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Editor's Note: This Is a paper written for the Past-
graduate coursa in Wildlife diseases and management,
Zoologlcal Soclety of London. Tha paper was to be a
written essay onan aspact of wildlifa disease or capture
relativa to the trainee's own country. Navin Kumar has
selected Chemicat Immobliisation of Indlan Mammal as
his topic. Wa ara proud to publish this excallent paper
and feel that It will be of use to vaterinariansin India.

Abstract:

Dunng the last two dacades a numbaer of drugs have
bacome available which, when used separately of when
comnined wilh another, have {acilitated the handling and
movament of nervous and aggressive animals. These drugs
are usually grouped accoraing 1o their pancipal properies
lnto Narcotics such as Elorphine and Fonlanyl and
sedatives such as Azaperona and Xylazine and anaesthelics
such as Phencyclidine and Alphaxalone.

Knowiadge of the clinical pathology of these drugs and of
the «olffarent responses (ound amongst the various mam-
mats 1s necassary )l the elfect required is lo be accurately
and salely obtammed. Narcotics, forinstance, are contrain-
dicaled intha felidae on account of lheir severs excilatory
sice affects bul in some carnivorous familias the milder side
aff@cts can be overcome by combining the narcollcs with a
saoative.

This paper sets cutto doscnbe these different elfects and to
show that an understanding of lhem Is Important when
salecting the appropriate drug lor a particular case.

Introduction

Vetannarians working in zoos are beceming more InvolvedIn
the care of wild amimals kept in the zoos and wild parks. The
concept of this paper is to share the exparenca wilh
Vetennarians working in various zaos in India. A decade
bacx thera was na captive equipment and drugs hence
various physical resiraints wera adopted, in the process a
few animals died dua to capture stress, Injuries; lractures
and so lorth. The salest means of capture Is lo immobilise
chemically which facilitates 1he velerinarians to attend to
ciimical diagnosis, surgery and translocatlen of captive
amimals. In recent years immobilising agents were devei-
oped.

Crugs used to tranquilise and immobilise wild animals vary
{rom species Lo species. Thesadrugs and theircomblnattons
act atvaricus sites within the brain 1o producs tranquifisa-
ticn. secatlon, analgesia, anaesthesia. The chemical
Immeziisation may vary depending on factors such as
drug motscular slze, pH and ionic change. route of adminl-
stration, lssus cnange and leakage, amount of drug per

body weight (dosage) and other variables such as spacies of
animal, age, sax, season, time of day, animal behaviour and
pathologic cenditlon.

The most uselul and sale dosage is (hal which rapidly immabil-
Ises an animal withoutcausing adverse side effects. The immo-
bilising agant should prelerably be reversitle and rapidly elimi-
nated.

During the course of the study at Whipsnada Wild Animal Park
during 1991-92 a few Immobilisations were dona with
Immobilisation drugs and in combinations on a few species.
Tha most commen drugs used wera Immobilon, Elorphine,
Xylazina, Ketamine, Telezol, Madstomidine. Dala listed In the
table are based on practical experiance dunngthe course study
of Wildllfe Diseases and Management olfered by tha Zoologi-
cal Sociely of London 1o vetennarians during 1991-92. The
animals llsted are limited to commen species in Indian zoos.

Etorohine hydrochloride (M:93):

Pharmacology: Etomphine hydrochloride was described as
a synlhetic morphine-related derivative. Elorphine can shortly
be descnbad as a potent analgesic and narcolic. In ungulates
It producas excitation followed by analgesla, allaviation of
the leeling of fear, loss ol aggressivenass, depression of
respiration, stiftness of the muscles of neck and llmbs, Inhibi-
tlon of gastrointastinal and ruminal motility and lowering of the
body temperatura. Atlow doses animals willremain on their
feet bul ataxia and a cerain amount of excitemant will
dominate the condition. Injected animals walk away with a
typical mincing gait. Al higher doses lhe animals will stop In
a cataleptic state or lay down In sternal recumbancy.
Excitemant Is coverad by deep analgesla and arellexia. The
consciousness Is depressad but not otally lost.

