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Adverse drug reactions are an ever-present threat when drugs are used
Elinical practice. An adverse drug reacuon ADR 1s anv noxious oi
ftended responsc to a drug that occurs at appropriate doses used for
hylaxis. diagnosis. or therapy. They mav vany from minor annovances
ere. life-threatening events. Drug toxicity includes all toxicity associ-
Fd with a drug. including that observed in overdose situations ie.g. poi-
fiinos with diugs . Side gffects generally 1efers to nondcleterious effects
may occur during therapy. such as polydipsia and/or polyuria in dogs
orticosteroids. Lack of therapeutic cfficacy may also be an ADR.
fwever. lack of response mav also be caused by an mncorrect diagnosis
nappropriate treatment and so is not necessarily an ADR. lhe fre-
ey with which ADRs occur in the average clinical veterinary practice o1
feachiing hospitals 1s not known. but it 1s generally accepted that ADR
B significant contributor to patient morbidity and mortality.

fWhen using any drug. the veterinarian has an obligation to mnumize
Fdikelihood of an ADR occurring. to be aware of the potential clinical
yof an ADR so that a prompt diagnosis can be made, and to know
ppropriatc clinical care to administer should an ADR occur. The vet-
marian should educate clients as to the risk of ADRs associated with the
so that they can rationally balancc this risk against the expected ther-
futic benefit of the drug for their animal. 'T'he owners must also bc
ormed of the clinical signs expected should an ADR occur and what
they should take on observing thesc signs (c.g., stop the drug. trans-
t the patient to the chnic).

[SSESSMENT OF RISk

fiic decision to use a drug is based on a risk-bencfit analysis tor the indi-
gHual patient. No drug is without some risk: however. the willingness of
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this chapter will first present general principles that can be

. apeutic decisions. This will

E: .1 many clinical situations to gude ther S
5wed by a brief overview of hepatic and renal s.

the owner and the veterinarian to accept the risk associated with a i .
1s dependent on the relative risks and benefits ot the diug compareq
the nsk of no treatment or the risk associated with alternative treat:
such as surgery. A drug should not be used without a specific thera
goal so that efficacy and toxicity can be balanced appropriately.
When assessing risk, the veterinarian needs to look at the populg
risk (How fiequent and severe is the ADR?) and the individual risk 3§
this patient have any characteristics that increase or decrease i3
Assessing risks of an ADR may be frustrating because the inform}
necessary to truly assess risk is not available. Veterinarians are often i
diugs with imited published clinical data in veterinary species. Therd}
an undeistanding of the mechanism or pathogenesis of ADRs is &
helpful, as discussed in detail below. Finding information on the id3
frequencv and severity of ADRs is ofien difficult. :
Although mechanisms are in place for reviewing and recording A
of licensed products, information for drugs used off-label is less reiy
available. Many standard veterinary textbooks list adverse reactions
have been reported to drugs without incorporating information on spd}
differences or indeed noting if the adverse reactions have been repot
In vetennary species. Further, information on the frequency and seveg
of ADRs 1s often lacking. For licensed animal products. the company g
keting the product is a good source of information. either through inff
maton on the package insert or through direct contact with the comp;
The Center for Veterinary Medicine, U.S. Food and Drug Administr:
and the Veterinary Drugs Directorate, Health Canada maintain a recgy
of adverse events that have been reported and use this information to
ommend changes in drug labels when appropriate. The FDA's databag8
available through its website (http://www.fda.gov/cvm/index/ade/ADE}
eporthtm) and is a good source of up-to-date information on potent
ADRs that have been reported. .
Once an animal is recciving treatment, the identification and respo‘
to an ADR becomes important. The same caveats for prospectively as
ing risk for the patient apply to deciding if a clinical event represen
ADR. That 1s, we often rely on cross-species extrapolation and a ratifl
imited database to decide if an ADR has occurred. We must often
on our knowledge of the pharmacology and toxicology of the dru
making a rational decision as to whether a clinical event is potental}
drug-related and in deciding appropriate therapy. The diagnosis af
response to ADRs is discussed in the following sections.
In summary, to make the most use of the information available, g
tailor our decisions to the individual patient. and to make rational clinicg
decisions. an understanding of the basic principles of ADRs is invaluahig
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hles of Intrinsic Toxicities

f’ycoside nephrotoxicity and ototoxicity

aiinophen methemoglobinemia/hemolytic anemia
minophen hepatotoxicity

amide-induced hypothyroidism

ubicin cardiotoxicity

Wisic toxicity may have a short time course le.g.. acctaminophen
j or a longer time course {e.g. bone marrow suppression with chemo-
®ipy). It 1s also referred to as Type A augmented: or Type C .chronic
®Erse rcactions. depending on the nature and ume course of the

Pharmacological toxicity

Ph i ici { :
Zl;ma;ologcal toxicity (also referred to as mechanism-based ret
mediated, augmented, or Th 1 o
, , Ype A adverse reactions) i

. ’ ) onsj 1s a form of
}elpendenlt {\DR that arises through exaggerated or undes
ar '
ge eIl:’:jaco ogical e.ﬁ“ects of a drug (Box 14-1), Pharmacological tox
acg ent gnhan nteraction of the parent drug or a pharmacolof}
ve metabolite with a specific tar ‘ 4
¢ target or receptor, Th T ‘
related to the intended i ' dditional, o]
therapeutic tar - it '

