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IMMOBILIZATION OF DOMESTIC GOATS (CAPRA HIRCUS) ;
USING ORALLY ADMINISTERED CARFENTANIL CITRATE AND
DETOMIDINE HYDROCHLORIDE _ '

| Jonathan M. Sleeman, Vet M.B., MR.C.VS., Wyndee Carter, BS., -
Thomas Tobin, M.V.B., Ph.D., and Edward C. Ramsay, D.V.M,

Abstract: Eight domestic goats (Capra hircus) were anesthetized with a combination of carfentanil citrate and
dﬂomidheﬁm,muadoupotﬁoumnﬁxedm:nequdvolumeofojﬁuponln,mabomonenhlm
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initial contact following sustained sternal recumbency, and at 15-min intervals thereafter. Serum carfentanil and detom-
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niqum(:SD)Mwﬁmﬂm(ﬂmﬁm&ungmﬂmmbawy)wn:4.3min(n-
8), snd inductions were characterized by long excitement phases (9.3 * 5.8 min), There was considerable variation in
the depth of inesthesia. Three gosts appeared to be lightly ancsthetized, two goats sliowed moderate levels of anesthesia,
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with naltrexone and yohimbine or atipamezole were rapid and smooth.
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INTRODUCTION

Potent opioids have been used worldwide for the
chemical immobilization and capture of a wide va-
riety of 200 and wildlife species. Opioid anesthetic
agents have allowed zoo and wild animal veteri-
narians to restrain animals for a variety of routine
and emergency procedures and are essential to the
practice of zoological veterinary medicine.’

Opioids are usually administered parenterally, ei-
ther by physically restraining the animal and in-
Jjecting the drug or by using remote injection deliv-
ery systems, such as darts. However, these methods
become difficult in free-ranging animals, where
physical restraint is often impossible and adminis-
tration of drugs by darting iz not always feasible,
Darting also carries the associated risks of injury
to the animal, e.g., bone fracture, muscle trauma,
and thoracic and abdominal injections. The capture
of wild animals is inherently stressful for the ani-
. mal, particularly if the capture attempt is prolonged,
and can lead to a number of complications such as
hyperthermia and capture myopathy.3s

ﬁmﬁgDepumof(kmpuﬁiveMediclm,Ool—
lege of Vetednary Medicine, University of Tennessee,
Knoxville, Tennesser 37901-1071, USA (Sleeman, Ram-
say); and the Maxwell H. Gluck Bquine Resesrch Center,
Department .of Veterinary Science, University of Ken-
mky.lth;mhnmcky. USA (Carter, Tobin).

Opioids are effectively absorbed through mucous
membranes in human volunteers, and this route of
administration provides equal or enhanced bioavail-
ability when compared with oral and parenteral
routes.” " Omnlly administered carfentanil citrate
has been used successfully to immobilize white-
handed gibbons (Hylobates lar)"* and, in a honey
vehicle, to immobilize black bears (Ursus ameri-
canus).” Preliminary studies in elk (Cervus elaph-
us) suggest the potential for use in wild ungulates.'

Detomidine is an alpha-2 agonist with sedative,
analgesic, and muscle relaxant properties. Alpha-2
agonists are often used in combination with opioids
to enhance the quality of immobilization.** Detom-
idine is also transmucosally absorbed when admin-
istered sublingually for sedation of domestic horses
(Equus caballus)*

The purposes of this study were to evaluate the
effectivencss of orally administered carfentanil ci-
trate and detomidine HCl for chemical immobili-
zation of domestic goats, to investigate the use of
permeation enhancers to improve these drugs’ ab-
sotption, and to examine the cardiopulmonary ef-
fects of this route of administration. The kinetics of
these drugs were studied to identify absorption rates
and assist in developing a better dosage regimen.
The domestic goat (Capra hircus) was chosen as &
model for captive and free-ranging exotic ungu-
lates,
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MATERIALS AND METHODS

'Ihissmdywutpwovedbydnllnivu'sityof
'l‘enneueemdtlenoxvﬂleZoologichardms
Animal Care and Use committees. Bight female do-
mestic goats weighing 21.8-36.8 kg (29.14 + 5.5
kg, mean + SD) and housed in an indoor/outdoor
enclosure at the Knoxville Zoological Gardens
(Knoxville, Ténnessee) were used in the study.
They. were fed a mixture of hay and a commercial
pelleted ration and allowed water ad lib. They were
assessed to be healthy by physical examination,
complete blood cell count, and serum
analysis. The animals were kept from food for
12-24 br prior to drug administration.