Following Intramuscular Injection the lirst signs of actlon are
seen after 4-5 minutes and the duration Is a few hours. The
action ol Elorphine may ba reversed lhrough compstitlve
antagonism by the morphine antagonists Diprenorphine (Revi-
von) M-50.

In elephants, rhinoceros and wild horses and wild ass,
Elorphine also produces a tranquilising etfect and Etorphine
given alone usually at very low dosage gives sufficlent
immobilisation. In most other ungulztes, especially In nervous
species In the wild, the excitement may causa Injuries to the
animals. Higher doses of Elorphlne willImmobilise aven thase
animals alter an Initlal state of excitemant, but muscle
relaxatlon Is poor. Elorphine mixed with a sullable tranqulilzer
may completely eliminate the exctement and potentlate the
effect ol Elorphine thus allowing the dose of Etorphine (o be
lawered. Etorphine Is commerclally available as immoblion
and contalns 2.45mg/ml Elorphine hydrochleride and 10mg/mi
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Acepromazine. It is also avallable as Etorphine hydrochloride
alona.

Antagonist

Oiprenorphine (M-50) is a specitic antidote devalopad for
Elorphine. When given intra-venously it displaces Elorphine
fromthe brain in Irom 30 seconds 1o 2 minutes. During that
time he animal will awake and be capable of full defences.
Elorphine and Diprenorphine are the bare derivatives and
chemically refated to morphine.

Pharmacology of M-50

Diprenorphine is a narcoticantagonist used to reverse the
alfects of Etorphine (M-98).

Indications

Diprenorphine acls as a depressant on the central. nervous
system and i usad In excessive dosage may complicate re-
covery.

Administration

Diprenorphine Is Injected IV, If possible, otherwise U/m. The
recommended :dose Is iwlce the mllligrams of the Injected
dose of Etorphina. When Injected v reversal usually occurs

In t-4.minutes. /m Injection requires 15-25 minutes for
reversal elfect.

Slde-Effects
No side efiacts should be notlced unless an overdose is

given. An overdose will cause narcosis similiar 10 low doses
of Elorphine.

Xylazine (Rompun) - Pharmacology

Xylazine is a non-narcoti¢ sedative, anaigesic and muscle
relaxant. It acts inthe central nervous system, stimulating
norepinephrnine release at Alpha-2 adrenerglc receptor
sites causing animals to appear sleepy. Stimulation during
the inductlon stage may prevent optimum sedation. When
approached suddenly a sedated animal may rouse explo-
sively with rellexive defanse machanisms like kicking, biting
may not be abolished.

Indlcatlons

Xylazine is used as a mild sedative and at higher doses for
immobilisation. It can be used singly or in combination with
other drugsforawida variety of species. The primary role in
wildlile immobilisation is in combination with narcotic and
dissaciative agants where it markedly enhances their effect
and can improve revarsibility of the condition. It is vaery
affactiva incaptive ortame animals ratherthan in excned or
frea-ranging wildlile. Xylzine has been used alone 1o
capture various species of desr, but prolonged Induction
limes and other side efiects savaraly limit situations in which
Itis adrug of choice. Xylazine may be given intravenously or
Intramuscularly, Thare Is a wide species variation in the
optimum dasage, Immobilisation occurs within 3-5 minutes
tollowing & or 15-30 minutes after Vm, Analgesla lasts from
15-30 minutes by slaep like stata is rmaintained for 1-2 hours.

Duration of action may be quite long, often in excess of 5
hours.

Slde-Effects and Precautlons

Occasionally muscle tremors, bradycardia and partial A-V
block occur with normal doses. Atorphine should be given if
necessary to prevent cardiac effecl. Xylazine also causes
relaxation of the distal cesophagus, rumen and Intestlnal stasis,
which can result in rellex or regurgitalion and aspiration or
rumen contents, bloat and other gastro-intestinal problems.
Xylazine produces an addilive effect when combined with
tranquilizers and barbituates. The analgesic etfect Is variable.
The depth of analgesia should be ascenalned belors clinical
diagnosls or surgical procedures are bagun.

