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204 e Pharmacology

Table 9.1. Anatomical location, cellular response, and physiological response associated with different muscarinic receptor subtypes

Receptor (G Protein) Anatomical Location

Cellular Response

Physiological Response

Activate PLC and increase

IP5, DAG, and cytosolic calcium
Increase potassium conductance
Inhibit AC and decrease cAMP
Decrease calcium conductance

My (Ggr11) Neurons and autonomic ganglia
M, (Gi/o) Sinoatrial node, atrioventricular
node, and atrial myocardium
M3 (Gg/11) Secretory glands, smooth muscle,  Activate PLC and increase IP;,

and vascular endothelium DAG,
Generation of nitric oxide

Depolarization of neurons and
autonomic ganglia

Decreased sinus rate, conduction
velocity, and contractile force

Increased secretion and smooth

and cytosolic calcium muscle activity, and vasodilation

AC, adenylate cylase; cCAMP, cyclic adenosine monophosphate; DAG, diacylglycerol; IPs, inositol triphosphate; PLC, phospholipase C.

-
S

Table 9.2. Comparative effects of atropine and glycopyrrolate

%

Decrease in Increase in Decrease in Increase in

Sedation Oral Secretions Heart Rate Gastrointestinal Motility Ocular Effects Gastric pH
Atropine + + +++ ++ ++ 0
Glycopyrrolate 0 ++ +++ ++ 0 +

0, none; +, mild; ++, moderate; +++, marked.
Modified from Stoelting 324

carinic antagonists, but despite this lack of selectively the effec-
tiveness of muscarinic blockade varies considerably from tissue
to tissue (Table 9.2). Salivary and bronchial glands are the most
sensitive to muscarinic blockade. Cardiac tissues and smooth
muscle are intermediate in sensitivity, and gastric parietal cells
are the least sensitive to muscarinic blockade. Cardioselective
muscarinic (M,) antagonists that prevent bradycardia and have
limited effects on gastrointestinal smooth muscle activity have
become available.!»2

Perioperatively anticholinergics are usually administered to
prevent or treat severe bradycardia caused by surgical manipula-
tion (vagal reflexes) or by administration of other anesthetic
drugs (e.g., a,-agonists and opioids). The incidence and severity
of bradyarrhythmias can be reduced by preoperative administra-
tion of atropine or glycopyrrolate, but significant arrhythmias can
still occur, and anticholinergic administration should never be
used as a substitute for diligent patient monitoring. Anticholin-
ergic administration routinely causes sinus tachycardia, which is
problematic for many patient§ with cardiovascular disease.
Tachycardia associated with administration of anticholinergics
leads to an increase in myocardial work and a decrease in my-
ocardial perfusion. Further, coadministration of anticholinergics
and ketamine has been associated with the development of my-
ocardial infarcts in, and the death of, young cats undergoing rou-
tine surgical procedures.? Anticholinergic administration also has
dramatic effects on gastrointestinal function. At therapeutic
doses, nonselective muscarinic antagonists like atropine and gly-
copyrrolate reduce lower esophageal sphincter tone and have lit-
tle effect on gastric pH.* These two factors increase the incidence

of gastroesophageal reflux and esophagitis in anesthetized dogs.?
Perioperative administration of anticholinergics also reduces in-
testinal motility and can lead to gastrointestinal complications
postoperatively.®

Atropine

This agent is a racemic mixtuse of the 1 (—) and d (+) isomers of
hyoscyamine. The 1 (—) isomer is at least 100 times more potent
than the d (+) isomer. Chemically, atropine consists of two com-
ponents (tropic acid and an organic base) that are bound by an
ester linkage (Fig. 9.1). Atropine has approximately the same
affinity for all three major types of muscarinic receptors. Relative
to other synthetic muscarinic antagonists, atropine is very selec-
tive for muscarinic receptors and has little effect on nicotinic
receptors.

- Pharmacokinetics and Pharmacodynamics

Atropine is rapidly absorbed after intramuscular (IM) adminis-
tration. Onset of cardiovascular effects occurs within 5 min, and
peak effects occur within 10 to 20 min. After intravenous (IV)
administration at a dose of 0.03 mg/kg, onset of cardiovascular
effects occurs within 1 min, peak effects occur within 5 min, and
heart rate increases by 30% to 40% for approximately 30 min
(Fig. 9.2).! The effects of atropine on other body systems subside
within a few hours, but ocular effects can persist for 1 to 2 days.
Atropine is rapidly cleared from the blood after parenteral ad-
ministration. Some of the drug is hydrolyzed to inactive metabo-
lites (tropine and tropic acid), and some of it is excreted un-
changed in the urine. Rabbits and some other species (cats and

|J
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206 e Pharmacology

circulation. Doses for dogs and cats range from 0.02 to 0.04
mg/kg. Atropine is also effective when given endotracheally or en-
dobronchially to dogs for cardiopulmonary resuscitation.!® Doses
for ruminants and swine range from 0.04 to 0.08 mg/kg, but sali-
vation may not be completed obtunded in these species. Atropine
is not usually given perioperatively to horses because of its gas-
trointestinal side effects. Atropine can also be used to control mus-
carinic side effects when anticholinesterases (e.g., edrophonium)
are administered to reverse neuromuscular blockade produced by
nondepolarizing muscle relaxants (e.g., atracurium).

Glycopyrrolate

This is a synthetic quaternary ammonium muscarinic antagonist.
Like atropine, the diug consists of two components (mandelic
acid and an organic base) bound together by an ester linkage
(Fig. 9.1). Glycopyrrolate is four times as potent as atrbpine and
has approximately the same affinity for all three major types of
muscarinic receptors. The drug’s polar structure (quaternary
amine) limits diffusion across lipid membranes and into the CNS
and fetal circulation.!”

Pharmacokinetics and Pharmacodynamics

Absorption, metabolism, and elimination of glycopyrrolate are
similar to that of atropine. Absorption is rapid after IM adminis-
tration. Onset of cardiovascular effects occurs within 5 min, peak
effects occur within 20 min, and heart rate remains elevated for
approximately 1 h.!® Glycopyrrolate is rapidly cleared from the
blood after parenteral administration, and most of the drug is ex-
creted unchanged in the urine.

At therapeutic doses, glycopyrrolate produces few, if any, ef-
fects on the CNS. Unlike atropine administration, sedation is not
observed, and recovery times are not prolonged. Administration
of glycopyrrolate to conscious dogs with normal intraocular
pressure does not alter pupil diameter and intraocular pressure,
and intraoperative administration of glycopyrrolate to dogs with
glaucoma and increased intraocular pressure appears to be safe.!?
Similarly, pupil diameter and light reflexes are unaffected when
conscious horses are administered glycopyrrolate IV.20

Glycopyrrolate administration produces effects on the heart
that are comparable to those of atropine.!? Studies in people sug-
gest that glycopyrrolate produces less tachycardia than atropine,
but the two drugs produce similar increases in heart rate when
administered IV to sedated or anesthetized dogs.'>?! The typical
response to IV or IM administration of therapeutic doses (5 to 10
ng/kg) of glycopyrrolate is an increase in sinus rate, acceleration
of AV nodal conduction, and an increase in atrial contractility. At
lower doses, a transient decrease in sinus rate and slowing of AV
nodal conduction can occur.!? Glycopyrrolate can also be given
intraoperatively to correct bradycardia in both small and large
animals. Dogs weighing less than 10 kg require a higher dose of
glycopyrrolate (10 pg/kg IV) to correct bradycardia, and those
over 10 kg require a lower dose (5 pg/kg IV).22 Glycopyrrolate is
given to horses at a lower dose (2.5 to 5.0 pg/kg IV) to correct
bradycardia and to increase cardiac output and blood pressure
(Fig. 9.3), but the potential for postoperative gastrointestinal
complications (colic) must be considered.23:24
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Fig. 9.3. Effect of intravenous administration of glycopyrrolate (2.5
to 7.5 pg/kg) on heart rate (HR), cardiac output (CO), and mean arte-
rial blood pressure (MAP) in horses anesthetized with halothane and
xylazine. With permission from Teixeira Neto et al 24

Like atropine, glycopyrrolate produces dramatic effects on the
gastrointestinal system. Intestinal motility is reduced for at least
30 min in anesthetized dogs.?! In conscious horses, gastrointesti-
nal motility is reduced for 2.4 and 6.4 h after IV administration
of glycopyrrolate at doses of 2.5 and 5.0 ug/kg, respectively.?
Further, when these doses were given intraoperatively to 17
horses undergoing routine surgical procedures, only one horse
developed signs of colic postoperatively.? Although well-
controlled comparative studies are lacking, glycopyrrolate ap-
pears to be a safer choice than atropine for the treatment of intra-
operative bradycardia in horses.



uoljeloes
upoejosd paseaioul pue apexo0|q oibisujwedoq
SpPEND0|q OIULBOSNiA
apexo0|q oibisusipy-©o

uoneziu
-o1youAs pue pumols oiydeiBoreydeousosios|g
apexo0|q dibieuiwedoq

opIiq| pasle pue ‘se[0Ao [eULIOUJE ‘B8yLI010B[ED)

WIo0jeWaYy pue ainssasd poojq pesesiosq

wejsAs suuoopul
suoljaioss Jeinpue|b pesesloaq
walsAs SNOAIBU OJWIOLOINY

AUAnoe aunzieg

AupiBu pue ‘owsuy ‘Asdsieren wie1sAs snonIsu [eJUSD

wsiueyoa|y syoey3 [eoiBojosew.eyd
ssuousydosfing pue sauizejyjousyd Jo sj0aye 9SIADY  b'6 IqeL
- "SUONS “+++ ‘DJLISPOW “++ Yeom ut asn 10] pasocidde sr SQUIPHUOIPAN 'SISIOY pue ‘s3op ‘sjeo ur

‘+ (103desa1 orurreosnu €y £303dooar (uruo3o19s) ourRIdANAX0IpLY-¢
T H-G ‘101deoer aurweisyy ‘H ‘Ioidaosar suturedop ‘(T ‘101dopas eydre ‘o