" Preanesthetic rectal temperatures were taken us-
ingnﬂwrmmheutnmmmmedby
thoracic auscultation using a stethoscope, and res-

pimﬁonntummmdbyobutvingwc_

movements. The goats were then physically re-
strained, and the drug mixture was administered di-
recﬂyinwdnbwcnluvityudngaa-mllyﬁnge
without a needle.

Bascd on data from preliminary trials, a combi-
nation of carfentanil citrate (Wildlife Laboratories,
Fort Collins, Colorado 80524, USA; 3 mg/ml) and
detomidine HC1 (SmithKline Beecham, Weat Ches-
ter, Pennsylvania 19380, USA; 10 mg/ml), each at
ldougoofGOgm.muaedindnmdy.Sap-
onin (0.5%) (Sigma Chemical Co., St. Louis, Mis-
sourl 63178, USA), an absorption enhancer, was
added to the drug combination. The volume of sa-

ponin added was equal to the volume of the drug

; total volume delivered to the goats

ranged from 1.0 to 1.9 ml.
'l‘hedeplhofamﬂnaiawuseuedmynﬂn-
ute during induction. Induction time was defined as
the time from administration of the drug to sus-
tained sternal recumbency. Any excitement that oc-
curred during induction was noted. Excitement was
defied as excessive vocalization, prancing, ataxis,
or hypermetric gait. The animals were not intubated
and were allowed to breathe ambient air sponta-

neously while anesthetized,
U‘ponudopﬁonofminedmﬂrecunbency
(time of intial contact = ¢ —0), each animal was
manually restrained and positioned in right lateral
recumbency. Tempersture, pulse and respiration
tates were messured every 5 min for 45 min. In-
direct systolic, mean, and diastolic blood pressure
measurements were mades every S min for the same
durstion using an swtomated blood pressure moni-
tor (Dinamap 8300, Critikon, Tampa, Florida
33634, USA) with 4 tize 5 neonatal cuff attached
arouind the left metacarpal region. Hemoglobin sat-
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uration (Spo.) was also measured at the same in-
tervals using a pulse oximeter (Ohmeda Biox 3700,
Ohmeda, Louisville, Colorado 80027, USA), with
the probe placed on the buccal mucous membranes.
Hmoglobinunnﬁonmldinpwmreeordedonly
if the instrument indicated that an adequate signal
Wwas received from the probe. Blood samples were
obtained via jugular venipuncture at initial contact

-and at 15, 30, and 45 min after initial contact,

Depd:ofamdmiawumsodeverySminby
m«dingpdpe&dmﬂmmofnyﬂm-
and level of muscle relaxation. A strong, brisk blink
elicited by gentle touching of the medial canthus of
meeyewumdduedmbeanormalpalpebml
response. Muscle relaxation was noted as poor;
moderate, or good based on the resistance to flexion
mdutemionoflhindlimbmdonthedegmeof
muscletigidity.Anhmhwerejudgedwbelightly
ancsthetized if they had poor muscle relaxation,
varying degrees of body movements, especially
hudmovemumdoecaﬁoudhcking,mdlu—
aalnymunu:tlnwghmtmutheda.Normﬁpal-
pebral reflexes were present in lightly sedated
goats. Animals were judged to have a moderate lev-
¢l of anesthesia if muscle relaxation was moderate
and occasional nystagmus and delayed palpebral re-
flexes were present. Animals were considered ad-
equately anesthetized if they permitted the perfor-
mance of minor veterinary procedures, such as
blood collection, without movement and had ade--
quate muscle relaxation and no palpebral reflexes
or nystagmus.