Antidota

Yohimibine hydrochloride (Antagonil): Yohimibine hydrochio-
ride causes rapid and oftan complete recavery from xylazine
sedation. Other reversal agents are available lor Rompun:
Antisaoan, RXB2002A, Colx.

Ketamine hydrochloride - Pharmacoiogy

Ketamine is a non-barbiluate dissocialive anaesthetic agent.
The animal usually retains normal pharyngeal-laryngeal re-
tlexes. This desirable effect minimizes Inhalation of ingesta
near the glotls. Ketamine does nol produce skalelal muscle
relaxation. Nystagmus may be noled during induction. Pro-
found analgesia is rapidly produced, Excessive salivation can
be alleviated with Atrophine, Ketamina is datoxified In the liver.
Metabolites are excreled via the urine. Ketamine produces a
fixed expression inthe oyes, The eyelids are dilated and stay
opanyst the comea usually remain moist, Penipheral rellaxes
persist. Because swallowing rellexes ara usually unalfected,
excessive saliva is swallowed as usual, Induction is character-
isad by ataxla. This ataxia canbe aproblemin some spacies
il no tranqullizer administared concurrenily. The animal lies
down. The animal bacomes insensitiva 10 external stimulation.
Lateral nystagmus appear, then disappear wilh increased
dapth of andesthesia. Ketamine may be sately and afiectively
used for anaesthesia of numerous other spacies ol wild
animals, It is particularly elfective in wild carnivores, reptiles
and birds but not sultable for most ungulates wilh the addition
ol a sedative or tranquilizer. The duration of effect vanes with
the species and dosage administered. Recovery is usually
smooth In carnivores dhd furbearers. In ungulates, recovery
may be stormy so Ketamine Is usually combined with a
tranquilizer 1o balance its anaesthetic effects, allow lower
doses of Ketamine, smooth racovery and improve the recovery
time.

Side-Effects and Precautlons

Ketamine causes lonic clonic convulsions in few wild felids.
Other carnivores are similiarly aflected. Primates are less
commonly effacted. Convuisive eflects can be obviated by
administering Diazepam with a Ketamine antidote. There is no
known clinical anticote for Ketamine.

Medetomidine - Pharmacology

This is a potant sedative and specific full agonist of both pra- and
posisynaptic  Alpha-2-adrenoceptors. The Alpha-2/Alpha
selactivity ratio of Medetomidinge is 1620 as compared with 160
for Xylazina. Medatomidine [s a racemic mixture, the active
isomer i5 predominantly the D-enanticimer (discamedatamid-
ine), Medatomidine acts by modulating noradrenaline release
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on adrenalinergic nerve terminals andis devoid of affinity for
bela-1, beta-2, H1, H2, 5-HT, 8HT2 muscanne, dopamine,
Iryplamina, GABA, my- and della-type opiale and benzodi-
azepime receplors. Characteristic effects ol medetomidine
In animals include sedation, analgesia, reliel of anxiety,
bradycardia, hypotension and hypothermia. Al high doses
medelomidine has hypnotic or anaesthetic etlects. Medeto-

midine is metabolised in liver and melaboliles are excraled
mainly in the urine.

Antidote: Alipamazole is a reversal agent for medetomidine
(and xylazine).

Tlletamine hydrochloride and Zolazepam hydrochloride
(Talazol) - Pharmacology: Tiletamine hydrochloride is a
cyclohexanone dissociative agent related o Ketamine
hydrochloride and Phencyclidine hydrochloride. Zolazepam
hydrochloridais a non-phenothiarzine pyrazalodiazepinone
ranquilizer.  Zolazepam eliecis include sedation, muscle
relaxalion, bul no bradycardia. The combination capitalizes
on tha desirable charactenstics of each while minimizing the
side elfects. Combined Tiletamine hydrachloride-Zolazepam
hyorochloride 15 used lor chemical Immabilization and
surgical anaesthesia in a wide vanety of carmivores, artidac-
tylids, birds, reptiles and amphibians. Onset occurs within 5+

12 minutes aller intramuscular  injeclion, Recovery is
prolongad.