+ T+ + + +++ ++  sauousydoifing
+ + +++ +++ ++ + saulzelyjousyd
'H W WHSs ' fa  'a

sauousaydouAing pue
ssuizeiyiousyd jo saniuie buipuig-ioydecas sanesy g6 alqeL

-dooa1 o 03 Anurge 1o1w013 MM purq seurzenpouayd ‘odwexds
10q (6 PUB €6 S91qe]) s101dadar Jo sad£) 19110 pue (SIULIBOSNU
pue o1319uaIpe) SrwouoIne I0J AJurye Surpulq JuedyIugIs ALy
OS[e SOAIBPIS 259y, 'In020 ued (Asdofereo pue ‘ANpiSu ‘Jowon))
s100p30 [eprweridenxs ‘sasop JoUSIY 1y "ANANOR IOJOW SNOAUR]
-uods 95e2159p pUE IOTABYR( SOUBPIOAE PAUOTIIPUOD JIQIYUT SAUOU
-oydoifing pue saurzeryjousyd ‘sesop onnoderoy) 1y 'WIAISAS
oiquur] pue erjSued [eseq oy ur s101dadar sunwedop Jo apexoo[q
Aq Arurewnud pajerpaw oIe sSnIp 9s9Y) JO SJOIJO [RIOTARYAQ Y],
"$100JJ0 SULIDOPUS pUR ‘OTWIOUOINE ‘[RICIABYY] JO AJoLBA 9pIm
® 9onpoid sauousydoIing YUSIXs 19SS € 0] ‘PUE SOUIZENJIOUY]

sauouaydo.fing pue sauizeiylouayd

*(SpIIq puUB ‘sJoLIR) ‘s)Iqqed) saroads o1joxa Quios pue
QUIMS JOJ 2AIBPIS JUS[[IIXS UR SI J1 ‘S[BWIUER Ul Pasn A[opim jou
ST urejozeprut Ysnoy[y ‘jusned Yoo I0J POZI[BNPIAIPUI A[[njoIed
9Q 1SNUI SISOP PUB ‘SIATIBPAS S[qRI[I A[UO I} 2IE SISIuoFe-Lo ay)
pue JurzewoIdooe ‘sesIOY U] ‘PAIOPISUOD 3q P[NOYS UIB[OZEpPIUI
1o wredazerp jo uonensmuiwpe ‘sjuoned Jo1s 10 ‘OmeLsd ome
-1pad JoJ papeau st aAnepas €'y[ ‘s[ewnue Ayjeay SunoA ur asn
I0J PaAIasal 183q A[qeqoid are sdATIEpSS 259y ‘@10JaI1ay ], (A[9AD)
-03dsar ‘erpreofpeiq 1o UoIsuodAYy) $)09JJ0 9PIS JB[NISBAOIPIRD
JuROYIUSIS YIIm pajeroosse si istuoSe-Co ue 1o surzewordooe Jo
UOTIRNSIUTWPE ‘S0P PUR SIBD U] "SIATIEDSS JO SISSB]O JUAIIIJIP o)
Jo 109330 Teo13oorsAyd oy jo Surpuejsiopun ySnoIoy) e Inoyiim
JNOLJIP 2q ued sua[qoid [eOTPaWI pue [eIoTARYRq JUSIALIP Yilm
s[ewnue JoJ pue saroads JUSISJIP IOF SOATIEPaS JO UOMII[AS
"SjueUIUNL U 9sn JOJ pasoxdde os[e a1e surze[Ax pue surzewr
-oxdooe ‘epeue)) uy “eurms ur asn 10y paroidde st ouoradeze pue
‘s9s101 ut asn 0] pasoidde ore QUIPTWIOT pue SUIPIWOISP ‘sSOp

/02 ® SeAljepeg pue soibisuoyonuy

asn 10y peaoxdde are ourze[Ax pue surzewoldose A[uQ onoyisoue
ue se s30p pue sjed ur asn 10j pasoidde s1 pue (sunwela[n) oneyl
-SOUB JANBIDOSSIP B UJm UONEBUIqWIOD UT 9jqe[ieae SI wedoze|
-0z ourdazelpozuaq 2y} ‘saILlS PAU() Syl UJ S[RUIIUB UI asn
10J pajoyIew pue pasoidde a1e aUOU ‘QUIOIPAU ATRULIRIRA UI SIUES
-[NAUODTIUR PUE ‘SJURXB[AI S[OSNUIL ‘SOATIBPSS SB (UIR[OZEPIW puE
uredazeip) sourdozeipozuaq Jo asn peaidsapim ayy dse( “(duIp
-JTWOol PUE ‘QUIPTWOIOP ‘QUIPIWIOIOPAUI ‘QUIZB[AX) SsIsTuoFe-Co
Io ‘(ouoradeze) sououaydoifing ‘(ourzewoidaoe) sourzenpouoyd
SB PAYJISSB[O IR SIATIEPAS 959U} JO [[V "S[BWIUE UI 9sn 10J paroid
-de o1e soAnepes Jo IJoqUINU PAJIUUT| B ATUO ‘BOLIOUIY YHON U]
"9SOp ) puE
saroads yyim ATeA [[Im $100JJ0 JIY3 Jey) om@oﬁaocu Y YIIm ‘S9AN
-epas se 01 pamayar Adwirs are 1ojdeyos smy) ur passnosip s3nip
oy ‘ajoyeray], onewo[qoid s sonoudAy Io ‘soanepes ‘SIZI[
-[inbuen se sIp 2S9Y) JO UONELOHISSL[D 9)JeINdde ‘KITIGRLIBA STU)
Jo asneodag -apied Iof Jey) sawn) ue) Afereunxordde s1 sosioy 10
juswaImbar asop sulze[Ax ayj Inq ‘9[)IED PUB SISIOY UL SIATIEP3S
aATI0d¥e Are s)stuofe-Co o) ‘odwexs 104 ‘soroads Suowre A[qe
-IopISu0d AIeA os[e sjuswannbar aso "sSop Sunok pue sjes ur
SOANEPAS S[GRI[21 JOU 2Je Inq SPIIq PUE ‘QUIMS ‘S)IqQel ‘S)a1Iof Ul
SIATIEPAS JANIIYR Ik saurdozeIpozuaq oY) ‘A[aSI2AUO)) "aUIMS UL
SIATJEPAS J[qRI[a] JOU JJ INg S)ed pue SO Ul SIAIRPIS SAI]JS
are systuoSe-Lo pue sourzenouayd oy, “seroads Juoure A[qeeprs
-u0d AIBA SQATIEPSS JO SOSSB[D JUSISJIP O} SOSUOdSal [RIOTARYDY

saAlepag

‘(wnunoene “3'9) sjue

-xe[a1 aposnw Jurzuejodapuou Aq paonpoid speydo[q Ie[nosnur
-0IN2U 38I9AAT 01 uaAId are (wnruoydoips “§-9) sasergsaurjoyd
-OUE USUM S)O0Y9 OpIS OIULBOSNW [OIUOD 0) Pasn 9q Ued
arejouAdooA[3 ‘ourdone o3I "IN0o0 UEd §100JJ2 APIS [RUNISIIUTON
-sed ing ‘8y/3n ('S 03 ¢ WoIj a5ueI SISIOY I0J SSOP SNOUIARIIU]
‘@y/3r 01 01 ¢ woij a3uel 18O pue sSop IoJ $ASO(] ‘UOHR[NIIID
reroyduad pue uoneipAy paroye Wi syuoned ur oneis oq ued
sa1s DS woiy aeidn asneooq ponrajaid dIe S3IN0I A] PUR AT o)
nq ‘AT 10 ‘AT (DS) A[snoaueinogns uaAId aq ued djejourAdook[n
‘(sproido pue sisruo3e-2o) s3nap oNnPYISAUE I9YI0 JO UOTIBIISIUIUI
-pe £q 10 (saxapar [eSea) uonendrueur [eo131ns £q pasnes vIpIed
-Ape1q 919435 Juaadid 01 ATeareradorrad pasn st oejoufdos|n
§as7} (021D



208 e Pharmacology

tors than to dopaminergic receptors. Blockade of o receptors is
responsible for the hypotension that is typically associated with
perioperative use of these drugs. Blockade of these receptors may
also be responsible for the ability of phenothiazines and buty-
rophenones to protect against the development of malignant hy-
perthermia in susceptible animals anesthetized with halothane.25
Dopamine receptors in the hypothalamus are responsible for
tonic inhibition of w&_momz secretion. Blockade of these recep-
tors increases prolactin secretion and is responsible for most of
the endocrine effects associated with administration of these
drugs. Blockade of dopamine receptors in the chemoreceptor
trigger zone of the medulla produces an antiemetic effect, and de-
pletion of catecholamines in the thermoregulatory center of the
hypothalamus leads to a loss of thermoregulatory control. Pheno-
thiazines and butyrophgnones also produce slowing and synchro-
nization of the electroencephalogram, which can facilitate the de-
velopment of seizures in predisposed animals.26 '

Dopamine is largely an inhibitory neurotransmitter and is re-
sponsible for regulation of behavior, fine motor control, and pro-
lactin secretion. Dopamine receptors are G-protein—coupled re-
ceptors and are divided into two major families of receptors:
Dopamine 1 (D;) receptors are located postsynaptically, and
dopamine 2 (D,) receptors are located both presynaptically and
postsynaptically. Activation of the D, family of receptors in-
creases adenylate cyclase activity and intracellular levels of
cyclic adenosine monophosphate (cAMP). Activation of the D,
family of receptors decreases adenylate cyclase activity and in-
tracellular levels of cAMP, and can also activate other presynap-
tic signal transduction pathways (decrease calcium conductance)
and postsynaptic signal transduction pathways (increase potas-
sium conductance). Most behavioral effects are mediated by the
D, family of receptors.

Acepromazine

This is one of the most widely used sedatives in veterinary
medicine. The chemical name of acepromazine is 2-acetyl-10-
(3-dimethylaminopropyl) phenothiazine (Fig. 9.4). The drug is
more potent than other phenothiazine derivatives and produces
sedation at relatively low doses. Acepromazine administration
produces some muscle relaxation but has no analgesic effect. In
North America, the drug is sold as acepromazine maleate and is
approved for use in both small and large animals.

