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ABSTRACT: White-tailed deer (Odocoileus virginianus) were immobilized with either 4.0 mg
etorphine hydrochloride (ETOR) or 3.5 mg ETOR and 50.0 mg xylazine (XYL). Deer immobilized
with ETOR only were given 4.0 mg nalmefene hydrochloride (NAL), a new opioid antagonist,
20 min after induction. Deer immobilized with ETOR and XYL received 3.5 mg NAL and 0.125
mg/kg yohimbine hydrochloride (YOH). The dose of 4.0 mg ETOR did not provide acceptable
immobilization and was discontinued. A NAL:ETOR ratio of 1:1 was insufficient for complete
and sustained antagonism of ETOR. Subsequently, deer were immobilized with ETOR and XYL
as before which was then antagonized with 35.0 mg NAL and 0.125 mg/kg YOH. The 10:1 ratio
of NAL:ETOR appeared to provide complete antagonism with no evidence of renarcotization.
Although more study is required, NAL could become a useful antagonist for opioid-induced

immobilizations.
Key words:
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INTRODUCTION

Etorphine hydrochloride (ETOR) and/
or xylazine hydrochloride (XYL) have been
used previously to immobilize white-tailed
deer (Odocoileus virginianus) (Woolf,
1970; Presnell et al., 1973; Hsu and Shu-
law, 1984). The effects of ETOR can be
antagonized by diprenorphine hydrochlo-
ride (Woolf, 1970) or naloxone hydrochlo-
ride (Haigh, 1982). The effects of XYL can
be antagonized by yohimbine hydrochlo-
ride (YOH) (Hsu and Shulaw, 1984). Both
opioid antagonists have disadvantages,
however. Diprenorphine has purported
agonistic qualities (Hall and Clarke, 1983).
Naloxone has a short half-life which could
result in renarcotization (Fishman et al.,
1973; Ngai et al., 1976; Haigh, 1982; Ait-
kinhead, 1984).

Nalmefene (NAL) (17-(cyclopropyl-
methyl)-4,5a-epoxy-6-methylenemor-
phinan-3,14-diol) is a recently-developed,
pure narcotic antagonist structurally sim-
ilar to naloxone and having a therapeutic
index of approximately 5,000 (Dixon et al.,
1986). Depending on the species, NAL is
from 16 to 28 times more potent than na-

loxone (Dixon et al., 1986). The duration
of action of NAL in humans is much longer
than naloxone (Gal and Difazio, 1985).

Because of its potency, lack of agonistic
properties, and possible duration of action,
NAL could be a useful antagonist for
opioid-induced immobilization of wildlife.
The purpose of this study, therefore, was
to determine if NAL could effectively an-
tagonize immobilization by ETOR of cap-
tive white-tailed deer.

MATERIALS AND METHODS

This study took place in September 1986 in
Marshfield, Wisconsin. The average daily tem-
perature was 13 C. A total of 15 captive adult
deer (five female, 10 male) was used. Body
weights ranged from 58 to 95 kg. The deer were
kept in a 0.32-ha pen with access to inside shel-
ter. The deer were fed commercial deer pellets
and alfalfa hay and provided water ad libitum.
Food was withheld 24 hr prior to experimen-
tation. The experiments were conducted at the
same time in the morning, 2 wk apart. The
experimental design randomized animals with-
in treatment and within dates. All animals were
monitored hourly on the day of the experiment
and daily thereafter. All deer were immobilized
with drugs delivered by gas-powered pistol or
.22 caliber-powered rifle.
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Statistical analyses were with one-way AN-
OVA (Number Cruncher Statistical Systems,
Kaysville, Utah 84037, USA). Statistical signif-
icance was determined at P < 0.05. Means are
reported with standard errors.

Group 1

Initially, three male deer were immobilized
by intramuscular (i.m.) injection of 4.0 mg ETOR
(0.05-0.07 mg/kg) (M99, Lemmon Company,
Rockville, Maryland 20850, USA). Exactly 20.0
min after induction (lateral recumbency), these
deer received 4.0 mg nalmefene hydrochloride
(NAL) (0.05-0.07 mg/kg) (Schering Research,
Miami, Florida 33137, USA) via the jugular vein.
Nalmefene was prepared by dissolving it in ster-
ile 0.9% NaCl to a concentration of 10.0 mg/
ml. Head-up times (HUT) and walk times (WT)
were recorded on all deer for all trials. Head-
up time was the time from injection of NAL to
when the deer raised its head from lateral re-
cumbency; WT was the time from injection of
NAL to when the deer stood and walked on its
own, but not necessarily assessed to be com-
pletely normal.

