
Pharmacology Btochemlstrv & Behavior, Vol 29, pp 451-456 'e Pergamon Press plc, 1988 Pnnted m the U S A 0091-3057/88 $3 00 + 00 

Analgesia in Defeated Mice: 
Evidence for Mediation Via 

Central Rather Than Pituitary or 
Adrenal Endogenous Opioid Peptides 

M I C H A E L  L T H O M P S O N ,  . 2  K L A U S  A M I C Z E K , $  K Y O H E I  N O D A , $  

L O U I S  S H U S T E R *  A N D  M .  S. A .  K U M A R ?  

Departments  o f  *Pharmacology and ~cAnatomy, Tufts Umverstty Medwal  School, Boston 
and Department  o f  ~Pay( hology. Tttfts Untver~tty, Medford, MA 

R e c e t v e d  17 J u n e  1987 

THOMPSON, M L ,  K A MICZEK, K NODA, L SHUSTER AND M S A KUMAR Analgesm m defeatedmt~e 
EvMem e fi~r medtatnm vm t entral rather than pttattarv or adrenal endogenou~ optotd peptMes PHARMACOL 
BIOCHEM BEHAV 29(3) 451-456, 1988--Mice subjected to defeat m a socml conflict para&gm display an analgesic 
response that is apparently medmted by endogenous optolds It is blocked by naloxone and shows full cross-tolerance to 
and from morphine The present study investigated the contribution of sources of endogenous opmlds outside of the central 
nervous system, namely the pituitary and adrenal glands Treatments known to enhance (metyrapone pretreatment), 
reduce (2% sahne in the drinking water) or block (dexamethasone pretreatment) the release of/3-endorphm from the 
anterior p~tmtary d~d not affect the &splay of analgesia m defeated m~ce S~mflarly, treatments known to enhance (reserpine 
pretreatment) or block release of enkephahns (removal of the adrenals or hexamethomum pretreatment) from the adrenal 
medulla also faded to influence defeat-reduced analgesm m the expected manner If anything, adrenalectomy enhanced and 
reserpine pretreatment suppressed the analgesic response to defeat The data are discussed in terms of prowdmg evidence 
that defeat-reduced analgesm is medmted prlmardy by endogenous opmlds released and acting within the central nervous 
system 
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IN an  effor t  to de l inea te  the phys io logica l  roles  of  endoge-  
nous  oplolds ,  t he i r  i n v o l v e m e n t  in the  p h e n o m e n o n  of  en- 
dogenous ly  p r o d u c e d  a n t m o c l c e p t l o n  ( s t ress - reduced  
ana lgesm)  has  b e e n  ac t ive ly  inves t iga ted  E v i d e n c e  suppor t s  
the  ac t ive  i n v o l v e m e n t  o f  some of  these  s u b s t a n c e s  m such  
p h e n o m e n a  as s t i m u l a t i o n - p r o d u c e d  ana lges i a  and  acu-  
p u n c t u r e  The  role of  oplo ld  pep t ldes  m s t r e s s - r educed  anal-  
ges ia  has  b e e n  more  diff icul t  to d e m o n s t r a t e  u n e q u i v o -  
cal ly E n d o g e n o u s  op lo ld  s y s t e m s  m a y  be  a c t i v a t e d  u n d e r  
some  cond i t ions  of  s t ress ,  bu t  o t h e r  s t r e s so r s  appa ren t ly  
evoke  non-op lo ld  m e d m t e d  forms  of  ana lges ia  [1-3, 15, 21, 
28, 32] 

P r e w o u s l y  we p rov ided  ev idence  for  a cri t ical  role of  en-  
dogenous  opmlds  in ana lgesm due to defea t  m social  conflxct 
[19] Mice tha t  were  e x p o s e d  to a t t ack  and  c o n s e q u e n t l y  
de fea ted  by  a n o t h e r  m o u s e  s h o w e d  a p ro found  long-las t ing 
ana lgesm This  ana lges ia  was  fully b l ocked  by  p r e t r e a t m e n t  

w~th na loxone  and  na l t r exone  and  s h o w e d  c ros s - to l e r ance  to 
and  f rom m o r p h i n e  These  f indmgs  h a v e  s ince b e e n  rep- 
hca t ed  by  o the r  inves t iga to rs  [25, 26, 29] 

