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Tyler, N. J. C., R. Hotvedt, A. S. DUx and D. R. Sorensen: Immobilization of
Norwegian reindeer tRangifertarandus tarandus ) and Svalbard reindeer (R. t. pla
Iyrhynchus) with medetomidineand medetomidine-ketamineand reversal of immo­
bilization with atipamezole. Acta vet. scand. 1990, 31, 479-488. - The sedative
action of medetomidine (-ketamine) was studied in 12 captive Norwegian semi­
domesticated reindeer (NR), including 4 newborn calves, and in 7 free-living
Svalbard reindeer (SR). Medetomidine, with or without ketamine, caused effective,
reliable immobilization in NR. Doses of 5(}-2oo ug/kg medetomidine alone or
3(}-125 ug/kg medetomidine combined with 300 ug/kg ketamine induced
complete immobilization, good muscle relaxation and persistent, deep sedation
with little respiratory depression in NR; SR required higher doses. Atipamezole
successfully antagonized medetomidine (-ketamine) resulting in rapid and per­
sistent reversal of immobilization in all cases (NR and SR). Both medetomidine
and atipamezole had wide safety margins and no conspicuous lasting side effects
after reversal.

anaesthesia; sedation; ungulates.

Introduction
Medetomidinc', 4-[ 1-(2,3-dimethylphenyl)­
ethyl)-IH-imidazole, is a novel, selective
and specific alphai-adrenoreceptor agonist
(Lammintausta et al. 1989, Savala et al.
1986, Virtanen et al. 1988) which acts by
modulating noradrenaline release on adren­
ergic terminals in the central nervous system
(Scheinin et al. 1986). It is a potent sedative
and analgesic agent with muscle-relaxing
properties in dogs (Vainio et al. 1987) and
cats (Stenberg et al. 1987) and has dose-

I Medetomidine Farmos Group Ltd., Turku, Fin­
land.

dependent sedative effects in humans (Schei
nin et al. 1987a, b).
Atipamezole/ (code MPV-1248, 4-(2-ethyl­
2,3-dihydro-1 H-inden-2-y1)-1H-imidazole)
is a potent, highly selective antagonist at
both central and peripheral alphai-adreno­
receptors tVirtanen & MacDonald 1987)
which effectively reverses the sedative effects
of medetomidine and medetomidine-keta­
mine in small mammals (Fargetton & Vdhd
Vahe 1989).

2 Atipamezole Farmos Group Ltd., Turku, Fin­
land.
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Recently, Jalanka (1988) showed that mede­
tomidine was effective and safe for chemical
restraint of markhors (Capra fal coneri me
gaceros) when combined with ketamine.
The drug is therefore potentially an attrac­
tive alternative to etorphine, which, though
effective in immobilizing several species of
large ungulates including Svalbard reindeer
(0en. personal communication), is highly
toxic in humans. This paper reports the
effects of medetomidine (-ketamine) and ati­
pamezole in Norwegian and Svalbard rein­
deer.

Materials and methods
Animals
Medetomidine or medetomidine-ketarnine
was administered to 12 Norwegian semi­
domesticated reindeer (NR) : 7 adult females
(I pregnant and 6 non-pregnant, non-lacta­
ting (NPNL)), one 2 yr old male and 4 cal­
ves (2 males and 2 females aged 5-15 days),
and to 7 Svalbard reindeer (SR) (three I yr
old females NPNL, I pregnant and 1 lacta­
ting adult female , one I yr old male and I
adult male) between August 1987 and May
1989. Norwegian reindeer were held in out­
door paddocks at the Department of Arctic
Biology, where the calves were born , and
were fed a concentrated ration (RF-71, Ja
cobsen & Skjenneberg 1979) with water/­
snow ad libitum, for not less than 4 months
prior to the trials. They were tame and ac­
customed to being handled. Trials with Sval­
bard reindeer were carried out in Advent­
dalen, Svalbard (78' N) on free-living wild
animals.