Group 2

Because of unacceptable immobilizations ob-
tained with Group 1, subsequent trials were con-
ducted. Six deer (three females, three males)
were immobilized with 3.5 mg ETOR (0.04-
0.06 mg/kg) and 50.0 mg XYL (0.5-0.8 mg/
kg) (Rompun, Haver-Lockhart, Cutter Labo-
ratories Inc., Shawnee, Kansas 66201, USA) de-
livered as before. Twenty min after induction,
these animals received 3.5 mg NAL (0.04-0.06
mg/kg) and 0.125 mg/kg YOH (Sigma Chem-
ical Co., St. Louis, Missouri 63178, USA) intra-
venously (i.v.) in separate syringes. Preparation
of YOH was previously reported (Kreeger and
Seal, 1986).

Group 3

Another group of four deer (two females, two
males) were immobilized with 3.5 mg ETOR
(0.04-0.05 mg/kg) and 50.0 mg XYL (0.6-0.8
mg/kg) as before then given 35.0 mg NAL (0.4-
0.5 mg/kg) and 0.125 mg/kg YOH i.v. 20.0 min
after induction.

Group 4

Since Groups 2 and 3 required a combination
of drugs to achieve adequate immobilization,
three male deer (one from Group 1) were given
50.0 mg XYL (0.5-0.7 mg/kg) to determine the
effects of XYL alone versus the effects of XYL
plus ETOR. These animals were given 0.125
mg/kg YOH i.v. only 20.0 min after induction.
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Group 5

Control animals consisted of the four deer
that were used in Group 3. Each received 3.5
mg ETOR (0.04-0.06 mg/kg) and 50.0 mg XYL
(0.5-0.8 mg/kg), but were given only 0.125 mg/
kg YOH i.v. 20.0 min after induction. Animals
that did not recover by 2 hr following YOH
administration were given 35.0 mg NAL i.v. to
prevent possible complications of extended im-
mobilization.

RESULTS

Group 1

Inductions of the three deer given ETOR
only were characterized by hyperactivity
(constant pacing), hyperpnea and ataxia.
One of these deer remained hyperactive
for 31.0 min after receiving ETOR i.m. in
the hindlimb musculature with no indi-
cation of imminent immobilization and was
given 50.0 mg XYL i.m. Induction was
achieved 3.0 min after this injection.
Twenty min postinduction, this deer re-
ceived 4.0 mg NAL and 0.125 mg/kg YOH
i.v. and was standing in less than 1.0 min
after administration. For the next hour this
animal was alert, but paced continuously
with open-mouthed breathing. Two and
one-half hr after antagonism, the animal
appeared sedated and could be touched
by a human, but would not allow a rectal
temperature to be taken. About 9 hr after
antagonism, it was found dead. Histopath-
ological examination conducted at the
University of Minnesota (Department of
Pathobiology, College of Veterinary Med-
icine, St. Paul, Minnesota 55108, USA) re-
vealed severe congestion of the lungs and
myocardial congestion and hemorrhage.
These lesions supported a diagnosis of hy-
perthermia (Spraker, 1982).

The other two animals were successfully
immobilized with induction times of 15.0
and 19.0 min. Both had HUT <1.0 min
and WT of 1.0 min after being given 4.0
mg NAL (Table 1). Recovery for one deer
was characterized by alertness, hyperac-
tivity, and hyperpnea for 2 hr postantago-
nism. Approximately 9 hr after receiving
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TABLE 1.

Recovery times and behavior after antagonism of white-tailed deer immobilized with etorphine

or etorphine/xylazine then given either nalmefene or nalmefene/yohimbine.

