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Abstract 

The effects of systemically administered medetomidine, an a2-adrenoceptor agonist, and atipamezole, an a2-adrenoceptor 
antagonist, on mustard oil-induced central hyperalgesia were determined in unanesthetized rats. The mechanical threshold for 
eliciting a hindlimb flexion reflex (a nocifensive response) was determined with a series of calibrated monofilaments. Under 
control conditions mustard oil produced a significant decrease of the hindlimb withdrawal threshold for mechanical stimuli 
applied to a distal site in the hindlimb, whereas the corresponding threshold in the (untreated) contralateral side was not 
changed. Medetomidine administered 12 min prior to mustard oil treatment produced a significant dose-dependent (3-30 p~g/kg 
s.c.) attenuation of the mustard oil-induced threshold decrease whereas the withdrawal threshold of the contralateral (untreated) 
hindlimb was not changed at these low doses. The antinociceptive effect of medetomidine (10 p~g/kg) administered 12 min prior 
to the mustard oil treatment was not significantly stronger than the effect of medetomidine administered immediately after the 
mustard oil treatment. Atipamezole at a high (1000 p~g/kg) or a low (10/zg/kg) dose did not influence the mustard oil-induced 
threshold decrease, whereas at an intermediate dose (100 izg/kg) atipamezole alone had a significant antinociceptive effect on 
mustard oil-induced hyperalgesia. The results indicate that medetomidine produces a selective attenuation of central hyperalge- 
sia at doses which are sub-antinociceptive in intact rats. A pre-emptive treatment with medetomidine did not produce stronger 
antinociception than medetomidine treatment after the development of hyperalgesia. An c%-adrenoceptor antagonist, atipame- 
zole, attenuated central hyperalgesia in a non-monotonic fashion. 
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I.  Introduct ion  

Topical application of capsaicin or mustard oil to 
the skin of humans or animals produces a selective 
tonic activation of nociceptive fibers (Reeh et al., 1986; 
Szolcsanyi et al., 1988). This is accompanied by sponta- 
neous pain and hyperalgesia in response to mechanical 
and thermal stimuli in the treated region. These phe- 
nomena can be explained by a change in the response 
properties of the primary afferent nociceptors (=  
primary or peripheral hyperalgesia; Culp et al., 1989; 
LaMotte et al., 1992). Additionally, stimulation of the 
skin adjacent to the treated region produces unpleas- 
ant sensations and nocifensive reflex responses to low 
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intensity mechanical and electrical stimuli (Gr6nroos 
and Pertovaara, 1993; Koltzenburg et al., 1992). Since 
outside the treated skin area the response properties of 
primary afferent fibers are not changed (Torebj6rk et 
al., 1992), the unpleasant and nocifensive responses 
elicited by non-noxious stimuli can be explained by 
central mechanisms ( =  central /secondary hyperalge- 
sia/allodynia; Woolf and Wall, 1986). Thus, applica- 
tion of capsaicin or mustard oil to the skin and the 
determination of sensory or nocifensive responses to 
mechanical stimulation surrounding the treated area 
provide the means to study quantitatively central hy- 
peralgesia in humans and animals. 

In the current investigation we studied the effects of 
a selective a2-adrenoceptor agonist, medetomidine 
(Virtanen et al., 1988), and an az-adrenoceptor antag- 
onist, atipamezole (Scheinin et al., 1988), on the cen- 
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trally induced facilitation of a nocifensive limb flexion 
reflex induced by mechanical stimulation of the skin in 
awake rats. We especially wished to determine if cen- 
tral hyperalgesia can be at tenuated by a systemically 
administered a2-adrenoceptor  agonist at low doses 
which do not yet influence the nocifensive response in 
an intact limb. Secondly, we addressed the question of 
whether  pre-emptive administration of an a2-adreno- 
ceptor  agonist is more  effective to at tenuate the central 
hyperalgesia than administration after the develop- 
ment  of the central hyperalgesia. Thirdly, we deter- 
mined if a selective a2-adrenoceptor  antagonist alone 
modulates hyperalgesia. 

