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SZIKSZAY, M , G BENEDEK AND F OBAL, JR Cap,arc m pretreatment mterJeres *~tth the thermoregulatory effect 
ofmorphme PHARMACOL BIOCHEM BEHAV 18(3) 373-378, 1983 --Body temperature changes after the admlmstra- 
tlon of 8 mg/kg morphine sulphate were studied in freely-moving and restramed rats, which were pretreated with capsmcm 
(300 mg/kg) Morphine caused a hypertherm~c response irrespective of the prewous capsa~cln treatment m freely-moving 
rats the lag time from the appllcatmn of morphine to the hyperthermlc maximum was, however, slgmficantly delayed in 
capsalcm pretreated rats A careful habltuatmn to the experimental procedure (including reJections, taking temperature. 
etc ) facdltated the hyperthermlc response both m the pretreated and the control groups Restrained rats typically showed a 
hypothermzc response to the same dose of morphine The drop of body temperature m habituated ammals was slgmficantly 
larger m the case of capsmcm pretreated rats This potentmtmn of the hypothermlc effect of morphine can be regarded as the 
primary s~te of interaction between capsmcm and morphine Since capsalcm pretreated rats also showed an exaggerated 
thermoregulatory response to experimental stress, we conclude that the thermoregulatory effects of morphine and endoge- 
nous opmtes are faclhtated after capsalcm pretreatment 

Morphine Capsalcln Thermoregulatlon Stress Habituation 

J A N C S 0  and Jancs6-Gdbor  repor ted  that the analgesic ef- 
fect of  morphine  m tall-withdrawal test could be depressed 
by p revmus  capsalcm t reatment  [9] This finding lent support  
to speculat ions concerning to the possible interact ion be- 
tween capsalcm-sensl t lve  and opiate-sensi t ive  e lements  m 
the central  nervous  system 

As tt is known both morphine and capsalcm exert  a pow- 
erful action on the n o o c e p t l o n  and the thermoregulat lon as 
well [11] As to the thermoregula tory  react ions,  morphine  
administrat ion causes ei ther hypothermla  or  hyper thermla  in 
rats, depending on the dose,  degree  o f  restraint,  ambient  
tempera ture ,  etc [6, 16, 18, 19, 28, 31] A small dose of  
capsalcln (1-10 mg/kg) results m a fall of  body tempera ture  
by excit ing warm receptors  m the preopt lc  region and at the 
per iphery [13,14] Hyper thermlc  react ions after capsalcln 
administrat ion have also been repor ted  [13, 14, 24] Large 
doses  of  capsa lcm (50-300 mg/kg) reduce ultrastructural  
damages  m the preoptlc region [25] and severe  irreversible 
thermoregula tory  disturbances m warm envi ronment  [20,21] 
Besides the Impaired adaptat ion to heat,  capsalcm pretreated 
rats show an enhanced  sensitivity towards emotional  stress 
[13] Since morphine tolerant  rats also show a similar en- 
hanced sensit ivity towards emotmnal  stress [2] and a les- 
sened survival c a p a o t y  to heat  stress [32], the quest ion 
arises whether  there are certain c o m m o n  features m the be- 
havloural  effects o f  capsalcm and morphine  Consequent ly ,  
capsalcln pre t rea tment  can be supposed to affect the thermo- 
regulatory reactions to morphine 

The a~m of  our  study was to test the thermoregula tory  
effects o f  morphine  m the case o f  capsalcln pretreated rats 
Special  care was given to determine the role o f  emotional  
stress reduced by the exper tmental  procedures  mcludmg 
handhng,  admlms tenng  reJections and taking tempera ture  
[1] Our results show that both previous capsalcm t rea tment  
and one week habltUatmn to the exper imenta l  c~rcumstances 
can markedly changed the thermoregula tory  reactions to 
morphine or  physiological sahne rejections 

METHOD 

C F Y  male rats o f  the Sprague-Dawley strata were used 
(body weight 359_ + I1 3 g) Capsalcm (Merck) was injected 
subcutaneously  m increasing doses  (20, 30, 50, 100 and 100 
mg/kg) on five consecut ive  days The drug was dissolved as 
described earher  by Jancs6 et al [12] The effect o f  mor- 
phine sulphate (8 mg/kg SC) on the body temperature  was 
tested at least one month after the capsaicm t reatment  

