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Abstract: Serum concentrations of glucose and Cortisol were measured i n five adult captive reindeer (Rangifer tarandus 
tarandus) at 24 h and 10 m i n before, and at 0.5, 1 , 2 , 4 , 8, 12 and 24 h after, treatment w i t h 60 p.g/kg of medetomidine 
i .v. followed by 300 jig/kg of atipamezole i .v . 60 m i n later. The experiments were performed in January and repeated in 
Ju ly -August . The animals were used as their own controls and treated w i t h saline in Ju ly -August . The wash-out period 
between experiments in summer was 2 weeks or more. N o 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/1 at 1 h) and a 3.5-
fold increase Cortisol (349 ± 28 nmol/1 at 0.5 h). Serum glucose reached control levels w i t h i n 12 h , and Cortisol declined 
to baseline levels w i t h i n 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 i n animals chemically immobi l i zed w i t h 
medetomidine or other alpha-2 adrenoceptor agonists. 

K e y w o r d s : a l p h a - 2 adrenoceptor, d r u g , i m m o b i l i z a t i o n , s e r u m b i o c h e m i s t r y , w i l d l i f e . 
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In t roduct ion 

I n w i l d a n i m a l s , c h e m i c a l restraint is of ten r e q u i r e d 
for h a n d l i n g a n d s a m p l i n g procedures . T h e a l p h a - 2 
adrenoceptor agonists m e d e t o m i d i n e and x y l a z i n e 
have been w i d e l y used for w i l d l i f e capture a n d 
i m m o b i l i z a t i o n , e i ther alone or i n c o m b i n a t i o n 
w i t h other d r u g s (Kreeger , 1 9 9 6 ; N i e l s e n , 1999)-
H o w e v e r , the p h y s i o l o g i c a l effects o f sedative a n d 
i m m o b i l i z i n g d r u g s m a y s i g n i f i c a n t l y bias the o u t ­
come o f sc ient i f ic exper iments a n d c l i n i c a l b i o ­
chemistry . A l p h a - 2 agonists are k n o w n to i n d u c e 
h y p o i n s u l i n a e m i a , w i t h subsequent h y p e r g l y -
caemia , and to m o d i f y the stress response measured 

as the p l a s m a c o n c e n t r a t i o n of Cortisol (Brearley et 
al, 1 9 9 0 ; M a z e & T r a n q u i l l i , 1 9 9 1 ; M a c D o n a l d & 
V i r t a n e n , 1 9 9 2 ; R a e k a l l i o et al, 1 9 9 2 ; S a n h o u r i et 
al, 1992) . 

S e r u m glucose a n d Cortisol levels m a y serve as 
useful indica tors o f capture and h a n d l i n g stress i n 
b o t h f r e e - r a n g i n g a n d capt ive w i l d l i f e ( F r a n z m a n n 
et al, 1 9 7 5 ; R e h b i n d e r & E d q v i s t , 1 9 8 1 ; R e h b i n d e r 
et al, 1 9 8 2 ; K o c k et al, 1987 ; R e h b i n d e r , 1 9 9 0 ; 
M o r t o n et al, 1 9 9 5 ; Sire et al, 1995) . S e r u m g l u ­
cose has also been used to assess n u t r i t i o n a l status 
a n d b o d y c o n d i t i o n i n w i l d a n i m a l species 
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( F r a n z m a n n & LeResche , 1978 ; N e m i n e n , 1 9 8 0 ; 
N i e m i n e n & T i m i s j a r v i , 1 9 8 3 ; S o v e r i , 1995) . 

In the present study, we report the effects o f 
m e d e t o m i d i n e - i n d u c e d sedat ion, w i t h subsequent 
reversal by a t i p a m e z o l e , o n s e r u m g lucose a n d C o r t i ­
sol levels i n capt ive reindeer (Rangifer t. tarandus). 