2. Materials and methods 

The experiments were performed with adult male 
Hannover-Wistar  rats (The Finnish National Labora-  
tory Animal Center;  weight range: 250-375 g). The 
experiments were approved by the Institutional Ethics 
Commit tee  of the University of Helsinki. 

To produce central hyperalgesia, mustard oil (50% 
in ethanol, Merck, Darmstadt ,  Germany)  was applied 
for 2 min on a piece of filter paper  (2 cm 2) on the skin 
of the ankle of the rat. During testing the rat was 
standing or walking on a metal  grid and the paw of the 
hindpaw ipsilateral or contralateral ( =  control site) 
was stimulated with a series of calibrated monofila- 
ments (Stoelting, Wood Dale, IL; Chaplan et al., 1994). 
The hairs used in this experiment produced forces 
ranging from 0.445 to 84.96 g. The stimulus site in the 
ipsilateral hindpaw was at least 2 cm distal f rom the 
border  of the site to which mustard oil was applied. At 
each time point monofi laments were applied to the 
foot pad in a series of increasing forces until the rat 
withdrew its hindlimb. The lowest force producing a 
withdrawal response was considered the threshold. The 
left and right hindpaws were tested consecutively, and 
at each time point the threshold for each hindpaw was 
based on two separate  measurements .  The withdrawal 
thresholds were determined before the administration 
of mustard oil, and at various time points following 
mustard oil application. Medetomidine or atipamezole, 
or both, were applied 12 min before the application of 
mustard oil. In one group, medetomidine was applied 
immediately following the mustard oil application. 

There  were nine experimental  groups. A control 
group without aa-adrenergic agents ( =  saline control), 
four medetomidine alone groups (3-30 ixg /kg  before 
mustard oil, and 10 /xg /kg  following mustard oil), 
three at ipamezole alone groups (10-1000 tzg before 
mustard oil), and medetomidine (10 /xg /kg  before 
mustard oil) with at ipamezole ( 1 0 0 / x g / k g  before mus- 
tard oil) group. In each group the number  of rats 
varied from four to six. The thresholds were deter- 

mined for both hindpaws before drug applications, and 
at 5- to 10-min intervals for 40 min following the 
mustard oil application. Some rats were tested twice at 
a 1-week interval. When the same rat were tested a 
second time, the mustard oil was applied to the hind- 
paw which was the control hindpaw in the preceding 
session. Medetomidine and atipamezole were gener- 
ously provided by the Farmos Group,  Orion, Turku, 
Finland. The drugs were administered s.c. When 
medetomidine and at ipamezole were administered si- 
multaneously, they were injected into contralateral 
body parts to avoid peripheral  interactions. 

Statistical evaluation was done with a three-way 
maximum likelihood analysis of variance (ANOVA) 
and t-test. In the ANOVA,  the thresholds of both 
hindlimbs (n = 2) measured at all time points before 
and after the mustard oil t reatment  (n = 8) at all drug 
doses (n = 3 + control) were taken into account. P < 
0.05 was considered to represent  a significant differ- 
ence. 

3. Results 

Mustard oil produced hyperalgesia in the treated 
hindlimb but not contralaterally, as indicated by the 
decrease of the mechanically induced withdrawal 
threshold in the treated hindlimb but not contralater- 
ally (Fig. 1A). This hyperalgesia lasted about 30 min, 
after which the threshold recovered to the control 
(pre-mustard oil) level. Medetomidine dose depen- 
dently (3-30 Ixg/kg  s.c.) at tenuated the mustard oil-in- 
duced threshold decrease at doses which did not influ- 
ence the withdrawal threshold in the contralateral con- 
trol limb (Fig., 1 B-D). According to three-way maxi- 
mum likelihood A N O V A  the effect of medetomidine 
t reatment  on mustard oil-induced hyperalgesia was 
highly significant (P  = 0.0001) 

A submaximal dose of medetomidine (10 /xg/kg)  
applied 12 min prior to mustard oil t reatment  ( =  pre- 
emptively) did not produce stronger attenuation of the 
mustard oil-induced hyperalgesia than application of 
medetomidine following the mustard oil t reatment  ( =  
after the induction of the injury discharge producing 
hyperalgesia; P = 0.324, t-test; Fig. 2). 