Pharmacokinetics and Pharmacodynamics Onset of sedation
after parenteral administration of acepromazine to cats, dogs, and
horses is relatively slow, and sedation persists for several hours,
In dogs given acepromazine and an apioid IM, onset of sedation
is observed within 15 min, peak effects are observed within 30
min, and sedation lasts for 2 to 3 h.2728 In horses given acepro-
mazine IV, peak effects are observed within 30 min and sedation
lasts for 1 to 2 h.29:30 The pharmacokinetics of IV administration
of acepromazine have been determined in horses at relatively
high doses. At a dose of 0.3 mg/kg, acepromazine is widely dis-
tributed (V4 = 6.6 L/kg), is extensively protein bound (>99%),
and has an elimination half-life of 3 h.29 At 5 dose of 0.15 mg/kg,
acepromazine has a smaller volume of distribution (Vg =45
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Fig.9.4. Chemical structures of acepromazine and azaperone. With
permission from Gross.325

L/kg) and shorter elimination half-life (1.6 h).3° The drug is me-
tabolized by the liver, and unconjugated and conjugated metabo-
lites are excreted in the urine.3!

Acepromazine administration decreases halothane and isoflu-
rane requirements in several species. In dogs anesthetized with
halothane, IM administration of acepromazine at doses of 0.02
and 0.2 mg/kg decreases the minimum alveolar concentration
(MAC) by 34% and 44%, respectively.32 In a comparative study,
IM administration of acepromazine (0.2 mg/kg) to dogs anes-
thetized with halothane or isoflurane decreased the MAC by 28%
and 48%, respectively.33 Administration of acepromazine (0.05
mg/kg IV) also decreases the MAC of halothane in ponies by
37% and the MAC of isoflurane in goats by 44%.3435 Given the
30% to 40% reduction in halothane and isoflurane requirements
that occurs when acepromazine is given perioperatively, patients
should always be monitored closely and vaporizer settings re-
duced accordingly.36

Acepromazine administration produces dramatic effects on the
cardiovascular system in both conscious and anesthetized ani-
mals. In conscious dogs, stroke volume, cardiac output, and
mean arterial pressure decrease 20% to 25% after IV administra-
tion of acepromazine (0.1 mg/kg), and mean arterial pressure is
reduced for at least 2 h.3738 In conscious cats, IM administration
of acepromazine (0.1 mg/kg) decreases mean arterial pressure by
30% within 10 min of injection.3% In dogs anesthetized with
halothane, IV administration of acepromazine at doses of 0.05,
0.125, and 0.25 mg/kg decreases mean arterial pressure by 2.3%,
9.4%, and 16.8%, respectively.*® Preanesthetic administration of
acepromazine (0.1 mg/kg IM) also decreases mean arterial pres-
sure by 24% in dogs anesthetized with isoflurane (Fig. 9.5)* In
conscious horses, administration of acepromazine (0.1 mg/kg
V) decreases mean aortic pressure by 20% to 30% and decreases
cardiac output by 10% to 15%.%2 In horses anesthetized with
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doses for cats and small dogs range from 0.05 to 0.2 mg/kg, and
those for larger dogs range from 0.04 to 0.06 mg/kg. Intravenous
doses for horses range from 0.02 to 0.04 mg/kg.

Azaperone

This agent is a butyrophenone derivative (Fig. 9.4). The chemical
name of the drug is 4-fluoro-4-(4-[2-pyridyl]-1-piperazinyl) bu-
tyrophenone. In North America, azaperone is approved for use in
swine to produce sedation and control aggression when groups of
animals are mixed. The drug produces some muscle relaxation
but has no analgesic effect. Like acepromazine, azaperone can be
used alone or in combination with other drugs (e.g., opioids and
ketamine).

Pharmacokine¥cs and Pharmacodynamics In pigs, sedation
begins within 10 min after IM administration of‘azaperone at the
label dose (2 mg/kg). Ideally, animals should be left undisturbed
in 8 quiet environment for approximately 20 min. Peak sedation
is reached within 15 min in young pigs and within 30 min in ma-
ture animals, and sedation persists for 2 to 3 h. Excitement has
been observed in other species when azaperone is administered
IV.% Limited pharmacokinetic data are available for azaperone,
but the drug is metabolized by the liver and is rapidly cleared
from tissues.

Azaperone administration produces dramatic effects on the
cardiovascular system. Heart rate and cardiac output decrease by
20% to 40% in young pigs given azaperone IM at a dose of 2.5
mg/kg.% Arterial pressure decreases in pigs given azaperone IM
at doses ranging from 0.3 to 3.5 mg/kg, and the pressure decrease
is not dose dependent.6!

As with acepromazine, azaperone administration has little ef-
fect on pulmonary function, but thermoregulation is impaired.
Small increases in respiratory rate and decreases in arterial PCO,
occur in pigs given azaperone IM at doses of 1 to 3.5 mg/kg.6!
Rectal temperature decreases 1° to 2°C over 4 h after IM admin-
istration of azaperone at a dose of 5 mg/kg.9? Intramuscular ad-
ministration of azaperone at a low dose (0.5 mg/kg) prevents se-
rious fighting in breeding boars, but penile prolapse occurs in a
small percentage of animals (<4%).%

Clinical Uses Clinical uses of azaperone are usually restricted
to healthy swine. The drug is used alone as a sedative for non-
painful diagnostic procedures or in combination with an opioid
for painful diagnostic and minor surgical procedures. Azaperone
is also used alone and in combination with opioids as a preanes-
thetic to facilitate placement of IV catheters and to reduce the
dose of injectable and inhalational anesthetics. Intramuscular ad-
ministration of azaperone af a dose of 1 to 2 mg/kg produces a
mild to moderate sedative effect in most swine. Azaperone is also
given in combination with ketamine to immobilize or anesthetize
animals for various diagnostic and surgical procedures. In swine,
administration of azaperone (1 mg/kg IM) and ketamine (5 to 10
mg/kg IM) will immobilize most animals, and administration of
azaperone and ketamine at twice these doses will anesthetize
most animals. Injections should always be made with needles
long enough to reach the target muscle groups. In small pigs,

1-inch needles are adequate, but longer needles must be used in
mature animals. In Canada, animals given azaperone must not be
slaughtered for food for at least 1 day.

ay-Agonists

a,-Agonists are the most widely used class of sedatives in veteri-
nary medicine. In most species, these drugs induce reliable dose-
dependent sedation, analgesia, and muscle relaxation that can be
readily reversed by administration of selective antagonists.

Xylazine has been used in both small and large animals for
over two decades, and detomidine has been used in horses for
over a decade.%%* In small animals, medetomidine has been
used for several years in North America and in Europe.9%-¢7
Romifidine has also been used in horses in North America and
in Europe.®* Selective antagonjsts (tolazoline, yohimbine, and
atipamezole) are available for use in both small and large ani-
mals in several countries. a,-Agonists and their antagonists are
also used to facilitate capture and handling of many exotic
species. 6869

The o, receptors are located in tissues throughout the body,
and norepinephrine is the endogenous ligand for these receptors.
The o, receptors exist presynaptically and postsynaptically in
neuronal and nonneuronal tissues, and extrasynaptically in the
vascular endothelium and in platelets. Within the nervous sys-
tem, o, receptors are located presynaptically on noradrenergic
neurons (autoreceptors) and on nonnoradrenergic neurons (hete-
roceptors). The sedative and anxiolytic effects of a,-agonists are
mediated by activation of supraspinal autorgceptors or postsy-
naptic receptors located in the pons (locus ceruleus), and the
analgesic effects are mediated by activation of heteroceptors lo-
cated in the dorsal hom of the spinal cord.”® Supraspinal «, re-
ceptors located in the pons also play a prominent role in descend-
ing modulation of nociceptive input.

Three distinct a,-receptor subtypes (A, B, and C) have been
identified.”1-73 The cellular response to activation of these recep-
tor subtypes is mediated by several different molecular mecha-
nisms (Table 9.5). Physiological responses have been determined
in transgenic or “knockout” animals, but specific cellular re-
sponses associated with each of the receptor subtypes have not
been clearly defined. The a,, receptors mediate sedation, supra-
spinal analgesia, and centrally mediated bradycardia and hy-
potension, whereas the a,p receptors mediate the initial surge in
vascular resistance and reflex bradycardia. The o,c receptors
mediate the hypothermia that accompanies administration of o,-
agonists. Neurotransmitter release is modulated primarily by
presynaptic a,, receptors, and spinal analgesia appears to be me-
diated by both o5 and o, receptors. Subtype selective agonists
are not currently available, but a, 5 selective agonists with fewer
vascular side effects could potentially be developed.

In contrast to the physiological effects mediated by o, recep-
tors, activation of o) receptors produces arousal, excitement, and
increased locomotor activity in animals.”*73 These behaviors are
also observed after administration of excessive doses of less se-
lective a,-agonists and after accidental intracarotid injection.
Excitement and muscle rigidity occur in dogs administered xy-
lazine IM at high doses (4 to 8 mg/kg).” Similarly, excitement,
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212 e Pharmacology

matic reduction in anesthetic requirements produced by preoper-
ative administration of xylazine and subsequent administration of
a relative overdose of injectable or inhalational anesthetic may
have contributed to the increased risk reported in this study.
Given that patient monitoring standards were extremely lax a
decade ago, failure to recognize and treat significant bra-
dyarrhythmias could have been a factor, as well. More recent
studies have found that administration of relatively low doses of
medetomidine alone or in combination with opioids is associated
with occasional bradyarrhythmias (sinus bradycardia and AV
block) and a low incidence of severe anesthetic complications.
Glycopyrrolate administration decreases the incidence and sever-
ity of bradyarrhythmias in healthy older (=5 years old) dogs
given medetomidine and butorphanol IM as preanesthetics, and
only 1 of 88 dog#developed complications severe enough to re-
quire reversal with atipamezole.?” Similarly, no m:mﬁ,womo deaths
and only 13 protocol modifications were recorded after repeated
sedation of 136 geriatric cats (1862 procedures) and 541 geriatric
dogs (6329 procedures) with medetomidine, butorphanol, and
glycopyrrolate to facilitate radiation therapy.”® Based on the lat-
ter studies, it appears that low doses of a,-agonists can be used
safely in older dogs and cats, provided that cardiopulmonary
function is evaluated carefully before drug administration and
monitored closely afterward.