: get, or to additional
: ' ‘ : . n
O(Ie{:ondaxl”ly ghdr;nacolog]cal acuons. In the latter instance, the ADR

en called “side effects.” For 1 et

ca “Cts. example, a minor side eff;

o ' 1 < : s cct wo
mydriasis associated with (he use of atropine as a preanesthetic ageb
B £

nsic toxicity is frequenty dependent on the metabolism of the
t drug to toxic metabolites, a process referred to as bioactivation.
ite of toxicity 1s therefore dependent on the sites of accumulation of
foxin, the localization of cnzyvmes necessary for metabolism of the
Foound, and the susceptibility of specific cells to the toxic effects. A
Intrmsic toxin is acetaminophen. Acetaminophen is metabolized to
tive metabolites that cause methemoglobinemia, hemolvtic anemia,
ver damage, the primary clinical manifestations heing dependent on
Byspecics of animal affected. Drugs or chemicals with carcinogenic
ertics, which bind to DNA or damage DNA through other mecha-

Intrinsic toxicity
Bins, would be included in this category.

Intrinsi icity i geolt ,
; }?S]C toxicity is determined by the chemical properties of the dryg
S ) » - . &
e tT};na.rmlzj;col(.)gmal propertes. That is, the toxicity is dependent o
- . 5.

Sic chemical properties of the drug—hence the term Intrinsic f

- {r

finical pharmacology of dose-dependent
Miverse drug reactions

these toxiciti i ; e :

e put instead bind nonspecifically to a variety of proteif] -dependent ADRs have the potential to occur in all patients, but
‘ may be avoided in many instances by careful sclection of the dose.
g into account the patient characteristics. Patient evaluation becomes
important in deciding whether an adjustment in the recommended
hdard dose is required. Susceptibility to dose-dependent ADRs can
enhanced through factors which lead to greater drug exposure (i.c.,
preased clearance and increased absorption) or that enhance the phar-
ological effect (e.g., concurrent medications; presence of epileptic foci
e brain). "This hypersusceptibility may also be referred o as patient
insyncrasy. For example, hypersusceptibility of collie dogs (0 ivermectin
b rotoxicosis is related to an increased penetration of ivermectin into the
Entral nervous system resulting {from a genetic variation in P-glycoprotein

Box 14-1
Examples of Pharmacological Toxicities

Bligoxin-induced cardiac arrhythmias
cers associated with inhibition of cycl ivi
nonsteroi_dal antiinflammatory dru};;csooxygenase activity by
Pancytopgma fromestrogens in dogs
,Hstzpotensmn from'acepromazine
atrogenic Cushing’s from excessi i i
i ve
Ivermectin neurotoxicity corticosteroid use
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3 ' irec - the ‘macological
taton and treatment will be directed by th( phi]. oo
» { the drug or the mechanism of the chemically m.s;( ‘\DR
et ongan. [ a dose-dependent 2
X ~ious occurrence ol a dose |
Corgan. 1 he previous 0 c of 2 endent AD
L pdication for modification of tht therapeu!
he use ot the causatve

responsible for pumping ivermectin out of the central nervous syst
Inhibition of metabolism or clearance of a drug can lead to accumul}
to toxic levels. Glucocorticoids and nonsteroidal antiinflammatory §
(NSAIDs) have synergistic effects on the occurrence of gastropathy.
case of intrinsic toxicities that are dependent on bioactivation tog
metabolites {a process called bivacuvation), factors which alter mef
lism of the drug or affect cell detense mechanisms (e.g., deplete cel§
glutathione) will also enhance susceptibility.
The target organ and clinical signs are dependent on a number off
tors. For pharmacological toxicity, the observed signs will be depender§
the pharmacological effects. For intrinsic toxicities, the clinical manifg
tions will depend on the affected organ. The target organ will depend
accumulation of the drug, the cell defense mechanisms present in tg
organs, and the presence of the enzymes required for bioactivation off
drug. For example, the nephrotoxicity of aminoglycosides is depende
part on their accumulation in renal tubular cells. If this accumulatig}
prevented by appropriate dosing regimens, then the risk of nephrotox
is decreased. ] B inappropriatc Us of the ¢ Tocidated. The
Treatment in dose-dependent toxicities should involve discontinuaf ' become luciE=s
of the drug and, if clinically indicated. removal of the drug from the b
through appropriate measures. When appropriate, therapy can be dired
at the specific pharmacological target to either treat or prevent the Al
Targeting to the appropriate pharmacological target is critical. For examg
misoprostol is the best and most effective therapy to prevent NSAJ
induced gastropathy.? Once ulcers or erosions have occurred, discontint
tion of the NSAID followed by appropriate therapy with sucralfate or}
acid inhibitor such as ranitidine or omeprazole would be appropriate. §
the other hand. since loss of prostaglandin is not the primary mechan
behind steroid-induced gastric bleeding, misoprostol is not effectivel®
preventing steroid-induced gastropathy.* :
For intrinsic toxicities, drug withdrawal and supportive care are
most important steps. In certain cases, treatment directed at supporty
specific cell defense mechanisms may be appropriate. N-acetylcysteine g
function both as an antioxidant to alleviate methemoglobinemia
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ciated with acetaminophen toxicity and as a precursor for glutathione}
scavenge reactive metabolites associated with hepatotoxicity® O : - hiouracilimethimazole toxicity in cats <otoxicity in dogs
antioxidants can also be employed to minimize the hematological toxiq} kS namide polyarthritis, thrombocytopenia, hepato
associated with acetaminophen. 4 Eoam hepatotoxicity in cats