Immobilization Antagonism
ETOR XYL NAL YOH HUT WT Behavior after
Group Sex* (mg) (mg) (mg) (mg) (min) (min) antagonism?
1 M 4.0 0.0 4.0 0.0 0.5 1.0 1,2,3
1 M 4.0 50.0¢ 4.0 7.5 0.5 1.0 1,2,4,6
1 M 4.0 0.0 4.0 0.0 0.5 1.0 1,2,4,6
2 F 3.5 50.0 3.5 72 5.0 32.0 4
2 F 3.5 50.0 3.5 7.6 1.0 2.0 4,7
2 F 3.5 50.0 3.5 8.0 0.5 1.0 4,5
2 M 3.5 50.0 3.5 8.1 1.0 2.0 4,5
2 M 3.5 50.0 3.5 11.5 1.0 2.0 3,4
2 M 3.5 50.0 3.5 10.6 4.0 5.0 1,2,8
3 F 3.5 50.0 35.0 5.4 0.5 1.0 7
3 F 3.5 50.0 35.0 5.6 1.0 2.0 7
3 M 3.5 50.0 35.0 9.0 2.0 3.0 7
3 M 3.5 50.0 35.0 8.0 1.0 2.0 7
4 M 0.0 50.0 0.0 9.0 na' na 7
4 M 0.0 50.0 0.0 11.8 1.0 14.0 4
4 M 0.0 50.0 0.0 11.0 na na 7
5 F 3.5 50.0 0.0 5.4 2.0 25.0 2,8
5 F 3.5 50.0 0.0 5.6 2.0 122.0 4
S M 3.5 50.0 0.0 8.0 120.0 121.0 4
5 M 3.5 50.0 0.0 9.0 6.0 86.0 2,3

=M, male: F. female.
" Head-up time.
« Walk time.

4 Behavioral codes: 1, hyperactive; 2, hyperpnea; 3, ataxic; 4,

< Induction not achieved with etorphine alone.
" Deer standing on own when antagonist given.

NAL, this animal displayed an unusual
hopping gait, but appeared to be breathing
normally. The recovery of the other ani-
mal was also characterized by alertness,
hyperactivity, and hyperpnea. This be-
havior continued for several hours. About
10 hr postantagonism, the animal ap-
peared sedated with its mouth open, ears
laid back, and eyes half closed. Approxi-
mately 22 hr after antagonism, it was ex-
tremely sedate, but could not be manually
restrained to allow its temperature to be
taken and 15.0 mg NAL was administered
i.m. Two hr later this animal was found
dead. Gross pathology was unremarkable.
Histopathological examination revealed
only moderate renal congestion and there
was no confirmed diagnosis. The induction
times and behavior of these animals were
not considered acceptable.
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sedate; 5, unusual posture or gate; 6, died; 7, normal.

Group 2

Because of the poor induction achieved
with Group 1, the immobilization protocol
was changed to ETOR and XYL with an-
tagonism by NAL and YOH. Induction
time for all deer receiving this combina-
tion (Groups 2 and 3) was 15.7 = 2.0 min.
Head-up time was 2.1 + 0.8 min and WT
was 7.3 £ 5.0 min. There was no difference
between sexes in any of these parameters
(P = 0.16, 0.50 and 0.11, respectively).
Walk time, but not HUT (P = 0.22), was
significantly shorter than in control ani-
mals (P < 0.003) (Table 1).

Although all deer responded immedi-
ately to NAL and YOH, they remained
moderately to severely sedated for several
hours after antagonism. Other behaviors
noted shortly after antagonism were pac-
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ing, hyperpnea, ataxia, vocalization, and
circling (Table 1).

Group 3

The HUT for these four deer was 1.1 +
0.3 min and the WT was 2.0 £ 0.4 min.
Again, HUT was not different from con-
trols (P = 0.32), but WT was shorter (P <
0.009). All of the deer in this group ap-
peared alert after antagonism. Two were
found lying sternally about 20.0 min after
antagonism, but rose and walked away
quickly and steadily when approached by
a human. All of these deer appeared nor-
mal 24 hr after antagonism.

Group 4

Induction time for the three deer re-
ceiving just XYL was 12.7 + 7.2 min. Two
deer were standing on their own 20.0 min
after induction, but were sedate enough to
be easily approached and given an i.v. in-
jection of YOH. The remaining animal had
a HUT of 1.0 min and a WT of 24.0 min
after receiving YOH. One of these deer
appeared moderately sedated after YOH;
the other two deer remained alert and co-
ordinated. Other abnormal behavior was
not observed after antagonism with YOH.

Group 5

Induction time for control animals was
16.5 + 4.7 min which was not different
than the induction time for Groups 2 and
3 (P = 0.83). Head-up time was 32.5 +
29.2 min; WT was 88.5 + 22.8 min. Two
of the deer stood <2 hr after administra-
tion of YOH, but would not remain stand-
ing and were extremely ataxic (Table 1).
All deer received 35.0 mg NAL i.v. ap-
proximately 2 hr after receiving YOH. All
became alert and coordinated within 2.0
min after administration, but two deer dis-
played hyperpnea and vocalization after
receiving NAL.