Xylazine

Although its mechanism of action was unknown at the time of its
introduction into clinical practice, xylazine was the first a,-
agonist to be used by veterinarians. The drug was synthesized in
West Germany in 1962 for use as an antihypertensive in people
but was found to have potent sedative effects in animals. The
chemical name for xylazine is 2(2,6-dimethylphenylamino)-4H-
5,6-dihydro-1,3-thiazine hydrochloride (Fig. 9.6). Initially, the
drug was used as a sedative in cattle and other ruminants in
Europe. In the early 1970s, reports of xylazine’s utility as an anes-
thetic adjunct began appearing in American and European veteri-
nary literature.%-1%° These reports documented the effectiveness
of xylazine in eliminating muscular hypertonicity in dogs and cats
given ketamine, and in producing rapid, predictable sedation,
analgesia, and muscle relaxation in horses and cattle after IV ad-
ministration. It was also evident that there was tremendous varia-
tion in the dose of xylazine required to produce equivalent levels
of sedation and analgesia in different species. In 1981, the seda-
tive and analgesic effects of xylazine were definitively linked to
activation of central a,-adrenergic receptors. 110111

Pharmacokinetics The @rmnwmooisong of xylazine have been
determined in cattle, horses, and dogs after its IV and IM injec-
tion at doses of 0.2, 0.6, and 1.4 mg/kg, respectively.!1? After IV
administration, the elimination half-life is 36, 50, and 30 min in
cattle, horses, and dogs, respectively. After IM administration,
peak plasma concentrations are reached within 15 min, and the
elimination half-life is 58 and 35 min in horses and dogs, respec-
tively. In cattle given xylazine IM (0.35 mg/kg), the drug and its
metabolites are undetectable in tissues after 3 days and in milk
after 12 h.'13 Despite the rapid clearance of xylazine from tissues
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Fig. 9.6. Chemical structurés of a,-receptor agonists. With permis-
sion from Gross.325

and milk, the United States Food and Drug Administration has
refused to approve its use in food-producing animals.!!4 This re-
fusal underscores the failure to address animal-welfare issues as-
sociated with performing surgical procedures in the absence of
appropriate sedation and analgesia, and legitimate human-safety
concerns associated with restraint and handling of unsedated an-
imals. Xylazine is approved for use in ruminants in Canada and
several other countries around the world.

Pharmacodynamics In most species, the onset of sedation and
analgesia is rapid after parenteral administration of xylazine. In
dogs, peak sedation and analgesia develop within 15 min and per-
sist for 1 to 2 h after administration of xylazine (2.2 mg/kg IM).115
In horses, peak sedation and analgesia develop within 5 min, per-
sist for the next 30 min, and then subside over the next 30 min
after administration of xylazine (1.1 mg/kg IV).82103.108,116 Ay 5
lower dose of xylazine (0.4 mg/kg IV), peak sedation develops
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Fig. 9.8. Effecls of xylazine (0.5 mg/kg intra-
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should be significantly reduced when xylazine is administered
perioperatively to both small and large animals.

Intravenous administration of xylazine induces a brief period
of hypertension and reflex bradycardia, followed by a longer-
lasting decrease in cardiac output and arterial pressure. In most
species, cardiac output decreases by 30% to 50% ,and arterial
pressure by 20% to 30%.4%103,126,127 The initial hypertensive
phase is caused by activation of peripheral postsynaptic a5 recep-
tors, which produces vascular smooth muscle contraction and
vasoconstriction. In horses, administration of a low dose of Xy-
lazine (0.4 mg/kg IV), produces less dramatic changes in arterial
pressure, heart rate, and cardiac output.!!” Pretreatment with a
calcium-channel blocker such as nifedipine dampens the initial
increase in arterial pressure in dogs anesthetized with halo-
thane.!?8 In dogs, xylazine administration is associated with a de-
crease in splenic weight, which suggests a decrease in systemic
vascular capacity.'?® Subsequent reductions in arterial pressure
are due to decreases in sympathetic tone resulting from activation
of central and peripheral (presynaptic autoreceptors) a, recep-
tors. Xylazine administration also decreases heart rate by en-
hancing vagal tone and baroreceptor reflexes.!3° In contrast to
the cardiovascular effects observed after IV injection, increases
in arterial pressure and vascular resistance are not as dramatic
after IM administration of xylazine in dogs and horses. 09126 In
calves given xylazine IM, hemodynamic effects are characterized
by a 20% to 30% decrease in heart rate and cardiac output, and a
10% decrease in arterial pressure—without an initial increase in
pressure.!! These results suggest that IM administration of Xy-
lazine in calves does not cause transient vasoconstriction and an
increase in arterial pressure to the same degree as it does in dogs
and horses.

When xylazine is administered with ketamine, decreases in
heart rate and cardiac output are partially offset. Ketamine admin-
istration increases heart rate and cardiac output, but arterial pres-
sure, systemic vascular resistance, and myocardial oxygen con-

venously) on the minimum alveolar concentration
(MAC) of halothane or isoflurane in horses. With
permission from Bennett et al.124
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sumption increase, as well.127-132 Because of these acute cardio-
vascular changes, xylazine-ketamine combinations should be re-
served for use in healthy patients and not be used in patients with
myocardial disease or reduced cardiopulmonary reserve.!27-132,133

Sinus bradycardia and AV block are the arrhythmias that are
encountered most commonly after xylazine administration,126:127
Development of these arrhythmias is a normal physiological re-
sponse to the increase in vagal tone induced by ®ylazine. Several
studies have also assessed the ability of xylazine, administered
alone or in combination with other anesthetic drugs, to sensitize
the myocardium to the development of epinephrine-induced ar-
rhythmias.*® This is usually accomplished by measuring the
amount of epinephrine required to induce premature ventricular
depolarizations, and this amount is called the arrhythmogenic
dose of epinephrine A>Umv” In an initial study using a more se-
vere test (the epinephrine fibrillation threshold), premedication
with xylazine decreased the dose of epinephrine required to in-
duce fibrillation in dogs anesthetized with thiamylal and
halothane, whereas premedication with acepromazine had the
opposite effect.*® In a later study, ketamine administration report-
edly decreased the ADE more than did xylazine administration,
and coadministration decreased the ADE more than either drug
alone.!3* Studies using a saline-controlled ADE model to reduce
experimental error associated with repeated epinephrine admin-
istration demonstrated no change in the ADE after IM adminis-
tration of xylazine or medetomidine in dogs anesthetized with
halothane or isoflurane.®>3 From these studies, it is clear that, if
anesthetic-induced changes in the ADE (arrhythmogenicity) are
a concern, selection of the inhalational anesthetic (halothane vs.
isoflurane) is far more critical than selection of an a,-agonist as
the preanesthetic.

Although respiratory rate decreases after administration of
clinically recommended doses of xylazine, arterial pH, PO,,
and PCO, remain virtually unchanged in cats, dogs, and
horses, 42103.117.126,127.135 Decreases in respiration rate are ac-
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Xylazine can also be administered epidurally to horses and
cattle. In addition to an analgesic effect mediated by activation of
spinal o, receptors (heteroceptors), Xylazine has a significant
membrane-stabilizing or local anesthetic effect when applied to
neurons or nerve fibers. This effect is characterized by a reduc-
tion in conduction velocity and blockade of action potentials.!7®
Tontophoretic application of xylazine to rat cortical neurons sup-
presses spontaneous firing rates, and this effect is not blocked by
an a,-antagonist.!”” The results of these studies suggest that the
action of locally applied xylazine is caused in part by a local
anesthetic effect.

In horses, xylazine can be administered epidurally alone or in
combination with a local anesthetic. When comparing xylazine
and lidocaine at egual doses and volumes in ponies, xylazine in-
duces more profound and longer-lasting analgesia after epidural
administration.!”® Analgesia induced by epidural administration
of xylazine does not cause the same degree of motor nerve paral-
ysis as that caused by administration of local anesthetics.)”’ In
horses, the duration of epidural analgesia can be significantly
prolonged by coadministration of lidocaine and xylazine, and is
not associated with enhanced neurotoxicity or dramatic changes
in cardiopulmonary function.'8¢

In cattle, epidural administration of xylazine produces longer-
lasting analgesia than does epidurally administered lidocaine or
IM administered xylazine.!8! Cardiopulmonary and GI effects of
epidural administration of xylazine (0.05 mg/kg) include de-
creases in heart rate, respiratory rate, and rumen motility.'8?
Intravenous administration of tolazoline (0.3 mg/kg) rapidly an-
tagonizes these effects but does not alter sedative and regional
analgesic effects.!3? In sheep, intrathecal administration of xy-
lazine or clonidine produces dose-dependent analgesia of the
forelimbs, and analgesia is abolished by intrathecal administra-
tion of an a,-antagonist (idazoxan).!83 These results indicate that
xylazine produces part of its analgesic effect through activation
of spinal a, receptors. This mechanism of analgesic action is fur-
ther substantiated by the prolongation of analgesia observed after
coadministration of morphine and a selective a,-agonist
(medetomidine) epidurally.'84

Clinical Uses The clinical uses of xylazine are usually restricted
to healthy animals. There is considerable variation among species
in the dose of xylazine required to produce an equivalent sedative
effect (Table 9.6). Generally, the lowest dose that will provide the

required degree of sedation is administered to limit cardiovascu-_

lar side effects. Xylazine is currently approved for use as a seda-
tive in cats, dogs, horses, deer, and elk in the United States, and
for cats, dogs, horses, and cattle in Canada. Xylazine—especially
the 10% (100 mg/mL) solution—should be handled carefully to
avoid accidental self-administration. If the drug is absorbed
through mucous membranes or administered IM, profound seda-
tion and bradycardia can occur. Medical treatment should be
sought immediately, and the package insert should be given to the
attending physician.