Drug administration
Medetomidine hydrochloride (I or 10
mg/ml) was used alone or combined (in the
same syringe) with ketamine (Ketalar18l3 , 50

3 Ketalars . 50 or 100mg/ml, Parke Davis& Co.,
Pontypool,Gwent, United Kingdom.
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or 100 mg/ml). A concentrated stock solu­
tion of medetomidine (30 mg/rnl) was dilu­
ted to 0.3 mg/ml with isotonic saline in
trials with newborn calves. In winter trials
with Svalbard reindeer the solution (30
mg/ml) was mixed 5 parts medetomidine to
I part 96 % ethanol to prevent freezing.
Medetornidine-ketamine mixtures were pre­
pared in the same syringe within 15 min of
use; drug ratios (w/w) varied from 1:9 ­
I :30. The drug were injected either by hand
into M. gluteobiceps while the animals were
lightly restrained (NR) or into the hind­
quarters using a projectile syringe fired from
a compressed-air rifle (lnjekta junior, Nor­
inject , Helen, Norway (SR» . With one ex­
ception atipamezole (5 mg/ml) was injected
by hand into M. gluteobiceps . Doses of
medetomidine, ketamine and atipamezole
are summarized in Table 1. In addition,
lidocain (Xylocain@!, 10 mg/ml) was ad­
ministered during ovariectomy of newborn
calves (below).

Trials
Norwegian reindeer 2 yrs . Twenty­
one experiments were conducted; 6 outdoors
(ambient temperature o-I4'C) and 7 indoors
for evaluation of medetomidine (-ketamine)
and atipamezole and 8 indoors in conjunc­
tion with minor surgery . A minimum of 3
days elapsed between trials on anyone ani­
mal and in most cases in interval between
trials was considerably longer. All animals
were weighed to 0.1 kg on an electronic ba­
lance (Sauter KOM-System AZ/N2E, Sauter
GmbH, Albstadt-Ebingen) before immobili­
zation. Food was not withheld prior to
trials.
Newborn calves. Four experiments were
conducted, I on each animal, in conjunction

4 Xylocain'", 10 mg/ml, Astra, Sodertalje, Swe­
den.
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Figure I. Dose-response curves for sedation fol­
lowing im injection of medetomidine (0) or mede­
tomidine-ketamine (e) in Norwegian reindeer
aged 2 yr. Logarithmic linear regression models
(y = a + bX) are: Medetomidine a = 3.130···, b =
-1 .079 ••, r2 =0.763; medetomidine-ketamine a =
2.306 •••, b = -0.820 •• , r2 = 0.644. The sign­
ificance of parameters is shownas •• = p < 0.0 I,
••• = p < 0.001.

Results
Immobilization
Norwegian reindeer 2 yrs. Both me­
detomidine-ketamine and medetomidine
alone induced complete immobilization and
deep sedation in NR. The mean weight of
animals during all 21 trials was 61.9 ± 2.9
kg. With 4 exceptions deep sedation occur­
red within 3.5 to 12 min (Fig. I). In only I
case (not included in Fig. I) an animal failed
to respond to a single dose of medetomidine

Analysis ofdata
Results are presented as means ± SE. Re­
sponse times (2 sample tests) were compared
with Mann-Whitney U tests (Siegel 1956).
Respiration rates at different intervals dur­
ing anaesthesia were compared with Kru­
skal-Wallis test (Siegel 1956). FSS/ODS ra­
tios were analysed after transformation to
arcsin. Parameters in dose-response linear
regression models were compared using the t
statistic (Kleinbaum & Kupper 1978). H,
was rejected at p > 0.05 in all tests.
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with surgery (castration/ovariectomy). Ani­
mals were weighed to 0.1 kg on a 30 kg x 0.1
kg steel yard .
Svalbard reindeer. Seven experiments
were conducted in the field (ambient tempe­
rature -7 to +6"C) for evaluation of medeto­
midine (-ketamine) and atipamezole. In win­
ter trials animals were weighed to 0.5 kg on
a 150x0.5 kg steel yard; in summer trials
live weights were estimated from a growth
curve (Tyler 1987).
Times from injection of sedative until (I) the
animals showed first signs of sedation (FSS),
(2) lay down , (3) to the onset of deep seda­
tion (ODS: when they could be handled
without arousal), (4) to injection of antago­
nist and from injection of antagonist (5) to
arousal and (6) to when the animals were on
their feet and able to walk and coordinate in
a directed manner were recorded with a stop
watch . The degree and quality of sedation
and immobilization were evaluated accord­
ing to Jalanka (1988): (a) no effect, (b) insuf­
ficient - animal sedated but able to struggle
vigorously or get up, (c) moderate - animal
sedated but responded to nociceptive stimuli
and capable of mild struggling when hand­
led, (d) complete immobilization and deep
sedation - good muscle relaxation and no
arousal in response to handling or nocicep­
tive stimuli. Depth of sedation was tested
using eye- and ear-flicking reflexes. Rectal
temperature (Tj, 15 ern inside the rectum)
was measured and recorded continuously by
copper-constantan thermocouples connected
to a Leeds and Northrup type 250 multi­
point recorder. All animals were observed
periodically for several h after reversal and
(NR) daily during routine management and
any possible adverse effects of immobiliza­
tion or reversal were recorded.

