pralidoxime mesilate 200 mg/mL
Information on availability from the Veterinary Poisons Information Service

Minerals and inorganic substances

Lead is still a common intoxicant, especially of calves,
dogs, and birds. Sources include old paint, lead accumula-
tors (especially car batteries), curtain weights, lead toys,
golf balls, linoleum, putty and, for water fowl, fishermen’s
lead weights. Growing awareness of the risks arising from
lead is leading to reduction of its use in such products. Lead
poisoning is characterised by severe abdominal pain, varia-
ble gastro-intestinal motility disturbances, and neurological
signs, which may include convulsions, hyperexcitability,

hysteria, depression, and blindness. In horses, pharyngeal
and laryngeal paralysis may be seen. Treatment includes
removing any solid lead from the gastro-intestinal tract
together with the use of chelating agents to enhance urinary
elimination.

Magnesium sulfate (Epsom salts) (see section 3.6.3) pre-
cipitates lead in the gastro-intestinal tract as lead sulfate and
has a mild cathartic action hastening elimination. Sodium
calciumedetate is a veterinary authorised product and is the
chelating agent of choice. It mobilises lead from bone and
tissues and enhances removal of lead from the body by
forming a stable, water-soluble lead complex that is readily
excreted by the kidneys. Sodium calciumedetate should not
be administered orally because solubilisation of the lead in
the gastro-intestinal tract may enhance absorption. Peni-
cillamine is a chelating agent, which may be used in the
treatment of lead poisoning. It may also be of benefit in
copper poisoning in dogs. It is administered orally and may
therefore enhance lead absorption from the gastro-intestinal
tract. It is often poorly tolerated especially at higher doses.
Both sodium calciumedetate and penicillamine may induce
renal and gastro-intestinal adverse effects. Succimer is an
alternative agent which appears, on limited evidence cur-
rently available from dogs, to offer advantages.

It is advisable to measure blood-lead concentration to con-
firm the diagnosis and blood- and urine-lead concentration
to monitor effectiveness of therapy.

Lead shot in the tissues usually becomes encapsulated in
fibrous tissue and has generally been thought to be biologi-
cally inert. Recently, a number of cases of lead poisoning
resulting from retained lead shot have been described in
humans. In cases of doubt in animals with retained pellets
and compatible clinical signs, blood-lead concentrations
should be measured.

Arsenic, cyanide, copper, mercury, and nitrite and nitrate as
constituent ions of inorganic compounds are contained in
pesticides, plants, and therapeutic preparations.

Sodium thiosulfate in conjunction with sodium nitrite is
given in the treatment of cyanide poisoning. In the body
sodium nitrite converts some haemoglobin to methaemo-
globin. The lethal cyanide ion binds with methaemoglobin
forming cyanmethaemoglobin. This is converted to the
readily eliminated thiocyanate following sodium thiosulfate
administration. Sodium thiosulfate is also used in the treat-
ment of poisoning by arsenic and mercury.

Sodium thiosulfate in combination with ammonium
molybdate is used for copper poisoning in sheep. An alter-
native treatment is ammonium tetrathiomolybdate 3 to 4
mg/kg given by subcutanous injection and repeated after 2
days. Molybdenum (7 mg/kg daily by addition to feed) has
been used to prevent copper poisoning in lambs exposed to
high copper intake.

Penicillamine may be of benefit in copper poisoning in
dogs.

Animals may exhibit signs of molybdenum poisoning when
grazing on pastures deficient in copper and having high sul-
fate levels. Copper supplements (see section 16.5.6) are
used in the treatment of molybdenosis.
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AMMONIUM MOLYBDATE

UK

Indications. Copper poisoning

Dose. Sheep: by mouth, 100 mg ammonium molybdate
with 1 g sodium thiosulfate daily

Ammonium molybdate is available from chemical suppliers

PENICILLAMINE
UK

Indications. Lead and copper poisoning in dogs; cystine
calculi (see section 9.5); copper hepatotoxicosis (see sec-
tion 3.10)

Side-effects. Anorexia, vomiting, pyrexia, nephrotic syn-
drome

Warnings. May enhance the absorption of lead from the
gastro-intestinal tract

Dose. Dogs: lead poisoning, by mouth, 110 mg/kg daily in
3—4 divided doses for 2 weeks given on an empty stomach.
Antiemetics (see section 3.4.1) administered 30 minutes
before penicillamine may help to reduce vomiting. Lower
doses of 33-55 mg/kg daily may be better tolerated and as
efficacious. Repeat with either regimen after 1 week if
required

Copper poisoning, by mouth, 10-15 mg/kg twice daily

See section 9.5 for preparation details

SODIUM CALCIUMEDETATE
(Sodium calciumedetate)

UK

Indications. Lead poisoning

Warnings. Urine-lead concentrations should be monitored.
Excessive lead mobilisation may enhance intoxication and
result in renal tubular damage

Dose. Horses ¢: by slow intravenous injection, 100 mg/kg
twice daily for 5 days. Repeat after 2—-5 days if required
Cattle, dogs, cats ¢: by subcutaneous % or slow intravenous
injection or infusion, 75 mg/kg daily in 4 divided doses for
2-5 days. Repeat after 2-3 days if required. (Maximum
daily dose for dogs 2 g)

Birds e : by intramuscular or slow intravenous injection,
35-50 mg/kg 1-3 times daily for 5 days. Repeat after 5 days
if required

POM Sodium Calciumedetate (Strong) (Animalcare) UK

Injection, sodium calciumedetate 250 mg/mL, for cattle, dogs. To be diluted
before use

Dilute 1 mL in 4 mL glucose 5% or sodium chloride 0.9%

Withdrawal Periods. Cattle: slaughter dependent on 2 successive blood-lead
concentrations below 150 micrograms/litre. Blood-lead concentration should
be measured at intervals of at least 7 days commencing after 28 days of clin-
ical recovery. Milk dependent on 2 successive milk-lead concentrations
below 20 micrograms/litre. Other food-producing animals: produce from
treated animals should not be used for human consumption

SODIUM NITRITE

UK
Indications. Cyanide poisoning (in combination with
sodium thiosulfate)

Dose. Cattle, sheep: by intravenous injection, sodium
nitrite 1% injection, 22 mg/kg, followed by sodium thiosul-
fate 25% injection, 660 mg/kg. Then sodium thiosulfate
30 g by mouth every hour to prevent further absorption of
cyanide

Dogs, cats: by intravenous injection, sodium nitrite 1%
injection, 25 mg/kg, followed by sodium thiosulfate 25%
injection, 1.25 g/kg

POM (H Sodium Nitrite UK
Injection, sodium nitrite 30 mg/mL (3%). To be diluted before use
Available by ‘Special Order’ from Martindale