Anildote

There is no specilic antidole for Telazal. There is no areversal
agent called Benzodiazipinis sychas zylazepam.

Acepromazine Maleale - Pharmacology: Acepromazine
maleate is aphenothiazine darivative and has bean used in
vaelannary practice in most countries lor a long lime. Acepro-
mazine is a nervous system deprassant which, used on s
own, producas sedation in most animals at low dosagae. It
will tngger anticonvulsant, hypolensive and weak analgesic
action and potantiate the elfect ol analgesics and barbiluates.
As othar phenothiozine darivalives it is an adrenalytic and
should not be used on exhausied and excited animals,
Disturbances of the heal regulatory mechanism in shade-
loving antelopes has bean observed undor liald condilion.
This can be quite signilicant.

Indicatlons

Acepromazine is raraly used alone for immobitisation pur-
poses but rather in combination with Etorphine, Ketamine.
Its muscle retaxation characternstic is ol particutar value when
used with Ketamine and Phencyclidine.

Side-Effects

Acepromazine In combination with other hypotensive
agents occasionally , Instead of producing central nervous

system depression, acts as a stimulant and hypar-excitability
ensues.

Drug Combinations

“Hellabrunn™ Mix
The mix Is prepared by dissolving 500mg Xylazina dry powder

-— -

in4ml of 100mg/ml Ketamine solutlion, The combination has a
45-60 minute duration of action and can be used in a wide
variety of mammals, birds and reptiles. To increase the
duration of effect, Ketamine should be given v ori’m. The mix
gives good muscle relaxation in mammals, birds and repliles
unlike Ketamine alone, which produces muscle rigidily and
tremars. Due ta the high level of Xylazine inthe mux, il ruminants
are not fasled for 24 hours there is a risk ol ruminal tympanic
developing. In antelope, relaxation of lhe longue and
pharynx leads to a nsk ol asphyxiation in these spacies,
therelore itbecomes necessary (o inlubate antelope by giving
Hellabrunn mix and place them in sternal recumbency torthe
duration of the immabllisation. The mix has a very slimey
emetic eflect in all carnivores, particularly big cats which can
ba prevented with administration of 1-2mg Atrophine pnor 1o
the mix. Elaphants are also sensilive; 1-3ml s adequale lor
elephanis lor minor procedure,

Comblnation of Etorphine and Xylazine

Elophine alone produces musciatrermors which are abolished
i combinad with Xylazine. The duration of action of the combi-
nation Is approximately 45 minutes (thougn can be much
longar) and has the advantages of being reversiblo with the
use ol Revivon. The authors recommend Revivon should be
administered at \wice |he Immabilon dose, Tha animal shoutd
be observed lor 10 hours allerimmobilisation due 1o the risk of
renarcolisation, Side-allects, especially in equids,-include
tachycardia and swealing.

In antelope and horses, dislurbances ol blood pressure may
alsobe sean and occasionally thesae may lead 1o spontane-
ous heartlallure. The combination if contraindicalad in cats and
primate and as such is exiremesly dangerous 1o the operalor
and rovarsal agents should be on hand in the event of
accidental Injury, Lilerature review and liald tral al
Whipsnade with this combination has recorded that ime to
onsel ol immobilisation was shoner than with use of Etorphine
alona. Excallent muscle ralaxation lor almost any surgical
procedure; no problems with reversal of eliect using anatag-
onist, M50 and Yohimbine, This combination ollers the

advanlage ol excellent muscle relaxation and opporuniy lor
rapld raversal of drug action.

