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ANTAGONISM OF XYLAZINE HYDROCHLORIDE WITH YOHIMBINE 
HYDROCHLORIDE AND 4-AMINOPY RlDlNE IN CAPTIVE WAPITI 

Lyle A. Renecker and Chris D. Olsen 
Department of Animal Science, University of Alberta, Edmonton, Alberta T6G 2P5, Canada 

ABSTRACT: Eight captive wapiti (Ceruus eluphus nelsoni) were injected with xylazine hydro- 
chloride on two occasions during March and April 1984. Animals were grouped into a modified 
Latin square design and were given either successive injections of yohimbine hydrochloride and 
4-aminopyridine (4-AP) to antagonize the sedative effects of xylazine hydrochloride or permitted 
an unantagonized recovery. Induction times ranged from 3 to 26 min with excited and wild 
animals requiring a supplementary dose. Time until walking was significantly (P < 0.005) shorter 
in the group given successive injections (given i.v.) of the reversal drugs yohimbine hydrochloride 
(0.15 mg/kg) and 4-AP (0.30 mg/kg) than those animals during unantagonized recoveries. Marked 
increases in heart rate and respiratory rate were observed in animals within 3 min after successive 
injections of yohimbine hydrochloride and 4-AP. There was no occurrence of convulsions and 
animals did not relapse to profound sedation. Slight muscle tremors were observed in one animal 
which received a dose of 0.35 mg/kg of 4-AP. This drug combination can reduce markedly the 
duration of recovery from xylazine hydrochloride-induced sedation in wapiti. 

INTRODUCTION 

Xylazine hydrochloride is used widely 
for the chemical restraint of ungulates in 
biological research, surgical procedures 
and veterinary medicine. This non-nar- 
cotic drug can induce a sedative, analgesic 
and muscle relaxing effect by autonomic 
and central nervous system depression 
(Sagner et al., 1968; Schmidl, 1974). For 
the immobilization of wild and captive 
Cervidae, xylazine hydrochloride often has 
been used alone (Roughton, 1975; Jacob- 
sen, 1983) or in combination with narcot- 
ics such as etorphine or fentanyl hydro- 
chloride (Jessup et al., 1980; Hebert and 
McFetridge, 1981; Thorne, 1982), to re- 
duce the time and excitation associated 
with the induction period (Harthoorn, 
1976). 

Wild ruminants are relatively sensitive 
to the effects of xylazine hydrochloride. 
Dosages of 0.44 to 5.30 mg/kg can induce 
recumbency in black-tailed deer (Odocoi- 
leus hemionus columbianus) for 1 to 6 hr 
(Jacobsen, 1983). Wapiti (Ceruus elaphus 
nelsoni) have been immobilized for 1 to 
several hr with dosages of 0.80 to 3.90 mg/ 
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kg of xylazine hydrochloride (Anon., 
1984). Fletcher (1974) observed xylazine 
hydrochloride hypersensitivity in an in- 
sular population of red deer (Ceruus ela- 
phus), noting that dosages of 3 to 4 mg/ 
kg produced profound immobilization for 
periods of 6 to 9 hr. This prolonged re- 
cumbency increases the possibility of bloat, 
regurgitation, aspiration, hyperthermia, 
hypothermia or pressure damage to nerve 
and muscle tissues. Nonetheless, xylazine 
hydrochloride is a valuable drug for wild- 
life biologists in that it is readily procur- 
able and relatively safe. 