SODIUM THIOSULFATE

UK

Indications. Arsenic, mercury, cyanide poisoning (in com-
bination with sodium nitrite); copper poisoning (in combi-
nation with ammonium molybdate)

Dose. Cyanide poisoning, see under Sodium nitrite. Cop-
per poisoning, see under Ammonium molybdate

Horses, cattle: arsenic poisoning, mercury poisoning, by
intravenous injection, 8-10 g and by mouth, 20-30 g diluted
in 300 mL water

Sheep, goats: arsenic poisoning, mercury poisoning, by
intravenous injection, 2.0-2.5 g and by mouth, 5-7 g

POM (H) Sodium Thiosulfate UK
Injection, sodium thiosulfate 500 mg/mL
Available as a ‘Special Order’ from Martindale

Crystalline sodium thiosulfate is available from Loveridge and other whole-
salers

SUCCIMER
UK

Indications. Lead poisoning
Dose. Dogs: by mouth, 10 mg/kg 3 times daily for 10 days

Preparations of succimer are not generally available. @ Chemet (Sanofi
Winthrop, USA) may be obtained under a Special Treatment Authorisation
from the VMD

Miscellaneous chemicals

Ethylene glycol is used as an antifreeze, industrial solvent,
and in some photographic solutions. The initial signs of poi-
soning are similar to those produced by ethanol: incoordina-
tion and ‘drunkenness’. Ethylene glycol is metabolised by
alcohol dehydrogenase to oxalate and precipitation of cal-
cium oxalate crystals in the kidney produces renal failure
and, in the CNS, convulsions. Treatment involves saturating
the enzyme, alcohol dehydrogenase, with ethanol thus pre-
venting the formation of oxalate. Ideally alcohol BP 95%
should be used but vodka is a readily available source of
ethanol containing approximately 40% by volume. The
dose of ethanol 25%, by intravenous injection, is initially 4
mL/kg followed by 2 mL/kg every 4 hours for 4 days.
Fomepizole, an inhibitor of alcohol dehydrogenase, has
also been recommended for use in the dog but cost may pro-
hibit routine use. Fluid therapy, and, in cases of acidosis,
sodium bicarbonate must be given (see section 16.1.2).
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Turpentine, white spirit, kerosene, and petrol (light-weight
hydrocarbons) and tar and creosote (phenols) usually
present as topical contamination. The toxin should be
removed with cloths or paper towels or, for tarry sub-
stances, by clipping. Vegetable oils and hand degreasers are
then applied. Emesis is generally contra-indicated for
ingested light-weight hydrocarbons due to the risk of aspi-
ration.

FOMEPIZOLE

UK

Indications. Ethylene glycol poisoning

Dose. Dogs: by intravenous injection, initial dose 20 mg/
kg, then 15 mg/kg 12 and 24 hours later, then 5 mg/kg every
12 hours until blood-ethylene glycol concentration neglible
or animal has visibly recovered

Preparations containing fomepizole are not generally available. @ Antizol
(Orphan-Medical, USA) may be obtained from IDIS under a Special Treat-
ment Authorisation from the VMD

Foods, feed additives, and food toxins

Chocolate and cocoa (drinking chocolate) contain theobro-
mine, a methylxanthine, which like caffeine, is not an
uncommon cause of poisoning in dogs. Dark chocolate is
more dangerous than milk or white chocolate. Doses of
theobromine as low as 115 mg/kg (10 g of cooking choco-
late/kg body-weight) have been reported to be fatal. Poison-
ing is characterised by hyperexcitability, tachycardia,
dysrhythmias, and, in severe cases, convulsions and death.
The cardiac signs may be controlled with anti-arrhythmic
drugs such as lidocaine (see section 4.4.1.1) or pro-
pranolol (see section 4.4.1.2) and the CNS stimulation with
diazepam or other anticonvulsants (see section 6.9.2).

Feed additives may be toxic when feedstuffs are incorrectly
compounded or when cross contamination occurs, for
example, copper supplements for pig foods contaminate
sheep rations. Copper poisoning in sheep is treated with
ammonium molybdate and sodium sulfate.

Aflatoxins are fungal toxins. The source is contaminated
seeds and nuts such as mouldy peanuts. Aflatoxins are
hepatotoxic causing marked bile duct hyperplasia and
hepatic fibrosis and cirrhosis.

Botulism is the clinical manifestation of poisoning by pre-
formed neurotoxins of the obligate anaerobic spore-forming
bacterium Clostridium botulinum. Several neurotoxins are
known to exist and differing strains may produce different
spectra of toxins. Toxin production is also influenced by
substrate type and availability. Disease may result from the
ingestion of feedstuffs, carrion, garbage, soil, or mud con-
taining the toxins. All species are susceptible but dogs are
commonly affected, as are water birds in hot dry summers.
Botulinum toxins block acetylcholine release from motor
nerve terminals resulting in flaccid paralysis which is sym-
metrical and commonly sufficiently severe that the animal
becomes quadriplegic. Gastro-intestinal disturbance,

hyposalivation, and pupillary dilation may be present. The
animal remains conscious and aware. Death usually results
from respiratory paralysis. Definitive diagnosis depends on
the demonstration of toxin(s) in the source material, serum,
or both. Although mixed (A, B and E) botulinum antitoxin
is available from hospitals, it is of little use once a signifi-
cant amount of toxin is bound to receptors. Antitoxin is
therefore not generally employed in veterinary practice but
has been used in treatment of botulism in foals and horses at
a dose of approximately 1 mL/kg body-weight. Supportive
therapy is given, with intermittent positive pressure ventila-
tion, if practicable, should respiratory failure supervene.
Clearance of residual toxin from the gastro-intestinal tract
by emesis and enema may be of some value. Since the toxin
is generally preformed, antimicrobial drugs are not indi-
cated.

Poisonous plants

Poisonous plants may be ingested from roadsides, neglected
pastures, dried in hay, or in preserved forage. Plants
infected with fungi such as ergot may also cause poisoning.
Before treatment, potentially poisonous plants should be
identified. Identification systems are available on CD-
ROM: Daucey E A (ed). Poisonous Plants and Fungi in
Britain and Ireland. London: Nightshade, 2000. This
includes information on plants that are toxic in humans and
some of signifance for animals.

Sweet vernal grass Anthoxanthum odoratum contains cou-
marin, which may cause clinical signs in cattle similar to
warfarin poisoning. Phytomenadione (vitamin K,) is given
intramuscularly at a dose of 1 to 3 mg/kg body-weight.
Cyanogenetic glycosides found in plants such as cherry lau-
rel, bird cherry, linseed, and some grasses and clovers are
toxic and may affect cattle and sheep. Treatment includes
sodium nitrite injection followed by sodium thiosulfate
injection.