In dogs and cats, xylazine is used alone or in combination with
opioids to provide sedation and analgesia for diagnostic and
minor surgical procedures. The drug is also used in combination

Table 9.6. Xylazine doses for several domesticated species

Species Dose

Cats 0.25-0.5 mg/kg IV
0.5-1.0 mg/kg IM

Dogs 0.25-0.5 mg/kg IV

0.5-1.0 mg/kg IM
0.5-1.0 mg/kg IV
1.0-2.0 mg/kg IM
Cattle 0.05-0.1 mg/kg IV
0.1-0.2 mg/kg IM

Horses

Sheep 0.05-0.1 mg/kg IV
0.1-0.2 mg/kg IM

Goats 0.05-0.1 mg/kg IV
0.1-0.2 mg/kg IM

Llama 0.1-0.2 mg/kg IV

0.2-0.4 mg/kg IM

IM, intramuscularly; IV, intravenously.

with ketamine, ketamine-diazepam, or tiletamine-zolazepam to
provide anesthesia for brief surgical procedures. As a preanes-
thetic, xylazine is used alone or in combination with opioids to
facilitate placement of IV catheters and to decrease requirements
for injectable and inhalational anesthetics. Anticholinergics (at-
ropine and glycopyrrolate) can be administered with xylazine to
prevent development of severe bradyarrhythmias perioperatively.
Small doses of xylazine (0.1 mg/kg) can be administered postop-
eratively to smooth recovery and to potentiate the effects of other
analgesic drugs (opioids), provided that patients are hemody-
namically stable. Xylazine can be given IV or IM, but the ™M
route is preferred because cardiovascular side effects are re-
duced. Intramuscular doses for healthy dogs and cats range from
0.5 to 1.0 mg/kg. '

In horses and cattle, xylazine is used alone or in combination
with butorphanol to provide sedation and analgesia for diag-
nostic and surgical procedures. Xylazine can also be used as a
preanesthetic before induction of anesthesia with ketamine,
ketamine-diazepam, ketamine-guaifenesin, or thiopental-
guaifenesin. In horses anesthetized with halothane, isoflurane, or
sevoflurane, small doses of xylazine (0.1 to 0.2 mg/kg) can be
given IV during the maintenance and recovery phases to reduce
anesthetic requirements and smooth recovery, respectively.
Xylazine can be also be used in combination with ketamine and
guaifenesin for total IV anesthesia. After induction of anesthesia
with xylazine and ketamine, anesthesia can be maintained with a
combination of xylazine, ketamine, and guaifenesin (“triple
drip”) for approximately 1 h.

As a general rule, cattle usually require one-tenth of the dose of
xylazine that horses require to produce an equivalent level of se-
dation. For sedation and analgesia alone or in combination with
butorphanol, IV doses for horses range from 0.2 t0 0.8 mg/kg, and
those for cattle range from 0.02 to 0.08 mg/kg. As a preanesthetic
before induction with an injectable anesthetic and maintenance
with an inhalational anesthetic, IV doses for horses range from
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dogs, sedation induced by IM administration of medetomidine at
a dose of 30 pg/kg is comparable in intensity to that induced by
IM administration of xylazine at a dose of 2.2 mg/kg but lasts
longer.!!'5 Medetomidine has also been used as a sedative-
analgesic and as a preanesthetic in horses, but, even at low doses
(5 to 10 pg/kg IV), ataxia is a significant problem.!!7-194195
Sedation following IV administration of a 10-pg/kg dose of
medetomidine in horses is comparable to that induced by a 1-
mg/kg IV dose of xylazine.*

Medetomidine administration decreases injectable and inhala-
tional anesthetic requirements dramatically in several species.
Premedication with medetomidine decreases induction doses of
thiopental and propofol by over 50% in dogs. Administration of
medetomidine IM at doses of 10, 20, and 40 pg/kg decreases the
amount of thiopemtil required for intubation to 7.0, 4.5, and 2.4
mg/kg, respectively.8319¢ Similarly, administration f medetomi-
dine IM at a dose of 20 pg/kg decreases the amount 0f propofol
required for intubation to 1.8 mg/kg.'??> Administration of
medetomidine IM also appears to reduce the dose of ketamine re-
quired to induce anesthesia in dogs and cats.'?’~1%° Premedication
with medetomidine also reduces halothane and isoflurane require-
ments. Administration of medetomidine IV at a dose of 10 pg/kg
is reported to decrease the MAC of halothane by 90%.2% In con-
trast, administration of medetomidine IV at a dose of 30 pg/kg de-
creased the MAC of isoflurane by only 47%.37 Additionally, ad-
ministration of medetomidine IM at a dose of 8 pg/kg consistently
reduced the bispectral index value (an index of anesthetic depth)
in dogs anesthetized with isoflurane (1.0, 1.5, and 2.0 MAC).20!

As with other a,-agonists, medetomidine administration pro-
duces dose-dependent changes in cardiovascular function.20?
Cardiovascular effects are best described in two phases: an initial
peripheral phase characterized by vasoconstriction, increased
blood pressure, and reflex bradycardia; and a subsequent central
phase characterized by decreased sympathetic tone, heart rate,
and blood pressure. Occasionally, AV blockade occurs secondary
to the initial increase in blood pressure, and reflex (barorecep-
tors) increase in vagal tone. In conscious dogs, mean arterial
pressure increases transiently, and heart rate and cardiac index
decrease by approximately 60% after IV administration of
medetomidine at doses ranging from 5 to 20 pg/kg.2%% At these
doses, changes in mean arterial pressure, central venous pressure,
and vascular resistance are dose dependent, whereas changes in
heart rate and cardiac index are not. In conscious cats, mean ar-
terial pressure does not appear to change, and heart rate and car-

diac index decrease by approximately 50% after IM administra- -

tion of medetomidine at a dose of 20 pg/kg (Fig. 9.10).1%87 In
conscious horses, IV administration of a low dose of medetomi-
dine (4 pg/kg) produces less dramatic changes in arterial pres-
sure, heart rate, and cardiac output.!'” In cats anesthetized with
isoflurane (2%), mean arterial pressure increases from 77 to 122
mm Hg, heart rate decreases from 150 to 125 beats/min, and
mean arterial flow decreases from 578 to 325 mL/min, 20 min
after the IM administration of medetomidine at a dose of 10
pg/kg. 2% As with xylazine, cardiovascular responses to medeto-
midine administration appear to be attenuated in animals anes-
thetized with isoflurane.?990 Cerebral vasodilation is attenuated

by the IV administration of low doses of dexmedetomidine (0.5,
1.0, and 2.0 pg/kg) in dogs anesthetized with isoflurane or sevoflu-
rane (0.5, 1.0, and 1.5 MAC).2% In dogs anesthetized with isoflu-
rane for ovariohysterectomy, heart rate is lower but blood pressure
better maintained with medetomidine premedication (20 pg/kg
IM) when compared with acepromazine premedication (0.05
mg/kg IM) (Fig. 9.11).2%5 In conscious animals, the decrease in
cardiac output is caused primarily by the decrease in heart rate and
increase in vascular resistance, and not by a direct depression of
myocardial contractility.??6-2%7 Peripheral cardiovascular effects
are most pronounced when a,-agonists are administered IV at high
doses, and these effects can be reduced by administering o,-
agonists IM at low doses.'26-2% Although cardiac output decreases
after medetomidine or dexmedetomidine administration, blood
flow to the heart, brain, and kidneys is maintained by redistribution
of flow from less vital organs and tissues.?"’

Medetomidine administration has little effect on pulmonary
function. Respiratory rate and minute ventilation decrease after
medetomidine administration, but this decrease in minute venti-
lation appears to coincide with a decrease in carbon dioxide pro-
duction, and arterial blood-gas values do not change. In con-
scious dogs, IV administration of medetomidine (5 to 10 ug/kg)
decreases the neurorespiratory response (ventilatory drive) to in-
creases in inspired carbon dioxide.?!? In another study in con-
scious dogs and cats, IM administration of medetomidine at
doses of 40 and 20 ug/kg, respectively, does not alter arterial pH,
PCO,, and PO,.'87:211 Similarly, IV administration of medetomi-
dine (4 pg/kg) does not alter arterial pH, PCO,, and PO, in con-
scious horses.!1? The IV administration of medetomidine (20
pg/kg) or dexmedetomidine (3 pg/kg) does not alter arterial
blood-gas values and produces less depression of ventilatory
drive than does isoflurane (1 MAC) in dogs.2!>213 Parenteral ad-
ministration of a low dose of dexmedetomidine (0.5 pg/kg) also
appears to protect against bronchoconstriction induced by nebu-
lization of histamine in dogs anesthetized with thiopental 214

Medetomidine administration has significant effects on gas-
trointestinal function in animals. Vomiting occurs in 10% of dogs
and over 50% of cats administered medetomidine IM at mean
doses of 40 and 80 pg/kg, respectively.!®> Normally, this is not a
problem and can be advantageous if owners or hospital staff fail
to withhold food from patients before induction of anesthesia.
However, the potential for development of aspiration pneumonia
exists if a properly inflated, cuffed endotracheal tube is not in
place. Vomiting also dramatically increases intraocular pressure,
which is a potential problem for some patients with ocular injury
or disease. Medetomidine administration decreases gastrin re-
lease and intestinal and colonic motility in dogs.!4%215 These ef-
fects are mediated by activation of visceral o, receptors and in-
hibition of acetylcholine release.

Medetomidine administration has significant effects on renal
and urogenital function in animals. In dogs, administration of
medetomidine (10 to 20 pg/kg V) decreases urine specific grav-
ity and increases urine production for approximately 4 h.2!6
Apparently, a,-agonists interfere with the action of antidiuretic
hormone on the renal tubules and collecting ducts, which in-
creases the production of dilute urine.?!”-?18 Activation of o re-
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Heart Rate (beats/min)

e Administered acepromazine and butorphanol
-o- Administered medetomidine and butorphanol

" T T T | — T
Bef Ind Afi Inc Ovi Ov2 Sut*End 1h 3h 6h
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PN Fig. 9.11. Effects of preoperative intramuscular
administration of medetomidine (20 pg/kg) or ace-
promazine (0.05 mg/kg) on heart rate and mean
arterial pressure in dogs anesthetized with isoflu-
rane for ovariohysterectomy. Bef, before surgery;
Ind, induction; Afi, after induction; Inc, abdominal
incision; OV1, removal of ovary; OV2, removal of
second ovary; Sut, abdominal sutufing; End, end
of surgery; and 1h, 3h, and 6h mean 1 h, 3 h, and

Mean Arterial Pressure (mm Hg)
@
o
l

Ind Afi Inc Ov1 Oov2 Sut

Medetomidine administration has significant effects on pupil-
lary diameter and intraocular pressure. Topical administration of
medetomidine readily induces mydriasis-and decreases intraocu-
lar pressure in rabbits and cats.?>?2 In contrast, the IV admin-
istration of medetomidine to dogs reportedly induces miosis and
does not alter intraocular pressure.?2® Administration of medeto-
midine to dogs and cats can cause vomiting, which increases in-
traocular pressure dramatically.