Recently, a new drug combination has 
been used experimentally as an antagonist 
for xylazine hydrochloride. Yohimbine 
hydrochloride is an alkaloid that blocks 
the release of noradrenalin in the central 
nervous system, thereby stopping the ac- 
tion of this neurotransmitter on the cen- 
tral alpha,-receptors (Hsu, 1981). In turn, 
this may be the same adrenergic mecha- 
nism agonized by xylazine hydrochloride 
(Cronin et al., 1983). The drug 4-amino- 
pyridine (4-AP) may enhance the release 
of acetylcholine (AndCn and Leander, 
1979; Foldes et al., 1982) and other neu- 
rotransmitters (Booth et al., 1982; Loffel- 
holz and Weide, 1982). Either of these 
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drugs will antagonize partially the effects 
of xylazine hydrochloride (Kitzman et al., 
1982), or ketamine hydrochloride plus xy- 
lazine hydrochloride (Jessup et al., 1983). 
However, a mixture of 4-AP and yohim- 
bine hydrochloride in the same syringe ef- 
fectively reduced arousal and standing 
times from xylazine hydrochloride-in- 
duced sedation in cattle (Kitzman et al., 
1982) and dogs (Hatch et al., 1982; Wall- 
ner et al., 1982), better than either drug 
administered separately. Successive injec- 
tions of yohimbine hydrochloride and 4- 
AP have been used as reversal drugs for 
xylazine hydrochloride-induced immobi- 
lization of captive moose (Alces alces), 
mule deer (Odocoileus hemionus) and 
white-tailed deer (Odocoileus uirgini- 
anus) (Renecker and Olsen, 1985). Yo- 
himbine hydrochloride alone has been 
used as a reversal drug for xylazine hy- 
drochloride-induced immobilization of 
white-tailed deer (Hsu and Shulaw, 1984) 
and red deer (MacKintosh and Van Re- 
enen, 1984). 

The objective of this study was to de- 
termine if xylazine hydrochloride-in- 
duced immobilization in wapiti could be 
effectively antagonized by successive in- 
jections of yohimbine hydrochloride and 
4-AP. 

MATERIALS AND METHODS 
The experiment involved the use of eight 

adult wapiti: four males and four females. An- 
imals were maintained in a 65 ha enclosure at 
the Ministik Wildlife Research Area on natural 
forage and a pelleted alfalfa-concentrate ration. 
Body weights averaged 271 k 28 kg for bulls 
and 251 ? 7 kg for cows. Animals were paired 
according to sex, age, body weight (visually es- 
timated for one wild animal) and behavior. Be- 
havior of an animal was described as wild and 
unapproachable by humans, born in captivity 
but excitable or tractable. In March 1984, each 
animal of a designated pair was assigned ran- 
domly to a treatment group which involved 
either xylazine hydrochloride-induced immo- 
bilization followed by unantagonized recovery 
or xylazine hydrochloride-induced sedation fol- 
lowed by antagonist administration using a 
modified Latin square design (treatment x sex). 

A period of 6 to 7 days was allowed between 
treatments (2 days for one male). All animals 
were allowed to feed on native forage within 
the enclosure, but received no supplementary 
feed for 2 days prior to immobilization. 

Xylazim hydrochkwide administration 

Animals were immobilized by an injection of 
xylazine hydrochloride (Rompuna, Bayvet Di- 
vision, Miles Laboratories Ltd., Mississauga, 
Ontario L4W 2A1, Canada) at a concentration 
of 100 mg/ml solution. Xylazine hydrochloride 
was administered intramuscularly (i.m.) into the 
rump of all animals. Tractable and excitable 
wapiti were injected by hand syringe, in a large 
animal squeeze. Wild animals were injected 
with projectile syringes, fired from a powder- 
charged rifle (CapChur  Powder Projector, 
Palmer Chemical and Equipment Co., Inc., 
Douglasville, Georgia 30133, USA) or a CO,- 
powered pistol (CapChur CO, Pistol, Palmer 
Chemical and Equipment Co., Inc., Douglas- 
ville, Georgia 30133, USA). A dose of 0.65 mg/ 
kg of xylazine hydrochloride was given in the 
initial injection to immobilize the wapiti. This 
dose was intermediate to the value used for wild 
wapiti (Jessup et al., 1980; Anon., 1984) and 
from previous drug records at the Ministik 
Wildlife Research Station. A supplemental dose 
of xylazine hydrochloride was supplied if the 
initial dose was inadequate. Animals were 
weighed prior to xylazine hydrochloride 
administration (body weight of one wild animal 
was estimated). 