The nitrite and nitrate content of various plants such as
grasses, kale, rape, turnips and swedes is influenced by cli-
mate and use of nitrogenous fertilisers. Poisoning results in
conversion of haemoglobin to methaemoglobin within the
body and also vasodilation with consequent hypotension.
Oxygen delivery is compromised resulting in tissue anoxia
with dyspnoea; muddy brown cyanosis and weakness are
prominent clinical signs. Methylthioninium chloride
(methylene blue) is used as an antidote because it converts
methaemoglobin to haemoglobin. A wide range of dosages
has been suggested (for ruminants 1 mg/kg up to 20 mg/kg).
Methylthioninium chloride in excess may itself cause
methaemoglobinaemia and caution is advised.

Beet tops should be wilted before feeding to stock and intro-
duced into the diet slowly because these and other plants
such as Oxalis species may be toxic due to their oxalate
content. Rhubarb leaves commonly cause oxalate poisoning
in goats kept in gardens. Clinical signs are those of
hypocalcaemia and treatment is by subcutaneous or intrave-
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nous injection of calcium borogluconate (see section
16.5.1).

Bracken and Equisetum species contain thiaminases, which
may cause thiamine deficiency. Thiamine (see section
16.6.2) at a dose of 0.25 to 1.25 mg/kg twice daily for up to
7 days by intramuscular or slow intravenous injection is
used for the treatment of thiaminase poisoning in horses and
pigs. In cattle, bracken poisoning is unrelated to thiaminase
and causes aplastic anaemia with thrombocytopenia and
bladder neoplasia.

Oak and acorn poisoning due to the leaves and fruit of trees
of the genus Quercus may affect ruminants, horses, and pigs
and is relatively common. Toxicity results from high con-
centrations of tannins in the plant and is manifested as gas-
tro-enteritis, which is often haemorrhagic, and hepatic and
renal damage with consequent jaundice and haematuria.
The mortality rate is very high and there is no specific treat-
ment. If ingestion is known to have occurred, oral adminis-
tration of calcium hydroxide may have a protective effect.
European yew Taxus baccata and Japanese yew Taxus cus-
pidata contain a highly poisonous taxine alkaloid. The main
action is on the heart and toxicity is generally characterised
by sudden death. All species are susceptible but poisoning
is most commonly seen in cattle, sheep, and horses. There is
no specific antidote and the extreme rapidity of effect gen-
erally precludes any attempt at treatment. In ruminants,
rumenotomy to remove any ingested material may be of
value.

Laburnum Laburnum anagyroides is the most toxic tree in
Britain after the yew. All parts of the plant are poisonous,
containing the alkaloid cytisine, but the fallen seeds and
seed pods represent a particular hazard. Cases of poisoning
are severe but infrequent; they have been recorded in cattle,
horses, pigs, and dogs. Vomiting, excitement, incoordina-
tion, and convulsions progress to coma, asphyxia, and
death. There is no specific therapy but control of convul-
sions and general supportive therapy are indicated.

The abuse of cannabis (Indian hemp, hashish, marijuana,
Cannabis sativa) by humans means that opportunities for
intoxication of animals arise with considerable frequency.
The main pharmacologically active and toxic compound is
tetrahydrocannabinol. The dried plant is of low toxicity and
even after ingestion of large amounts the prognosis is good
with fatalities being rare. The intoxication presents as inco-
ordination, depression and stupor, slow strong pulse, and
reduced respiratory rate. Sometimes there are intervening
periods of wakefulness and hyperaesthesia and occasionally
collapse supervenes. Clinical signs seen in animals are not
necessarily similar to the effects observed in humans. Sup-
portive therapy is indicated but recovery is usually sponta-
neous after a few hours and uneventful. There is no specific
treatment. Diazepam may be useful to control marked
hyperaesthesia or agitation.

In periods of intense algal bloom, ingestion of water con-
taining high densities of blue-green algae Cyanophyceae
may result in poisoning. A number of syndromes are seen
depending on the algal species involved. A severe syn-
drome characterised by hypotension, tachycardia,

hyperglycaemia, and marked liver damage resulting in jaun-
dice and photosensitisation due to ingestion of Anacystis
cyanea (Microcystis aeruginosa) is probably most common.
Death may occur within hours in the worst affected cases.
There is no specific treatment.

Plants of the genus Senecio, notably various ragworts, con-
tain pyrrolizidine alkaloids. They cause poisoning as a
result of ingestion directly from pasture or by contamina-
tion in hay, silage, or other preserved forage. Ragwort poi-
soning occurs in horses and cattle. The alkaloids may
induce acute or, more commonly, chronic liver disease with
consequent hepatic function impairment. Jaundice, photo-
sensitisation, and hepatic encephalopathy may ensue. There
is no specific treatment and euthanasia is normally indi-
cated once clinical signs are apparent although there have
been reports of full recovery of mild cases in horses.

A variety of species and hybrids of daffodil and narcissus
(Narcissus spp.) occur in the UK as native plants as natural-
ised introductions or are grown as ornamental plants. A
mixture of alkaloids is present throughout the plants but in
highest concentration in the bulbs. Calcium oxalate crystals
are also present and may act as mechanical irritants. The
alkaloids are emetic, purgative and irritant, thus inducing a
marked gastro-enteritis. Dogs are most commonly affected
and ingestion of as little as 15 g of bulbs can be fatal. In
addition to the gastro-enteritis, severe cases may develop
hyperglycaemia, ataxia, cardiovascular collapse and or
coma. Rehydration and symptomatic treatment are indi-
cated.

Aesculus hippocastanum the familiar white-flowered horse
chestnut is a common introduced tree now with many natu-
ralised specimens. A pink-flowered hybrid (Aesculus
carnea) is also grown in the UK but is not naturalised. A
number of glycosides, alkaloids and saponins are present in
Aesculus spp. The hydroxycoumarin saponin glycoside aes-
culin is probably the most significant toxic principle.
Although the bark reputedly has a high aesculin content and
young leaves and flowers are the most toxic parts of the
tree, poisoning is commonly due to the ingestion of the
seeds (‘conkers’). Poisoning is reported for a variety of spe-
cies including horses, cattle, pigs, and dogs. The clinical
signs include gastro-enteritis and abdominal discomfort,
depression, incoordination with muscle tremor and weak-
ness or paralysis. There is no specific treatment. Decontam-
inative and supportive measures should be instituted.