Medetomidine administration also has significant effects on
cerebral blood flow, intracranial pressure, and thermoregulation.
In one study performed in spontaneously breathing dogs anes-
thetized with isoflurane (0.5 and .l 5 MAC), the administration of
dexmedetomidine (10 pg/kg IV) decreased cerebral blood flow
but did not alter cerebral metabolic rate.22 In another study in
mechanically ventilated dogs anesthetized with isoflurane (1.0
MAC), the administration of medetomidine (30 pg/kg IV) in-
creased cerebral perfusion pressure but did not change intracra-
nial pressure.®’ Again, administration of medetomidine to dogs
and cats can cause vomiting, which increases intracranial pres-
sure dramatically. Decreases in body temperature are attributed
to depression of the thermoregulatory center, muscle relaxation,
and reduced shivering. In conscious dogs, only slight reductions

T 6 h after surgery. With permission from Vaisanen
End et al.205

in body temperature (1°C over' 1 h) are observed after I'V admin-
istration of medetomidine at doses ranging from 1 to 20 pg/kg.20%

Clinical Uses As an adjunct to general anesthetics, medetomi-
dine has a favorable pharmacodynamic profile in dogs and cats.
In addition to providing sedation, analgesia, and muscle relax-
ation, the preoperative administration of medetomidine substan-
tially reduces the amount of injectable and inhalational anes-
thetic required to induce and maintain anesthesia. Medetomidine
administration also attenuates the stress response to surgical

"trauma by reducing catecholamine and cortisol levels postopera-

tively.220221 The initial increase in vascular resistance and blood
pressure and subsequent bradycardia are potential problems, but
these side effects are well tolerated by healthy dogs and cats.
Vomiting is also a potential problem for some patients. As a gen-
eral rule, medetomidine should not be administered to pediatric
or geriatric animals, or to animals with significant neurological,
cardiovascular, respiratory, hepatic, or renal disease. Once pre-
anesthetic and anesthetic drugs are administered, patients should
be monitored carefully throughout the perioperative period, with
special attention being paid to heart rate and rhythm.
a,-Agonists and acepromazine are the only reliable sedatives

N
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Table 9.7. Medetomidine doses for preoperative sedation and
analgesia in healthy dogs and cats

Table 9.8. Medetomidine and opioid doses for postoperative
sedation and analgesia in healthy dogs and cats

Drugs

Canine Doses?

Feline DosesP

Drugs

Canine Doses?

Feline Doses®

Medetomidine

10-20 pg/kg IM

20-40 pg/kg IM

with or without

Atropine 0.04 mg/kg IM 0.04 mg/kg IM
Medetomidine 5-10 pg/kg IM 10-20 pg/kg IM
Butorphanol 0.2-0.4 mg/kg IM 0.2-0.4 mg/kg IM

with or without

Medetomidine

Medetomidine
Butorphanol

Medetomidine
Morphine

Medetomidine

2-4 pg/kg M

1-2 pg/kg IM
0.1-0.2 mg/kg IM

1-2 pyg/kg IM
0.1-0.2 mg/kg IM

1-2 pg/kg IM

4-8 pug/kg IM

2-4 pg/kg IM
0.1-0.2 mg/kg IM

2-4 pg/kg IM
0.1-0.2 mg/kg IM

2-4 pg/kg IM

Atropine 0.04 mg/kg IM 0.04 mg/kg IM
Medetomidine 5-10 pg/kg IM 10-20 ug/kg IM
Morphine 0.2-0.4 mg/kg IM 0.2-0.4 mg/kg IM
with or without N

Atropine 0.04 mg/kg IM 0.04 mg/kg M
Medetgmidine 5-10 pg/kg IM 10-20 pg/kg IM
Hydromorphone 0.04-0.08 mg/kg IM 0.04-0.08 mg/kg IM

with or without

Atropine 0.05 mg/kg IM 0.04 mg/kg IM
Medetomidine 5-10 pg/kg IM 10-20 pg/kg IM
Oxymorphone 0.04-0.08 mg/kg IM 0.04-0.08 mg/kg IM

IM, intramuscularly.

"Medetomidine should not be given to dogs with significant neurological,
cardiac, respiratory, hepatic, or renal disease. Some of these drugs are not
approved for use in dogs in Canada or the United States.

YMedetomidine should not be given to cats with significant neurological,
cardiac, respiratory, hepatic, or renal disease. Some of these drugs are not
approved for use in cats in Canada or the United States.

medetomidine produce better analgesia for catheter placement
and greater reductions in anesthetic requirements, and are less
likely to cause hypotension in animals anesthetized with isoflu-
rane. In patients with good cardiopulmonary reserve, the concur-
rent administration of an anticholinergic agent will prevent brad-
yarthythmias while slightly improving cardiac output at the
expense of a rather large increase in myocardial work and oxy-
gen consumption. Thus, the use of an anticholinergic preopera-
tively with a,-agonists to prevent bradycardia and AV blockade
continues to be somewhat controversial 208-211,228.229 The ugse of
an anticholinergic has been recommended for the following rea-
sons: Firstly, even at low preanesthetic doses, significant brady-
cardia can occur if an anticholinergic is not administered concur-
rently. Secondly, the potential for severe vagotonic responses and
profound bradycardia, secondary to surgical manipulation and
administration of other anestheti¢ drugs (opioids), is higher dur-
ing the perioperative period. Thirdly, while the concurrent ad-
ministration of anticholinergics with high doses of medetomidine
can cause dramatic increases in vascular resistance and myocar-
dial work, these increases can be minimized and are generally
well tolerated by healthy patients given low doses of medetomi-
dine prior to inhalant (vasodilatory) anesthesia.

Bradycardia and AV blockade are more consistently prevented
when anticholinergics are given 10 to 20 min before medetomi-

Hydromorphone 0.02-0.04 mg/kg IM  0.02-0.04 mg/kg IM
Medetomidine

Oxymorphone

1-2pg/kgIM - *
0.02-0.04 mg/kg IM

2-4 ug/’kg IM
0.02-0.04 mg/kg IM

IM, intramuscularly.

aMedetomidine should not be given to dogs with significant neurological,
cardiac, respiratory, hepatic, or renal disease. Some of these drugs are not
approved for use in dogs in Canada or the United States.

bMedetomidine should not be given to cats with significant neurological,
cardiac, respiratory, hepatic, or renal disease. Some of these drugs are not
approved for use in cats in Canada or the United States.

dine administration, although this is not always practical 7211230
Atropine has a more rapid onset of action than does glycopyrro-
late and can be given at the same time as low doses of medetomi-
dine (5 to 20 pg/kg). However, anticholinergic administration in-
creases vagal tone transiently, which can increase the incidence of
bradyarrhythmias induced by administration of any o;-agonist.
For example, if atropine or glycopyrrolate is administered at the
same time as, or after, high doses of medetomidine (30 to 60
pg/kg), bradycardia and AV blockade are not consistently pre-
vented and ventricular arrhythmias may develop.??® Therefore,
when high doses of medetomidine are administered, the use of an-
ticholinergics should be avoided, heart rate and rhythm should be
monitored closely, and atipamezole should be administered to
correct severe bradyarrhythmias. Concurrent administration of
anticholinergics with o,-agonist-ketamine combinations should
also be avoided, because a prolonged high heart rate can occur.?3!

Very low doses of medetomidine have been given postopera-
tively to dogs and cats, alone or in combination with opioids

* (Table 9.8).7 Administration of selective a,-agonists in very low

doses may enhance and prolong the analgesic effects of opioids,
with limited effects on cardiovascular function. Lower doses of
opioids may also be used, which reduces the frequency of post-
operative respiratory depression. a,-Agonists also can be used
to manage anxiety and dysphoria postoperatively. Because the
duration of action of medetomidine is significantly less than that
of acepromazine, sedation can be more readily controlled.

Detomidine
This agent is used primarily for sedation and analgesia in horses.
The chemical name for the drug is 1H-imidazole, 4-({2,3-

l
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and cardiac output are reduced for 45 min to 1 h, and mean ar-
terial pressure is reduced for 90 min to 2 h. After IM administra-
tion of detomidine at a dose of 40 pug/kg, heart rate and cardiac
output decrease by 27% and 39%, respectively.??” Intravenous
infusion of detomidine at a constant rate produces decreases in
heart rate and cardiac output that are comparable to bolus ad-
ministration, but mean arterial pressure remains elevated for the
duration of the infusion.?*® Hematocrit and total protein de-
crease after parenteral administration of detomidine 237238
These changes are probably produced by fluid shifts and seques-
tration of erythrocytes in the spleen that occur as sympathetic
tone decreases.

Detomidine administration has little effect on pulmonary func-
tion. Respiratory rgte decreases after detomidine administration,
but the apparent decrease in minute ventilation appears to coin-
cide with a decrease in carbon dioxide production, and arterial
blood-gas values do not change appreciably. In horses adminis-
tered detomidine IV at doses of 10 to 20 ug/kg, respiratory rate
decreases by approximately 50% for 2 h after drug administra-
tion.237 At these doses, arterial pH and PCO, do not change, and
PO, decreases transiently but returns to normal values within 15
to 30 min. The decrease in arterial PO, coincides with the dra-
matic drop in heart rate and cardiac output that occurs immedi-
ately after administration of detomidine. Intravenous infusion of
detomidine at a constant rate alters respiratory rate and arterial
blood-gas values that are comparable to bolus administration.?*

Detomidine administration has significant effects on esoph-
ageal transit time and gastrointestinal motility. In horses, IV ad-
ministration of detomidine (10 to 20 pg/kg) produces dose-
dependent increases in esophageal transit time and retrograde
peristalsis, and a decrease in duodenal motility.23%240 Detomi-
dine administration also reduces cecal and colonic motility in
ponies.!33 Detomidine is a very effective visceral analgesic, and
its use in horses with colic should not be abandoned because of
unwarranted concerns about gastrointestinal side effects. After
all, increases in sympathetic tone associated with uncontrolled
abdominal pain also reduce gastrointestinal motility.