In summary, dose-dependent ADRs are the most common class of ADY endazole hepatotoxicity in dogs
encountered clinically They can be minimized by careful and judicio}

g v .
dru gnant hyperthermia triggered by halothane in pigs and dogs
ing i indivi i : yrofen hepatitis
use of the drug, taking into account the individual patient. The clinig ;
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dependent on the chemical properues. not the pharmacological priEEIE L in Veterinary Practice That Have Been
ues. of the drug They are disunguished from hvpersusceptbility to f fne Drugs L)sed in Ve er tic Reactions in Humans
macological or munnsic toxicites i that they cannot be produced T jated with |diosyncrati
by elevating the dose or increasing the exposure in the target populd
or m experimental animals. :
The clinical presentation of idiosyncrate drug reaciions s variable
depends on the exact mechanism underlying the reactuon. For examg
malignant hyperthermia trom halothine e¢xposure in pigs and hepatof A , 15, including phenobarbital, phenytoin,
icity from sulfonamide intimicrobials are both idiosyncratic ADRs. T Fomatic antlce\r‘evﬂiznf:lbamate
have both distinct pathogenesis and distinct chnical signs. However, gorbamazen <
majority of 1diosyncratic ADRs have charactensucs assoctated with§
immunological pathogenesis and many people are referrng to these o8
of reactions when they use the term idiosyncratic reactions. ‘
Drug hypersensiuvity syndrome reactions. drug-induced hemei
anemia or thrombocytopema, drug-induced lupus. drug fever, and drf
induced immune-mediated hepatitis are all terms used to describe i
syncratic reactions that are thought to have an immunological hag
The clinical manifestations of “idiosyncratic hypersensitivity syncirof
reactions include such pathological states as fever. lvmphadenopathy, 4
matopathies. hepatitis, nephnitis. leucopenia. agranulocvtosis. eosinophif
thrombocytopenia, and aplastic anemia. This tvpe ol idiosyncratic reacif
1s relatively rare (frequency esumated to be <1/1000) and has a gelag
onset, with clinical signs generally manifesting 7 to 14 davs or longer f#
the start of therapy.” Thev are distinct from the typical drug allergy chd
acterized by anaphylaxis and/or urticaria occurring immediately 2§
drug administration, which is an IgE-mediated immediate hypersensitiviy
reaction directed against the drug. 4
Idiosyncratic reactions are important in veterinary medicine fromg
patient treatment standpoint, but they also have an influence on veté
nary practice from another perspective. Fear of idiosyncratic toxicity
humans may be the reason for the banning of products for use in fog
animals (e.g., chloramphenicol causes aplastic anemia in rare individuals
or may lead to the withdrawal of a drug from the market. Some pracf
tioners are reluctant to prescribe drugs that have been associated wit}
idiosyncratic ADR in humans for fear of precipitating an event in ¢
owner. In general, owners should be warned about the potential for drug
employed in veterinary practice to cause idiosyncratic reactions in humatg
(Box 14-4) and be instructed to wash their hands immediately after admit
istering the drug to their animals. It is wise to inquire if the client or a g
immediate family members have drug allergies before dispensing a drug
so that they can take appropriate precautions. such as wearing gloves and
washing hands.

%ﬁbthiazine derivatives (chlorpromazine)
Hthane, Isofturane '
himazole, propy!thlouracn

Bathogenesis of idiosyncratic adverse
Arug reactions
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a drug for more than 6 1o 8 weeks, the likelihood

dr D 1 i the
f i inding of the reactive metabolites. and the nature of
of experiend ng . :

- AT th~ . ! - ini in individual animals.

idiosyncratc reaction drops. espite the varable clinica)l presentdj esponsc in indi idual anir

appears that common pathogenic events underlie the clinical d; N

The immunological r
idiosyncratic reactions in

either drug-modified pr

esponses that have been identified in g
humans and animals have been directe
oteins or autoantigens. Drugs are thei3
generally too small 1o trigger an immunological response; however
are metabolized to reactive metabolites, they may form drug-8
conjugates (Fig, 14-1) that are capable of triggering an immunolf§
response.*® The immune response may be directed against (h
protein conjugate or against the protein jtself (autoantigen) th
altered by the drug. The factors thar determine which animals willd
rience an idiosyncratic reaction remain obscure, although gene
environmental differences in metabolic Ccapacity and immunoj
responsiveness appear to play roles.

The general scheme of Gell
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er alternative exists for a life-thpeatening that ca
is i o s no other alternative e . ! hat casc.
s o sl pencl esensitization protocol should be considered as part of the reinitia
BLESC. s ] .C

Sulfonamide l

Cytochrome P456

Sulfonamide
hydroxylamine -
(reactive metabolite) J

Covalent binding
to cellular proteins in ¢
target organs ]

Figure 14-1, Simplified scheme of the p
tivity reactions,
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; : : . " x. bodv composition
of therapy. Unfortunately, there is essentially no published experiencd lism. age. scx. body )

these protocols in veterinary patients.

& mental variation in drug metabo : 56 compen e
lean weight), preguancy status {leratogenicity j, concu
sological st -ug or chemical exposurcs.
immunological status and concurrent drug or chemic al cxpg u .
ontribut ! ; 11l depen
these factors contribute to the development of an ADR will dep

e drug and the type of toxicity.