Many garden and house plants are poisonous and represent
a potential hazard to dogs, cats, and other domestic pets.
Dieffenbachia spp. (dumbcane), Philodendron spp. (for
example sweetheart vine), and Monstera spp. (Swiss cheese
plant) contain numerous fine oxalate crystals and, when
ingested, these penetrate the gastro-intestinal mucosa caus-
ing marked stomatitis, pharyngitis, oesophagitis, and intes-
tinal irritation. Euphorbia spp. (spurges, ornamental garden
and house plants, for example poinsettia) contain chemical
irritants and may cause blistering of the mouth, severe vom-
iting, diarrhoea, anorexia, and depression. Supportive care
is indicated.
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METHYLTHIONINIUM CHLORIDE
(Methylene blue)

UK

Indications. Nitrite and nitrate poisoning; sodium chlorate
poisoning

Dose. Administer according to the patient’s response, by
slow intravenous injection. Treatment may be repeated after
4 to 6 hours if required

Cattle: initially 1-2 mg/kg, may be given up to 10-15 mg/
kg

Sheep: initially 1-2 mg/kg, may be given up to 20 mg/kg
Dogs, cats: 5-10 mg/kg

POM @ Methylthioninium chloride UK

Injection, methylthioninium chloride 10 mg/mL
Available as a ‘Special Order’ from Martindale

Poisonous animals

The only venomous snake indigenous to the UK is the com-
mon adder Vipera berus. Dogs are the main species affected
and are usually bitten on the head or neck. (H) European
viper venom antiserum (available from Farillon) is the
antidote. The small size of dogs and cats means that the
venom load per unit body weight is high. This has two con-

sequences: the risk of fatality is greater and a large dose of
antivenom relative to body-weight is required. A dose of
10 mL of antivenom may be required for the treatment of a
moderately sized dog bitten by an adder. A further dose of
10 mL may be administered after 2 hours, if there is no sig-
nificant improvement after the first dose. Glucocorticoids,
antihistamines, and antibacterials may be of some benefit.
Localised swelling occurs after bee, hornet, or wasp stings.
Insect stings around the larynx may cause respiratory dis-
tress. Glucocorticoids (see section 7.2.1) and antihista-
mines (see section 5.2.1) are used as systemic therapy.
Topical treatment such as weak acids for wasp stings or
sodium bicarbonate for bee stings may be applied to the
affected area. In case of anaphylactic shock, adrenaline and
antihistamines should be administered.

The common toad Bufo vulgaris secretes venom from
glands within the skin. Dogs and cats may be poisoned
when they ‘mouth’ the amphibian and will show clinical
symptoms of profuse salivation. Usually flushing the mouth
with copious amounts of running water is sufficient fol-
lowed by unrestricted access to water. Sometimes corneal
irritation is present and liberal irrigation of the eye with
water is indicated.
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Selection of a suitable drug

Bacterial sensitivity. Antibacterial drugs are often used
unnecessarily and sometimes (as in uncomplicated diar-
rhoea) when they are clearly contra-indicated. However,
when antibacterial therapy is essential, there is a rational
basis for deciding which antibacterial drug to use in a spe-
cific case. For time-dependent bactericidal drugs and
bacteriostatic drugs, the aim of therapy is to maintain an
effective concentration of the drug at the site of infection to
ensure eradication of the causal organisms. An effective
concentration is defined as that sufficiently in excess of the
minimum inhibitory concentration (MIC) of the drug to be
effective for sufficient time to inactivate the causal micro-
organisms. Effective therapy is thus dependent on the sus-
ceptibility of the micro-organisms to the drug and the phar-
macokinetics which determine its ability to attain and
maintain effective concentrations at the infection site.

Except in the rare cases where sensitivity data are available,
assessment of the potential sensitivity of the micro-
organisms concerned depends firstly upon accurate clinical
diagnosis and secondly upon the knowledge that these are
the micro-organisms likely to be implicated and of their
susceptibility to antibacterial drugs. Fortunately, detailed
knowledge of MIC values is not required because microbial
sensitivity to a drug can be expressed in terms of the

concentrations attained in body tissues. In this chapter, a
micro-organism will be deemed ‘sensitive’ to a drug if,
following administration according to the recommended
dosage regimen, tissue concentrations are likely to be in
excess of the MIC for that micro-organism for a major part
of the time between doses. The spectrum of activity for
antimicrobial drugs is given in Table 1.1. Having narrowed
the list of possible drugs to those likely to be active against
the micro-organism or micro-organisms concerned, the
final choice is based on the following criteria.

Species, breed, and age differences affect an animal’s
ability to eliminate antibacterial drugs; the following of
which are examples. Cats are less able than other species to
metabolise chloramphenicol, which may accumulate fol-
lowing prolonged administration in this species. The young
of all species are similarly deficient in their ability to
metabolise drugs. Antibacterial action can disrupt bacterial
fermentation and therefore animals with a functional rumen
should not be given broad-spectrum antibacterials by
mouth. Many antibacterials and particularly tetracyclines
by any route may be associated with a fatal enterocolitis in
horses subjected to stress. Penicillins, macrolides, and
lincosamides should not be administered to gerbils, guinea
pigs, hamsters, or rabbits in which they are likely to cause a
fatal enterotoxaemia. Further species-specific information
is given in the sections under General guidance on
prescribing.

Predisposition to toxicity. Certain conditions may exacer-
bate the toxicity of antibacterial drugs; the following are
examples. Renal disease may predispose animals, espe-
cially cats, to the toxic effects of aminoglycosides because
they are eliminated solely by renal excretion and so will
accumulate in renal failure. Tetracyclines are contra-
indicated in bitches and queens in late pregnancy when they
may cause enamel defects and discoloration in the
offsprings’ milk teeth. In growing dogs and cats, fluoro-
quinolones may cause an arthropathy.

Site of infection. Special considerations apply to the treat-
ment of infections at particular sites. For example, antibac-
terials such as chloramphenicol and the macrolides are
extensively metabolised and so are not used to treat urinary-
tract infections. For these infections, drugs that are excreted
unchanged in the urine are preferred. In addition, in the
treatment of urinary-tract infections it is important to
choose a drug with actions that are favoured by the prevail-
ing urinary pH to maximise efficacy. In particular,
aminoglycosides are much more active in alkaline urine.
Some body compartments, notably the brain and the inter-
nal structures of the eye, are penetrated only by lipophilic
drugs that are able to cross intact cell membranes. Permea-
bility is increased by inflammation. Although chloramphen-
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icol and sulphonamides normally enter the brain, ampicillin
and doxycycline do so only in the presence of inflamma-
tion. Similarly, milk is separated from the general circula-
tion by an intact membrane through which only the non-
ionised lipophilic form of a drug may pass. When the non-
ionised form of a basic drug such as a macrolide enters the
relatively acidic milk it dissociates and so becomes trapped
resulting in high concentrations in milk — the so called ‘ion-
trap’. Conversely, acidic drugs such as benzylpenicillin are
largely excluded from the healthy udder. Both factors cease
to operate in the presence of inflammation so that drugs
penetrate the acutely inflamed mammary gland to the same
extent as any other inflamed tissue. The physicochemical
properties of antimicrobial drugs are given in Table 1.2.
Mode of antibacterial action. As noted in the sections
dealing with individual groups of drugs, some are bacteri-
cidal, that is they are able to kill bacteria, whereas others are
bacteriostatic, only inhibiting multiplication and hence rely-
ing upon host defences to clear the infection. Although the
advantages of bactericidal drugs have probably been exag-
gerated in the past, there are certain situations in which their
use is essential. These include the treatment of endocarditis,
and in cases of immunosuppression occurring either natu-
rally or due to administration of corticosteroids.
Antibacterial policy. It is essential that antibacterials are
given according to a predetermined policy in order that effi-
cacy may be monitored. Changes in resistance patterns in a
particular area should be noted and therapy altered
accordingly.