Materials and methods 
B l o o d samples for the present s t u d y were c o l l e c t e d 
f r o m five female reindeer d u r i n g a p h a r m a c o k i n e t i c 
s tudy o n m e d e t o m i d i n e and a t i p a m e z o l e ( R a n h e i m 
et al, 1997) . T h e animals were sedated w i t h 6 0 
|ig/kg of m e d e t o m i d i n e ( Z a l o p i n e ® 10 m g / m l , 
O r i o n C o r p o r a t i o n A n i m a l H e a l t h , T u r k u , F i n l a n d ) 
i.v. i n J a n u a r y and J u l y - A u g u s t 1994 . A t i p a m e z o l e , 
3 0 0 (J-g/kg, ( A n t i s e d a n ® 5 m g / m l , O r i o n C o r p o r a ­
t i o n A n i m a l H e a l t h ) was a d m i n i s t e r e d i .v . for rever­
sal 6 0 m i n after i n j e c t i o n of m e d e t o m i d i n e . T e n m l 
of b l o o d were co l lec ted i n t o ster i le , evacuated tubes 
w i t h no ant i coagulant ( V e n o j e c t ® , T e r u m o E u r o p e 
N V , L e u v e n , B e l g i u m ) f r o m each a n i m a l 24 h a n d 
10 m i n before and t h e n at 0 .5 , 1, 1 .5, 2 , 4 , 8, 12 
and 24 h after i n j e c t i o n of m e d e t o m i d i n e . A s a c o n ­
t r o l , b l o o d was s a m p l e d at the same intervals f r o m 
each a n i m a l i n J u l y - A u g u s t after t rea tment w i t h 
c o r r e s p o n d i n g v o l u m e s of sal ine i .v . instead of 
m e d e t o m i d i n e and a t ipamezole . T r e a t m e n t w i t h 
d r u g s or saline i n the 
s u m m e r was separated 
b y at least t w o weeks 
and the sequence of 
t reatment was r a n d o m ­
i z e d . S e r u m was separat­
ed by c e n t r i f u g a t i o n at 
1 5 0 0 g for 10 m i n , and 
was assayed for glucose 
a n d Cortisol the f o l l o w ­
i n g day at the C e n t r a l 
Laboratory, the N o r w e ­
g i a n School o f V e t e r i n a r y 
Science, O s l o . S e r u m 
glucose was measured 
u s i n g an e n z y m a t i c 
m e t h o d that involves the 
convers ion of g lucose to 
6 -phosphogluconate and 
N A D H . T h e a m o u n t of 
N A D H p r o d u c e d is 
d i r e c t l y p r o p o r t i o n a l to 
the concent ra t ion of g l u ­
cose present i n the s a m -
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p i e a n d is measured b y its absorbance at 3 4 0 n m 
( T e c h n i c o n A x o n ® Systems, M i l e s Inc . , T a r r y t o w n , 
N Y , U S A ) . S e r u m Cortisol was analyzed u s i n g a 
c o m p e t i t i v e i m m u n o a s s a y t e c h n i q u e . C o r t i s o l i n 
s e r u m competes w i t h horseradish peroxidase 
( H R P ) - l a b e l l e d Cortisol for a l i m i t e d n u m b e r of 
b i n d i n g sites o n a sheep a n t i - c o r t i s o l a n t i b o d y p r e ­
sented i n the l i q u i d phase. T h e H R P a c t i v i t y o f the 
b o u n d con jugate is measured by an enhanced 
l u m i n i s c e n c e reac t ion ( A m e r l i t e C o r t i s o l Assay, 
O r t h o - C l i n i c a l D i a g n o s t i c s , A m e r s h a m , U K ) . 

Results and discuss ion 
A s no o b v i o u s seasonal differences were observed, 
a n d because o f the s m a l l n u m b e r o f e x p e r i m e n t a l 
a n i m a l s , data f r o m w i n t e r a n d s u m m e r t reatments 
were c o m b i n e d (Figs . 1 a n d 2). 

I n the present s tudy, s e r u m glucose levels i n p r e -
treated a n d c o n t r o l a n i m a l s are c o m p a r a b l e to 
repor ted values i n N o r w e g i a n reindeer. Larsen et al. 
(1985) f o u n d that the m e a n p l a s m a g lucose level i n 
capt ive re indeer was s l i g h t l y h i g h e r d u r i n g the fat 
m o b i l i z a t i o n phase ( N o v e m b e r - J a n u a r y ) t h a n d u r ­
i n g the fat d e p o s i t i o n phase ( Ju ly -September ) . T h i s 
seasonal di f ference , 5 .27 versus 6 .13 mmol/1, is not 
c l i n i c a l l y re levant . In f r e e - r a n g i n g reindeer, H o f f et 
al. (1993) repor ted m e a n s e r u m glucose values o f 

F i g . 1. Mean ± standard error of the mean serum glucose concentration i n five captive 
reindeer (Rangifer tarandus tarandus). Medetomidine (60 Hg/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 J u l y - A u g u s t . The same animals injected 
w i t h saline i n summer were used as controls. 
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F i g . 2. Mean ± standard error of the mean serum Cortisol concentration in five 
caprive reindeer (Rangifer tarandus tarandus). Medetomidine (60 P-g/kg 
i.v.) was followed by atipamezole (300 (Xg/kg i.v.) after 1 h (arrow). The 
experiments were conducted i n January and repeated i n J u l y - A u g u s r . The 
same animals injected w i t h saline in summer were used as controls. 

