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Summary 

The ef fects of putat ive mu and kappa agonists, wi th and wi thout  naloxone, 
were compared in the formal in and ta i l  f l ick tests in rats. The mu agonist 
sufentani l  was more potent in the tai l  f l ick test than the formal in test 
whi le the opposite was true for the kappa agonist ethy lketocyclazocine 
(EKC). MR203# was equipotent in the two tests and in the tai l  f l ick  test, 
analgesia decreased at high doses. The naloxone (O.Img/kg) dose-ratios 
(DR) for sufentani l  and EKC were 3 to 7 times larger for the ta i l  f l ick 
test than the formal in test. From this and other DR studies it  is argued 
that in thermal pain tests, opioid analgesia is mediated pr imari ly by mu 
receptors whi le in non thermal tests kappa ef fects predominate. 

I t  is general ly accepted that there are several types of opioid receptors (9,16,33) but 
the contr ibut ions of these receptors to the analgesic e f fec t  of opioids is not well 
established. There is considerable evidence that analgesia is induced by both mu and 
kappa agonists (6,12,22,25,26,28,32). but the role of kappa receptors in analgesia is 
uncertain. I t  has been reported that the p A ? f o r  naloxone is the same with the kappa 
agonist ethy lketocyciazocine (EKC) as with the mu agonist morphine (6,32) and i t  has 
been argued that analgesia with putat ive kappa agonists involves a mu receptor(20). On 
the other hand some investigators have fai led to find analgesia with putat ive kappa 
agonists (27,31) and others have reported that naloxone is a more potent antagonist of 
morphine analgesia than analgesia induced by EKC or dynorphin (21,26). Recent ly i t  has 
been suggested that kappa agonists may be more potent analgesics against some pain 
stimuli than others. Speci f ical ly  i t  has been proposed that mu receptors are pr imari ly 
involved in analgesia in tests employing a cutaneous heat stimulus whereas kappa 
receptors may be involved in analgesia of pain produced by other stimuli such as 
per i toneal i r r i tants  (31). 

The present invest igat ion explored the role of mu and kappa receptors in d i f fe rent  
types of pain by comparing the analgesic ef fects and naloxone sensi t iv i ty of opioid 
agonists in a thermal pain test, the tai l  f l ick test, and a non- thermal test, the formal in 
test (7), which assesses an animals response to a minor tissue injury produced by a 
subcutaneous inject ion of d i lu te formal in. 

Mater ia ls and Methods. 

Animals and General Procedure Five or 6 male Long Evans hooded rats (200 - 250g) 
were assigned to be tested at each dose of the opioid agonists alone or in combination 
wi th naloxone. Because to lerance to morphine develops at d i f fe rent  rates in the ta i l  f l ick 
test and formal in test ( I )  each rat was tested once only. The t ime of the peak e f fec t  of 
each agonist was determined by examinat ion of the t ime course of a midrange dose in the 
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ta i l  f l ick test. Naloxone (0.1mg/kg) was injected 15 min before the expected peak ef fect  
of the agonists so that its peak ef fect  would correspond with that of the agonists(29). 
For morphine the mean t ime of peak ef fect  was 30 min thought there was considerable 
var iabi l i ty .  In other experiments the peak ef fect  has been found to be at 60 rain (Its). 
Because of the uncertainty concerning the true time of peak e f fec t  naloxone dose ratios 
were established at 30 and 60 rain af ter  morphine. 

Drugs Sufentanil  c i t ra te  (gi f t  of 3anssen Pharmaceutica, Beerse, Belgium), 
ethyketocyclazocine methanesulfonate (gi f t  of Sterl ing-Winthrop Research Inst i tute, 
Renselaer, New York) and MR2034 free base (gi f t  of Boehringer Ingelheim (Canada) Ltd.) 
and naloxone hydrochloride (gi f t  of Endo Laboratories, Garden City,  New York) were 
dissolved in isotonic saline. All  drugs were injected s.c in a volume of I ml/kg except 
doses of MR203¢ above 15 mg/kg and EKC above 5mg/kg which were injected as 
solutions of 15 mg/ml and 5 mg/ml respect ively. 