Before commencing therapy

The dose of an antibacterial drug expressed as weight of
drug per kg body-weight will vary with a number of factors
including intercurrent disease, severity of the infection, and
size of the animal. In serious infections high doses are
administered more frequently. Depot preparations are long-
acting but attain relatively low plasma-drug concentrations;
they are not suitable for the treatment of severe acute infec-
tions. In general, the larger the animal the smaller the dos-
age per unit body-weight.

The dosing regimen used should also reflect the mode of
action of the antibacterial drug. For bactericidal drugs, such
as beta-lactams, which operate time-dependent killing
mechanisms, and bacteriostatic drugs, it is important to
maintain tissue concentration of the drug above the MIC for
as long as possible during the inter-dosing interval. For bac-
tericidal drugs, such as aminoglycosides and fluoroquino-
lones, which operate concentration-dependent killing
mechanisms, the most successful dosing regimen is one
which produces a peak tissue concentration of the drug
which greatly exceeds the MIC value for the bacterium and
the time the concentration of the drug is above the MIC is
much less significant.

The duration of therapy depends upon the nature of the
infection and the response to treatment. In general, therapy
should continue for 2 to 3 days beyond the clinical cure for
acute infections and for 1 to 2 weeks beyond the clinical
cure for chronic infections. However, this guidance does not

apply in all instances. For example, acute cystitis in the
bitch often responds very quickly to antibacterial drugs (24
to 48 hours) but if treatment is not continued for 7 to 10
days, relapses may well occur. This more extended period
of treatment allows the important mucosal defence mecha-
nisms within the bladder to heal fully and therefore be
effective in preventing re-infection when the treatment
stops. Clinical experience has shown that some chronic
infections may require more prolonged duration of therapy
(for example, deep pyodermas, chronic prostatitis and
osteomyelitis in dogs). Empirically, therapy for 4 to 6
weeks may be required in these cases.

The route of administration depends upon the severity of
the disease and ease of administration. In the treatment of
severe infections it is advantageous to give the initial dose
by the intravenous route in appropriate cases. In companion
animals subcutaneous injection may be preferred to the
more painful intramuscular route. In order to attain effective
concentrations in the cerebrospinal fluid, an initial intrathe-
cal injection may be administered. However, penicillins
should not be administered by the intrathecal route
because seizures may result.

Although oral medication given with food is often conven-
ient, it may considerably reduce the amount of drug
absorbed. For example, ampicillin (unlike amoxicillin) is
poorly absorbed in dogs if administered following a meal.
Milk, iron salts, and antacids all interfere with the absorp-
tion of tetracyclines from the gastro-intestinal tract. How-
ever, in some cases, for example ketoconazole,
administration with food will reduce side-effects such as
nausea. In other cases, giving the drug with food is impor-
tant to aid in its absorption, for example griseofulvin is
highly lipid soluble and requires biliary secretion to allow
optimal absorption from the gastro-intestinal tract.

Beta-lactam antibacterials

1.1.1
1.1.1.1 Narrow-spectrum penicillins
1.1.1.2 Beta-lactamase resistant penicillins
1.1.1.3 Broad-spectrum penicillins
1.1.1.4 Antipseudomonal penicillins
1.1.1.5 Cephalosporins

This group comprises the penicillins and the cephalo-
sporins. They are bactericidal by interfering with cell wall
synthesis. Beta-lactam antibacterials are not metabolised in
the body, but are rapidly excreted unchanged in the urine.
Relatively insoluble depot preparations are often used to
prolong action, albeit at the expense of concentrations
achieved in body fluids. An initial high concentration of
drug in body fluids combined with prolonged activity may
be achieved by simultaneous administration of a soluble
and a less soluble penicillin salt.

1.1.1.1 Narrow-spectrum penicillins

Benzylpenicillin, also known as penicillin G, was the first
of the penicillins, and remains an important and useful anti-
bacterial. It is particularly active against Gram-positive bac-
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Table 1.1 Summary of spectrum of activity for antimicrobial drugs!

Bacteria Antimicrobials Additional information

Narrow spectrum antimicrobials for aerobes and facultative anaerobes

Mainly Gram-positive

Gram-positive and fastidious
Gram-negative organisms
(for example Haemophilus)

Mainly Gram-negative

Broad spectrum antimicrobials for aerobes and facultative anaerobes

Many Gram-positive and
Gram-negative bacteria

lincosamides

glycopeptides:vancomycin

benzylpenicillin,
phenoxymethylpenicillin

cloxacillin, flucloxacillin

macrolides

rifampicin

aminoglycosides: neomycin,
streptomycin

nalidixic acid

polymixins

aminoglycosides: amikacin,
gentamicin, tobramycin

aminopenicillins

carboxypenicillins: ticarcillin

cephalosporins

baquiloprim, trimethoprim,
ormetoprim

also very active against many obligate
anaerobes

poor activity against beta-lactamase producing
Staphylococcus

active against beta-lactamase producing
Staphylococcus

also active against Chlamydophila and
mycoplasmas

also active against pox viruses, Chlamydophila,
some protozoa and fungi (but antiviral and anti-
fungal activity not used clinically)

neomycin is active against Pseudomonas
aeruginosa; aminoglycosides should usually be
reserved for treatment of infections caused by
particularly resistant Gram-negative organisms

active against Pseudomonas aeruginosa; should
usually be reserved for treatment of infections
caused by particularly resistant Gram-negative
organisms

sometimes active against Pseudomonas
aeruginosa; should usually be reserved for
treatment of infections caused by particularly
resistant Gram-negative organisms

poor activity against beta-lactamase producing
Staphylococcus

active against Pseudomonas aeruginosa; should
usually be reserved for treatment of infections
caused by particularly resistant Gram-negative
organisms

third generation cephalosporins active against
Pseudomonas aeruginosa; should usually be
reserved for treatment of infections caused by
particularly resistant Gram-negative organisms
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Table 1.1 Summary of spectrum of activity for antimicrobial drugs! (continued)

Bacteria

Antimicrobials

Additional information

Broad spectrum antimicrobials for aerobes and facultative anaerobes

Many Gram-positive and
Gram-negative bacteria, also
some protozoa, rickettsiae, Chlamydophila