Atipamezole alone had a significant effect on 
the mustard oil-induced hyperalgesia ( P =  0.0221, 
ANOVA).  Atipamezole at tenuated the mustard oil-in- 
duced hyperalgesia in a non-monotonic fashion. At a 
very low (10 izg/kg)  or high (1000 /zg/kg)  dose ati- 
pamezole was without effect on mustard oil-induced 
hyperalgesia whereas at an intermediate dose (100 
lzg /kg)  at ipamezole at tenuated the mustard oil-in- 
duced hyperalgesia (Fig. 3). 

When an antinociceptive dose of medetomidine (10 
Izg /kg)  was combined with an antinociceptive dose of 
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Fig. 1. Effect of  medetomidine  on the threshold of the mechanically 
induced hindlimb withdrawal response.  In B and C the dose of 
medetomidine  (/ . tg/kg, s.c.) is given above each graph. In all cases, 
mustard  oil was applied at t ime point 0, and the  m e d e t o m i d i n e /  
saline control was administered 12 rain prior to mustard  oil. The  first 
control measu remen t  was taken immediately before drug administra- 
tion. The  open symbols indicate the threshold in the  mustard oil- 
treated hindlimb, and the filled symbols indicate the threshold in the 
contralateral unt rea ted  hindlimb. The  error bars indicate _+S.E.M. 
(n = 4 - 6  in each group). 
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Fig. 3. Effect of  atipamezole alone on the threshold of the hindlimb 
withdrawal response.  In B and C the dose of at ipamezole (p .g/kg,  
s.c.) is given above each graph. In all cases atipamezole was adminis- 
tered 12 min prior to mustard oil t reatment  ( =  time point 0). For 
o ther  details, see the legend for Fig. 1. 

atipamezole (100/xg/kg) the antinociceptive effect was 
not enhanced, but if anything, was reduced from that 
produced by either compound alone (Fig. 4). 
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Fig. 2. Effect of  a submaximal  dose of medetomidine  (10 p.g/kg,  s.c.) 
on hindlimb withdrawal threshold when administered pre-emptively 
(A, 12 min prior to medetomidine)  versus immediately following the 
mustard  oil t rea tment  (B). For o ther  details, see the legend for 
Fig. 1. 
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Fig. 4. Effect of  an antinociceptive dose of medetomidine  (10 p~g/kg) 
together  with an antinociceptive dose of at ipamezole (100 # g / k g )  on 
hindlimb withdrawal response.  Medetomidine and at ipamezole were 
administered 12 rain prior to mustard  oil t reatment  ( = time point 0). 
For other  details, see the  legend for Fig. 1. 
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4. Discussion 

The results indicate that medetomidine, an a 2- 
adrenoceptor  agonist, can significantly attenuate cen- 
tral hyperalgesia at doses which are sub-antinociceptive 
in an intact limb as verified in this study. From earlier 
experiments it is known, that at doses higher than used 
in the present study (>  30/xg/kg) ,  medetomidine pro- 
duces dose-dependent sedation and attenuation of no- 
ciceptive signals from non-hyperalgesic skin (Per- 
tovaara et al., 1994). Interestingly, also atipamezole 
alone, a selective az-adrenoceptor  antagonist, pro- 
duced attenuation of mustard oil-induced central hy- 
peralgesia at an intermediate dose (100/zg /kg)  but no 
effects at a very low (10/xg/kg)  or a high (1000/xg/kg)  
dose. When the antinociceptive doses of medetomidine 
and atipamezole were given together, they attenuated 
each other's antinociceptive effects, suggesting that 
these effects were mediated by a2-adrenoceptors. Fi- 
nally, in this study, pre-emptive treatment with 
medetomidine did not produce significantly stronger 
attenuation of central hyperalgesia than did admistra- 
tion following the development of hyperalgesia. 