Acta vel. seand. vol. 31 no. 4 • 1990
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Figu re 3. Dose-response curves for sedation fol­
lowing im injection of medetomidine or medeto­
midine-ketamine in Norwegian reindeer aged 2
yr (NR) and in Svalbard reindeer (SR). NR (solid
lines): time from injection of sedative to onset of
deep sedation. The 2 curves, drawn from logarith­
mic regression models (Fig. I), show results using
medetomidine (M) and medetomidine (M-K). SR
(dotted line): time from injection of sedative to
when animals first lay down. Symbols indicate re­
sults following injection of medetomidine-keta­
mine (triangle) and medetomidine alone (circles).
The degree of sedation achieved in each case is
indicated as insufficient (open symbols), moderate
(half filled symbol) or complete (filledsymbol).

Figure 2. Respiration rate (breaths per minute:
in Norwegian reindeer aged 2 yr sedated in­
doors (Ta = IS'C) in winter with medetomidine or
medetomidine-ketamine. Data are means (circles)
± SE (vertical bars) and (number of animals).
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beyond slight sedation; a simi lar dose (60
ug/kg ) given 13 min after the first induced
deep sedation within 3 min.
The induction period was invariab ly ca lm .
Animals displayed signs of sedation (slight
droop of the head, uncertain gait , reduced
alertness, slight swaying while standing)
with in 2- 12 minutes, depending on the dose,
and then lay down carefully, usually be­
coming laterally recumbent at once. T ime
from injection of sedative to first signs of se­
dation was 44.3 ± 0.1 % of time to onset of
deep sedation (n = 17). FSS/ODS ratios did
not differ significantly between treatments
(medetomidine or medetomidine-ketamine,
p > 0.6). Response times (time to onset of
deep sedation) tended to be sho rter with me­
detomidine-ketamine than with medetomi­
dine alone but neither the slopes nor the
intercepts of log/log dose-response linear
regression models differed significantly (slo­
pes : t [16] = 0.850, P > 0.1; intercepts t [16] =
1.433 , p > 0.1 ; Fig. 1).
Loss of consciousness increased simultane­
ously with the development of complete im­
mobility and muscle relaxation, which was
good throughout in all cases. Eye- an ear­
flicking reflexes were abolished completely
and there was no arousal follow ing handl ing
(med etomidine-ketamine and medetomidi­
ne) or minor surgery (medetomidine alone,

80 ug/kg). Sedation persisted without di­
minishing until injection of antagonist in all
cases . Maximum length of time for which
the an imal were maintained under sedation
(time from onset of deep sedation to the in­
jection of antagonist) were 48 min with
medetomidine-ketamine (doses medetomi­
dine =50 ug/kg, ketamine =500 ug/kg) and
64 min with medetomidine a lone (dose =
130 ug/kg ).
Respiration was shallow throughout and, in
mo st cases, irregular with periods of apnoea
for up to 30 s for at least 30 min after seda-

Acta vel. scand. vol. 31 no. 4 - 1990
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Table I . Doses (ug/kg live weight) of medetomidine, medetomidine-ketamine and atipamezole in Nor-
wegian reindeer(NR)aged 2 yearsand Svalbard reindeer(SR).

NR SR" Newborn NR

median range median range median range

M Medetomidine } 50 26- 125 30- 40
with

K Ketamine 540 300-1200 (II) 1000-1500(2)
M Medetomidine 100 50- 200 (10) 270 100-1125(5) 61 54- 62 (4)
A Atiparnezole 300 80- 790 (21) 250 100-1625 (7) 310 276- 320 (4)

Meandose ratio
A:M(-K)(w/w) 4.9± 0.28 (21) 2.4± 0.75 (7) 5.1±0.07 (4)
Dosetime·· 42 6- 74 (21) 42 24- 49 (7) 44 22- 74 (4)

• doses are basedon estimated liveweight in five cases(see Materials and Methods).
•• time frominjection of sedative to injection ofantagonist (min).
() numberof trials.