INCIDENCE OF ADVERSE DRUG
REACTIONS

“GNOSIS OF AN ADVERSE DRUG
CTION

The incidence of many ADRs in veterinary medicine is often unkd
because of the difficulties in attributing clinical events to drug admi
tion and the dependence on spontaneous reporting of ADRs. M
ADRs are not apparent until the drug has been used in a large numb4
genetically variant animals. ‘The newest drug available is not ncccss
the best or safest choice for therapy. particularly when considering ¢
devcloped for use in humans. A drug relatively safe for usc in humat
not necessarily safe in dogs and cats. Clinical studies demonstrating si
of drugs should also be cvaluated carcfully to determine if the pat
population studied is representative of the population in which vou
to use the drug

Small experimental studies at higher than normal clinical doses g
indicate what dose-dependent toxicities 1o be aware of and give an i
cation of the therapeutic index. but they do not determine the incide
of dose-dependent or idiosyncratic reactions to expect at typical clinf
doses in the gencral patient population. In general, the large clinical
and postmarketing surveillance necessary to determine the incidencd
ADRs are not available in veterinary medicine. Many times the impg
sion of the incidence or importance of an ADR is colored by persof
experience. While this may be useful experience, it can often be mislé
ing. In general, dosc-dependent ADRs tend to be more common but §
serious, whereas idiosyncratic ADRs tend to be relatively rare but Q;
serious (e.g., the incidence of sulfonamide hypersensitivity reactions
dogs 1s probably less than 1/1000). The unpredictability and potenf}
severity of idiosyncratic toxicities gives them an impact disproportior§
with their incidence. ,

It is always important to remember that the likelihood of an ADRS
the patient bcing treated is more important than the frequency of occl b om those that may be related to the drug. O e
rence in the general population and the decision to use the drug should§ b nimal may have been receiving should also .l)t' consider 1(1 . ient
based on an assessment of risk in the individual patient. Particular vigila B 1as the drug been adrninistere.d prevmusly to t étfd e
for adverse reactions in neonates, older animals, animals with a previg ‘ d what was the outcome? [his needs to be mt.én plf *)ml;re
history of an ADR. and animals receiving multidrug therapy is requird L anner consistent with the suspected \_DR If a prg\mu?jn}ed' Oﬁ
Many factors contribute to the occurrence of an ADR in a given patief bproduced a similar response, itis more likely to bct] A 1l'ug ”r;qsir; e
Drug factors include dose, duration, vehicle, and drug interactions frd} Ri1e other hand, a previous uncventful exposure, while decreasing
concomitant therapy. Patient factors include species or hreed, genetic o bikelihood, does not rule out an ADR.

1 Perhaps » mMost
bution of a clinical event to a drug can be difficult. Perhaps the

fbulior a Eh o ot are an ADDIO-
E rtant clues to link a clinical event with drug treatment are }2 P ;
ora 1 1 jous report of a similar ¢ ass0C1-

al 1 hip, a previous report o
e temporal relagtonship, po A . M‘). aoer
with tlhe drug, and a lack of another clinical explanaton olt the (d ;
. . 59 - , - " el

ithms or prob: - methods that have been
ere . any ithms or probability me el
fere are many algon . ave been deve
d for diagnosing potential adverse drug reactions. How ;]\ er. ¢ ity
o down ¢ i stions, which reflect a rationz
simplify down 1o the following questions, which reflect

E oach to attributing a clinical event to an ADR:

s the temporal association of the ever;t thh dr.\frgC tr:e:z;n

ent appropriate for the type of ADR? l% ;113";1;:‘ W (,-m}i) o

B (ore drug administralion or oceur lf)ng generalhy mo ' 1.) -

L uld be longer in some situations, aitcl drug dlsc.(/)nflfmaj()li(;n \

, e unlikely to be related to the drug. The tel)np(n al asse m.\m e
ould be appropriate for the suspc'cted ADR a‘nd ?ot ?n;:((; a\z aﬁcr.

¥or example, an anaphylactic reaction would not occur \

administration. ‘

3 ai tl;ln:‘zuspected ADR been previously ‘reporJed?‘ltb ;l;(iem\'

B are consistent with a previously reported ADR, the pl;) o

“ her that the signs are the result of an :'\DR. If ‘t‘letAhiS

bias not been previously reported, the probability 1 lower but

bioes not necessarily eliminate the possibility of an ADR.

. . . s
i i for the clinical signs:
r possible explanations igns:
e attributable to the discasc

is 1 tant to differentiate clinical signs
e that ther drugs that the

ks much hig
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5. Do the signs disappear with drug withdrawal and recu - IR ]

with reexposure? It 1s generally not ethical to reexpose an anig
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gme Pharmacodynamic Drug Interactions

to a drug suspected of causing an ADR. but this may occur ina// S gs

Interaction

Mechanism

Wicocorticoids and
fisAIDs

tently or in clinical situations where alternative therapics are limit}
6. Is there evidence of dosing error or elevated plasma |
concentrations? When in doubt. the dose should always be
recalculated. If available. therapeutic drug monitonng can be a ud
tool in deaiding if toxic drug concentiations exist. ;
7. Are predisposing factors present in the patient? Is (he wnif

¥rdsemide and
ngiotensin converting

receiving other drugs which are likely to have pharmacodynamic SUL S
: 3 Enzyme inhibitors

pharmacokinetic interactions with the drug in question® For cxamplg
usc of an NSAID and an aminoghtoside may increase the nsk of 3
nephrotoxicity, whereas concurrent use of an NSAID and a gluco.of
coid will increase the likelihood of gastiic ulceranon. Docs the
have a concurrent discase, which nuy merease susceptibility o an

Firosemide and thiazide
pdiuretics

undarlying hepatic or tenal disease. o1 dinbetes Jllucocorticoids and
S 5-2-agonists

adverse event ‘1.c..