The thermoregula tory  react ion was tested with 16 groups 
o f  rats (Table 1) which were divided accordmg to the follow- 
mg four aspects  (1) Primarily all the ammals  were  divided 
into two main groups The first group had been habituated to 
the exper imenta l  procedure  for stx days before  testing the 
thermoregula tory  react ions The habituation included hous- 
mg m individual cages,  dally reJections with physiological  
sahne solution and taking the tempera ture  10-18 t imes a day 
according to the same protocol  as used on the exper imenta l  
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T A B L E  1 

DESCRIPTION OF THE EXPERIMENTAL GROUPS 

Group 

Experience in 
experimental 

stress Pretreatment Treatment 

Basehne 
temperature 

T, ("C) 

Experiments with freely-moving animals 
1 naive 
2 naive capsmcln 300 mg/kg 
3 naive 
4 naive capsmcln 300 mg/kg 
5 habituated 
6 habituated capsalcln 300 mg/kg 
7 habituated 
8 habituated capsalcln 300 mg/kg 

Experiments with restrained animals 
9 naive 

10 naive capsalcln 300 mg/kg 
11 naive 
12 naive capsalcln 300 mg/kg 
13 habituated 
14 habituated capsaicm 300 mg/kg 
15 habituated 
16 habituated capsaicln 300 mg/kg 

saline 22 37 13 _+ 0 08 
sahne 24 36 89 ± 0 08 
morphine 8 mg/kg 23 36 57 + 0 07 
morphine 8 mg/kg 21 36 70 + 0 11 
saline 5 37 08 _+ 0 03 
saline 5 36 70 + 0 02 
morphine 8 mg/kg 5 37 42 + 0 01 
morphine 8 mg/kg 5 36 56 _+ 0 06 

saline 9 37 48 + 0 16 
saline 9 37 03 + 0 13 
morphine 8 mg/kg 11 37 46 ± 0 09 
morphine 8 mg/kg 11 37 16 ± 0 09 
sahne 9 37 21 _+ 0 21 
saline 9 37 07 ± 0 12 
morphine 8 mg/kg 20 37 51 + 0 14 
morphine 8 mg/kg 19 37 09 ± 0 11 

day The  second  group (nmve ammals )  was  not  hand led  ex- 
cept  a r epea t ed  t e m p e r a t u r e  p rob ing  on  the  day before  mor-  
ph ine /sa l ine  admlms t r a t l on  (2) The  second  aspec t  was the  
degree  of  r es t ra in t  dur ing the t he r m or egu l a t o r y  tests  The  
expe r imen t s  were  pe r fo rmed  bo th  w~th f r ee ly -mowng  
animals  and  wi th  res t ra ined  ones  (3) The  third aspec t  was  
w h e t h e r  the  an imals  were  p re t r ea ted  with capsa lc ln  or not  
(4) Final ly ,  the  four th  aspec t  was  the  mject~on of  morph ine  
or  physiological  saline appl ied on  the exper imen ta l  day 
Each  rat  was t e s t ed  only  once  

Fo r  the tes t  per iod  the an imals  were  housed  individual ly  
at  an amb ien t  t e m p e r a t u r e  of  22+_1 0°C A hgh t -da rk  
schedule  of  12-12 hr  was  ma in ta ined  Food  and wa te r  were  
not  avai lable  dur ing six hours  of  t e m p e r a t u r e  m e a s u r e m e n t  
Body  t e m p e r a t u r e  (T~) was taken  by a t h e r m o m e t e r  p robe  
inser ted  6 5 cm deep  into the  colon  On the expe r imen ta l  
day,  T~ was t aken  th ree  t imes  at  15 mln  in tervals ,  the  mean  
of  these  records  se rved  as a b a s e h n e  value  for each  rat  The  
res t ra ined  ammals  were  kept  in specml wi re -mesh  cages  
which  p r e v e n t e d  t hem turn ing  a round  They  had been  re- 
s t ra ined  for  an hou r  before  the ln jec tmn  Morph ine  su lphate  
was admin i s t e r ed  at  9 00 a m and  T, was  t aken  then  re- 
pea tedly  as indica ted  in the f igures Cont ro l  ra ts  were re- 
j ec t ed  wt th  physiological  sahne  in the  same way The  resul ts  
are p re sen ted  as the  mean  -+ s t andard  e r ror  of  means  The  
mean  la tency  of  the  hypo-  and  h y p e r t h e r m l c  max ima  was 
also ca lcu la ted  by  taking into accoun t  the  individual  record-  
lngs Stat is t ical  s ignif icance was ca lcu la ted  by S t u d e n t ' s  
t - tes t  