Reversal of xykrine hydrochloride 

The experimental antagonists were yohim- 
bine hydrochloride (Sigma Chemical Co., St. 
Louis, Missouri 63178, USA) and 4-AP (Sigma 
Chemical Co., St. Louis, Missouri 63178, USA). 
Dosage of the antagonist was based on previous 
research with cattle (Kitzman et al., 1982) and 
mule deer (Jessup et al., 1983). Immobilized 
wapiti, in the treatment group, were given suc- 
cessive intravenous (i.v.) injections of yohim- 
bine hydrochloride (0.15 mg/kg; 0.5% w/v so- 
lution in distilled, deionized water) and 4-AP 
(0.30 mg/kg; 1.0% w/v solution in distilled, 
deionized water). The concentration of yoh- 
imbine hydrochloride used in this study was 
increased by a factor of five over that recom- 
mended by Kitzman et al. (1982) to decrease 
the volume required per injection. Because a 
>O.l% solution of yohimbine hydrochloride will 
precipitate in the syringe when mixed with the 
4-AP solution (1%), the solutions were admin- 
istered in consecutive injections using separate 
syringes. 
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Monitored parametem 

Heart rates, respiratory rates and rectal tem- 
peratures were recorded for all animals during 
immobilization and recovery. Presence of jaw, 
orbital and ear reflexes were used as indications 
of immobilization. The intervals of events mea- 
sured were: (a) induction time (time from in- 
jection of xylazine hydrochloride to the ani- 
mals’ inability to stand); (b) arousal time (time 
from injection of antagonists until laterally re- 
cumbent animals regained the ability to main- 
tain a sternal posture, eructate and were alert 
and responded to noise or, in animals not given 
the antagonists, it was the time between com- 
plete immobilization and lateral recumbency 
until the animal could maintain a sternal pos- 
ture, eructate, was alert and responded to noise); 
(c) walking time (time from injection of the 
antagonists until the animal stood and walked 
or, in animals not given the antagonist, the time 
from complete immobilization until the ani- 
mals stood and walked); and (d) total recovery 
time (time from injection of antagonists until 
the animals were walking with a steady gait 
and would eat or, in animals not given the an- 
tagonists, the time from complete immobiliza- 
tion until the animals were walking with a 
steady gait and could eat). 

RESULTS AND DISCUSSION 

Immobilization 

Each animal was immobilized for two 
treatment procedures. Between sexes, ef- 
fective dosages of xylazine hydrochloride 
(Table 1) were not significantly different 
( P  > 0.05) as indicated by a two-way 
analysis of variance (Steele and Torrie, 
1980). Dosages ranged from 0.64 to 2.18 
mg/kg with three wild, excited animals 
requiring supplementary injections and 
the largest volumes of xylazine hydrochlo- 
ride for effective immobilization. A paired 
t-test (Steele and Torrie, 1980) indicated 
that volumes injected by projectile syringe 
into wild, male animals were significantly 
( P  < 0.001) higher than dosages given by 
hand injection to tractable males. 

Wapiti responded initially to an i.m. in- 
jection of xylazine hydrochloride with re- 
duced movement and a drooping of the 
ears. Subsequently, a lowered head and 
excessive salivation were followed by ster- 
nal recumbency after an average of 8.4 k 

1.5 min. A maximum induction time of 
26 min (Table 1) was recorded for one 
wild male which was probably the com- 
bined result of an increased level of ex- 
citement, rebounding of projectile sy- 
ringes away from the contacted rump and 
leakage of immobilizing solution from the 
injection site. Similar problems were ob- 
served by Jacobsen (1983) while tranquil- 
izing black-tailed deer. 