Tail  Fl ick Tes t  Responses  to  t h e r m a l  pain  were  a s sessed  by the  l a t e n c y  with which a r a t  
r emoved  its ta i l  f rom 5.5 d e g r e e  C w a t e r .  During t e s t i n g  r a t s  were  r e s t r a i n e d  in wire  
r e s t r a i n i n g  tubes  which  they  e n t e r e d  a p p r o x i m a t e l y  10 rain b e f o r e  the  f i r s t  drug 
i n j e c t i o n .  The ta i l  was marked  5cm from the  t ip  and a t  e a c h  t e s t  a b e a k e r  of hot  w a t e r  
was app l ied  to the  ta i l  up to the  5cm mark.  If t he  r a t  did not  remove  i ts  ta i l  f rom the  
w a t e r  in 10 seconds  the  t e s t  was t e r m i n a t e d  to min imize  t i s sue  damage .  

Formalin Test A detai led descript ion of this test and its rat ionale can be found in 
Dubuisson & Dennis (7). Br ie f ly ,  .05 ml of 2.5% formal in was injected s.c. intogthe plantar 
surface of one of a rat's hindpaws. The rat was then placed in a 30cm- plexiglass 
chamber which al lowed an unobstructed view of the rat and, via an incl ined mirror, its 
ventral  surface and feet.  Pain was rated by recording the amount of t ime the rat stood 
or walked f i rmly on the injured paw (Pain rat ing =0), favoured the paw (Pain Rat ing : I ) ,  
elevated the paw with at most the nails touching the f loor (Pain Rating=2), or l i cked and 
chewed at the paw (Pain Rating = 3). The pain score was calculated for ten rain periods 
as 1/600 x the sum across rat ing categories of the time spent in each category (secs) 
mult ip l ied by the Pain Rating. 

Formal in  pain is high immedia t e ly  a f t e r  fo rmal in  is in jected~ fa l ls  to  a low point  15 to 
20 rain l a t e r  then  r ises  aga in  to a high level  which remains  s t e a d y  for  30 to ¢0 rain (7). 
In th i s  e x p e r i m e n t  drug in j ec t i ons  were  t imed  so t h a t  peak  e f f e c t s  would occu r  ¢0 rain 
a f t e r  fo rmal in  i n j e c t i o n  and dose e f f e c t  c u r v e s  we re  c a l c u l a t e d  from pain r a t i ngs  
a c c u m u l a t e d  over  the  per iod  35 to ¢5 rain a f t e r  fo rmal in  i n j ec t i on .  

Ana lys i s  of Data  Pa in  scores  were  c o n v e r t e d  to p e r c e n t  of the  maximum poss ible  e f f e c t  
by the  fo rmula  

(pain score  under  drug - c o n t r o l  score)  
%MPE ........................................ X lO0 

(maximum possible analgesia score - control  score) 

For the  ta i l  f l ick  t e s t  t he  c o n t r o l  score  was 2.5 sec  and the  maximum score  [0 sec.  
For t he  fo rmal in  t e s t  t he  c o n t r o l  score  was 2.2 and the  pain score  r e p r e s e n t i n g  maximum 
a n a l g e s i a  was  0. The c o n t r o l  sco res  r e p r e s e n t  the  long run a v e r a g e s  of base l ine  pain 
scores  in th i s  l a b o r a t o r y .  For the  fo rmal in  t e s t  the  c o n t r o l  score  has  a s t a n d a r d  e r r o r  
a p p r o x i m a t e l y  .01 for  a group of six r a t s .  

Mean  ana lges i a  scores  were  p l o t t e d  aga i n s t  log dose and a s t r a i g h t  l ine was f i t t e d  to 
the  s t eep ly  r is ing por t ion  of the  dose e f f e c t  c u r v e s  by the  me thod  of l e a s t  squares .  An 
MPE)0  was de f ined  as  the  dose a t  the  hal f  maximal  e f f e c t .  A s t a t i s t i c a l  e s t i m a t e  of the  
M P E j n  and i ts  s t a n d a r d  e r ro r  was c a l c u l a t e d  from the  d a t a  for indiv idual  an ima l s  by 
j a c k n ~ i n g  the  r eg res s ion  l ines  and i n t e r p o l a t e d  MPEs0s  (17,23). 3ackn i f ing  is a me thod  of 
d i r e c t l y  assess ing  v a r i a b i l i t y  of s t a t i s t i c s  which  o f f e r s  ways to se t  sens ib le  c o n f i d e n c e  
l imits  in complex  s i t ua t i ons .  It is an i t e r a t i v e  p r o c e d u r e  which  c o m p u t e s  p seudo -va lues  
for  s t a t i s t i c s  f rom all poss ib le  subse t s  of n- I  of the  d a t a  points .  The mean  and v a r i a n c e  
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