tion . Respiration rates during indoor trials
in winter increased from 9.2 ± 1.8 breaths
per min (bpm, n = 5) at t = 12 min to 17.8 ±
1.9 bpm (n = 4) at 60 min (H = 14.378, df =
5, p < 0.02; Fig. 2). Corresponding Tb (n =
2) increased from 38.7 and 39.4·C at t = 15
min to 39.3 and 39.5"C, respectively, at t =
60 min (ambient temperature, Ta = 18.4·C).
Ruminal tympany during sedation was with­
out clinical significance and was not detect­
able after reversal. No uncontrolled regurgi­
tations occurred.
Newborn calves . Intra-muscular doses of
54-62 ug/kg medetomidine (Table I) indu­
ced complete immobilization and deep, per­
sistent sedation in all 4 calves (live weight =
8.8 ± 0.7 kg) within 3.5 min . Induction was
calm: first signs of sedation occurred in
20-50 s. Local anaesthetic in conjunction
with medetomidine alone induced high pla­
ne surgical anesthesia. However, in contrast
to adults, the ear flicking reflex was never
completely abolished. The maximum length
of time for which animals were maintained
under sedation before injection of antagonist
was 71 min.
Svalbard reindeer. In summer trials (July
& August, n = 5) doses of 30 ug/kg medeto-

midine with 1500 ug/kg ketamine or
I00-200 ug/kg medetomidine alone sedated
SR sufficiently to permit their capture with­
in 10-42 min . Response times (time to
lying) in SR were approximately 50 % lon­
ger for a given dose of medetomidine than
response times (time to onset of deep seda­
tion) in NR (Fig. 3) except in I case (not in­
cluded in Fig. 3) in which an animal lay
down 10 min after injection of 40 ug/kg
medetomidine with I000 ug/kg ketamine.
However, deep sedation and complete im­
mobilization occurred only in I animal (esti­
mated dose = 270 ug/kg medetomidine; Fig.
3). With this exception SR remained con­
scious , sometimes struggling vigorously
when handled, until antagonist was injected.
Estimated live weights of the animals were:
adults = 45-80 kg, n = 3; yearlings = 30 kg, n
=2.
SR respond differently in winter (April , n =
2). One animal (female, 34 mo., pregnant)
showed mild (insufficent) sedation after 30
min (dose medetomidine = 300 ug/kg) but
remained capable of evading capture for a
further 45 min . A similar dose given 75 min
after the first induced deep sedation after 10

Acta vel. scand . vol. 31 no. 4 • 1990
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min. Both darts struck the animal high on
the rump and injected the anaesthetic with­
out leakage or bleeding. A second animal
(female, 22 months old, non-pregnant),
struck in the ventral abdominal region
(M. cutaneus trunci) showed no signs of
sedation after 72 min (dose medetomidine =
400 ug/kg). A second similar dose, injected
without leakage into the pelvic limb slightly
below the knee, induced moderate sedation
after 30 min ; a third similar dose, injected
into M. gluteobiceps, induced deep sedation
after 5 min .
The induction period was calm in all cases
(summer and winter); animals shook them­
selves briefly when struck by the dart but
usually displayed no overt change in beha­
viour before onset of sedation, the symptoms
of which were similar to those in NR . Rumi­
nal tympany during anaesthesia was without
clinical significance and no uncontrolled
regurgitations occurred.

Reversal
Norwegian reindeer 2 yrs . & Sval­
bard re indeer. Intramuscular injection of
atipamezole reversed sedation and immobi­
lization effectively and rapidly in all cases.
Doses, dose ratios (atipamezole.medetorni­
dine , w/w) and dose times are summarised
in Table I. Times from injection of antago ­
nist to arousal did not differ significantly
between NR and SR (p > 0.9); mean arou­
sal time was 10.4 ± 1.5 min (n = 20). Re­
covery periods were calm . First signs of
arousal included minor ear movements and
blinking. The animals subsequently lifted
their heads, turned onto sternal recumbancy
and got up, usually at the first attempt. NR
in particular were alert and able to walk in a
directed manner (WDM) almost at once .
Times from intramuscular injection of anta­
gonist to WDM did not differ significantly
between treatments (medetomidine or mede-
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tornidine-ketamine) in NR (p > 0.8) or be­
tween NR and SR (p > 0.2). Mean time to
WDM (NR & SR) was 12.4 ± 1.3 min (n =
2\).
Antagonist was administered by intravenous
injection in I SR in which deep sedation had
been achieved: time to WDM in this animal
was 4.5 min. No noteworthy relapses into
sedation occurred but SR which received
very high (multiple) doses of medetomidine
(600-1000 ug/kg) seemed to be rather 'slow'
for up to 24 h after reversal.
All animals (NR and SR) survived not less
than I month after trials, apparently with­
out ill-effect, except for two SR, including
one pregnant female, which were shot 10
days after immobilization for another pur­
pose. The foetus of this female , which was
within 4 weeks of full term, appeared quite
normal.
Newborn calves. Atipamezole (Table I)
caused rapid, persistent reversal of the ef­
fects of medetomidine. Arousal time was 3.4
± 0.7 min (range = 2.0-5.25 min). All ani­
mals displa yed overalertness and , in one
case, heavy painting, for not less than 5-10
min after arousal at which point they were
returned to their mothers. All recognised
and were accepted by their dams immedi­
ately . All survived not less that 6 months
after trials.