DISCUSSION
Group 1

Immobilization of captive white-tailed
deer with 4.0 mg ETOR should have been
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adequate (Woolf, 1970; Fowler, 1978), but
this dose appeared to be insufficient to
achieve consistent and acceptable induc-
tion times. None of these deer were con-
sidered highly excited or were pursued for
lengthy periods prior to immobilization.
Higher doses might have resulted in short-
er induction times, but this is not sup-
ported by other studies (Woolf, 1970). An-
tagonism of 4.0 mg ETOR by 4.0 mg NAL
appeared to provide incomplete antago-
nism because the hyperactivity and hy-
perpnea after antagonism were similar to
behavior observed during induction. This
prolonged activity could result in hyper-
thermia which may have been a major
factor in the death of these animals. Al-
though there are no pathognomonic char-
acteristics of hyperthermia, the history and
histopathological findings were suggestive
that this was the cause of death (Spraker,
1982).

The initial 1:1 ratio of NAL: ETOR was
chosen as a starting dose based on limited
clinical data in humans. In human males,
the highest useful dose of NAL for reversal
of narcotic overdose was 1.0-2.0 mg i.v.
(Dixon et al., 1986). Thus, the 4.0 mg dose
of NAL seemed to be an appropriate start-
ing dose for a different species and a dif-
ferent narcotic. However, it appeared that
this dose only achieved transient antago-
nism since all animals seemed to revert to
a partially narcotized state. This could be
due to a shorter half-life in animals com-
pared to humans. The half-life of NAL in
horses is 0.8 hr compared to 8 to 9 hr in
humans (Dixon, pers. comm.). The half-
life of NAL in deer is unknown.

Group 2

The dosages of ETOR and XYL used in
this study were greater than those previ-
ously reported, yet induction times were
longer (Presnell et al., 1973). Again, a 1:1
ratio of NAL: ETOR was administered and
all animals demonstrated behaviors after
antagonism that were not observed when
the deer were given higher doses of NAL
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(Group 38) or given only XYL and YOH
(Group 4). The pacing and open-mouthed
breathing appeared to be characteristics of
ETOR narcotization.

Group 3

The most consistent and satisfactory re-
coveries from immobilization occurred in
this group. The two deer that became ster-
nally recumbent after antagonism could
have been influenced by incomplete an-
tagonism of XYL by YOH (see discussion,
Group 4), but their response to approach-
ing humans and overall attitude and be-
havior was judged to be normal. The 10:1
ratio of NAL:ETOR appeared to elimi-
nate any effects attributable to ETOR nar-
cotization.

Group 4

The 50.0 mg XYL dose was intended to
control for the effects of XYL when used
in combination with ETOR and not in-
tended to immobilize these deer (Hsu and
Shulaw, 1984). However, all three became
laterally recumbent for at least a short pe-
riod. The dose of 0.125 mg/kg YOH was
chosen as this has been reported previously
for ungulates (Jessup et al., 1983; Hsu and
Shulaw, 1984). This dose, however, may
have been too low because residual seda-
tion occurred which was not observed in
deer given higher doses of YOH (Mech et
al., 1985). Nonetheless, none of these deer
displayed behaviors such as hyperactivity
and hyperpnea which appear to have been
attributable to ETOR.

Group 5

Three of the four control deer raised
their heads shortly after administration of
YOH indicating partial antagonism of the
drug combination. All of these deer re-
quired NAL to regain normalcy.

CONCLUSIONS

From the results of this study, we con-
cluded the following:

(1) A 4.0 mg dose of ETOR was insuffi-
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cient to provide satisfactory immobi-
lization of the deer used in this study;
Addition of 50.0 mg XYL to 3.5 mg
ETOR provided complete, but not
rapid immobilization;

Nalmefene administered at a 1:1 ratio
to ETOR provided immediate, but
short-term antagonism of ETOR-in-
duced immobilization;

Nalmefene administered at a 10:1 ra-
tio to ETOR provided immediate and
lasting antagonism of ETOR-induced
immobilization; and

Based on the data from this limited
study, we currently recommend that
NAL be administered at a 10:1 ratio
to ETOR when used on white-tailed
deer.