Detomidine produces sedation and analgesia in horses when
administered epidurally at the first intercoccygeal space. Its ad-
ministration at doses of 30 to 60 ug/kg diluted in 10 mL of ster-
ile water produces perineal analgesia with variable bilateral anal-
gesia up to the 14th thoracic dermatome.?*!?#2 Analgesia begins
in 10 to 15 min and lasts for 2 to 3 h. Doses under 30 ug/kg do

not produce reliable analgesia, and those over 60 pg/kg may

cause recumbency. The drug is lipophilic and is rapidly absorbed
into the systemic circulation-from the epidural space. Systemic
effects include marked sedation and ataxia, a decrease in heart
rate and 2° AV blockade, an increase followed by a decrease in
mean arterial pressure, decreases in respiratory rate and arterial
PO,, and diuresis.24!2*2 Caudal epidural administration of xy-
lazine (0.25 mg/kg) produces longer-lasting perineal analgesia
with fewer systemic side effects than does caudal epidural ad-
ministration of detomidine.2** Detomidine has also been admin-
istered epidurally in combination with morphine to horses with
experimentally induced hind-limb lameness and to horses under-
going bilateral stifle arthroscopy.24+-246

Clinical Uses Detomidine administration produces reliable se-
dation, analgesia, and muscle relaxation in horses. The drug is
used alone and in combination with butorphanol to produce
standing sedation for diagnostic and surgical procedures, and as
an analgesic for horses with abdominal pain. Detomidine is usu-
ally given IV at doses ranging from 5 to 20 ug/kg, but it can be
given IM at doses ranging from 10 to 40 pg/kg. Sedation is more
reliable and horses are less responsive to external stimuli when
detomidine is given with butorphanol or another opioid.?* As
with other a,-agonists, excited or fractious animals may require
higher doses of detomidine. Ataxia can be a problem in healthy
horses, and the drug should be used with discretion in animals
with neurological disease. Detomidine administration also pro-
duces marked cardiovascular side effects, and it should be used
with caution in horses with significant cardiovascular disease and
in those with endotoxic or traumatic shock.

Romifidine

This selective a,-agonist derived from clonidine is used pri-
marily to produce sedation and analgesia in horses. The chemical
name for the drug is 2-([2-bromo-6-flourophenyl]imino)-
imidazolidine hydrochloride. Romifidine administration pro-
duces sedation and analgesia that are comparable in duration to
those produced by detomidine administration.8211® Muscle re-
laxation is comparable but with less ataxia than seen with equiv-
alent sedative doses of xylazine or detomidine.!'® Romifidine is
approved or licensed for use in horses in North America and
Europe. Although not approved for use in small animals, the
sedative and cardiovascular effects of romifidine have been re-
ported in both dogs and cats. 24825

Pharmacokinetics and Pharmacodynamics Onset of sedation
and analgesia is rapid after parenteral administration of romifi-
dine. When romifidine is administered IV to horses at doses of 40
to 80 pg/kg, sedation begins within 2 min, peak effects are
reached within 10 min, and sedation lasts for 40 to 30 min.!16
Similar results were reported after IV administration of romifidine
at a dose of 80 pg/kg (Fig. 9.13).82 In small animals, romifidine
has a longer duration of action than xylazine or medetomidine. In
dogs, the IM administration of romifidine at doses of 10 to 40
pg/kg produces mild to moderate sedation within 10 min and lasts
for 1 to 2 h.248 Sedation produced by IM administration of romi-
fidine at a dose of 40 pg/kg is comparable in intensity to that pro-
duced by xylazine at a dose of 1 mg/kg but lasts longer.?*® The
onset of action is faster after IV administration of romifidine at
doses ranging from 20 to 120 pg/kg, but the incidence of neuro-
muscular, respiratory, and cardiovascular side effects in-
creases. 249250 T cats, M administration of romifidine (40 ug/kg)
in combination with butorphanol produces moderate sedation.?!

Romifidine can also be used preoperatively to facilitate induc-
tion of anesthesia with ketamine and postoperatively to facilitate
recovery from inhalational anesthesia. In horses, administration
of romifidine before induction of anesthesia with diazepam and
ketamine produces short-term anesthesia that is comparable to
that produced by preanesthetic administration of xylazine.?>?
Romifidine has also been used as a preanesthetic before induc-
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Fig. 9.14. Chemical structures of a,-receptor antagonists. With per-
mission from Gross.325

centrations, yohimbine may interact with dopaminergic and sero-
tonergic receptors, and, at very high concentrations, it may have a
nonspecific local anesthetic effect.?’! Yohimbine is approved for
use in dogs in Canada and in dogs and deer in the United States.

Pharmacokinetics and Pharmacodynamics The pharmacokinet-
ics of yohimbine have been reported for dogs, horses, and cattle.?7?

In dogs given yohimbine (0.4 mg/kg IV), the volume of distri-
bution, total body clearance, and elimination half-life were 4.5
L/kg, 30 mL/min - kg, and 104 min, respectively. In horses given
yohimbine (0.15 mg/kg IV), the volume of distribution, total
body clearance, and elimination half-life were 4.6 L/kg, 40
mL/min - kg, and 76 min, respectively. In cattle given yohimbine
(0.25 mg/kg IV), the volume of distribution, total body clearance,
and elimination half-life were 4.9 L/kg, 70 mL/min - kg, and 47
min, respectively.

Many reports on a variety of species have documented yohim-
bine’s efficacy in antagonizing the various actions of xylazine.
Examples include use in dogs where yohimbine (0.1 mg/kg IV)
reverses the sedative and cardiovascular effects of xylazine (1
mg/kg) when administered IV or IM263.273-275 and in cats where

yohimbine (0.5 mg/kg IV) reverses the sedative and cardiovascu-
lar effects of xylazine (1 mg/kg IM).2%3 In white-tailed deer,
yohimbine (0.3 mg/kg IV) reportedly reverses the sedative and
cardiovascular effects of a high dose of xylazine (3 mg/kg
IM),%63.276 whereas, in calves, it (0.25 mg/kg TV) rapidly reverses
the cardiovascular and gastrointestinal effects of xylazine (0.05
mg/kg IV), with minimum effect on sedation.?’’

Clinical Uses Dose calculations are made based on agonist/
antagonist ratios of approximately 10:1, 2:1, and 10:1, for dogs,
cats, and deer, respectively. Therefore, if the initial dose of xy-
lazine is 0.5 mg/kg for a dog, then yohimbine would be given IV
at a dose of 0.05 mg/kg. The time that has elapsed since the ag-
onist was administered should be considered, as well. Like tola-
zoline, yohimbine is usually administered slowly IV to avoid
neurological (excitement) and cardiovascular (hypotension and
tachycardia) side effects.

Atipamezole

This highly selective a,-receptor antagonist is used to reverse
the sedative and cardiovascular effects of medetomidine in
dogs, cats, and several other species.5?264-266.278 The chemical
name of the drug is (4-2-ethyl-2,3-dihydro-1H-inden-2-yl)-1H-
imidazole (Fig. 9.14). Atipamezole is 200 to 300 times more se-
lective for the a, receptor than is yohimbine and has no effect at
[3-adrenergic, dopaminergic, serotonergic, histaminergic, mus-
carinic, opiate, y-aminobutyric acid (GABA), or benzodiazepine
receptors.2%2 Atipamezole is approved for use in 'dogs in North
America and Europe.

Pharmacokinetics and Pharmacodynamics The pharmacoki-
netics of atipamezole (250 pg/kg IM), alone and 30 min after ad-
ministration of medetomidine (50 pg/kg IV), have been reported
for dogs.?’”? When atipamezale is given alone, peak plasma con-
centrations are reached within 15 min, and the volume of distri-
bution, total body clearance, and elimination half-life are 2.3
L/kg, 27 mL/min - kg, and 56 min, respectively. When atipame-
zole is given after medetomidine, peak plasma concentrations are
reached within 25 min, and the volume of distribution, total body
clearance, and elimination half-life are 2.5 L/kg, 24 mL/min - kg,
and 72 min, respectively. Apparently, prior administration of
medetomidine reduces cardiac output and hepatic blood flow,
which delays absorption and metabolism of atipamezole.
Atipamezole is used primarily to reverse the sedative and car-
diovascular effects of medetomidine in dogs.26426% Animals given
atipamezole (200 pg/kg IM), 15 to 30 min after administration of
medetomidine (40 ug/kg IM), show increases in heart rate and ini-
tial signs of arousal within 5 min and are walking within 10 min.
Occasionally, tachycardia and excitation occur shortly after ati-
pamezole administration, and resedation can occur 30 to 60 min
after administration of the antagonist. Atipamezole has also been
used to reverse the sedative and cardiovascular effects of medeto-
midine in cats.2%0 Cats administered atipamezole (200 to 400
pg/kg IM), 15 to 30 min after administration of medetomidine
(100 pg/kg IM), show increases in heart rate and initial signs of
arousal within 5 min and are walking within 10 min. Occasionally,
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Activation requires binding of GABA molecules to both a sub-
units of the receptor. The GABAGR receptor is a metabotropic re-
ceptor that consists of a single glycoprotein subunit that is
closely associated with a G protein. These G proteins are coupled
directly to potassium or calcium channels or Lo a second-messen-
ger system (adenylate cyclase or phospholipase C). Activation of
ionotropic GABA, receptors increases chloride conductance
rapidly and generates fast inhibitory postsynaptic potentials.
Activation of metabotropic GABAg increases potassium conduc-
tance slowly and generates slow inhibitory postsynaptic poten-
tials. Presynaptic GABAgR autoreceptors are coupled to calcium
channels and regulate neurotransmitter release.

The benzodiazepine-binding site, as well as the binding sites
for other E_.noﬂm_u_m\w:mmﬁrmag (barbiturates, propofol, and eto-
midate), is located on the GABA 4 receptor complex, (Fig. 9.15).
Benzodiazepines enhance binding between GABA, and the
GABA 4 receptor, and increase the frequency of channel opening.
In ooum.mmr barbiturates enhance intrinsic activity and increase
the duration of channel opening. Both mechanisms increase chlo-
ride conductance and hyperpolarize the cell membrane, which re-
duces neuronal excitability. Benzodiazepines have no intrinsic
agonist activity and cannot alter chloride conductance in the ab-
sence of GABA. This lack of intrinsic activity limits CNS de-
pression and provides benzodiazepines with a much wider mar-
gin of safety than barbiturates.