Bucralfate and gastric
acid secretion
nhibitors

DRUG INTERACTIONS

Drug interactions refer to in vivo interactions between drugs. 1rug g
actions may be relative or absolute conuaindicatons to the conanen
of drugs. Drug interactons may lead to 1 dumnmished or an enharg
effect of a drug. or may lcad to the occurrence of toxicity. In general &
interactions have either a pharmacodvnamic or a pharmacokineuc bz

Pharmacodynamic interactions arce the pharmacological effd
of two drugs that may be opposite to cach other (¢.g, metoclopramide
dopamine have opposite effects on renal blood flow), work at the same§
(e.g., two NSAIDs), or enhance the effects through sequential or comp
mentary cffects (e.g.. effects of glucocorticoids on B,-receptors and us
a B,-agonist, such as terbutaline; effects of corticosteroids and NSAIDY
gastric integrity). Drug combinations should be assessed carefully for l}
intcractions before their use. There are many possible phdrmacodyn, -

BISAIDs and
bnticoagulants

ds and general
hesthetics

Increased
gastrointestinal
toxicity

Increased diuretic
effect

Increased diuretic
effect

Increased
bronchodilatory
effect

Decreased efficacy
of sucralfate

increased bleeding

Enhanced
respiratory
depression by
opioids

NSAIDs primarily inhibit
prostaglandin production,
while corticosteroids
increase gastric acid
secretion and decrease
mucosal defenses

ACE inhibitors decrease
aldosterone secretion,
which subsequently
increases the diuretic
effect of furosemide

Work at different sites in
the renal tubule, leading
to a synergistic diuretic
effect

Glucocorticoids
upregulate and increase
the responsiveness of
B-receptors

Sucralfate requires an acid
pH for maximal efficacy;
if gastric acid secretion
inhibitors (e.g., cimetidine,
ranitidine, omeprazole)
increase gastric pH,
efficacy of sucralfate may
be decreased

Combination of inhibition
of platelet aggregation
(NSAIDs) with inhibition
of other coagulation
pathways (heparin,
warfarin) will lead to
increased bleeding
tendency

General anaesthetics
generally enhance the
respiratory depressant
effects of opioids

interactions, some of which are listed in Table 14-1.
Pharmacokinetic interactions are when drugs inhibit or cnhaj
each other’s metabolism or renal excrction {Table 11-2,. One drugn

also displace another from protein binding sites, leading to greater fifiteractions is metabolic intcraction at the level of cytochrome P1#50 in
drug concentrations and hence pha_nna_co]ogicaj effect. Drug interacty ulg liver. The CytOChl'OlnC P450 family of dmg mctabolizing enzymes is a

can lead to the occurrence of ADRs at doses or plasma concentrations I

than typically expected. depending on the mechanism of the interactiod
Knowledge of pharmacokinetic drug interactions in small ani

remains limited. Probably the most common mechanism for pharmacok

Bique system. It is composed of more than 20 diffcrent enzymes. of which
Bor 5 arc likely responsible for the majority of drug metabolism. There
te significant species differences in the regulation and substrate specificity
¢ thesc enzymes. Thus, although there are many similarities between
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Table 14-2 5 INCOMPATIBILITIES
Some Pharmacokinetic Drug Interactions in Dogs . 1 hemical interactions that occur between drugs
S oave cher $ .
. . compatibilities are chy - rin a
Drug Interaction Mechanism Dn}l)gﬂ that are incompatible <hould not be mixed together 1
. , . i ’ B . . ot mix drugs unless necessar
Phenobarbital Griseofulvin— PB induces several’ or fluid bag. As a general rule. do ne Most standard reference
(PB) decreased efficacy cytochrome P450 . only if you know they are compatlblc: Most st W b con-
Propranolol— enzymes, increasing: rcn O formation on drug incompatibilities and should be
decreased efficacy metabolism of sever, contain 1nic
Lidocaine— drugs. The increase beforc mixing drugs.
increased clearance hepatotoxicity when'
Chloramphenicol— combinations of - 9
decreased efficacy anticonvulsants are ; TOXICITY
Primidone/ is likely because of A G-lNDUCED HEPATO
phenytoin— increased bioactivati ' ) . . erse drug
increased . . - remnains one of the most important adverse drug
ici ' induced lver damage te intestine and the sys-
N hepatotoxicity TP ause of its strategic location between the intestine a \
Cimetidine Theophylline— Cimetidine is a modera Frions. Because ol 165 5U3 4 1o relatively high drug concentra-
increased toxicity  inhibitor of several . :§ B . culation, the liver can be exposec (01 sy through
Metronidazole— ~ different P450 enzym B \When coupled with its high metabolic capacity. parucuiar e
increased toxicity  and so d_ecreases P450 enzymes, the liver has the greatest exposurce
Midazolam— metabolism of ochrome 4. ) L+ uften related to bioactivation to reac-
increased effects  several drugs bolites. Intrinsic hepatotoxicity 15 0 en o erosis (e, acel:
Propranolol— B abolites that damage liver cells and causc hepatic necros " w
. B = . s "8 €
, increased effects N 3 hepatotoxicity: see Chapter 28:. I may also occur subsequent
Chioramphenicol Phenobarbital—  Chloramphenicol inhibité} Binophen hepatotoxjcity: st -1 disruption of bile transport. leading
pharmacological ~ phenobarbital metabolfg ption of mitochondrial funcuon or Aisrupuon i mhways related 1o
toxicity : s Tdiosvneratic hepatotoxXicity 18 NEATiy siives 7
. . T . ury. 1aosync athics are
Enrofloxacin Theophylline— Enrofloxacin inhibits o'kst’fm( 1y cactive intermediates. Dose-dependent hepatopathies are
pharmacological theophylline clearance™ Pactvagon to react : : development process. but may stll
toxicity e ally identified dwing the drug o owic fI'i ver, the major-
Digoxin Quinidine, These drugs inhibit 1 4bute to clinically important dmg-mduccd lo.\'1(111,\' O,“C. .
verapami, P-glycoprotein , : ases of hepatotoxicity are idiosyncratic In naturc. , 4
ketoconazole, dependent renal gof scrions cas : linically important hepatotoxic drugs
itraconazole— clearance of digoxin ¥Box 14-5 provides a list of the most clinically importa | hevatotoxins. but
decrease digoxin A all animals. ‘This is not a complete list of potenna cps XIns,
clearance, -

