Effects of medetomidine and atipamezole on serum glucose and cortisol levels
in captive reindeer (Rangifer. tavandus tarandus)
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Abstract: Serum concentrations of glucose and cortisol were measured in five adult captive reindeer (Rangifer. tarandus
tarandus) at 24 h and 10 min before, and at 0.5, 1, 2, 4, 8, 12 and 24 h after, treatment with 60 Lg/kg of medetomidine
i.v. followed by 300 pg/kg of atipamezole i.v. 60 min later. The experiments were performed in January and repeated in
July-August. The animals were used as their own controls and treated with saline in July-August. The wash-out period
between expetiments in summer was 2 weeks or more. No obvious seasonal differences were observed. Mederomidine
induced a 2.5-fold increase in glucose (mean + standard error of the mean being 15.4 + 0.6 mmol/l at 1 h) and a 3.5-
fold increase cortisol (349 + 28 nmol/l at 0.5 h). Serum glucose reached control levels within 12 h, and cortisol declined
to baseline levels within 4 h after injection og medetomidine. The use of blood concentrations of glucose and cortisol to
assess nutritonal status, body condition and stress may be significantly biased in animals chemically immobilized with
medetomidine or other alpha-2 adrenoceptor agonists.
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Introduction as the plasma concentration of cortisol (Brearley e

In wild animals, chemical restraint is often required
for handling and sampling procedures. The alpha-2
adrenoceptor agonists medetomidine and xylazine
have been widely used for wildlife capture and
immobilization, either alone or in combination
with other drugs (Kreeger, 1996; Nielsen, 1999).
However, the physiological effects of sedative and
immobilizing drugs may significantly bias the out-
come of scientific experiments and clinical bio-
chemistry. Alpha-2 agonists ate known to induce
hypoinsulinaemia, with subsequent hypergly-
caemia, and to modify the stress response measured
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al., 1990; Maze & Tranquilli, 1991; MacDonald &
Virtanen, 1992; Raekallio e 2/, 1992; Sanhouri e
al., 1992).

Serum glucose and cortisol levels may serve as
useful indicators of capture and handling stress in
both free-ranging and captive wildlife (Franzmann
et al., 1975; Rehbinder & Edqvist, 1981; Rehbinder
et al., 1982; Kock et 2l., 1987; Rehbinder, 1990;
Morton e al., 1995; Site er al., 1995). Serum glu-
cose has also been used to assess nutritional status

and body condition in wild animal species
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(Franzmann & LeResche, 1978; Neminen, 1980;
Nieminen & Timisjdrvi, 1983; Soveri, 1995).

In the present study, we report the effects of
medetomidine-induced sedation, with subsequent
reversal by atipamezole, on serum glucose and corti-
sol levels in captive reindeer (Rangifer t. tarandus).

Materials and methods

Blood samples for the present study were collected
from five female reindeer during a pharmacokinetic
study on medetomidine and atipamezole (Ranheim
et al., 1997). The animals were sedated with 60
ug/kg of medetomidine (Zalopine® 10 mg/ml,
Orion Corporation Animal Health, Turku, Finland)
i.v. in January and July-August 1994. Atipamezole,
300 ug'kg, (Antisedan® 5 mg/ml, Orion Corpora-
tion Animal Health) was administered i.v. for rever-
sal 60 min after injection of medetomidine. Ten ml
of blood were collected into sterile, evacuated tubes
with no anticoagulant (Venoject®, Terumo Europe
NV, Leuven, Belgium) from each animal 24 h and
10 min before and then at 0.5, 1, 1.5, 2, 4, 8, 12
and 24 h after injection of medetomidine. As a con-
trol, blood was sampled at the same intervals from
each animal in July-August after treatment with
corresponding volumes of saline iv. instead of
medetomidine and atipamezole. Treatment with
drugs or saline in the
summer was separated
by at least two weeks
and the sequence of
treatment was random-
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ized. Serum was separat- 12
ed by centrifugation at

1500 g for 10 min, and 10
was assayed for glucose
and cortisol the follow-
ing day at the Central
Laboratory, the Norwe-
gian School of Veterinary
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pie and is measured by its absorbance at 340 nm
(Technicon Axon® Systems, Miles Inc., Tarrytown,
NY, USA). Serum cortisol was analyzed using a
competitive immunoassay technique. Cortisol in
serum competes with horseradish peroxidase
(HRP)-labelled cortisol for a limited number of
binding sites on a sheep anti-cortisol antibody pre-
sented in the liquid phase. The HRP activity of the
bound conjugate is measured by an enhanced
luminiscence reaction (Amerlite Cortisol Assay,
Ortho-Clinical Diagnostics, Amersham, UK).

Results and discussion

As no obvious seasonal differences were observed,
and because of the small number of experimental
animals, data from winter and summer treatments
were combined (Figs. 1 and 2).