Discussion
Medetomidine, with or without ketamine,
caused effective, reliable immobilization in
Norwegian reindeer. Doses of 50-200 ug/kg
medetomidine alone or 30-125 ug/kg mede­
tomidine combined with 300 ug/kg keta­
mine induced complete immobilization,
good muscle relaxation and persistent, deep
sedation. Deep sedation was achie ved in SR
only with substantially higher doses. Atipa­
mezole successfully antagonized medetomi­
dine (-ketamine), resulting in smooth, rapid
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and persistant reversal of immobilization in
all cases (NR and SR), except in very young
calves. These displayed considerable over­
alertness for some min after reversal. Both
medetom idine and atiparnezole had wide
safety margines and no conspicuous lasting
side effects after reversal. The combination
of characteristics in medetomidine
(-ketamine) and atipamezole of high poten­
cy, rapid action, good sedation, good rever­
sibility and safety was satisfactory both for
capturing reindeer by immobilization and
for minor surgery.
The degree of sedation and immobility was
good in both subspecies of reindeer (especi­
ally NR) using medetomidine alone. This
contrasts with 3 species of caprids in which
use of medetomidine alone was not satisfac­
tory (Jalanka 1988). Moreover, analgesia
during deep sedation was sufficient in rein­
deer for minor surgery without ketamine or
local anaesthetic; local anaesthetic was ne­
cessary, however, for abdominal surgery.
The remarkably calm induction period fol­
lowing injection of metetomidine in both
reindeer (this study) and markhors (Jalanka
1988) is an important feature of sedation
with medetomidine, especially for free­
ranging wild animals which suffer a high risk
of injury during panic flight. Response times
to medetomidine-ketamine were similar in
markhors and NR: mean time to recumban­
cy was 4.6 min in markhors (dose = 69 ug/kg
medetomidine with 1600 ug/kg ketamine)
compared to a mean time to onset of deep
sedation with the same dose of 6.3 min in
NR (by regression, Fig. I) . However, Ja
lanka (1988) recommended that markhors
be left undisturbed for 2 to 4 min after de­
veloping recumbency to allow the drugs to
take full effect. This was necessary only in
NR which had received relatively low doses
« 50 ug/kg) of medetomidine. The sedative
effect of the drugs was perhaps more per-

sistent in reindeer compared to markhors: in
these maximum sedat ion seemed to occur
between 20 and 45 min after darting (Ja
lanka 1988). In NR and those SR in which
deep sedation was achieved , by contrast,
maximum effect persisted from onset of
deep sedation until antagonist was injection
(up to 74 min after darting).
The small but steady rise in respiration fre­
quency in winter insulated NR anaesthetised
indoors (Fig. 2) indicates a thermoregulatory
response to hyperthermia due to high ambi­
ent temperature rather than a direct effect of
medetomidine on the central nervous sy­
stem. This was confirmed in one case by
arise in rectal temperature from 38.7" to
39.3·C after 60 min sedation. Adult reindeer
resting in thermoneutral conditions take
about 10 breaths per min (Blix & Johnsen
1983, Mercer et al. 1985). In our indoor
trials (Ta = 18·C), respiratory frequency in­
creased from that level to about 17 breaths
per min, but in this situation the animals
were exposed to Ta almost 60-c above their
lower crit ical temperature (-40 ·C, Nilssen et
at. 1984).
Variation in dose effects can be expected ,
especially when drugs are administered with
projectile syringe due, for example, to local
tissue damage or to hitting poorly vasculari­
sed parts of the body (e.g. Meuleman et al.
1984). Nevertheless, consistent hyposensiti­
vity to medetomidine in Svalbard reindeer
compared to Norwegian animals seems like­
ly to be a genetic effect. Svalbard reindeer
diverged from Eurasian tundra reindeer
some 225 000 years ago (Reed 1985) and are
now morphologically quite distinctly dif­
ferent. It would not , therefore , be surprising
to find genetic variability in other traits, in­
cluding responses to particular drugs. Inter­
estingly, these animals are also hyposensi­
tive to xylazine which, like medetomidine, is
also an alphaj-adrenoreceptor agonist, and