RESULTS 

Exper imen t s  ~ tth Free l ) -Mov tng  R a t s  

S u b c u t a n e o u s  t r e a t m e n t  with  8 mg/kg morph ine  su lpha te  
resu l ted  In an e l eva tmn  of  the  body  t em pe r a t u r e  bo th  m the  
case  of  capsa tc in  p re t r ea t ed  and  of  cont ro l  ra ts  The  ex ten t  

of  the  h y p e r t h e r m m  d e p e n d e d  on the p r e w o u s  hab~tuatmn to 
the  expe r imen ta l  s t ress  s i tua t ion In the  case  of  naive  
an imals  wi thou t  any  p rev ious  h a N t u a t m n  p rocedu re  mor- 
phine  t r e a t m e n t  p roduced  abou t  a 2°C rise In the  body  tem- 
pera tu re  i r respec t ive  of  capsa lc ln  p r e t r ea tmen t  (Fig 1) The  
m a x i m u m  t empe ra tu r e  r e sponse  of  the capsa lcm pre t rea ted  
rats  was,  howeve r ,  cons ide rab ly  de layed in u m e  af ter  the 
a p p h c a t m n  of  morph ine  the  t e m p e r a t u r e  rise r eached  ~ts 
m a x i m u m  m 142_+9 minu tes  in the  case  of  cont ro l  rats ,  
whe rea s  the  capsa lcm p re t r ea t ed  ammals  showed  the i r  max- 
xmal r e sponse  af ter  201_+6 minu tes  (Table  2) The re  was a 
s~gmficant d i f ference  b e t w e e n  the two groups  m the body  
t e m p e r a t u r e  r e a c t m n s  to saline reject ion,  too Bo th  groups  
s h o w e d  n s m g  body t e m p e r a t u r e  af ter  the reJection, but  the 
capsa lcm pre t rea ted  rats  r e sponded  to the  re ject ion and  the 
t e m p e r a t u r e  taking p rocedu re  with a s~gmficantly h~gher 
body  t e m p e r a t u r e  ( p < 0  01) (Fig 1) 

The  d e v e l o p m e n t  of  h y p e r t h e r m l a  af ter  morph ine  mjec- 
tmn  was more  p r o n o u n c e d  m the  case  of  those  rats  which  
were  prev ious ly  hab i tua ted  to the  handhng  p rocedure  In 
these  cases  a n s e  of  abou t  3°C was obse rved  in the  body  
t empera tu re ,  i r respec t ive  of  the capsmcln  p r e t r e a t m e n t  (Fig 
1) The  h y p e r t h e r m i c  m a x i m u m  was,  howeve r ,  again signifi- 
cant ly  de layed  m the case  of  the  capsa l cm-p re t r ea t ed  rats  
af ter  hab i tua t ton  (Table  2) H a b l t u a t m n  eventua l ly  a b o h s h e d  
the  d i f ferences  previous ly  found in the reac t ions  of  the  two 
nmve  groups  to saline mjec tmn  (Ftg 1) Ne i the r  group of  
h a N t u a t e d  rats  showed  any  s~gnlficant t he rmoregu la to ry  re- 
sponse  to saline mjec tmn  and t e m p e r a t u r e  taking proce-  
dures  

E~pertment~ i~ tth Res t ra ined  Rat~ 

Res t ra in ing  the  ammals  mto  small  wt re -mesh  cages  re- 
ve r sed  the  t empe ra tu r e  r e sponses  of  the  ra ts  to the  same 
dose  of  morph ine ,  ~ e , the  a p p h c a t m n  of  m o r p h m e  caused  
h y p o t h e r m i a  m these  rats  (Fig 2) 
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T A B L E  2 