The  q u e s t m n  ar ises  as to the  ~dent~ty and  source  of  the  
e n d o g e n o u s  oplold(s)  r evo lved  in the m e & a t l o n  of  this  re- 
sponse  /3 -Endorphm,  Met-  and  L e u - e n k e p h a h n ,  and  e v e n  
d y n o r p h l n ,  ac t ing  a lone  or  In conce r t  wi th  one  ano the r ,  and  
re leased  f rom sources  e i the r  wi th in  or  ou ts ide  the  CNS may  
m e & a t e  the  analges ic  r e sponse  to s t ress  [12,21] Our  previ-  
ous  s tudies  have  sugges ted  tha t  de fea t - r educed  ana lges ia  is 
med ia ted  cen t ra l ly  in tha t  q u a t e r n a r y  na l t r exone ,  wh ich  does  
not  en t e r  the CNS,  was ineffect ive  m reduc ing  the  analgesic  
r e s p o n s e  to defea t  [19], and  na loxone  infused  d i rec t ly  into  
the  CNS via  cannu lae  ~mplanted into the  pe rmqueduc t a l  
gray  or  a rcua te  nuc leus  regions  b locked  ana lges ia  f rom de- 
feat  comple te ly  [20] 

In th~s r epor t  we descr ibe  the  effect  of  man ipu la t ions  of  

JThe experimental protocols used m these stu&es were approved by the Tufts IACUC m accordance with the USDA gmdehnes for the use 
and care of ammals m research 
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the  p l tu l t a ry -ad renocor t l ca l  oplold sou rces  on  the  ana lges ia  
o b s e r v e d  m de fea ted  mice  Some of  these  obse rva tzons  have  
been  mentzoned  in p r e h m l n a r y  fo rm [17,18] 

METHOD 

Subje( t~ 

Male B 6 A F ]  mice  aged 2-6  m o n t h s  ob ta ined  f rom 
J a c k s o n  L a b s ,  Ba r  H a r b o r ,  M E  and  C F W  male  mice ob- 
t a ined  f rom Char le s  River ,  Wi lming ton ,  M A  were  used  m the  
p r e s e n t  e x p e r i m e n t s  Sub jec t s  were  h o u s e d  6 to a cage and  
kep t  m a t e m p e r a t u r e  con t ro l l ed  room (20_+2°C) on  a 12 hr  on  
12 hr  off  hgh t -da rk  cycle ,  no t  r eve r sed  

Defeat Paradigm 

E x p e r i m e n t a l  mice  were  i n t roduced  singly as in t ruder s  
in to  the  h o m e  cage of  a r e s iden t  C F W  male hv lng  wi th  a 
female  [16] The  female  and  any  pups  were  r e m o v e d  pr ior  to 
tes t ing  U p o n  be ing  p laced  m the  cage,  the  in t rude r s  were  
a t t acked  by  the  r e s iden t  C F W  males  This  pa rad igm 
p r o d u c e s  aggress ive  and  de fens ive  r eac t ions  m the  mice  
wh ich  c losely  r e s e m b l e  those  tha t  mice  display normal ly  
w h e n  o b s e r v e d  in the  field, and  as such  does  not  requi re  any  
special  t ra in ing  or  i so la t ion  of  the  an imals ,  no r  does  It sub jec t  
t h e m  to any  a b n o r m a l  fo rms  of  s t ressful ,  nox ious  st imuli  
Un le s s  o the rwi se  specif ied,  a f te r  rece iv ing  20 b i tes  the  in- 
t rude r s  were  r e m o v e d ,  a s se s sed  for  r e s p o n s i v e n e s s  to pain ,  
t hen  r e tu rned  to a d i f ferent  r e s l d e n t ' s  cage  for  the  nex t  bou t  
of  t w e n t y  b i tes  This  p r o c e d u r e  was r epea t ed  five t imes ,  and  
las ted  usual ly  a b o u t  4-5  mln  I n t r u d e r  mice  were  t hen  re- 
t u rned  to the i r  h o m e  cage 