At 45 min, the opiate antagonist naltrexone HC1
(Wildlife Laboratories) was administered (2.25
mg/kg i.v., 0.75 mg/kg s.c.) with yohimbine (Sigma
Chemical Co.; 0.375 mg/kg Lv.) or stipamezole
(Antisedan, Norden Laboratories, Stevenage, UK;
0.30 mg/kg L.v.). The stage of recovery was noted
at 1-min intervals, Recovery time was defined as
time from administration of the reversal agents to
when ambulation ability returned.

Interval data were evaluated for normal distri-
bution. Mean values for heart rate, respiratory rate,
blood pressure, and Spo, prior to and upon induc-
tion of anesthosia and-st specific time intervals up
to 45 min after induction of anesthesia were ana-
lyzed with analysis of varisnce for repested mea-
surements. Fisher's LSD test was used to examine
specific contrasts.™ Other statistical comparisons
were parformed using unpeired r-tests. P < 0,05
was considered statistically significant. .

All samples were analyred using specific detom-
idine and carfentanil enzyme-linked immunosor-
bentmayl(ELISA:)(ELISA'Rchno!ogiec.Im-
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- mined in phosphated buffer solution and goat serum.

ington, Kentucky 40505, USA). Autheatic detomi-

fered saline (PBS), pH 7.4, with 0.1% bovine serum
albumin)

All assays were performed at room temperature,
using a method similar to one previously de-
scribed.' For each assay, 20 jul of standard, test, or
countrol samples was added to each well with 160
u.lofdetomidim-oratfentlnﬂ-mldishpea-
oxidase (HRP) conjugate solution and 20 ul of
. blank goat serum. After 1 hr incubation, the wells
were washed with wash buffer (0.01 M phosphate
buffer, pH 7.4, with 0.05% Tween-20), and 150 il
of Kentucky (KY) blue substrate (ELISA Technol-
ogiee)wulddedtoeachwell.'l‘heopﬁcddmﬁty
(OD)ofewhwellwumduawavelensd:ofGSO

mont 05404, USA) appeoximately 60 min after ad-
dition of the substrate, Samples excoeding the OD
of the high standard were diluted appropriately with
assay buffer and reanalyzed.

During the assay, the presence of unbound de-
tomidine or carfeatanil in the standard or test sam-
ple competitively prevented the binding of the de-
tomidine—or carfentanil-HRP complex to the anti-
body present in the antiserum. Because the reaction
of KY blue substrate with HRP was responsible for
tlwoolor(blw)ptodwtioninduEIJSA.ﬂxap-
parent concentration of detomidine or carfentanil in
the sample was inversely related to the OD of the
““well. Apparent detomidine or carfentanil concentra-
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tions in biologic specimens were calculated based
on the results of standards that were run in dupli-
cate with each individual assay in addition te 20 I
of blank goat serum, ;

Inter- and intra-assay precision levels for these
tests were, respectively, 2.93% and 3.63% for de-
tomidine and 6.02% and 3.68% for carfentanil. In-
mmyptedsionwubuedoncompm'quof%
data points, and interassay precision was based on
compuimumongudmmpu'my.ulpe-
cision assays were carried out in the absence of
biologic matrices. All standard curves were first de-
termined in the absence of biologic matrices in PBS
nndlbenintheptuemeofﬂ:ebiologicmnﬂixbe—
ing evaluated, :

Goutmmlhowednoligniﬁcantbiologicm-
trix effects in these assays. For the carfentanil as-
uy.ﬂadrngmmnﬁmﬂ:at;howedmme
color activity of the zero standard (I-50) was 0.311
ng/ml; the r value in PBS was 0.995. These data
(Fig. 1) Mw.mhﬂmoﬁmmmﬂu
efficacy of the carfentanil ELISA. Similarly for the
detomidine assay (Fig. 2), the standard curve in
PBS yielded 1-50 and r values of 11.6 ng/m! and
0.993.rupecﬁvely;themndudegrveingoule-
nmyieldedadnﬂh:rvdlmmdlli;hﬂym
I-SOvﬂw.Goummdidnotdsniﬁcaulym
the ability of either of these tests 10 detect carfen-
unilordetomidineingouauum.wheneompued
with the efficacy of these tests in PBS. -