5.6 and 7.6 mmol/1, respectively, i n t w o g r o u p s o f 
a d u l t a n i m a l s . B l o o d levels o f g lucose i n re indeer 
are h i g h l y var iab le and are i n f l u e n c e d by n u t r i t i o n a l 
status and stress ( R e h b i n d e r & E d q v i s t , 1 9 8 1 ; 
R e h b i n d e r et al, 1 9 8 2 ; R e h b i n d e r , 1 9 9 0 ; S o v e r i , 
1995) . 

A f t e r i n j e c t i o n o f m e d e t o m i d i n e , the s e r u m g l u ­
cose increased a n d 0.5 a n d 1 h p o s t i n j e c t i o n , the 
m e a n levels were a p p r o x i m a t e l y t w o to three t i m e s 
h i g h e r t h a n i n untreated contro l s . A s i m i l a r rise i n 
s e r u m glucose has been f o u n d i n other studies on 
a l p h a - 2 agonists i n r u m i n a n t s ( E i c h n e r et al, 1 9 7 9 ; 
B r o c k m a n , 1 9 8 0 ; M a u t z et al, 1 9 8 0 ; H s u & 
H u m m e l , 1 9 8 1 ; Kasuyae?^/. , 1996a ; K a s u y a et al, 
1996b) . 

F o l l o w i n g a d m i n i s t r a t i o n o f a t ipamezole , s e r u m 
glucose concentrat ions decreased b u t 8 h after in jec ­
t i o n o f m e d e t o m i d i n e , the m e a n g lucose leve l was 
s t i l l a p p r o x i m a t e l y t w o t imes h i g h e r c o m p a r e d to 
the controls . I n studies o n d o m e s t i c r u m i n a n t s 
( R a n h e i m et al, u n p u b l . ) , a t ipamezole ef fect ively 
an tagoni zed the m e d e t o m i d i n e - i n d u c e d h y p e r g l y -
caemia i n d a i r y cows a n d calves. In sheep, the 
h y p e r g l y c a e m i c response to m e d e t o m i d i n e was 
b iphas ic and a t ipamezole appeared to counteract the 
second rise i n p l a s m a glucose concentrat ions 
( R a n h e i m et al, u n p u b l . ) . T h e r e are few p u b l i s h e d 
reports o n the effect o f an antagonis t o n the h y p e r -
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g l y c a e m i c response i n d u c e d by 
a l p h a - 2 agonists i n r u m i n a n t s . 
H s u & H u m m e l (1981) f o u n d 
that x y l a z i n e - i n d u c e d h y p e r -
g l y c a e m i a i n catt le was great ly 
r e d u c e d b y pre t rea tment w i t h 
y o h i m b i n e , w h i l e K a s u y a et al. 
( 1 9 9 6 b ) repor ted that a t i ­
p a m e z o l e i n h i b i t e d x y l a z i n e -
i n d u c e d h y p e r g l y c e m i a w h e n 
the t w o agents were a d m i n i s ­
tered i n c o m b i n a t i o n . A l p h a - 2 
adrenoceptor antagonis ts have 
no effect o n s e r u m glucose 
w h e n used alone ( H s u & 
H u m m e l , 1 9 8 1 ; K a s u y a et al, 
1996b) . 

I n reindeer, a c i r c a d i a n 
r h y t h m or an o b v i o u s seasonal 
v a r i a t i o n i n b l o o d levels o f 
Cortisol have not been de ­
s c r i b e d ( L u n d - L a r s e n et al, 
1 9 7 8 ; R i n g b e r g , 1 9 7 9 ; N i l s -
sen et al, 1 9 8 5 ; Sire et al, 

1 9 9 5 ; B u b e n i k et al, 1998) . Base l ine values o f plas­
m a Cortisol are p r o b a b l y b e l o w 3 0 nmol/1 
( R e h b i n d e r & E d q v i s t , 1 9 8 1 ; Sire et al, 1995) , 
w h i l e values o f 3 0 - 1 7 0 nmol/1 have been repor ted i n 
reindeer b e i n g h a n d l e d or subjected to other forms 
of stress ( R e h b i n d e r & E d q v i s t , 1 9 8 1 ; R e h b i n d e r et 
al, 1 9 8 2 ; R e h b i n d e r , 1 9 9 0 ; Sire et al, 1995) . 