Analge~ta Testtng 

A n a l g e s m  was a s se s sed  In the  ta l l fhck as say  [4] Mice  
were  p laced  on  a smal l  p la t fo rm on the  tallfl lck a p p a r a t u s  
and  gent ly  r e s t r a ined  u n d e r  the  cupped  h a n d  of  the  exper i -  
m e n t e r  An  in tense  hgh t  f rom a t ungs t en - ha l ogen  lamp was  
focussed  on to  the  distal  t ip of  the i r  tall The  t ime f rom onse t  
of  the  lamp unti l  the  tallfl lck r e s p o n s e  o c c u r r e d  was meas-  
u r ed  by  a digital  t imer  ac t iva t ed  by  a swi tch  and  au tomat i -  
cal ly cu to f f  by  a pho toce l l  m o u n t e d  o v e r  the  lamp The  lamp,  
unless  specif ied,  was  ad jus ted  to yield b a s e h n e  r e s p o n s e s  
b e t w e e n  1 5-2 5 sec  and  had  an  au toma t i c  cu to f f  of  8 sec  m 
o rde r  to avo id  t i ssue  damage  in the  a b s e n c e  of  a tadf l lck 
r e s p o n s e  In seve ra l  of  the  e x p e r i m e n t s ,  analges ic  tes t ing  
was  c o n t i n u e d  at 5 m m  in te rva l s  for  an  addi t iona l  th i r ty  (30) 
minu te s  a f te r  the  end  of  the  defea t  t es t  to assess  the  effect ,  if  
any,  of  drug t r e a t m e n t  on  the  dura t ion  o v e r  t~me of  the  anal-  
gesic r e s p o n s e  r educed  by  defea t  Mice  were  h o u s e d  in the i r  
h o m e  cage dur ing  this  pe r iod  

Drugs 

D e x a m e t h a s o n e  ( d e x a m e t h a s o n e  sod ium p h o s p h a t e - -  
D e c a d r o n ,  Merck ,  Sharp  and  D ohm e) ,  h e x a m e t h o n m m  and 
m e t y r a p o n e  (Sigma) were  d i s so lved  in 0 15 M sahne  Rese r -  
p ine  (Serpasl l .  Clba)  was  d i s so lved  in oil All drugs  were  
a d m l m s t e r e d  IP  

Data Analysl~ 

Tallfl lck l a tenc les  were  sub jec ted  to ana lys i s  of  v a n a n c e  
[33] D u n n e t t ' s  t was  used  for  pos t -hoc  tes t ing  to c o m p a r e  
t r e a t m e n t  m e a n s  to a con t ro l  F o r  s lgnlf icance tes t ing,  
p < 0  05. t w o - t a d e d  
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FIG 1 (Top) Mean plasma cortlcosterone values (/xg/100 ml) m 
mice that were exposed to either 0, 30, 60, or 90 bites from resident 
mice (Bottom) Mean tall flick latencles (seconds) in mice that were 
exposed to either 0, 30, 60, or 90 bites from resident mice Vertical 
lines in each bar represent _+ 1 SEM 
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FIG 2 Mean cortlcosterone values (~g/100 ml plasma) in mice ex- 
posed to attack as a function of latency to flick the tail in reaction to 
a heat stimulus Each point represents data from a single mouse 

RESULTS 

Expertment 1 Correlations Between Pttuttary-Adrenal 
Ac tlvatton and Analgesta 

As a f irst  t e s t  o f  the  i m p o r t a n c e  o f  p~tul tary-adrenal  ac-  
t iva t ion ,  we a sked  w h e t h e r  or no t  p l a s m a  cor t~cos te rone  
levels  are co r re l a t ed  wi th  the  magn i tude  of  ana lges ia  ob-  
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FIG 3 Tallfllck latencles m intruder mice as a function of being 
bitten (left side of panel) or time from the cessation of social conflict 
(right side of panel) Intruder mice were either |njected with dex- 
amethasone (400/xg/kg at 24 hours prior to testing and 200/xg/kg 
two hours prior to testing), metyrapone (80 mg/kg SC at 6 p m on 
Day 1, at 10a m and 6p m on Day 2 and 3, and agalnat 10a m on 
Day 4, with mice being tested 1 hr later) A third group of mice was 
given a 2% sahne solution as drinking water for three days prior to 
testing A fourth group of mice received control injections of sahne 
(0 9%) Each point reflects mean tallfltck latency +SEM for at least 
6 mice 