A oY dcity in dogs
is a list of drugs that has been associated with thlet‘—:)?\ll(.ll} ) g_i,c
Cears, T show epatotox
the ' shown to be hep
' her drugs that have been
i, cats. 'There are ot f noy N o
' ave not been rep
1cs { and rodents) but that h . ort
other species (humans a ents) » not reponee
observzd to cause clinically signficant hepatotoxwm} ml l\e ary
A : ‘native health pro $
cics. lor example, many complementary oI alternative hea n]\w ducts
‘ ‘ ‘ ‘ er .1} have been reportec g
al a pr ts and germander) have .
certain kava produc germ ' reported (6 e
atotoxicity in humans and conceivably may do so mn ant
e X1C

leading to toxicity

species, cytochrome P450-based drug interactions in dogs or cats are 1§
necessarily the same as those in humans. Hence, while we rely heavily{§
extrapolation of potential drug interactions in humans to drug interd}
tions in dogs and cats, this may not always be reliable. Further workg
required in companion animals to fully elucidate the cxtent of clini
significant metabolic drug interactions. Nevertheless, a reasonable rulef
thumb is to avoid combining drugs whose clearance is heavily depende§
on metabolism when possible and when interactions have been report§
in other spccies unless they have been shown not to occur in veterinaf
species. Table 14-2 summarizes some of the possible drug interactions arf
their mechanisms in small animals. primarily dogs. :

- cific reports cxist.

fhenobarbital

C e dinical
Ye of the most commonly used hepatotoxin that remams a L}ll(l;
e or ve ' ' : e of dogs
.allenqe for veterinarians is phenobarbital. A small percentage g
i E A
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Box 14-5
Clinically Important Hepatotoxins

Intrinsic Hepatotoxins

Q:etaminop’hen (dogs)
+Phenobarbital/primidone/phenytoi

Glucocorticoids phenytoin

®ased clearance of phenobarbital and elevated serum concentrations.
& with low serum concentrations ot phenobarbital may still
op liver discase (Cribb, unpublished observations). Yearly evaluation
ferum enzyme acuivities i1s often recommended, but has not bcen
Erly shown to prospectively identify dogs at risk of developing hepato-
y. Unexpected increases in serum phenobarbital concentrations

Mitotane:
Te r " TRa” 3 . . . . :

Cyzlggzﬂ’r?:e E also be an indication of hepatic dysfunction. If dogs are removed
’ h phenobarbital early in the course of hepatic damage, recovery can

Griseofulvin.
Thiacetarsemide
Ketoconazole

ur. However, once the hepatic damage has proceeded to the stage of
mificant cirrhosis, recovery appears less likely. Dogs should be carefully
Fined from phenobarbital and therapy with an alternative anticonvul-
i such as potassium bromide or levetiracetam. instituted if” hepatopathy

femonstrated or highly suspected.