Comblination of Xylazine and Katamine

In ruminants this combination provided quick immobilising ac-
ton and good muscle rlaxalion. Because Kelaming is motabolisad
more rapidly than Xylazine, recovery is more rapid than
whan anaesthesia is induced with Xylazine alone,

Comblnation of Medetomldine and Katamino

This combination can be usedlo induce complele Immobilisa-
tion. In trials on captive leopards, Medslomidine has been
found 10 have a potency up to 30 times thal of Xylazine,
allowing a 374 reduction in Keltamine doses required lor Im-
mobllisatlon, a reduction lime to onsel ol deep sedation,
Improved myorelaxation during Immobilisation and an Im-
proved reversal with a reduction in tha degree and duration,
These allects are entiraly dua 10 the Increased Alpha-2 eflect,
The same would ba sean if more Xylazine were used though
tha velume would ba Increased. The combination of Medelo-
midine and Kelamine provides good Immobilisation for a
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variely of minor surgical procedures in exotic felld and ca-
nines. The recommended dosages: 233mg/kg Madetomid-
Ine; 2.33mg/kg Ketamine - though it Is preferred to usa less
Medelomidine and more Ketamine bacause of the cardiac
depression of Medstomidina.

Discussion

Quite a lot of mammalian spacies were immobilised during
the course study of Wildlile Diseases and Management
ollered by the Zoological Soclely of London al Whipsnade
Wild Anlmal Park, out of which a few Indian mammals
Immobllised can be of great Interest for vets warking In
captlive conditlons where they can adapt the proceduras of
immobilisation with confldence. Thesa animals ware immo-
bllised for various reasons like clinical, surgical, haema-
tology and translocallons. The dosages of immobilising
drugs best suiled is given In table 3 and in allcare was taken
espscially in herbivoraes to see that there was no regurgita-
tion. Monitoring the depth of immobilisation like respiration,
pulse, temparature right from induction time torecovary is
very important with ragular Intervals of 5-10 minutes. This
heips 10 know the depth of anaesthesia. Gne of the most
recent developments noliced was depandant upon the type
of operational procedures required on the animal.

It was interesting to observe that endotracheal tube and
Inhalation anaesthasia were applied. Augumanted anaes-
thesia or Increasing the depth of anaesthesia was used
in animals previously immobllised by injectable agents.
They are the malor general anaesthetic agents inbalanced
techniques bacause they can ba quickly instailed orremoved
from animals through the respiratory system and the depth
of anaesthasia can be precisely controlled during the cause
of a prolonged surgical procedura. One advantage in placing
an endotracheal tube In an animal is the availabilily of a
means for support of pulmonary ventilation. Intubation
facilitates treatment of atelectasis with pailitive premire and
prevention or treatment of abnormalities in arerial
carbondioscids by incraasing or decreasing minute volume.

It is an advantage to be able to supply increased concen-
trations of oxygentothe alveoli andin alimited way to provide
a potentlal means for evaluating the health of respiratory
function. This is accomplished with an anaesthetic machine
that can run in a closed configuration. For all speciss inhala-
tion anaesthesia follows the quantal dosae rasponse concept,
which states that the incidence of effect Increases as the
dose increases, that:is, inhalation agents are predictable
which is not true with injectable agents which tend to be
unpredictable and idiosyncratic from one animaito the next
and from one species to another. Some of ths effective
Inhalation anaesthstics used were Halothane, Isofiane. The
combination of immobilising drugs in practice at Whipsnade
Wild Animal Park also did give good response and

excallent results especially the combination of Immobiion
and Xylazins.

Conclusion

Ketamine hydrochloride on primates in racommendad doses
is a good immebilising drug, has good induction, sedation
and restraint, fair muscle relaxation. It is good for short
procedures such as translocatlon, TB testing, blood collec-

llon and radlography but causes slight salivation. in ruminants
the combinatlon al Etorphine and Xylazine gave a shorer time
to onset of Immebllisation than with the use of Etorphine alone.
Excellent muscie relaxation is produced for aimost any
surgical procedure and there ara no problems with reversai of
elfect using antagonist.

The combination of M50 and Yohimibine olfers the advantages
of excellent muscle ralaxation and opportunily {or rapid reversal
of drug action.