served in individual mice exposed  to different numbers  of  
bites from an opponent  C F W  mice were used in this in- 
s tance rather  than the B6AFI  mice which we have used pre- 
viously for two specific reasons C F W  mice are not  as sensi- 
t ive to the effects  of  defeat  as are B6AF~ mice [17], and it is 
possible to obtain mice that show a more graded analgesic 
response Secondly ,  we also sought to compare  cort lcoste-  
tone levels  in the resident  mice to those  in the intruder mice 
This compar ison ,  it was hoped,  would  demonst ra te  that al- 
though both the intruder and resident  show large pituitary- 
adrenal  act ivat ion,  only the defeated mice deve lop  analgesia 

Male C F W  mice,  housed in groups of  10, were individu- 
ally exposed  to ei ther  0, 30, 60, or  90 bites by resident  
stimulus C F W  mice Before  and after  the introduction Into 
the cage of  the st imulus animal their  response  to pain was 
determined with the tailflick assay For  this exper iment ,  the 
intensity of  the heat  st imulus was adjusted so that baseline 
react ion t imes were  5-6 sec in durat ion The heat  st imulus 
intensity was adjusted to al low for the possibility that the 
resident ,  a t tacking males might show hyperalgesIa fol lowing 
at tack [25] Fol lowing the test,  the animals were  killed by 
decapitat ion and trunk blood was col lected in a hepann lzed  
mlc rocen tn fuge  tube and centr i fuged at 13,000xg for l0 
minutes The supernatant  was used for determinat ion of  cor- 
t icos terone levels  via rad io lmmunoassay  [7] 

Significantly e leva ted  plasma cor t lcos terone  was found in 
mice that were  exposed  to 60 and 90 at tack bites [Fig 1 (top), 
F(3,26)=17 01, p<0.0001] ,  this change was paralleled by 
sigmficant increases  in tallfllck la tencles  in the same groups 
[Fig 1 (bottom),  F(3,26)=13 39, p < 0  0001]. When  these 
effects  are expressed  as a funct ion of  the number  of  bites,  
! e , the amount  of  stress st imulation,  the data  suggest a 
correlat ion be tween  pl tmtary-adrenal  act ivat ion and 
analgesia H o w e v e r ,  inspect ion o f  each individual 's  values  
for cor t lcos te rone  and analgesia reveals  large variat ions 
When each mouse ' s  values  for cor t lcos terone  is plotted as a 
function of  Its tailfhck la tency,  the wide scat ter  of  the points  
demons t ra tes  the absence of  a c lear  sys temat ic  relat ionship 
(Fig 2) Excluding the scores  from mice which went  to 

cutoff  t ime, the Pearson p roduc t -moment  correlat ion was 
r = 0  20, t (21)=0 81, p > 0  05 Cor t icos te rone  values  of  less 
than 5 micrograms/100 ml plasma to up to more than 23 
micrograms/100 ml plasma are associated with similar 
tadflick latencles  At  the highest possible tallfllck latencies,  
18 sec being the cutoff  at the current ly used low intensity 
stimulus,  many cor t lcos terone values are higher than 30 mi- 
crograms/100 ml of  plasma It is possible that a threshold level 
of  cor t lcos terone ,  umque  to each lndlwdual,  has to be ex- 
ceeded  in order  for a large analgesia to develop Howeve r ,  
this issue remains unresolved,  because  the ammals that 
showed these high cor t lcos terone values  were also exposed 
to the greatest  number  of  bites It would be informative to 
measure  cort~costerone in ammals  that fail to show analgesia 
after being exposed  to a large number  of  bites 

Direct  manipulat ions of  pituitary and adrenal act ivi ty  
should provide  more compell ing ev idence  concerning the 
contr ibutions of  these two glands to the deve lopment  of  
analgesia in defeated mice than correlat ional  data There-  
fore,  in our next  exper iment  we utilized a combinat ion of  
pharmacological  and surgical t rea tments  to manipulate or  
block the output  f rom either gland 

E~pertment H lnve~ttgatum of the Contrlbuttan of Pmtttary 
fl-Endorphm to Defeat-hldut ed Analgesia 