A s o u r re indeer were accus tomed to h a n d l i n g a n d 
b l o o d s a m p l i n g , the increase i n Cortisol concentra ­
t ions at - 1 0 m i n i n b o t h groups was unexpec ted . 
A f t e r i n j e c t i o n o f m e d e t o m i d i n e , there was a sub­
s tant ia l increase i n Cortisol a n d at 0.5 h , the m e a n 
c o n c e n t r a t i o n was m o r e t h a n three t i m e s h i g h e r 
t h a n i n the contro ls . A p p a r e n t l y , a d e c l i n e i n s e r u m 
Cortisol started before a d m i n i s t r a t i o n of a t i p a m e ­
zole , a n d pre t rea tment levels o f s e r u m Cortisol were 
reached 4 h after a d m i n i s t r a t i o n o f m e d e t o m i d i n e . 

A l p h a - 2 agonists are k n o w n to reduce the stress 
response measured as p l a s m a levels of Cortisol i n 
several species, a n d the increase i n Cortisol concen­
trat ions seen i n o u r re indeer after t r e a t m e n t w i t h 
m e d e t o m i d i n e was not expected. K a l l i o et al. (1988) 
reported a dose dependent decrease i n Cortisol c o n ­
centrat ions i n h u m a n s treated w i t h m e d e t o m i d i n e , 
w h i l e R a e k a l l i o et al. ( 1992) descr ibed a decrease i n 
Cortisol levels after d e t o m i d i n e a d m i n i s t r a t i o n i n 
horses. I n r u m i n a n t s , x y l a z i n e was f o u n d to s u p ­
press r e s t i n g Cortisol concentrat ions i n goats 
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(Sanhour i et al, 1992) and to p r e v e n t a stress-

i n d u c e d increase i n b l o o d levels o f Cortisol i n catt le 

a n d goats (Brear ley et al, 1990; S a n h o u r i et al, 

1992). In contrast , an increase i n p l a s m a Cortisol 
was observed i n d a i r y cows and sheep, b u t not i n 

d a i r y calves, after i n j e c t i o n o f m e d e t o m i d i n e 

( R a n h e i m et al., u n p u b l . ) . T h e m e c h a n i s m s o f 

ac t ion of alpha-2 andrenoceptor agonis ts are c lear ly 

c o m p l e x and m a y be b o t h species a n d age d e p e n ­

dent . 

I n a previous paper ( R a n h e i m et al, 1997), w e 

showed that m e d e t o m i d i n e and a t i p a m e z o l e were 

r a p i d l y e l i m i n a t e d i n reindeer, the m e d i a n e l i m i n a ­

t i o n ha l f - l ives b e i n g 76.1 and 59.9 m i n , respect ive­

ly. T h e d e c l i n e i n serum Cort isol levels seemed to 

p a r a l l e l the reported fa l l i n p l a s m a c o n c e n t r a t i o n o f 

the d r u g s , w h i l e the d u r a t i o n of the s e r u m glucose 

response lasted several hours after the d r u g s were 

detectable i n p l a s m a ( R a n h e i m et al, 1997). 
O b v i o u s l y , the p l a s m a c o n c e n t r a t i o n o f m e d e t o m i ­

d i n e a n d a t ipamezole does not necessarily reflect the 

concent ra t ion o f these drugs at the receptors i n v a r i ­

ous tissues. A c c o r d i n g to Sa lonen & E l o r a n t a 

(1990), the metabol i tes of m e d e t o m i d i n e are d e v o i d 

of any p h a r m a c o l o g i c a l effect o n the a l p h a - 2 

adrenoceptors . 

In c o n c l u s i o n , sedation of re indeer w i t h m e d e t o ­

m i d i n e caused a substant ia l increase i n s e r u m c o n ­

centrat ions of glucose and Cortisol. Poss ib le d r u g -

i n d u c e d effects o n these b i o l o g i c a l parameters 

s h o u l d therefore be taken i n t o account i n a n i m a l s 

w h i c h are c h e m i c a l l y restrained b y alpha-2 adreno­

ceptor agonists . 
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