Modulation of GABA-mediated neurotransmission also plays
a role in nociception.?85 At the supraspinal level, activation of
GABA 4 receptors inhibits descending antinociceptive pathways
and enhances sensitivity to noxious stimuli. In fact, systemic ad-
ministration of benzodiazepines and barbiturates antagonizes the
analgesic effect of opioids.286287 However, at the spinal level, ac-
tivation of GABA 5 and GABAg receptors produces an antinoci-
ceptive effect, and antagonism of spinal GABAR receptors may
contribute to the development of allodynia.

Ligands that bind to benzodiazepine receptors are classified as
agonists, inverse agonists, and antagonists. Agonists bind to ben-
zodiazepine receptors and produce sedative, anxiolytic, muscle
relaxant, and anticonvulsant effects in most animals. Inverse ag-
onists bind to the same receptor and produce the opposite effects.
Antagonists have high affinity for the benzodiazepine receptor
and have little or no intrinsic activity. These ligands block or re-
verse the effects of both agonists and inverse agonists. Diazepam,
midazolam, and zolazepam are the benzodiazepine agonists used
most commonly in animals. Diazepam and midazolam are used
primarily as sedatives, muscle relaxants, and anticonvulsants.
Zolazepam is available in combination with a dissociative anes-
thetic (tiletamine), which is approved for use as an anesthetic in
dogs and cats in the United States.

Diazepam

This is the most widely used benzodiazepine in both small and
large animals. The chemical name for the drug is 7-chloro-1,3-
&3&8-_-Boﬁr%_-m-wga\_-wm-H,A-Gm:No&mNmE:-w-osm (Fig.
9.16). Diazepam is not soluble in water, and parenteral formula-
tions contain 40% propylene glycol and 10% ethanol. Because of
this insolubility, diazepam should not be mixed with diluents or

CN

N /ﬂo
N
Cl 2 CH, =N

/

N H —C —COOH

Diazepam =N H — G —CooH

I Midazolam Maleate

N\

CN
_u_
Flumazenil

Fig. 9.16. Chemical structures of benzodiazepine receptor agonists
and antagonists. With permission from Gross.325

other drugs. Further, the drug should not be administered IM be-
cause it is very irritating and is poorly absorbed. The parenteral
formulation of diazepam is administered by slow IV injection to
avoid pain, thrombophlebitis, and cardiotoxicity. The drug is also
sensitive to light and adheres to plastic, so therefore should not
be stored in plastic syringes for extended periods.?® Diazepam is
used primarily as a muscle relaxant and as an anticonvulsant for
dogs, cats, and horses. The drug is not approved for use in ani-
mals in Canada or the United States.

Pharmacokinetics Diazepam is highly lipid soluble and is rap-
idly distributed throughout the body. Approximately 90% of the
drug is protein bound, and diazepam is metabolized by demethy-
lation and hydroxylation to N-desmethyldiazepam (nor-
diazepam), 3-hydroxydiazepam, and oxazepam.??® Nordiazepam
and oxazepam produce significant pharmacological effects at
clinically relevant concentrations. The pharmacokinetics of di-
azepam have been determined in dogs, cats, and horses. In dogs,
the elimination half-life of diazepam after administration of a rel-
atively high dose (2 mg/kg IV) is 3.2 h.2?0 Nordiazepam appears
rapidly in plasma and quickly exceeds concentrations of di-
azepam, whereas oxazepam concentrations peak within 2 h. The
elimination half-lives of nordiazepam and oxazepam are 3.6 and
5.7 h, respectively. In cats, the mean elimination half-life of di-
azepam after administration of relatively high doses (5, 10, and
20 mg/kg IV) is 5.5 h.?°1 Approximately 50% of the diazepam
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230 e Pharmacology

and 158 min, respectively.3® Bioavailability is 64% and maxi-
mum plasma concentrations are reached within 5 min after in-
tranasal administration.

Pharmacodynamics Midazolam is more lipophilic than di-
azepam and has twice the affinity for the benzodiazepine recep-
tor. It also appears to have a greater sedative effect than diazepam
in most species. Onset of sedation and muscle relaxation is rapid
after IV or IM administration in most species. In most dogs ad-
ministered midazolam (0.5 mg/kg) IV or IM, muscle relaxation,
ataxia, transient agitation, or mild sedation are quickly ob-
served.30% In cats administered midazolam IV or IM over a wide
range of doses (0.05 to 5.0 mg/kg), muscle relaxation becomes
evident but so does grousal and excitement in many cats.309-311
Some cats are difficult to approach and restrain after midazolam
mannimﬁgaoz” Likewise, many cats administered mjdazolam
and ketamine exhibit abnormal behavior (excitation or vocaliza-
tion) acmsm recovery. In contrast to its effect on cats, midazolam
reliably sedates many other small mammals. In ferrets and rab-
bits, IM administration of midazolam at a dose of 0.5 to 1.0
mg/kg produces excellent sedation and muscle relaxation. It can
also be administered intranasally to rabbits at dose of 2.0
mg/kg.3!2 In piglets and adult swine, midazolam is an effective
sedative when administered either IM or intranasally at a dose of
0.1 to 0.2 mg/kg.398:313 In parrots and raptors, IM administration
of midazolam at dose of 0.5 to 1.0 mg/kg produces mild to mod-
erate sedation and muscle relaxation. It is also effective as a seda-
tive in quail and geese when administered IM at doses ranging
from 2 to 4 mg/kg. 31431

Midazolam is commonly given to enhance muscle relaxation
and facilitate intubation in dogs and cats coadministered keta-
mine.294311 Preanesthetic administration (0.1-0.2 mg/kg IV) re-
duces the induction dose of barbiturates and propofol and the
concentration of isoflurane required to maintain anesthesia dur-
ing surgery.316-318 Like diazepam, midazolam (0.2 mg/kg IV)
decreases the absolute power of the electroencephalogram in
dogs anesthetized with isoflurane.3!® -

Midazolam administration produces minimal effects on car-
diopulmonary function in mammals and birds. In dogs, heart rate
and cardiac output increase by 10% to 20% after IV administra-
tion of midazolam at doses of 0.25 and 1.0 mg/kg.?%! In swine,
even though heart rate decreases by 20% and respiratory rate de-
creases by 50%, cardiac output and blood-gas values do not
change after IM midazolam injection (0.1 mg/kg).3!> The IV
coadministration of midazolam with ketamine induces changes
in cardiopulmonary function comparable to those induced by di-
azepam and ketamine in dogs.?%4

Clinical Uses Midazolam can be used alone and in combina-
tion with opioids to sedate older dogs, small mammals, swine,
and birds. It is also administered in combination with injectable
anesthetics to improve muscle relaxation and to reduce the dose
of anesthetic required to induce anesthesia. Because midazolam
has limited effects on cardiopulmonary function, the drug is an
ideal sedative for many older or compromised animals. In dogs,
midazolam is typically administered alone at doses of 0.2 to 0.4

mg/kg IM or in combination with opioids (butorphanol, hydro-
morphone, or oxymorphone) to induce sedative-analgesic ef-
fects. It can be administered IV at doses of 0.1 to 0.2 mg/kg be-
fore induction of anesthesia with ketamine, thiopental, propofol,
or etomidate. In ferrets and rabbits, midazolam is administered
IM at doses of 0.5 to 1.0 mg/kg, either alone or in combination
with opioids (butorphanol or hydromorphone), prior to induction
of anesthesia with ketamine. A 0.5- to 1.0-mg/kg dose given IM
alone or in combination with butorphanol before induction of
anesthesia with isoflurane or sevoflurane has proven quite effec-
tive in calming parrots and raptors. Midazolam is also an excel-
lent sedative for most birds undergoing routine diagnostic proce-
dures. In swine, midazolam is typically given IM at doses of 0.1
to 0.2 mg/kg, alone or in combination with opioids, prior to in-
duction with ketamine. Midazolam ¢an also be combined with
ketamine to immobilize swine for diagnostic procedures and to
facilitate placement of IV catheters. Anticonvulsant doses of mi-
dazolam are comparable to those for diazepam in most species.
Midazolam is not approved for use in animals in Canada or the
United States.

Benzodiazepine Antagonists

These bind to the GABA , receptor complex and block the effects
of both agonists and inverse agonists. Antagonists have a strong
affinity for the benzodiazepine receptor but have no intrinsic ac-
tivity and are relatively free of side effects. Additionally, benzo-
diazepine antagonists cannot reverse the effects of anesthetic
drugs (barbiturates) that bind to other sites on the GABA , recep-
tor complex. Flumazenil is the only benzodiazepine antagonist
currently available for clinical use. In animals, it is used primar-
ily to reverse the sedative and muscle-relaxant effects of di-
azepam and other benzodiazepines.

Flumazenil

This is a highly selective, competitive benzodiazepine receptor
antagonist. The chemical name of the drug is ethyl-8-fluro-5,6-
dihydro-5-methyl-6-oxo-4H-imidazolo-(1,5-a)benzodiazepine-
3-carboxylate (Fig. 9.16). Flumazenil has a strong affinity for the
benzodiazepine receptor and has minimal intrinsic activity. The
drug is used to reverse the unwanted behavioral and muscle re-
laxing effects of diazepam and midazolam in mammals and
birds. Flumazenil is not approved for use in animals in Canada or
the United States.

Pharmacokinetics and Pharmacodynamics Limited pharmaco-
kinetic data are available for animals. An elimination half-life of
0.4 to 1.3 h has been reported for dogs.>?? In people, midazolam
and flumazenil have similar pharmacokinetic profiles, which
makes flumazenil a suitable antagonist for midazolam.32! After
IV administration, flumazenil is widely distributed and has an
elimination half-life of approximately 1 h. The drug is not highly
protein bound (<40%) and has a relatively high hepatic extrac-
tion ratio (0.6). Flumazenil undergoes hepatic metabolism and
the primary metabolite is inactive.

Flumazenil rapidly reverses the sedative and muscle relaxant
effects of benzodiazepine agonists in animals. In dogs, flumaze-
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