The carfentanil ELISA was raised against an an-
tibody to parent carfentanil and is exceptionally
seasitive to parent carfentanil, with an apparent
l-&OforthisngentofabouthOpﬂmlmdaqaus—

Table 1. C.
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Table 1. Cross-reactivity of carfentanil ELISA with
related compounds,

Table 2. Cross-reactivity of detomidine ELISA with
related compounds,

- Cross-reactivity - Cross-reactivity
Compound (%) Compound - . (%)

Carfentanil 100 Detomidine metabolite 100
Sufentanil 05 Detomidine 75
Alfentanil 02 Medetomidine 1.3
Fentamyl 0.06 Xylazine 0.02
Lofentanil 0.04 Acepromazine <0.01
Norsufentanil ) <0.05 Epinephrine <0.01

-Methylfentany! <0.01
3-Methylfentanyl <0.01
p-Methyifentanyl <0.01 '

<0.01 rise in the mean blood pressure 10 min after initial

Thienylfentanyl

reactivity for related agents (Table 1).? As such, the
material detected in goat serum shortly after oral
administration of this agent is likely to be predom-
inantly parent carfentanil, The detomidine ELISA,
however, was raised against a detomidine metabo-
lite hapten.* The antibody cross-reacts strongly

- (75% cross-reactivity; Table 2)* with parent detom-

idine, and the detomidine metabolite is untikely to
develop substantial steady-state concentrations ear-
ly in the drug absorption process,
RESULTS

Results are reported as means % SD (n = 8), The
induction time was 22,0 + 4.3 min. Onset of an-
esthesia was characterized by an excitement phase
lasting 9.3 * 5.8 min. Bruxism was seen during
induction in approximately balf of the goats im-
mobilized. There was also considerable variability
in depth of ancsthesia. Three animals were assessed
as lightly anesthetized. Two animals appeared to
have moderate depths of anesthesia. Three animals
had anesthesia levels that were adequate for the
performance of minor veterinary procedures. No
anesthetic complications were seen, although oc-
casional mild abdominal distention was observed in
some goats but resolved upon anesthetic reversal,

There was a gradual but significant decrease in
tempersture over .the duration of immobilization
(Fig. 3). There were also significant decreases in
heart rates at 1045 min postcontact compared with
the: precontact snd ¢ —0 heart rates (Fig. 3). No
abnormalities in heart rhiythm were detected during
thoracic auscultation. The mean respiratory rate re-
mained steady throughout the ancsthetic periods
{25.0 £ 2.1 breaths/min), and no sbnormal breath-
>90% throughout the procedures (92.3% = 0.9%).
There were no significant changes in respirstory
rate or 5po,. There was an initial but nonsignificant

contact, followed by a gradual decline (Fig. 3). The
mean blood pressure at ¢ —10 was significantly dif-
ferent from the mean pressures measured at 1 —30
and ¢ —45.

All reversals were rapid and smooth. The mean
recovery time was 3.2 * 2.2 min (n = 5) for goats
given naltrexone and yohimbine and 1.7 * 0.9 min
(n = 3) for goat given naltrexone and atipamezole.
There was no significant difference in mean recov-
ery times between animals given yohimbine and -
those given atipamezole. Excessive salivation was
seen in approximately half of the goats immediately
after anesthetic reversal. There were no episodes of
renarcotization, although a few of the goats ap-
peared sedate for 1-2 hr after reversal.