In the present study, serum glucose levels in pre-
treated and control animals are comparable to
reported values in Norwegian reindeer. Larsen et 2/.
(1985) found that the mean plasma glucose level in
captive reindeer was slightly higher during the fat
mobilization phase (November-January) than dur-
ing the fat deposition phase (July-September). This
seasonal difference, 5.27 versus 6.13 mmol/l, is not
clinically relevant. In free-ranging reindeer, Hoff e
al. (1993) reported mean serum glucose values of
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glucose was measured
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6-phosphogluconate and
NADH. The amount of
NADH  produced is
directly proportional to
the concentration of glu-
cose present in the sam-
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Fig. 1. Mean + standard error of the mean serum glucose concentration in five caprive
reindeer (Rangifer tarandus tarandus). Medetomidine (60 pg/kg i.v.) was fol-
lowed by atipamezole (300 [lg/kg i.v.) after 1 h (arrow). The experiments were
conducted in January and repeated in July-August. The same animals injected
with saline in summer were used as controls.
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glycaemic response induced by
alpha-2 agonists in ruminants.
Hsu & Hummel (1981) found
that xylazine-induced hyper-
glycaemia in cattle was greatly
reduced by pretreatment with
yohimbine, while Kasuya ez 4/.
(1996b) reported that ati-
pamezole inhibited xylazine-
induced hyperglycemia when
the two agents were adminis-
tered in combination. Alpha-2

adrenoceptor antagonists have
no effect on serum glucose
when used alone (Hsu &
Hummel, 1981; Kasuya e 2/,

HOURS

Fig. 2. Mean = standard error ofi the mean serum cortisol concentration in five
caprive reindeer (Rangifer tarandus tavandns). Medetomidine (60 ugrkg
1.v.) was followed by atipamezole (300 pg/kg i.v.) after 1 h (arrow). The
experiments were conducted in January and repeated in July-Augusr. The
same animals injected with saline in summer were used as controls.

5.6 and 7.6 mmol/l, respectively, in two groups of
adult animals. Blood levels ofi glucose in reindeer
are highly variable and are influenced by nutritional
status and stress (Rehbinder & Edqvist, 1981;
Rehbinder et /., 1982; Rehbinder, 1990; Soveri,
1995).

After injection of medetomidine, the serum glu-
cose increased and 0.5 and 1 h postinjection, the
mean levels were approximately two to three times
higher than in untreated controls. A similar rise in
serum glucose has been found in other studies on
alpha-2 agonists in ruminants (Eichner et #/., 1979;
Brockman, 1980; Mautz et z/., 1980; Hsu &
Hummel, 1981; Kasuya ez al., 1996a; Kasuya ¢t /.,
1996b).

Following administration of atipamezole, serum
glucose concentrations decreased but 8 h after injec-
tion ofi medetomidine, the mean glucose level was
still approximately two times higher compared to
the controls. In studies on domestic ruminants
(Ranheim e 4/, unpubl.), atipamezole effectively
antagonized the medetomidine-induced hypergly-
caemia in dairy cows and calves. In sheep, the
hyperglycaemic response to medetomidine was
biphasic and atipamezole appeared to counteract the
second rise in plasma glucose concentrations
(Ranheim ¢t «/., unpubl.). There are few published
reports on the effect of an antagonist on the hyper-
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1 u  1996b).

In reindeer, a circadian
thythm or an obvious seasonal
variation in blood levels ofi
cortisol have not been de-
scribed (Lund-Larsen et /.,
1978; Ringberg, 1979; Nils-
sen et al., 1985; Sire et al.,
1995; Bubenik er /., 1998). Baseline values of plas-
ma cortisol are probably below 30 nmol/l
(Rehbinder & Edqvist, 1981; Sire er 4/, 1995),
while values of 30-170 nmol/l have been reported in
reindeer being handled or subjected to other forms
of stress (Rehbinder & Edqvist, 1981; Rehbinder e
al., 1982; Rehbinder, 1990; Sire e /., 1995).

As our reindeer were accustomed to handling and
blood sampling, the increase in cortisol concentra-
tions at -10 min in both groups was unexpected.
After injection of medetomidine, there was a sub-
stantial increase in cortisol and at 0.5 h, the mean
concentration was more than three times higher
than in the controls. Apparently, a decline in serum
cortisol started before administration of atipame-
zole, and pretreatment levels of serum cortisol were
reached 4 h after administration of medetomidine.

Alpha-2 agonists are known to reduce the stress
response measured as plasma levels of cortisol in
several species, and the increase in cortisol concen-
trations seen in our reindeer after treatment with
medetomidine was not expected. Kallio ez /. (1988)
reported a dose dependent decrease in cortisol con-
centrations in humans treated with medetomidine,
while Raekallio ez 2/. (1992) described a decrease in
cortisol levels after detomidine administration in
horses. In ruminants, xylazine was found to sup-
press concentrations in goats
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(Sanhouri e 4/, 1992) and to prevent a stress-
induced increase in blood levels of cortisol in cattle
and goats (Brearley e 4/, 1990; Sanhouri et al/.,
1992). In contrast, an increase in plasma cortisol
was observed in dairy cows and sheep, but not in
dairy calves, after injection of medetomidine
(Ranheim ¢t &/, unpubl.). The mechanisms of
action of alpha-2 andrenoceptor agonists are clearly
complex and may be both species and age depen-
dent.

In a previous paper (Ranheim et 2/, 1997), we
showed that medetomidine and atipamezole were
rapidly eliminated in reindeer, the median elimina-
tion half-lives being 76.1 and 59.9 min, respective-
ly. The decline in serum cortisol levels seemed to
parallel the reported fall in plasma concentration of
the drugs, while the duration of the serum glucose
response lasted several hours after the drugs were
detectable in plasma (Ranheim e 2/, 1997).
Obviously, the plasma concentration of medetomi-
dine and atipamezole does not necessarily reflect the
concentration of these drugs at the receptors in vari-
ous tissues. According to Salonen & Eloranta
(1990), the metabolites of medetomidine are devoid
of any pharmacological effect on the alpha-2
adrenoceptors.

In conclusion, sedation of reindeer with medeto-
midine caused a substantial increase in serum con-
centrations of glucose and cortisol. Possible drug-
induced effects on these biological parameters
should therefore be taken into account in animals
which are chemically restrained by alpha-2 adreno-
ceptor agonists.
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