The combination of Xylazine and Ketamine in ruminants
provides quick Immobilisation action and good muscle relaxa-
tlon. Because Ketamine Is metabolised more rapidly than
Xylazine, recovery Is more rapid than when anaesthesia is
inducedwilh Xylazine alone. This combination in Felidaais best
tor immobilisation, good analgesia, good muscle relaxation,
good salely margin, and the best oral anaesthetic for wild
carnivores.

Ketamine alone is a good analgesic and gives good immobilisa-
tlon for surgery wilh some muscie twitching. In Canidae,
Ketamina alone is a good analgesic and gives good immabilisa-
tlon but with convulsions and seizures. Combination with
Xylazine is the best immobilisation, good analgesia, good
muscle relaxation, good safety margin and is the bast overall
general anaesthetic for wild canines.

Misceilaneous Consliderations

Immuobilising drugs are potent and dangerous. In india except
for Ketamine nydrochloride, none ara available. Xylazine is now
being importad and marketed by one or two firms and is very
expansive. Since Elorphine is a narcotic, sofarnoclearance has
been given by the Drug Enforcement Department hence imoon
of Elorphine intothe country needs lots of excise and {ormalities
tobe cleared. Drug companies are unable to justily the expensa
Inimponting and carry out extensive testing necessary to licence
a drug tor usa in wild animals. However, immobilising agents
must be used by the zoa veterinarians il proper health care is to
be given. Thare is a decided advantage in using combinations
that allow dosage reduction. Skill and experience are pre-
requisites to the successful combination of immobilising
agents.
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Table 1.

List of Common Immobllising Drugs

Name Trade-Name Class of Agent
Etorphine M09 " Narcotic
Ketamine-Hydrochloride *  Vetar/Ketar Cyclohexamine
({Dissociative)
Xylazine Rompun Sedative/Tranquilizer
Tiletamine- Zolazepam Telazol Cyclohexamine
(Dissociative)
Meditomidine Dormitor Alpha2 Antagonist

Table 2
Drugs Used to Modlty Elfects of Immobllising Agent
Hame Trade-Name Class of Agent
Diprenorphine M-50 Narcotic Anagonist
Dlazepam Valium Benzodiazepine
Yohimbine-Hydrochloride Antogonil Xylazine Antagonist
Acapromazine-Maleals Acepromazine Phenothiszine Tranquillizer
Atropine-Sulphate Atroplne Parasympatholytic
Atipamezole HCL Antisedon -
RAXB21002A - Alpha2 Antagonsist
Tabla 3
Recommended immobllising Drugs and Dosages
Specles Drug 1 Dosage . Drug2 Dosage Drug3 Dosage
(mgrkg) (mg/kg) © (mg/kg)
Primates Ketamine 8-10
Telazol 2-6 '
Cervidae Ma9 Xylazine Tlazol
Hog Deer M99 1.5-3mg Xylazlne 3-4mgrkg
Barasinga Ma9 3-5mg
Axis Deer Mg 3-6mg Xylazine 3-4mg/kg
Slka Deer Ma9 2-4mg Xylazine 3-4mg/kg Tilazol 4.5-Smg/kg
Bovidae Xylzine Tilazol
Niigal Mag 4-6mg Xylazine 3mg/kg Tilazol 6-8mg/kg
Yak M99 3-Bmyg Xylazine 0.6-1mg/kg
Gazelle M99 2:3mg Tilazol  2.5-15mg/kg
Black Buck Mag9 2-3mg Xylazine 3mgkg ° Tilazol  4.5-10mg/kg
4-horned Antelops M99 2-3mg Xylazine amg/kg
Moullon M99 1-2myg
Gaur Ma9 Smg
Felldae Ketamine 5-10mg/kg
Telazol 1.5-5mg/kg
Ketamine &
Xylazine  10mg/kg of
Ketamine &
2mg/kg
Xylazlne
Canidas Ketamine &
Xylazine 10mg/kg
Ketamine &
2mg/kg
Xylazine
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