Carfentanil was rapidly absorbed in some goats
and poorly absorbed in others (Fig. 4). The two
goats with the highest serum carfentanil levels at ¢
=0 (>15 mg/ml) also showed the most rapid in-
ductions and best muscle relaxation of all the goats
ancsthetized. The two goats with the lowest peak
serum carfentanil Jevels were considered the most
ﬁghdylnmﬁzed.mmwimmeaﬂy,large
serum conceatration (17.4 mg/ml at ¢ —15) expe-
rienced light anesthesia, and one goat with a rela-
tively low peak serum carfentanil concentration
(6.0 mg/ml at ¢ —30) was adequately anesthetized.

Serum detomidine levels rose gradually for all
goats throughout the study (Fig. 5). In only one
goat did serum detomidine levels peak prior to the
45-min sample. There did not appear to be any
clear correlation between sgrum detomidine absorp-
tion and either induction time or depth of anesthe-
sia, .

DISCUSSION

The induction time for orally administered car-
fentanil and detomidine immobilization of domestic
goats was markedly longer than that for parenteral
administration of the same drugs in goats and in
captive nondomestic hoofstock (JMS, unpubl.
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Figure 3. Changes in tempersture, heart rate, and ar-
terial pressure (nean = SD) in eight goats after oral ad-
ministration of 60 pg/kg each of carfentanil citrate and
detomidine HCI plus a saponin solution. Measurements
were made peior o drug administration (Pre), at initial
contact (sustained stemal recumbency, min 0), and st in-
dicated intervals thereafter,
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data).! More excitation waspmwntdunngmduc
uonthmdes:md.Excﬁementdunngmducnonwas
characterized by a prolonged period of prancing

and hypermetria. Prolonged inductions and excite-

meat phases were some of the specific side effects
thndehvayﬁedmuquewuintmdedtoavoxd.
There was also considerable variability mfthe
depthofﬂ:emeedwsia.Suumdmgeomtmnons
suggest that the initial anesthetic effects wece large-
ly due to the carfentanil. Individual variation in car-
featanil absorption appears to be one of the most
important factors affecting immobilization. Goats

judgedtohnvemodeuteoradethvekofln-_

udwsu;ewaﬂyhadhigbummcufennnﬂlw—
els than did goats that were only lightly anesthe-
tized. The effects of detomidine early in the im-
mobilizations were probably minimal. Many ani-

mals seemed to become more sedate over the

monitoring period possibly because of the calming
effects of detomidine as it was absorbed over time.
One goat with high serum carfentanil and detomi-
dhelevelnbecnmeonlylightlylmdwﬁmd.and
one goat with low serum levels of both drugs was
mmmywmmmm
m&vidulvuimmuumajaﬁmindemmimng
reapometohsmedwdofumtheﬂcdmzldmn
istration.

Permeation enhancers, i.c., surfactants that im-
prove the absorption of compounds across mucous
membeanes, have been used to promote the trans-
mucosal absorption of many polypeptide dmg‘,
such as insulin." During the peeliminary trials, the
absorption enhancer appeared to slightly decrease
the induction times, but too few trials were per-
formed to allow a statistical comparison. The
choice of concentration of the absorption enhancer.
solutions was based on previously established ef-
fective concentrations for the ocular ion of
insulin in domestic cats (Felis domesticus)." These
concentrations or compounds may be inappropriate
for the buccal absorption of opioids. Further studies
are needed to investigate possible methods of re-

.ducing induction times.

Otberfacm.ulchuthepl-lofdudmgmixm
and of the animal’s saliva and mucous membranes,
were not considered in this study. Nospolar mole-
cules penetrate more readily than do ioas, and
thezefore the pH will affect the absorption by de-
termining the relative concentration of ionized and
un-jonized forms.® Opicids are weak bases; there-
fore, in a basic eavironment, the un-ionized form
is favored, theoretically improving transmucosal
absorption. The fate of the drug if swallowed may
also affect induction time and depth of anesthesia.
The serum carfentanil levels were greatest in most
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. Figure 4, Mean (%5D) serum concentrations of apparent carfentanil equivalents from eight goats after orat admin-
istration of 60 pg/kg each of carfentanil citrate and detomidine HCl plus a saponin solution. The drug combination
mmmmmwmmmwmmmwmmm-
(Pm).uinlﬂalm(mﬂmdmalmmbmcy min 0), and at 15-min intervals thereafter.

gonﬁindﬁllmdynﬂnieofhitidmtwt.mg-
gesting that maximnom drug absorption occurred in
the first 20 min after administration. Absorption ap-
pears to take place primarily in the oral mucosa
rather than in the lower gastrointestinal tract.