Antimicrobials for special organisms

Obligate anaerobic bacteria

Mycobacteria

Mycoplasma

chloramphenicol

fluoroquinolones
nitrofurans
sulphonamides

tetracyclines

cephalosporins

clindamycin, chloramphenicol,
nitroimidazoles

penicillins

rifampicin, streptomycin,
azithromycin, clarithromycin,
fluroquinolones

fluroquinolones

lincosamides, macrolides,
nitrofurans, tetracyclines

also active against rickettsiae and
Chlamydophila

also active against rickettsiae
also active against protozoa
also active against protozoa and Chlamydophila

also active against protozoa, rickettsiae, and
Chlamydophila

Bacteroides fragilis is resistant to all
cephalosporins except cefoxitin

Bacteroides fragilis is resistant to all penicillins
except piperacillin

active against Pseudomonas aeruginosa; should
usually be reserved for treatment of infections
caused by particularly resistant Gram-negative
organisms

1 The information given is for guidance. Antimicrobial sensitivity testing will be necessary in the clinical situation, particularly for
coagulase positive staphylococci, many Gram-negative Enterobacteriaceae, and Pseudomonas aeruginosa, whose sensitivities are
unpredictable and change due to plasmid-mediated resistance
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Table 1.2 Physicochemical properties of antimicrobial drugs and effect on tissue distribution

Polar (hydrophilic) drugs of low lipophilicity

These drugs do not readily penetrate ‘natural body barriers’ so that effective concentrations in CSF, milk, and other transcel-
lular fluids will not always be achieved. Adequate concentrations may be achieved in joints, and pleural and peritoneal fluids
where the barrier to penetration is less. (Penetration may be assisted by acute inflammation.)

Acids Bases
Beta-lactams Polymixins: polymixin B, colistin
Penicillins: aminopenicillins, Aminoglycosides: amikacin,
carbenicillin, dihydrostreptomycin, gentamicin,
isoxazolypenicillins'(continued), neomycin, streptomycin, tobramycin
benzylpenicllin,
phenoxymethylpenicllin, piperacillin,
ticarcillin
Cephalosporins (all) Spectinomycin

Beta-lactamase inhibitors: clavulanate

Drugs of moderate to high lipophilicity

These drugs cross cellular barriers more readily than polar molecules so enter transcellular fluids to a greater extent. Weak
bases will be ion trapped (concentrated) in fluids which are more acidic than plasma, for example prostatic fluid, milk, or intra-
cellular fluid (for example macrolides, which are sufficiently lipophilic to penetrate). Penetration into CSF and ocular fluids (in
absence of acute inflammation) is affected by plasma protein binding and also lipophilicity. Sulphonamides and diaminopyri-
midines penetrate effectively whereas insufficient penetration is achieved with macrolides, lincosamides, and tetracyclines.

Weak acids Weak bases Amphoteric substances
Sulphonamides: sulfadiazine, Diaminopyrimidines: baquiloprim, Tetracyclines: chlortetracycline,
sulfadimethoxine, sulfadoxine, ormetoprim, trimethoprim oxytetracycline, tetracycline

sulfafurazole, sulfamethazine,
sulfamethoxazole, sulfathiazole

Lincosamides: clindamycin, lincomycin,
pirlimycin

Macrolides: azithromycin,
clarithromycin, erythromycin,
spiramycin, tilmicosin, tylosin

Highly lipophilic molecules with low ionisation

These drugs cross cellular barriers very readily. They penetrate into transcellular fluids such as prostatic fluid and bronchial
secr%tg)ns. All these drugs penetrate into intracellular fluids. All these drugs, except tetracyclines and rifampicin, penetrate
into CSF.

Fluroquinolones: danofloxacin, difloxacin, enrofloxacin, ibafloxacin, orbifloxacin, marbofloxacin, sarafloxacin
Tetracyclines (lipophilic): doxycycline, minocycline

Other antimicrobials: chloramphenicol, florfenicol, metronidazole, rifampicin, thiamphenicol

(continued) cloxacillin, flucloxacillin, and oxacillin are highly plasma protein bound (> 95%) in dogs
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teria. Sensitive micro-organisms include Gram-positive
aerobes such as Staphylococcus aureus, streptococci, most
Actinomyces spp., Erysipelothrix, and Bacillus spp. Most
anaerobic bacteria including Clostridium and some Bacter-
oides spp. (not B. fragilis) are also sensitive. Benzylpenicil-
lin has activity against the more fastidious Gram-negative
aerobes such as Haemophilus, Pasteurella, Leptospira, and
some Actinobacillus spp. Benzylpenicillin is broken down
by the beta-lactamase enzymes produced by staphylococci
and Bacteroides spp. A high proportion of strains of these
micro-organisms are now resistant to benzylpenicillin.
Other organisms mentioned retain their sensitivity to ben-
zylpenicillin because of their inability to produce beta-
lactamase.

Benzylpenicillin is inactivated by gastric acid and so is not
administered by mouth. It is available as a range of salts
that differ in their solubility and hence their duration of
action. The sodium salt is very soluble and rapidly absorbed
following injection, but gives effective concentrations for
no more than 4 hours, unless the organisms involved are
highly sensitive.

Procaine benzylpenicillin is slightly soluble. Following
parenteral administration, it forms a ‘depot’ which slowly
releases free benzylpenicillin into the circulation, maintain-
ing effective concentrations against the more susceptible
micro-organisms for up to 24 hours. It is thought that the
procaine component of procaine benzylpenicillin may give
rise to a febrile reaction and abortions in sows infected with
Erysipelothrix. Benzathine benzylpenicillin, an almost
insoluble ester, is no longer authorised for use in food-pro-
ducing animals within the EU because products containing
it showed prolonged persistence of injection site residues.
Phenoxymethylpenicillin, or penicillin V, has a similar
antibacterial spectrum to benzylpenicillin but is less active.
It is gastric acid-stable and thus suitable for oral administra-
tion (not to horses). It should not be used for severe infec-
tions because absorption is unpredictable and plasma-drug
concentrations are variable.