TIME LAG BETWEEN THE ADMINISTRATION OF 8 mg/kg MORPHINE SC AND ITS 
MAXIMUM EFFECT ON BODY TEMPERATURE 

Group 

Time of hyperthermlc 
maximum in freely- 

moving rats 
mean+_SEM (mm) 

Time of hypothermic 
maximum in restramed 

rats 
mean_+SEM(mln) 

Nmve control 142 _+ 9 
rats 

6 8 -  + 12 

capsalcln 
pretreated 201 _+ 6* 93 _+ 16 

Habituated 
rats control 111 _+ 9 93 _+ 7 

capsalcln 
pretreated 186 -+ 6* 93 _+ 5 

*Significantly different from the control group at a level o f p < O  001 
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FIG 1 Effect of 8 mg/kg morphine sulphate on the body temperature of  freely-moving rats Each 
value represents the temperature difference measured from the baseline temperature (see text), given 
as the mean__S E M Left side morphine effects on naive rats without previous habituation Right 
side morphine effects in habituated rats Symbols A--A morphine effects on capsmcln pretreated 
rats, 0 - 0  morphine effects on control rats, A--A physiological sahne injection to capsalcln pre- 
treated rats, O - O  physiological sahne rejections to control rats The crosses denote significance levels 
between the morphine administered groups at a level of +p<0 02, and +÷p<0 001 



376 SZIKSZAY, B E N E D E K  AND OBAL 

A"(_ I 

I l ÷ 4- 

, 

' %----T / ' "1~  

1 

i i 

+ + 4- 

!, 
l.,j 

A 

-2 l i 

- r  o I 2 h ~ 4 ~ 6 h 

FIG 2 Effect of 8 mg/kg morphine sulphate on the body temperature ot restrained rats The ammals 
had been restrained for 1 hour before morphine was administered Left side morphine effects on nmve 
rats, w~thout prewous habituation R~ght side morphine effects on rats after one week hab~tuaUon to 
the experimental procedure For symbols see Fig I 

If naive animals were restrained, the Intervention itself 
produced a rise of about 0 5°C in body temperature Mor- 
phine administration thereafter caused a temperature drop 
of about 0 9°C In these animals no significant differences 
were obtained between the reactions of capsalcm pretreated 
and control rats to morphine The differences were highly 
accentuated, however, if the animals were previously 
habituated to the experimental procedure The most striking 
consequence of the habituation was that the temperature re- 
sponses of capsaicln pretreated and control rats to morphine 
were dissociated Morphine application caused a consider- 
able decrease in the body temperature of capsalcm pre- 
treated rats, the peak decrease was about 2 0°C The tem- 
perature drop observed in the case of control rats was slgmf- 
lcantly smaller than that seen in the case of capsalcm pre- 
treated ones The admlmstratton of saline solution failed to 
Induce any marked effect in habituated rats under these re- 
strained conditions either Consequently, no differences 
were found between the reactions of  the capsalcin pretreated 
and control rats to the saline injections 

DISCUSSION 

The principal finding of the present study is that capsalcln 
pretreatment strongly affects the thermoregulatory reactions 
of rats to morphine Although it is known that the thermo- 
regulatory effect of morphine is highly dependent on ambient 
temperature [22], still no mteractlon between morphine and 
any agent which excites warm-sensitive elements has been 
described yet Capsaicln pretreatment changes the animals' 
reactions to morphine both in freely-moving and restrained 
conditions In the case of freely-moving animals a charac- 
teristic lag time was observed before the onset of the peak 
hyperthermlc effect whereas under restrained conditions 
the capsalcln pretreatment greatly facilitated the hypother- 
mlc response to morphine, at least in the case of animals 
habituated to the experimental stress 