One group of  B6AF~ mice rece ived  dexamethasone  pre- 
t reatment ,  400 /~g/kg at 24 hours prior to testing and 200 
~g/kg two hours prior  to testing A second group of  mice was 
given a 2% saline solution as drinking water  for three days 
prior to testing These  regimens have been used in rats to 
block s tress- induced release of  A C T H  and f l-endorphln f rom 
the pituitary [27] A third group of  mice rece ived  pretreat-  
ment  with metyrapone  according to a schedule which has 
been shown to increase the pituitary conten t  of  f l-endorphln 
in rats (80 mg/kg SC at 6 p m .  on Day 1, at 10 a m and 6 p m 
on Day 2 and 3, and again at 10 a m on Day 4, with mice 
being tested 1 hr later [9]) A fourth group of  mice rece ived  
control  injections of  saline 

Nei ther  dexamethasone ,  metyrapone ,  nor  2% saline pre- 
t rea tment  significantly affected basel ine tailfllck latencles 
[Fig 3, F(3,53)=0 74, n s ] Fur thermore ,  none of  the treat- 
ments diminished the increase in tailfllck latency observed  
after varying amounts  of  bites,  F(3,53)= l 78, n s Durat ion 
of  analgesia fol lowing the cessation of  defeat  testing was 
affected by the various pretreatments,  F(3,19)=8 8 7 , p < 0  001 
Fur ther  analysis showed this effect to be attributable to the 
dexamethasone  pre t reated mice This group of  mice showed 
very  little decline in their  analgesic response  ove r  the thirty 
rain test  period Durat ion over  time of  the analgesic response 
in metyrapone  and 2% saline pretreated mice did not  differ 
from that observed  in control  mice 

Experiment III Investigation of the Possible Contribution to 
Defeat Analgesia of Adrenal EnLephahn~ 

Several  studies have suggested that adrenal  cort lco- 
steroids [13] or  enkephahns  [I 1] may be involved  In the anal- 
gesic response  p roduced  by footshock stress Recent ly ,  it 
has been repor ted  that st imulation produced analgesia is at- 
tenuated by adrena lec tomy [30] The  earher  demonst ra t ion  
by Leshner  [10] that cor t lcos terone  pre t rea tment  increases 
submiss iveness  In mice exposed  to at tack further  suggests 
that adrenal  contr ibut ions,  ei ther hormonal  or  oploid, may 
be crucial  to defeat  induced analgesia, even  though the re- 
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FIG 4 Tallfhck latencms m intruder mice as a function of being 
bitten (left side of panel) or time from the cessation of social conflict 
(right side of panel) Intruder mice were either adrenalectomlzed or 
sham-operated one week prior to testing Each point reflects mean 
tadfhck latency _+SEM for at least 6 mice 

suits of our first experiment suggested that plasma cortlco- 
sterone levels did not correlate directly with analgesia In 
order to test for the involvement of the adrenals in defeat- 
induced analgesia, one group of  intruder males was sub- 
jected to bilateral adrenalectomy under pentobarbltal 
anesthesia and maintained on 0 15 M saline until testing one 
week later Control mice were subjected to slmdar operative 
procedures with the exception that the adrenals were ex- 
posed but not removed Adrenalectomlzed mice were sac- 
raficed and checked for completeness of tissue removal fol- 
lowing the end of  testing 

Additional groups were pretreated with varying doses of 
reserpine (0 5, 1 25, or 2 mg/kg IP) for two consecutive days 
prior to testing This latter treatment has been reported to 
enhance stress-induced analgesia in rats, presumably by en- 
hancing the storage and release of adrenal enkephahns [11] 
A final group was pretreated with hexamethonlum, 10 mg/kg 
IP, 20 mm prior to testing [11] This peripheral ganglionic 
blocker has been shown to reduce adrenal enkephahn secre- 
tion I l l  I '1~¢) 