@)

3)

(4)

(5)

ACKNOWLEDGMENTS

We are grateful to Schering Research, Miami,
Florida, for providing the nalmefene used in
this study. We would like also to thank Tim
O’Brien, University of Minnesota College of
Veterinary Medicine, for his assistance in the
pathological examinations. This study was sup-
ported by the Marshfield Medical Foundation,
Marshfield, Wisconsin, and the Veteran’s
Administration Medical Center, Minneapolis,
Minnesota.

LITERATURE CITED

AITKENHEAD, A. R., D. R. DERBYSHIRE, C. A. PIN-
NOCK, K. ACHOLA, AND G. SMITH. 1984. Phar-
macokinetics of intravenous naloxone in healthy
volunteers. Anesthesiology 61: A381.

DixoN, R, J. HOWES, J. GENTILE, H. B. Hsu, J. Hs1a0,
D. GarG, D. WEIDLER, M. MEYER, AND R.
TuTTLE. 1986. Nalmefene: Intravenous safety
and kinetics of a new opioid antagonist. Clinical
Pharmacology and Therapeutics 39: 49-53.

FisHMAN, J., H. ROFFWARG, AND L. HELLMAN. 1973.
Disposition of naloxone-7,8-8H in normal and
narcotic-dependent men. Journal of Pharmacol-
ogy and Experimental Therapeutics 187: 575-
580.

FOwLER, M. E. 1978. Zoo and wild animal medi-
cine. W. B. Saunders Company, Philadelphia,
Pennsylvania, 778 pp.

GaL, T. J,, axp C. A. DiFazio. 1985. Prolonged
antagonism of opioid action with intravenous nal-
mefene. Anesthesiology 63: A508.

HaiGH, J. C. 1982. Mammalian immobilizing drugs:
Their pharmacology and effects. In Chemical



624  JOURNAL OF WILDLIFE DISEASES, VOL. 23, NO. 4, OCTOBER 1987

immobilization of North American wildlife, L.
Nielsen, J. C. Haigh, and M. E. Fowler (eds.).
Wisconsin Humane Society, Milwaukee, Wis-
consin, p. 51.

HALL, L. W., AND K. W. CLARKE. 1983. Veterinary
anesthesia. Baillere Tindall, London, England, 65
Pp-

Hsu, W. H., AND W. P. SHULAW. 1984. Effect of
yohimbine on xylazine-induced immobilization
in white-tailed deer. Journal of the American
Veterinary Medical Association 185: 1301-1303.

Jessup, D. A., W. E. CLARK, P. A. GULLETT, aND K.
R. JoNES. 1983. Immobilization of mule deer
with ketamine and xylazine, and reversal of im-
mobilization with yohimbine. Journal of the
American Veterinary Medical Association 183:
1339-1340.

KREEGER, T. J., AND U. S. SEAL. 1986. Failure of
yohimbine hydrochloride to antagonize keta-
mine hydrochloride immobilization of gray
wolves. Journal of Wildlife Diseases 22: 600-603.

MECH, L. D., G. D. DEL GIUDICE, P. D. KARNS, AND
U. S. SEAL. 1985. Yohimbine hydrochloride as
an antagonist to xylazine hydrochloride-keta-
mine hydrochloride immobilization of white-
tailed deer. Journal of Wildlife Diseases 21: 405-
410.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 12 Dec 2024
Terms of Use: https://bioone.org/terms-of-use

Ncal, S. H.,, B. A. BErkowiTz, J. C. YANG, ].
HEMPSTEAD, AND S. SPECTOR. 1976. Pharma-
cokinetics of naloxone in rats and in man: Basis
for its potency and short duration of action. Anes-
thesiology 44: 398-401.

PreESNELL, K. R, J. A. PRESIDENTE, AND W. A.
RAPLEY. 1973. Combination of etorphine and
xylazine in captive white-tailed deer. 1. Sedative
and immobilization properties. Journal of Wild-
life Diseases 9: 336-341.

SPRAKER, T. R. 1982. An overview of the patho-
physiology of capture myopathy and related con-
ditions that occur at the time of capture of wild
animals. In Chemical immobilization of North
American wildlife, L. Nielsen, J. C. Haigh, and
M. E. Fowler (eds.). Wisconsin Humane Society,
Milwaukee, Wisconsin, pp. 87-89.

WooLF, A. 1970. Immobilization of captive and
free-ranging white-tailed deer (Odocoileus vir-
ginianus) with etorphine hydrochloride. Journal
of the American Veterinary Medical Association
157: 636-640.

Received for publication 10 February 1987.