4.1. Enhanced antinociceptive effect of medetomidine 

The currently found increased antinociceptive effect 
of medetomidine in an experimental model of central 
neurogenic pain is in line with recent findings demon- 
strating increased antinociceptive effects of a2-adren- 
ergic agents in various pathophysiological models of 
primary and secondary hyperalgesia. For example, sys- 
temically administered clonidine, a prototype a 2- 
adrenoceptor agonist, had a highly potent antinocicep- 
tive effect in experimental arthritis (Kayser et al., 1992). 
Following carrageenan-induced inflammation, the in- 
flamed paws were sensitized to the antinociceptive 
effects of intrathecally or systemically administered 
clonidine (Hylden et al., 1991). The central hyperalge- 
sia induced by experimental inflammation was also 
highly sensitive to intrathecally administered dex- 
medetomidine (ldiinp~i~in-Heikkil~i et al., 1994). In- 
trathecally administered clonidine and dexmedetomi- 
dine were highly effective to reduce autotomy, an index 
of deafferentation pain, following sciatic nerve section 
(Puke and Wiesenfeld-Hallin, 1993). Systemically ad- 
ministered clonidine significantly attenuated the hyper- 
algesia induced by a chronic constriction mononeu- 
ropathy in rats (Smith et al., 1993). Collectively, these 
experimental findings indicate that a2-adrenergic 
antinociceptive mechanisms may be sensitized in vari- 
ous pathophysiological conditions with increased pain 
sensitivity. Interestingly, in the presence of some 
pathophysiological conditions, increased levels and 
turnover of noradrenaline in the spinal cord (Weil- 
Fugazza et al., 1986) and an increased number of 

spinal a2-adrenoceptors (Brandt and Livingston, 1990) 
have been described. These findings may be connected 
with the increased potency of az-adrenergic drugs, at 
least in pain conditions which take a longer time to 
develop than the mustard oil-induced central hyperal- 
gesia. The present experimental findings suggest that, 
in some clinical conditions, a selective analgesic effect 
on central hyperalgesia might be obtained with an 
o~2-adrenoceptor agonist at very low doses producing 
very little sedative or hypotensive side-effects and no 
effects on the intact pain-signaling system. 

4.2. Antinociception by atipamezole 

The reversal of hyperalgesia by an intermediate 
dose of atipamezole, a selective az-adrenoceptor an- 
tagonist, was unexpected,  al though paradoxical 
antinociceptive effects of high doses of yohimbine and 
idazoxan, other ~2-adrenoceptor antagonists, have been 
described earlier in some pain models (Dennis et al., 
1980; Hayes et al., 1986; Kanui et al., 1993; Kayser et 
al., 1992; Paalzow and Paalzow, 1983). Since in the 
present study, atipamezole had no effects on the with- 
drawal threshold of the intact limb, the paradoxical 
analgesic effect of atipamezole was due to a mustard 
oil-induced change in the function of the az-adrenergic 
antinociceptive system. For the same reason, the ati- 
pamezole-induced antinociceptive effect in the present 
study could not be explained by the atipamezole-in- 
duced increase in anxiety (Kauppila et al., 1991) and by 
a concomitant freezing response, which might artefac- 
tually produce a delayed motor response to a noxious 
stimulus. Interestingly, a paradoxical analgesic effect 
has also been described in arthritic rats with naloxone, 
an opioid antagonist (Kayser and Guilbaud, 1981). 
Further studies are needed to reveal the location and 
the mechanism of the atipamezole-induced paradoxical 
antinociception. 