BENZYLPENICILLIN
(Penicillin G, Penethamate hydriodide)

UK

Indications. Penicillin-sensitive infections
Contra-indications. Penicillin or cephalosporin hypersen-
sitivity; should not be administered to gerbils, guinea pigs,
hamsters, rabbits

Side-effects. Allergic reactions; diarrhoea

Warnings. Penicillins and cephalosporins may cause
hypersensitivity (allergy) following self-injection, inhala-
tion, ingestion, or skin contact. Operators with known
hypersensitivity should not handle these drugs. Clinical
signs of allergic reaction in operators include skin rash,
swelling of the face, lips, or eyes, or difficulty breathing.
Operators should seek medical advice

Dose. Horses: by intravenous injection, 10 mg/kg twice
daily for 1 day

POM Crystapen 5 Mega for Injection (Veterinary) (Schering-Plough) UK
Injection, powder for reconstitution, benzylpenicillin (as sodium salt) 3 g, for
horses

Withdrawal Periods. Should not be used in horses intended for human con-
sumption

PHENOXYMETHYLPENICILLIN
(Penicillin V)

UK

Indications. Penicillin-sensitive infections,
Contra-indications. Penicillin or cephalosporin hypersen-
sitivity; should not be administered to gerbils, guinea pigs,
hamsters, rabbits, horses

Side-effects. Allergic reactions; diarrhoea

Warnings. Safety in pregnant pigs has not been estab-
lished. Penicillins and cephalosporins may cause hypersen-
sitivity (allergy) following self-injection, inhalation,
ingestion, or skin contact; operators should wear suitable
protective clothing; operators with known hypersensitivity
should not handle these drugs; clinical signs of allergic
reaction in operators include skin rash, swelling of the face,
lips, or eyes, or difficulty breathing; operators should seek
medical advice

Dose. Pigs: by addition to feed, 200 g/tonne feed

Dogs, cats: by mouth, 10 mg/kg 3 times daily

POM ® Phenoxymethylpenicillin (Non-proprietary) UK

Tablets, phenoxymethylpenicillin (as potassium salt) 250 mg

Oral solution, powder for reconstitution, phenoxymethylpenicillin (as potas-
sium salt) 25 mg/mL, 50 mg/mL

MEFS Potencil (Novartis) UK

Oral powder, for addition to feed, phenoxymethylpenicillin potassium 100 g/
kg, for pigs

Withdrawal Periods. Slaughter 1 day

PROCAINE BENZYLPENICILLIN
(Procaine penicillin)

UK

Indications. Penicillin-sensitive infections
Contra-indications. Penicillin or cephalosporin hypersen-
sitivity; should not be administered to gerbils, guinea pigs,
hamsters, rabbits, horses

Side-effects. Allergic reactions; diarrhoea

Warnings. Penicillins and cephalosporins may cause
hypersensitivity (allergy) following self-injection, inhala-
tion, ingestion, or skin contact. Operators with known
hypersensitivity should not handle these drugs. Clinical
signs of allergic reaction in operators include skin rash,
swelling of the face, lips, or eyes, or difficulty breathing.
Operators should seek medical advice

Dose. Dosages vary, for guidance.

Horses: by intramuscular injection, 10 mg/kg once daily
Cattle: by intramuscular injection, 10 mg/kg once daily
cattle, non lactating: by depot subcutaneous or intramuscu-
lar injection, 20 mg/kg. Repeat after 3 days if required
cattle, lactating: by depot intramuscular injection, 20 mg/
kg. Repeat after 3 days if required

Sheep: by intramuscular injection, 10 mg/kg once daily
Pigs: by intramuscular injection, 10 mg/kg once daily
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by depot intramuscular injection, 20 mg/kg. Repeat after 3
days if required
Dogs, cats: by subcutaneous injection, 30 mg/kg once daily

POM Depocillin (Intervet) UK

Injection, procaine benzylpenicillin 300 mg/mL, for horses, cattle, sheep,
pigs, dogs, cats

Withdrawal Periods. Should not be used in horses intended for human con-
sumption. Cattle: slaughter 4 days, milk 3 days. Sheep: slaughter 4 days,
should not be used in sheep producing milk for human consumption. Pigs:
slaughter 5 days

POM Duphapen (Fort Dodge) UK

Injection, procaine benzylpenicillin 300 mg/mL, for cattle, sheep, pigs
Withdrawal Periods. Cattle: slaughter 5 days, milk 2 days. Sheep: slaughter 5
days, should not be used in sheep producing milk for human consumption.
Pigs: slaughter 5 days

POM Duphapen Fort (Fort Dodge) UK

Depot injection, procaine benzylpenicillin 300 mg/mL, for cattle, pigs
Withdrawal Periods. Cattle: slaughter 10 days (subcutaneous injection), 21
days (intramuscular injection), milk 5 days (intramuscular injection), should
not be used by subcutaneous injection in cattle producing milk for human
consumption. Pigs: slaughter 7 days

POM Norocillin (Norbrook) UK

Injection, procaine benzylpenicillin 300 mg/mL, for cattle, sheep, pigs
Withdrawal Periods. Cattle: slaughter 5 days, milk 2.5 days. Sheep: slaughter
5 days, should not be used in sheep producing milk for human consumption.
Pigs: slaughter 5 days

POM Penacare (Animalcare) UK

Injection, procaine benzylpenicillin 300 mg/mL, for cattle, sheep, pigs
Withdrawal Periods. Cattle: slaughter 5 days, milk 2.5 days. Sheep: slaughter
5 days, should not be used in sheep producing milk for human consumption.
Pigs: slaughter 5 days

POM Ultrapen LA (Norbook) UK

Depot injection, procaine benzylpenicillin 300 mg/mL, for cattle, pigs
Withdrawal Periods. Cattle: slaughter 10 days (subcutaneous injection), 21
days (intramuscular injection), milk 5 days (intramuscular injection), should
not be used by subcutaneous injection in cattle producing milk for human
consumption. Pigs: slaughter 7 days

BENZATHINE BENZYLPENICILLIN and
PROCAINE BENZYLPENICILLIN

(Benzathine Penicillin and Procaine Penicillin)

UK

Indications. Penicillin-sensitive infections
Contra-indications. Side-effects. Warnings. See
Benzylpenicillin

Dose. Expressed for a suspension containing benzathine
benzylpenicillin 112.5 mg + procaine benzylpenicillin 150
mg/mL

Horses, cattle, sheep, pigs: by intramuscular injection,
1 mL/25 kg body-weight, repeat after 3—4 days if required
Dogs, cats: by intramuscular injection, 1 mL/10 kg body-
weight, repeat after 3—4 days if required

under

POM Duplocillin LA (Intervet) UK

Depot injection, benzathine benzylpenicillin 112.5 mg, procaine benzylpeni-
cillin 150 mg/mL, for horses, cattle, sheep, pigs, dogs, cats

Withdrawal Periods. Should not be used in horses intended for human con-
sumption. Cattle: slaughter 60 days, milk 3 days. Sheep: slaughter 60 days,
should not be used in sheep producing milk for human consumption. Pigs:
slaughter 60 days

1.1.1.2 Beta-lactamase resistant penicillins

Isoxazolylpenicillins have the antibacterial spectrum of
benzylpenicillin but they are stable in the presence of sta-
phylococcal beta-lactamases; in addition, they block the
activity of these enzymes. They are effective in infections
caused by penicillin-resistant staphylococci, the sole indica-
tion for their use. Cloxacillin and oxacillin are incorporated
into intramammary or ophthalmic preparations. Flucloxa-
cillin is absorbed from the gastro-intestinal tract and is
available for oral administration. Its bioavailability is sig-
nificantly reduced by the presence of food thus this drug
should be given before feeding.