The physiologic changes observed in this study
were similar to those seen in previous studies of
parenteral administration of these two drugs. There
appear to be few novel physiologic side effects as-
sociated with oral administration. Although the de-
crease in body temperature was significant, the
0.5°C drop is probably not clinically important.
However, if the anesthesia were prolonged, any fur-
ther drop in temperature could lead to hypothermia,

A significant bradycardia occurred, with the drop
in heart rate occurring during induction and during

500
400 |
- 300
Detomidine

Equivalents
ng/mi 200

100 |-

early anesthesia, from ¢ —0 to t ~15. Given the
serum levels of the two drugs, this effect can most
likely be attributed to the carfentanil. It our study,
a decrease in heart rate was observed in domestic
goats given i.v. and i.m. etorphine or carfentanil
The effect was not significant when the drugs were
given i.v. but was significant when they were given
i.m. These results contrast with those from another
stody, which showed an increase in heart rate in
domestic sheep given ium. carfentanil and xylazine!
and from a study in which impala were given i.m.
cufennnﬂbydut."lhuediﬂ’ummyhem
to species-specific responses to the drugs.

In previous studies, a significant bradypnea has
been ‘reported in domestic goats given parenteral
carfentanil;*’ however, in the present study there

15 30 45
Minutes Post Initiol-Contact

l"lpns. Mean (25D) serum conceatrations of apparent detomidine equivalents from eight goats after oral admin-
mawmmdmmmmmm-mmmmm
ummmmmmmmmmmmmmm
Gm}.lnﬂmdiniﬁllm(mudmmhuy nﬂno).mau-mmm .
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was no change in the mean respiratory rate. The
mean Spo, remained >90% during anesthesia, and
the goats remained reasonably well oxygenated.
Fewsmdieshnvememmdpeﬁph«doxygen sat-
uration in animals anesthetized with carfentanil.
The results reported here are in contrast with the
marked hypoxemia seen in impala immobilized
with carfentanil.* However, no mention was made
of the signal quality in that study, and the low rel-
ative oxygen saturation may be a result of inade-
quate probe placement or may have been compro-
mised by intense peripheral vasoconstriction. The
changes in blood pressure measurements were also
similar to those described in domestic goats given
iv. and im. carfentanil®’

Because of the uncertainty of the identity of the
materials reacting in the immunoassays, all data
based on immunoassay tests must be interpreted
with caution. Here, we present all data points as
drug equivalents. However, because of the very low
concentrations of reactive material in these samples
and the limited volume of sample available, im-
munoassay testing is essentially the only viable ap-
proach. For the carfentanil data the material inter-
acting with the ELISA test probably is predomi-
nantly carfentanil, because of the high seasitivity
of this assay and the likelihood of rapid absorption
of the carfentanil. Interpretation of the detomidine
data is less clear cut; this antibody reacts slightly
more readily with an equine urinary metabolite of
detomidine than with the parent detomidine. Again,
values at the earlier times probably are predomi-
nantly due to parent detomidine, because absorp-
tion of this drug is rapid and detomidine metabo-
lites probably would not attain significant early se~

The oral administration of carfentanil may be a
useful alternative in ungulates in certain circum-
- stances but currently appears to have few advan-
tages over darting. For oral detomidine to contrib-
ute to anesthesia in the goat, it should be given =1

hr prior to administration of carfentanil. The de--

velopment of formulations that enhance absorption
and of bait systems that would be taken free choice
would improve the usefulness of this technique. Ex-
ploration of other more mapidly absorbed supple-
mental drugs may also be useful and allow immo-
bilization trials to be extended to captive non.
domestic boofstock and free-ranging ungulates.
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