Idiosyncratic}Hepatotoxins

‘Diazepam'in: cats

~Propylthiouracil and methimazole i

Pre e in.cats :
Trimethoprim/sulfonaride antimicrobiale in dv
rimethopri ic

Mebencai - roblals in dogs
Cg:rprofen‘ ‘

Diethylcarbamazinefoxibendazole

flosyncratic hepatotoxicity

on chroni i . . . ‘ ipsyncratic hepatitis clearly occurs with sulfonamides, carprofen, methi-
on cb ;gc}lsszggiilrl)}i;ita‘;:lnlqll;:rl;la;f:e \;;ICIl d;\'clép .hcpa-uopadly‘ Bzole, die.thylca.rbamazine/oxibcndazol'eA mebendgzolc. and diazepam
epatopashies m dn ] Generam' Conzda?y Ctlom may also R companion animals. In all cascs, the 1¥1cj1dcnc»e Is rare \:I)X‘Obl!-.bjh' less
hep: P i do ‘particuiar]\_ ‘:hcn us(:d o CO::; nflore hePaXOt 1, 1/1000;j The mpsl common signs Qf 1(i1()>;§'11(~f«a11c hcpatomyut& are
(i e gl partic PhC(HObarbital,i( oo r{:latno'xa tlmapy, Bute onset ol anorexia and malaise within the first 2 to 8 weeks of therapy.
cerun Tver enayme ) b i di;ecuv | ~u. )Jcaus; elevations wever. l.'nep'atotoxm‘l,\' can de\'elop sooner or may have a delayed onset.
renet or der ™ epatotaniei oL ! 'e](,o,“L- atgf ! to the o 'l ile pq]odlc screening for gle\:aF1011s in s@'um liver c1‘1zyme ;1cny1tu=.s
eyt actone e oot A anwic m;\ “F’F’"b in serum [jRBsometimes rcc.ox.mu«:ndC.d ff)r ldlos.ym;‘rzlll(.‘ hcpalolgxms. there is N0
Clear 13 Mmoo beera e alaninclamil tl\J’cl:lofn, t}‘ns 1s far ‘dence that Fh)s 1s effecu.\v(. in pl‘cdlctlpg or preventing hepatotoxicity.
alkaline phosphatase (AP) activities are generally 1110 : {fms crasc (ALT) 4 e onset of liver damage > gglck once It occurs 5o that dogs or cats ean
but clevationn e e thrcé to o Itimo dtlcause for cc.)nc from’ normal serum activities to climcal l]\'er: damage i a few da).:s
normal should b ey 20 et 1o al:s bxe upper. limiti_tie. W hq.ag commencing drugs ‘that are 'fissocxatcd with l.d?(Ts}'nC1~{1llC
with signifoant bepmes moreo iy ot oo o1 Ie rvio.ted Lhat (@R patotoXicity, it is usefgl to es.tabllsh a haseline for serum actmtlcs'belore
lver oy aoe o despite oot ha dal;l ec tlzfe\‘]allon.s n serd ffe start of Lherap'y..I.t is also important to remember that fluctuations of
and AL eihities et iver dan .a‘gc.’ i clevations in § frum enzyme activities out of l.h(.‘ nor'mal. range are not uncomnion §11c]
o o sepiviies g o Shomd " LC‘“;:'Z ‘d umin conceniggr ple elelva.lwn is not nc_ccss.anlyv an indication to stop the n.mdnc;m.on.
Ko o1 serum ! nitrogen, the ‘ onsi 'cred more serioyfithough it is a clear indication for enhanced clinical and biochemical
. : gnpstlc work-up, including a bile acid test, 1s indicayd
\’thle hepaqc biopsy may help 10 document actual liver damage, 8
histopathological changes that are hallmarks of early pl lg o
hepatotoxicity have been identified, 12 Y prenchung
Dogs with high serum concentrations of phenobarbital (>3¢
40 pg/mL) are at increased risk of phenobarbital-associated i |
damage. Whllc elevated serum phenobarbital concentrations are off
observed in dogs that have developed hepatopathy.!! it has been difg
to separate cause and effect. That is, loss of ljver function may lead‘

fonitoring of the patient.
' The most important trecatment for idiosyneratic hepatotoxicity s

fimediate cessation of therapy and diagnosis. The owners should be
Bitructed to immcdiately stop the drug and bring the animal in for eval-
ition should it become anorexic or depressed. Serum liver enzyme activ-
fes should be determined and if elevated, a presumptive diagnosis of
Blosyncratic hepatotoxicity is made. Clinical experience suggests that
Entinued treatment once the reaction has started is more likely to lead
a fatal outcome. While hepatic biopsy may serve to confirm the hepatic
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damagg. this is rarelv indicated and is probablv not helpful in diffe-d
ting 1diosyncratic hepatotoxicity from other caases. There 15 no "
(herapy for idiosyncratic hepatotoxicity In sey cte cases th 1tl contisf') 4
deterior 1te. treatment with corticosteroids. on the assumpu’c;n that
an underlying immune-mediated pathogenesis. can be tried but th;i‘

no gpqd clinical studies 10 support this approach in human or veteris
medicine. 1

Bir-d. Toxic mechamsms are not fully understood. but probably imvolve

piake of the drug bv tubular cells and accumulation in Ivsosomes.

pparatus. a1d endoplasmic retculum Histopathologically. iminogly -

B tubular cell toxacity 1s associated wath formation of myeloid bodies that

f:from the accumulation of phospholipids 1n a concentric lamellar dis-

Bion within enlarged and dysfunctional lysosomes. Ruprure of over-

Bmcd hysosomes is believed to be a major trigger for wbular cell death.

ed synthesis of protective prostaglandins and inlubwon of mitochon-

respiration and of protein synthesis have also been proposed as addi-

2l toxic mechanisms.

s low trough levels of aminoglycosides have been associated with

¥ased nephrotoxicity in multple human trials, single daily administia-

s currently used in humans and horses !+ However multiple once-
intramuscular administrations of gentamicin have been associated
Rigns of renal damage in dogs (increased serum creatinine and blood
Bnitrogen. renal tubular casts, and decreased specitic urine gravity, and
fare must stll be exercised." To minimize the risks associated with
Moglycoside-induced nephrotoxicity. patient hvdration should Iy

fntained. co-administration with other nephrotoxic or diuretic drugs
finflammatory drugs. futosemide should be avoided. and therapeuuc
B monitoring TDM) should be used. TDM dose adjustment 1s related
fhe patient's pharmacokinetic parameters and minimal inhibitory con-
Rration MIC of the causauve bactena. The goalis to provide 1 dosage
eimen that produccs a peak concentration 8 to 10 times above the MIC
B2 trough concentration ol less than 2 ug/mL. and and preferably less
i | pe/mL. Prostaglandin analogue supplementaton :misoprostol docs
fiscem to be effective for the preventon or treatment of gentamicin-
fiiced renal injury.