The induction period did not vary sig- 
nificantly ( P  > 0.05) between treatments 
for either sex. Although induction times 
were greater for males, significant differ- 
ences were not observed ( P  > 0.05), pos- 
sibly because of the small sample size. 
Furthermore, differences between mean 
induction times of males given either a 
hand injection or an injection of xylazine 
hydrochloride with a projectile syringe 
were not significant ( P  > 0.05). 

Recovery time 

Unantagonized animals regained ster- 
nal recumbency in 3.8 k 0.4 hr. Walking 
required an additional 0.5 hr (Table 1). 
The longest times until walking, for ani- 
mals given a dose of 0.65 mg/kg of xyla- 
zine hydrochloride, corresponded with the 
shortest induction times. Generally, short 
induction times and prolonged immobili- 
zation were typical of the cows, all of 
which were tractable. Poor body condi- 
tion and relative tractability may have 
been factors in producing this response in 
one male. 

Arousal times of xylazine hydrochlo- 
ride-induced immobilization in wapiti 
were shortened by successive injections of 
yohimbine hydrochloride and 4-AP. Ani- 
mals attained the ability to maintain a 
sternal posture, eructate and respond to 
auditory stimuli in an average of 4 k 2.1 
min. Arousal was indicated first by eye 
movement and vocalization. Animals 
would lift their head, eructate, respond to 
auditory stimuli and salivate profusely for 
a short period. Similarly, walking times 
were reduced to between 1.9 and 47 min 
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TABLE 1. Comparison of mean induction and walking times of xylazine hydrochloride-induced immobi- 
lization of wapiti without drug reversal and after antagonism with successive injections of yohimbine hy- 
drochloride and 4-AP. 

~ 

Reversal with yohimbine HCI 
No antagonist administered and 4-AP' 

Mean xylazine HCI Mean induction Mean walking Mean induction Mean walking 
dosage time (a) time (c) time (a) time (c) 

Croup n (mg/kg) (*SE) (min) (?SE) (min) (+SE) (min) (+SE) (min) (+SE) 

4 1.19 (0.23) 13.0 (4.6) 232.6 (55.1) 4.9 (0.1) 15.2 (10.7) Male 
Female 4 0.68 (0.02) 6.1 (1.6) 270.0 (18.2) 9.8 (2.7) 12.4 (6.4) 

a Mean time between immobilization and antagonist administration equalled 17.6 min (~3.6). 

(Table 1). Similar walking times of 7.4 min 
were reported for cattle immobilized with 
xylazine hydrochloride (Kitzman et al., 
1982) and 1 to 30 min for mule deer im- 
mobilized with a xylazine hydrochloride- 
ketamine hydrochloride mixture and re- 
versed with yohimbine hydrochloride 
(Jessup et al., 1983). Four animals, which 
were administered the reversal combina- 
tion, became ambulatory in less than 3 
min. These times until walking were sig- 
nificantly ( P  < 0.005) shorter than those 
observed during unantagonized recovery 
(Table 2). After arousal, antagonized wa- 
piti would regain tongue control, stand, 
urinate and walk for a short time before 
consuming feed and snow. Total recovery 
times were shortened an average of 2.5 hr 
when animals were antagonized with suc- 
cessive injections of yohimbine hydrochlo- 
ride and 4-AP. This permitted animals to 

become ambulatory, feed and interact 
with other animals, safely, in an average 
of 56 min. 

The dose of 0.15 mg/kg of yohimbine 
hydrochloride and 0.30 mg/kg of 4-AP 
appeared effective as a reversal agent for 
xylazine hydrochloride-induced sedation 
in wapiti. However, an increase in the 
dosage of 4-AP to 0.35 mg/kg resulted in 
slight, generalized muscle tremors in one 
animal. These spasms have been reported 
in cattle which received a similar dosage 
(Kitzman et al., 1982). Convulsions were 
not observed in these animals during the 
drug reversals. Animals did not relapse to 
profound immobilization. 