Adrenalectomy did not block defeat-induced analgesia 
(Fig 4) In fact. the analgesic response of the adrenalec- 
tomlzed mice was significantly enhanced over that observed 
in the sham-operated mice. F(1,34)=4 23, p < 0  05 Ad- 
renalectomy did not affect the duration of the analgesia, with 
these mice showing a dechne similar to that observed in the 
sham-operated mice, F(1,9)=0 47, n s The results for re- 
serpine were somewhat unclear (Fig 5), In that reserpine at 
the two higher doses (1 25 and 2.0 mg/kg) slgmficantly ele- 
vated basehne latencles, F(3,26)= 14 98, p < 0  001 It is clear 
that reserpine did not e n h a m  e the analgesic response to de- 
feat If anything, it appeared to produce a dose-related at- 
tenuation of the response At the highest dose, 2 mg/kg, mice 
showed no increase in response to defeat above the elevated 
basehne These mice showed marked ptosls and were some- 
what atax~c The lowest dose, 0 5 mg/kg, did not affect anal- 
gesic responsiveness to defeat The duration of analgesm re- 
sponse following defeat was also not affected by reserpine 
pretreatment Hexamethonlum pretreated mice did not differ 
from controls, e~ther m terms of  induction of analgesia or 
duration Analyses of  variance supported these observa- 
tions Data for the 2 mg/kg reserpine group were not included 
in the calculations Overall treatment F was significant, 
F(3,19)=3 16, p <0 05, but this was readily attributable to the 
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FIG 5 Tallfllck latencms m mtruder mice as a function of being 
bitten (left side of panel) or time from the cessation of socml confhct 
(right side of panel) Intruder mice were pretreated with reserpine 
(05, 1 25, or 2 mg/kg IP 48 and 24 hr prior to testing), or 
hexamethonmm, 10 mg/kg, 20 mm prior to testing Each group con- 
tamed at least 6 mice Control ammals were injected w~th vehicle 
Each point reflects mean tadfl~ck latency _+SEM for at least 6 m~ce 

elevated basehnes of the mice In the 1 25 reserpine group 
No other point during the defeat testing phase was found to 
be different Duration of analgesia also did not defter be- 
tween the groups, F(3,19)=1 09, n s 

D I S C U S S I O N  

Previously, we reported defeat-reduced analgesia ap- 
peared to be mediated by endogenous oploids, in that It is 
fully antagonized by naloxone and shows full cross-tolerance 
with morphine Furthermore, quaternary naltrexone did not 
block this response, suggesting that brain, rather than pe- 
ripheral stores of oplolds were involved The present exper- 
iments are consistent with this hypothesis Neither stress- 
induced release of pituitary fl-endorphln nor adrenal 
enkephahns were found to be necessary for the observed 
analgesic response Furthermore. plasma cortlcosterone 
levels did not correlate directly with the magnitude of the 
analgesic response It may be that this measure can only 
reflect the occurrence, rather than the degree of stress expe- 
rienced by the subject, as suggested by Natelson et a/ [22] 
These results reinforce our previous suggestion [8] that 
stress itself does not appear to be the critical factor underly- 
ing the analgesic response observed in mice subjected to 
defeat A slmdar conclusion regarding stress and foot shock- 
induced analgesia has been reached by Watkms et al [31] 

These results correspond remarkably well with data re- 
garding the effects of these treatments on morphine analgesia 
[5.8], but differ from those reported by MacLennan et al 
[13] and Lewis et al [l 1] These latter studies found marked 
attenuation of analgesia in both hypophysectomlzed and in 
adrenalectomlzed rats. although the stress paradigms used in 
the two studies for generating naloxone-reverslble analgesia 
differed In explaining their results, MacLennan et al [13] 
proposed a model for stress analgesia which was based on 
the permissive action of cortzcosterone on mldbram pain 
centers, rather than pituitary fl-endorphln Alternatively, 
Lewis et al [11] suggested that their results indicated a pri- 
mary role for adrenal medullary enkephahn-hke peptides 
These results were difficult to interpret, however, given that 
circulating enkephahns would be unlikely to cross the blood 
brain barrier and would also be subject to rapid degradation 
[23,24] (It should be noted, however, that in a later report 
[6], these authors, using different parameters of shock dehv- 
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ery  to induce  ana lgesm,  also faded  to see an  effect  o f  ad-  
rena l  r e m o v a l  ) M a l x n e r  and  R a n d l c h  [14] have  recen t ly  pro- 
posed  tha t  e n k e p h a l l n s  r e l eased  f rom pe r iphe ra l  sou rces  may  
s t imula te  pe r iphe ra l  r a t h e r  t h a n  cen t ra l  opined r ecep to r s  to 
reduce  ana lges ia  by  ref lexive ly  engaging  vagal  a f fe ren ts  
h n k e d  to e n d o g e n o u s  pain  inh lb l tmn  s y s t em s  of  the  CNS,  
t h e r e b y  o b w a t l n g  the  need  for  passage  of  oplo~ds into the  
C N S  They  argue t ha t  expe r i m en t a l l y - i nduced  ana lgesms  
may  resu l t  f rom e i the r  the  phys io logica l  ac t iva t ion  of  vagal  
a f fe ren ts  by  inc reases  m cen t ra l  v e n o u s  p re s su re  or  f rom the  
resu l t ing  s e c r e t m n  of  h u m o r a l  s u b s t a n c e s  in to  the  circula-  
t ion,  wh ich  in tu rn  s t imula tes  vagal  a f fe ren t s  