It is interesting to compare this delayed hypertherm., ef- 
fect of morphine with the thermoregulatory changes which 
accompany the establishment of morphine tolerance Gunne 
found a decreased time lag from morphine admmistratlon to 
the hyperthermtc maximum m the case of morphine tolerant 
rats and an mcreasing time lag durmg the cessation of mor- 
phine tolerance [6] The decreasing and mcreaslng time lag 
during the development and the cessation of morphine 
tolerance, respectively was attnbuted to a diminution and 
potentiation of an early though concealed hypothermic ef- 
fect [6] The existence of this early hypothermic effect has 
been substantiated by several authors [19,31] Hence we 
suggest that the mcreased lag time of the hyperthermic effect 
observed in freely-moving capsalcln pretreated rats is the 
result of a potentiation of this early hypothermlc effect Our 
expenments with restramed ammals have revealed that this 
potentiated hypothermtc effect does exist, although previous 
habituation to the experimental procedure is inevitably nec- 
essary for its manifestation On the basis of the present data 
we can conclude that capsaicln pretreatment acts primarily 
via the facilitation of the hypothermic effect of morphine 
whereas the changes observed in the hyperthermlc response 
should be regarded as a secondary phenomenon This con- 
cluslon is in agreement with the generally accepted notion 
[16.19] that hypothermia is the primary thermoregulatory ef- 
fect of morphine 

The differences round between the response of the nmve 
and habituated ammals both to morphine and saline reJec- 
tions clearly show the Involvement of  stress-mduced factors 
m the thermoregulatory responses, in agreement with the 
results of Stewart and Eikelboom [23] Endorphins also were 
reported to reduce the intensity of changes in body tempera- 
ture due to warm or cold exposure [8,27] Hence endorphins 
which are liberated by the experimental stress, probably re- 
duce the hyper- and hypothermic reactions to morphine of 
freely-moving and restrained rats respectively The more 



C A P S A I C I N  A N D  M O R P H I N E  377 

p ronounced  react ions  what  we obse rved  m the case  o f  
habi tuated rats should be due to a dechn lng  endorph in  effect  
on repeat ing the s t ress  p rocedure  [3, 5, 17] 

The rats which  were  p re t rea ted  with capsalc ln  showed  an 
exaggera ted  sensi t ivi ty  towards  s t ress - induced  thermoregu-  
latory inf luences  This is ref lected m the case  of  capsaIcln 
pre t rea ted  rats by the s trongly facil i tated emot ional  hyper-  
thermla  following sahne rejection and in the case  of  naive,  
res t ra ined  rats by the concea lmen t  of  the po ten tmted  
hypo thermlc  r e sponse  Since the the rmoregula to ry  conse-  
quences  of  an emot ional  s t ress  were  p roven  to be na loxone-  
sensi t ive [1], this observa t ion  can be regarded as an redirect  
ev idence  for a potent ia ted  thermoregula to ry  effect  o f  endog-  
enous  opiates  m capsa lcm pre t rea ted  rats 

As far as the b iochemical  bases  o f  the al tered react ion of  
capsa icm pre t rea ted  rats are conce rned ,  only f ragmentary  
data are available Apar t  f rom the severe  a l terat ions  m the 
subs tance  P and somatos ta t ln  con ten t  o f  the spinal cord 
[7,33], no change  in the pept lde  con ten t  o f  the forebraln  has 
been subs tan t ia ted  [4,33] There  is some ev idence  concern-  
Ing the possible  invo lvement  of  the 5-HT sys tem m the ther-  

moregula tory  effects  o f  capsalcin t r ea tment  [26,30] It is in- 
teres t ing to note  that  an increased  adenyla te  cyclase  act ivi ty 
was  found in the preopt~c region of  capsa lcm t rea ted  rats 
[10] Since both  the adenyla te  cyclase  activity [15] and the 
5-HT sys tem [22,29] are closely af fec ted  by mo rp h me  treat-  
ment ,  this suggests  a possible  in teract ion site b e t ween  the 
the rmoregula to ry  effect  o f  morph ine  and capsa icm 

Taking into account  the p resen t  results  and the finding 
that  capsaicln p re t rea tment  dec reases  the analgettc effect  o f  
morph ine  [4,9], we conclude  that  the the rmoregula to ry  and 
analgesic effects  o f  opmtes  are a c c o m p h s h e d  wa  different  
m e c h a m s m s  which  are opposi te ly  affected by capsalc ln  
Fur the r  s tudies  on the interact ion be tween  opmtes  and 
capsa~cm-sensl t ive mechan i sms  may therefore  gwe  an in- 
sight into the central  opmte  s e n s m v e  m e c h a m s m s  
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