Volumes of yohimbine hydrochloride 
and 4-AP, which were injected into the 
one animal not weighed, were determined 
from a conservative estimate of body 
weight at a dosage level of 0.15 mg/kg 

TABLE 2. Analysis of variance for walking times of xylazine hydrochloride-induced immobilization of 
wapiti permitted an unantagonized recovery and animals reversed with successive injections of yohimbine 
hydrochloride and 4-AP. 

Degrees of 
Source of variance freedom Sum of squares Mean squares F-value 

sex  1 1,237 1,237 0.367 NB 
Animal x sex  6 20,246 3,374 0.972 NS 
Treatment 1 226,267 226,267 65. 16gb 
Day 1 1,691 1,691 0.487 NS 
Treatment x sex 1 4,680 4,680 1.348 NS 
Error 5 17,362 3,472 

Total 15 271,483 

' NS = not significant at the 0.05 probability level 
Significant at the 0.005 probability level. 
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TABLE 3. 
and heart rates in wapiti immobilized with xylazine hydrochloride. 

Effect of successive injections of yohimbine hydrochloride and 4-AP on mean respiratory rates 

Mean respiration rate (breaths/min) Mean heart rate (beats/min) 

During During 
During induction immobilization After antagonist immobilization After antagonist 

Group n (?SE) (?SE) (+SE) (?SE) (?SE) 

Male 4 13.4 (0.4) 25.3 (4.8) 30.0 (1.0) 48.0 (13.5) 
Female 4 25.0 (1.5) 9.5 (0.3) 17.6 (4.1) 30.0 (0.5) 45.0 (3.3) 

and 0.25 mg/kg, respectively. No adverse 
effects (muscle tremors or convulsions) 
were observed in this individual. 

Environmental and physiological conditions 

Differences (P < 0.001) were evident in 
mean rates of respiration of female wapiti 
between induction and immobilization 
periods (Table 3). Further, drug reversal 
of xylazine hydrochloride-immobilized 
wapiti produced significant changes in 
mean respiration (male, P < 0.001; fe- 
male, P < 0.05) and heart (male, P < 
0.002; female, P < 0.001) rates. Breathing 
and pulse rates increased an average of 10 
breaths/min and 15.5 beats/min, respec- 
tively, within 3 min of the consecutive in- 
jections of yohimbine hydrochloride and 
4-AP, similar results having been observed 
in dogs (Wallner et al., 1979). Both yo- 
himbine hydrochloride and 4-AP appear 
to contribute positively towards this exci- 
tation of respiratory activity (Luckens and 
Malone, 1973; Agoston et al., 1982). 

During immobilization, rectal temper- 
atures averaged 38.5 f 0.04 C for males 
and 38.2 f 0.10 C for females. These val- 
ues were recorded during ambient tem- 
peratures which ranged from -13 C to 6 
C. A moist or snow-covered ground sur- 
face may have prevented elevations in 
rectal temperatures on days of warm air 
temperatures. Late afternoons or days with 
cloud cover were selected for immobili- 
zation using projectile syringes, thus, wa- 
piti which ran or struggled during tran- 
quilization did not overheat. 

Successive injections of yohimbine hy- 

drochloride and 4-AP can be used as an 
effective reversal drug combination for 
xylazine hydrochloride-induced immobi- 
lization of wapiti. The cost of these drugs, 
per immobilized animal (300 kg animal), 
was approximately $0.13 Canadian. 

Excited animals may require large vol- 
umes of xylazine hydrochloride resulting 
in incomplete immobilization (Keep, 1979; 
Thorne, 1980); however, lengthy and pro- 
found sedation can occur in sensitive or 
very tractable animals at these high doses. 
Nevertheless, this antagonist combination 
can effectively antagonize the sedative and 
immobilizing actions of xylazine hydro- 
chloride in wapiti. 
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