4.3. Pre-emptive treatment with medetomidine 

In a recent study, medetomidine attenuated the 
immediate-early gene response of the spinal dorsal 
horn neurons to a noxious stimulus more effectively 
when administered pre-emptively than after the induc- 
tion of the injury discharge (Pertovaara et al., 1993). 
Furthermore,  the antinociceptive effect of clonidine on 
postoperative hyperalgesia induced by a constriction 
injury of the sciatic nerve was more effective when 
administered prior to than after the injury (Smith et 
al., 1993). In contrast to these findings, in the present 
study, pre-emptive administration of medetomidine did 
not produce stronger antinociceptive effects than 
medetomidine administered after the development of 
hyperalgesia. This is in line with the results obtained 
with a model of deafferentation pain showing that 
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p r e - i n j u r y  t r e a t m e n t  w i t h  c l o n i d i n e  o r  ( d e x ) m e d e t o m i -  

d i n e  d o e s  n o t  p r e v e n t  p a i n - r e l a t e d  b e h a v i o r  p o s t o p e r a -  

t ively  ( P u k e  a n d  W i e s e n f e l d - H a l l i n ,  1993; T a i r a  et  al., 

1995). C l o n i d i n e  a n d  d e x m e d e t o m i d i n e  p r o v e d  e f fec -  

t ive  to  a l l e v i a t e  p a i n - r e l a t e d  b e h a v i o r  i n d u c e d  by dea f -  
f e r e n t a t i o n  on ly  w h e n  a d m i n i s t e r e d  c o n t i n u o u s l y  a f t e r  

t h e  su rge ry  ( P u k e  a n d  W i e s e n f e l d - H a l l i n ,  1993). T h e s e  

d i f f e r e n c e s  in resu l t s  w i th  v a r i o u s  p a i n  m o d e l s  a r e  in 

l ine  w i t h  t h e  h y p o t h e s i s  t h a t  t h e r e  a r e  f u n d a m e n t a l  

d i f f e r e n c e s  in p a i n  m e c h a n i s m s  b e t w e e n  t h e  m o d e l s .  

M u s t a r d  oil  as we l l  as c a p s a i c i n  i n d u c e  a t on i c  dis- 

c h a r g e  in n o c i c e p t i v e  p r i m a r y  a f f e r e n t  f ibe r s  ( R e e h  e t  

al., 1986; Szo lc sany i  e t  al., 1988). T h e  c e n t r a l  h y p e r a l -  

ges ia  i n d u c e d  by t h e s e  c h e m i c a l s  is obv ious ly  m o r e  

d e p e n d e n t  o n  o n g o i n g  a f f e r e n t  b a r r a g e  in n o c i c e p t i v e  

p r i m a r y  a f f e r e n t  f ibe rs  t h a n  on  i n j u r y - t r i g g e r e d  c h a n g e s  

in t h e  exc i tab i l i ty  o f  c e n t r a l  n e u r o n s  as a lso  i n d i c a t e d  

by re su l t s  o f  r e c e n t  h u m a n  s tud ie s  ( K o l t z e n b u r g  e t  al., 

1992; G r 6 n r o o s  a n d  P e r t o v a a r a ,  1993). T h i s  m e c h a n i s m  

w o u l d  b e  c o n s i s t e n t  w i th  t h e  l ack  o f  a s t r o n g e r  e f f ec t  

by a p r e - e m p t i v e  d r u g  t r e a t m e n t  in t h e  p r e s e n t  s tudy.  

H y p e r a l g e s i a  i n d u c e d  by a c o n s t r i c t i o n  in jury  m a y  be  

m o r e  d e p e n d e n t  o n  t h e  c e n t r a l  c h a n g e s  c a u s e d  at t h e  

t i m e  o f  su rgery ,  an  u n d e r l y i n g  m e c h a n i s m  w h i c h  m i g h t  

exp l a in  t h e  b e n e f i c i a l  e f f ec t  o f  p r e - e m p t i v e  d r u g  t r ea t -  

m e n t  in th is  m o d e l  w i th  c l o n i d i n e  ( S m i t h  e t  al., 1993) 

as we l l  as w i t h  l i d o c a i n e  ( D o u g h e r t y  et  al., 1992; 

L u u k k o  e t  al., 1994). 
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