Drug-induced nephrotoxicity

Because of their large perfusion (approximately 25°¢ of the 3
oglput)( their ability to concentrate and accumulate toxicants aniia .T“:
h1gh m;tabolic acuvity. kidneys are highly vulnerable to dl‘l..l -1nd 1
toxic injury. The most common drugs associated with nephrotixic'
small animals are presented in Box 14-6. It is important to note thalt r‘
‘box' axl1d this section describe toxic events associated with drugs th t
intrinsically nephrotoxic and do not address drugs, such as furoseslim'dea
can cause repal dysfunction thiough their pharmacological pro ertiel
a general principle. two potentially nephrotoxic drugs ;hould n(}:t be {
together and nephrotoxic drugs should be avoided in animals with kn, ~‘
or suspected renal dysfunction. To minimize the risk of nc‘plutoluxjcj "
!mportant to maintain the hvdration siatus of the ammal and t*nxur:y, -':
quate urinc output. lL'

AMINOGLY.COSIDE'S. Nephrotoxicity is a major limiting factor
ammoglycomdes administration. Aminoglycoside toxicity rcslults nr

f:allure with hypoosmodc polyuria. C’]Z,\"71U"'i3~ glucosuria. and ])roteine
?ezlrumlcreamnne can be increased afier a fow days of administration R‘c‘» .
atlure 1s usually reversible but can become irreversible if' administration8 BACTAMS. Cephalosporins have been commonly cited as being poten-
SR nephrotoxic drugs. The early cephalosponns (i.e., cephalordine) had
i nephrotoxic properties and a number of analogues were also shown
Bause renal damage. The damage related to cephalosporins was selec-
o the S2 segment of the proximal tubule as a result of active uptake
gh the organic anion transport system. However. none of the cur-
itly, used cephalosporing appear (o be associated with a significant risk

ghephrotoxicity.

Box 14-6
Drugs Associated with Nephrotoxicity
Aminoglycosides

Amphotericin B
Cyclosporin A

NSAIDs . S .
Sulfonamides Among other B-lactams. only imipenem is significantly nephrotoxic.
Tetracyclines fiercfore it 1s administered in combination with cilastatin 1o inhibit its
:Aagf;:;’ftlzar?nage"“ Babolism by dehvdropeptidase 1 on the brush borders of renal tubulu

¢ to mimmize its uptake mwo renal tubulu cells and subsequent
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B, and changes in glomerular capillary permeability have been pro-
i to explam these alterations. New non-lome agents with lower
Bilarity 1i.e.. lopamidol’ have decreased risks of toxicity.

AMPHOTERICIN B. In 1ts comventional colloidal dispersion¥
iFungizone). amphotericin B is associated with high risks of renal
in humans and in veterinary species. It induces an intense renal .-
vasoconstriction and is directly cvtotoxic in relation with its ability t
cholesterol and form membrane pores. leading to tubular necrosis. $3
protocols have been developed for the administration of amphoter(
to minimize nephrotoxicity. New lipid-based formulations have Il
the toxic events related to amphotericin B administration in human$}
icine. Clinical trials have not becn pertormed in veterinary medicf
date and therefore usc of safer azole anufungals is preferred to arg
tericin B wherever possible. :

-ONAMIDES. Idiosyncratic toxicity of sulfonamides in dpgs has
B associated with proteinuria. which may result from drug-induced
. erulonephrius. * * However. renal toxicity is le§s common tll;n some
ger signs (i.c.. fever arthropathy. and blood dyscrasias. SulAi(nmde(::ﬁ nuy
B cause crvstalluria of high doses are administered to animals o1 if they

ehydrated.

ETRACYCLINES. In dogs. high doses of oxvtenacveline 25 mg/kg IV
> been associ-ated with tubular nephropathy. Clinical sigqs include
Bhniting. diarrhea. dehydration. and isosthenuna with azotemia. hyper-
B ininemia. and hyperphosphatemia.> Renal damage has also been
. bed with the use of outdated or degraded tetracvchne.

CISPLATIN. Nephrotoxicity is the major himiting factor of cig}
administration in humans and is associated with acute renal failn
chronic renal failure. Although not fullv documented in veterinary cli
settings. renal toxicity of cisplatin should be carefully monitored.

results from bioactivation of cisplatin to more toxic metabolites i
renal tbular cells. oxidative stress. and direct cytotoxicity of cisii
through the inhibition of DNA and protein synthesis. i

BNCLUSION

aking a rational approach to adverse drug reac tions b’dS(dl()n an
+ erstaﬁdmg ol the general principles of mechamsms of toxicitv. the
inary clinician can go bevond the consultanon of a hst of adyxsc
B tions to a thoughtful assessment of risk and causalitv 1n our patient.
s will lead to the safer. more appropriate use of drugs and better
ient care. Although every veterinarian will expenence the occurrence
BADRs in their patients. careful use of drugs will minimize the
Siuency and consequences.

CYCLOSPORINE A. As cyclosporine .\ renal toXIcity is a common
lem in human medicine, its increased use in veterinary medicine, §
aally for dermatological discases. has raised the question of nephrofy
risks in veterinary species. In contrast to humans. dog and cat kidnef}
not seem to be a major target of cyclosporine toxicity. Very few cagd
renal impairment have been reported in the literature. 1#

NSAIDs. Renal synthesis of prostaglandins by cyclooxygenase consty
a regulatory mechanism to cope with diminished renal perfusion that]
occur in volume-contracted states (i.e., dehydration, diuretics) or redg
cardiac output (i.c.. congestive heart failurc)."” Because NSAID;)
inhibit prostaglandin synthesis, they may impair renal function in hig
nisk patients, culminating with acute renal failure. The nephrotoxic
tial of selective COX-2 inhibitors is unclear in human medicine? ang}
not been addressed in veterinary species. NSAIDs can also damagdl
kidney by direct toxicity. usually after massive administration. Both ni
anisms may be involved in acute renal papillary necrosis, which has i
reported in dogs and cats.? 2 1
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