FLUCLOXACILLIN

UK

Indications. Infections caused by beta-lactamase-produc-
ing staphylococci

Contra-indications. Penicillin or cephalosporin hypersen-
sitivity; gerbils, guinea pigs, hamsters, rabbits; oral admin-
istration to horses or calves with a functional rumen
Side-effects. Allergic reactions; diarrhoea

Dose. Dogs, cats: by mouth, 15 mg/kg 4 times daily, given
on an empty stomach

POM @ Flucloxacillin (Non-proprietary) UK

Capsules, flucloxacillin (as sodium salt) 250 mg, 500 mg

Oral solution, powder for reconstitution, flucloxacillin (as sodium salt) 25
mg/mL

POM(H Floxapen (GSK) UK
Capsules, flucloxacillin (as sodium salt) 250 mg, 500 mg
Syrup, flucloxacillin (as magnesium salt) 25 mg/mL, 50 mg/mL

1.1.1.3 Broad-spectrum penicillins

Ampicillin and amoxicillin have slightly less activity than
benzylpenicillin against Gram-positive bacteria and obli-
gate anaerobes but considerably greater activity against
Gram-negative bacteria, although their action is poor
against Klebsiella, some Proteus spp., and Pseudomonas
spp. In addition, they are broken down by beta-lactamases,
both the staphylococcal enzymes and those produced by
Gram-negative organisms such as E. coli and Haemophilus
spp. Acquired resistance in such organisms has limited the
usefulness of these antibiotics.

Amoxicillin is better absorbed following administration by
mouth than ampicillin, giving higher plasma and tissue con-
centrations. Its absorption is less affected by the presence of
food in the stomach. Ampicillin should be given to fasted
animals and at least an hour should then elapse before food
is provided. Ampicillin and amoxicillin are excreted into
both bile and urine.

Depot preparations of both amoxicillin and ampicillin are
available. The drug is incorporated into an oily vehicle to
prolong the action of the antibacterial. Depot oil-based
ampicillin preparations include aluminium monostearate in
the formulation.

Pivampicillin is the pivaloyloxymethyl ester of ampicillin
and as such is a prodrug. It is hydrolysed by non-specific
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esterases in the mucosal wall of the gastro-intestinal tract
and in plasma to release ampicillin (75% by weight is con-
verted to ampicillin).

Clavulanic acid has no significant antibacterial activity,
but is a potent beta-lactamase inhibitor. Therefore, its inclu-
sion in preparations of amoxicillin (co-amoxiclav) renders
the combination active against most strains of Staph.
aureus, some E. coli spp., in addition to Bacteroides and
Klebsiella spp.

AMOXICILLIN
(Amoxycillin)

UK

Indications. Amoxicillin-sensitive
encephalopathy (see section 3.10)
Contra-indications. Penicillin or cephalosporin hypersen-
sitivity; gerbils, guinea pigs, hamsters, rabbits; oral admin-
istration to horses or calves with a functional rumen
Side-effects. Allergic reactions; diarrhoea

Warnings. Penicillins and cephalosporins may cause
hypersensitivity (allergy) following self-injection, inhala-
tion, ingestion, or skin contact; operators should wear suit-
able protective clothing; operators with known
hypersensitivity should not handle these drugs; clinical
signs of allergic reaction in operators include skin rash,
swelling of the face, lips, or eyes, or difficulty breathing;
operators should seek medical advice

Dose. Dosages vary. For guidance.

Cattle: by intramuscular injection, 7 mg/kg daily

by depot intramuscular injection, 15 mg/kg, repeat after 2
days

calves: by mouth, 8 mg/kg twice daily

Sheep: by intramuscular injection, 7 mg/kg daily

by depot intramuscular injection, 15 mg/kg, repeat after 2
days

Pigs: by addition to drinking water, 20 mg/kg daily

by intramuscular injection, 7 mg/kg daily

by depot intramuscular injection, 15 mg/kg, repeat after 2
days

piglets: by addition to feed, 15 mg/kg body-weight daily for
14 days

Dogs, cats: by mouth, 10 mg/kg twice daily

by subcutaneous or intramuscular injection, 7 mg/kg daily
by depot subcutaneous or intramuscular injection, 15 mg/
kg, repeat after 2 days

Poultry: by addition to drinking water, 15-20 mg/kg
Pigeons, ducks: by addition to drinking water, 20 mg/kg
Fish: see Prescribing for fish for preparation details and
dosage

infections;  hepatic

Note. Amoxicillin 1 g = amoxicillin trihydrate 1.15 g

POM Amoxinsol 50 (Vetoquinol) UK

Oral powder, for addition to drinking water, amoxicillin trihydrate 500 mg/g,
for pigs, chickens, turkeys, ducks

Withdrawal Periods. Pigs, chickens: slaughter 2 days. Turkeys: slaughter 5
days. Ducks: slaughter 9 days. Should not be used in birds producing eggs
for human consumption

POM Amoxinsol Tablets (Vetoquinol) UK
Tablets, scored, amoxicillin (as trihydrate) 40 mg, for dogs, cats
Tablets, scored, amoxicillin (as trihydrate) 200 mg, for dogs

POM Amoxycare Capsules (Animalcare) UK
Capsules, amoxicillin (as trihydrate) 250 mg, for dogs

POM Amoxycare Injection (Animalcare) UK

Injection, amoxicillin (as trihydrate) 150 mg/mL, for cattle, sheep, pigs,
dogs, cats

Withdrawal Periods. Cattle: slaughter 10 days, milk 1 day. Sheep: slaughter
18 days, should not be used in sheep producing milk for human consumption.
Pigs: slaughter 16 days

POM Amoxycare LA Injection (Animalcare) UK

Depot injection, amoxicillin (as trihydrate) 150 mg/mL, for cattle, sheep,
pigs, dogs, cats

Withdrawal Periods. Cattle: slaughter 21 days, milk 2.5 days. Sheep: slaugh-
ter 16 days, should not be used in sheep producing milk for human consump-
tion. Pigs: slaughter 16 days

POM Amoxycare Palatable Drops (Animalcare) UK
Oral suspension, powder for reconstitution, amoxicillin (as trihydrate) 50
mg/mL, for dogs, cats. Life of reconstituted suspension 7 days

POM Amoxycare Tablets (Animalcare) UK
Tablets, scored, amoxicillin (as trihydrate) 40 mg, for dogs, cats
Tablets, scored, amoxicillin (as trihydrate) 200 mg, for dogs

POM Amoxypen Injection (Intervet) UK

Injection (oily), amoxicillin (as trihydrate) 150 mg/mL, for cattle, sheep,
pigs, dogs, cats

Withdrawal Periods. Cattle: slaughter 18 days, milk 1 day. Sheep: slaughter
10 days, should not be used in 