Acta vet. scand . vol. 31 no. 4 - 1990
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require doses 30 to 80 times greater than
Norwegian reindeer (A. S. BUx. unpublished
and K. Hove, personal communication).
Fletcher (1974) reported a similar example
in which an isolated population of deer
responded differently to xylaz ine compared
to animals from the original mainland stock.
These observations are indicative of major
differences in drug deposition, including dif­
ferences in peripheral vascular receptor sen­
sitivity, degree of plasma protein binding or
degradation of the drug in the liver . Such
differences in close relatives of the same spe­
cies invites further investigation.
Rapid , persistent reversal of the effects of
medetomidine (-ketamine) by atipamezole is
an excellent feature of thi s anaesthesia, re­
ducing recovery times from several h (e.g.
Festa-Bianchet & Jorgensen 1985, Kreeger
et al. 1987) to a few min . Besides being
calm, the animals were alert (NR) and
normally able to walk in a directed manner
as soon as they got up (NR & SR). There
was no sign of muscular tremors, which
sometimes occur in markhors after intra­
venous or combined intravenous-intramus­
cular injection of atipamezole (Jalanka
1988), or of failure in judging distance, leg
stretching or movements backwards as re­
ported after yohimbine (Jessup et al. 1983,
Renecker & Olsen 1986). Reindeer calves,
which had very short arousal times (3.4 min
± 0.7 min), showed considerable overalert­
ness immediately after reversal. Jalanka
(1988) suggested that overalertness might be
a consequence of administering too large a
proportion of the antagonist by intravenous
injection in cases in which the effects of an­
aesthesia were already beginning to wear off.
In our study, however, antagonist was admi­
nistered im and all the calves displayed
overalertness, including 2 in which the anta­
gonist was administered within 30 min of
onset of deep sedation. With the exception

Acta vel. scand, vol. 31 no. 4 • 1990

of newborn calves, response times in rein­
deer were slightl y longer than in adult mark­
hors (markhors, im: arousal time =6.3 min ,
WDM =7.0 min, dose =323 ug/kg atipame­
zole , Jalanka 1988; reindeer 2 yrs, im:
arousal time = 10.4 min, WDM = 12.4 min ,
this study). However, response times in rein­
deer are perfectly satisfactory for practical
purposes where the main requirement is to
have animals up , alert and behaving nor­
mally as quickly as possible.
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Sammanfattning
Immobilisering av Norsk Rein (Rangifer taran­
dus tarandus) og Svalbardrein (R. t. platyrhyn­
chus) medMedetomidine og Medetomidine­
Ketamine og Reversering av1mmobiliseringen
med Atipamezole.
Den immobiliserende virkningen av medetomi­
dine (-ketamine) ble undersekt i 8 voksne norske
tamrein (NR) og 4 nyfedte kalver holdt i fangen­
skap, og i 7 frittlevende Svalbardrein (SR). Mede­
tomidine, med eller uten ketamine, forarsaket en
effektiv og sikker immobilisering av NR . Doser pA
50--200 ug/kg medetomidine alene eller 30--125
ug/kg medetomidine kombinert med > 300 ug/kg
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ketamine farte til fullstendig immobilisering, god
muskelavslappning og vedvarende dyp bedevelse
uten respiratorisk depresjon i NR . SR krevde
he yere doser. At ipamezole motvirket medetomi­
dine (-ketamine), og resulterte i hurtig reversering
av immobiliseringen i aile forsekene (NR and SR).
BAde medetomidine og atipamezole hadde store

sikkerhetsmarginer, og ingen ieynefallende bivirk­
ninger efter reverseringen. Kombinasjonene av
egenskapene til medetomidine (-ketamine) og at i­
pamezole: hurtig virkning, god sedasjon og anal­
gesi, god reversering samt he y sikkerhet, var
rneget tilfredsstillende bade for infanging og for
sma kirurgiske inngrep.
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