A p rocedura l  d i f fe rence  which  may  lead to d i sc repanc ie s  
in l n t e r p r e t a t m n  o f  resu l t s  f rom dif ferent  l abora to r ies  in- 
vo lves  the  tes t  pa rad igms  used  to m eas u re  the  
expe r imen ta l l y - r educed  ana lgesm Some  l n v e s h g a t o r s  def ine 
the i r  an t lnoc~cept lve  effect  m t e rms  o f " p e a k  r e s p o n s e , "  or  a 
change  in the  l a t ency  of  r e s p o n s e  (e~ther tadfl lck,  pawhck ,  or  
f h n c h  j u m p )  ~mmedlately  af te r  t e r m m a t m n  o f  the  s t r e s so r  
O t h e r s  take  mto  a c c o u n t  no t  only  the  m~tlal analges ic  re- 
sponse ,  bu t  a lso its decay  o v e r  t ime,  def in ing ana lges ia  m 
t e rms  o f  " a r e a  u n d e r  the  cu rve  '" T h e s e  p rocedura l  differ- 
ences  b e c o m e  especml ly  cri t ical  w h e n  dec id ing  w h e t h e r  or  
no t  an  expe r imen t a l l y - i nduced  ana lges ia  ~s oplo~d or  non-  
oplo~d in na tu re  Us ing  the  first  de f in l t |on ,  na loxone  pre- 
t r e a t m e n t  could  be  said to be w i thou t  effect  if the  analgesic  
r e s p o n s e  ~mmedmtely  a f te r  the  s t ress  d~d not  differ  f rom tha t  
of  the  con t ro l  g roup  H o w e v e r ,  us ing  the  s e c o n d  def in lhon ,  
na loxone  ~s said to  have  s ignif icant ly  r educed  the  analges ic  

r e s p o n s e  ff the  dura t ion  of  the  ana lges ic  r e s p o n s e  of  the  
na loxone  p r e t r e a t e d  sub jec t s  is r educed  o v e r  the  course  of  
some  p ro longed  h m e  per iod  c o m p a r e d  to the  con t ro l  group,  
e v e n  w h e n  there  might  no t  be  a r e d u c t m n  in the  magn i tude  of  
the  analges ic  r e s p o n s e  o b s e r v e d  Immedia te ly  af te r  the  ces-  
sa t ion  of  s t ress  Unfo r tuna t e ly ,  these  qui te  &ffe ren t  ln- 
t e r p r e t a t m n s  of  na loxone  a n t a g o m s m  are usual ly  lost  
w h e n e v e r  r e sea rch  is s u m m a r i z e d  for  r ev iew pu rposes  

The  r e sponse  of  an  o rgan i sm to s t ress  is mul t f faceted ,  
w~th the  capac i ty  to modu la t e  pare  be ing  but  one  part .  Dif- 
f e ren t  species  have  mos t  l ikely evo lved  s o m e w h a t  d i f ferent  
ways  for  reac t ing  to and  d e a h n g  wi th  the  type  of  s t resses  
they  are hkely  to e n c o u n t e r  Bo th  pe r iphe ra l  and  cen t ra l  
m e c h a n i s m s  are a c t w a t e d  by  s t ress ,  and  h o r m o n e s  re leased  
m r e sponse  to s t ress  have  bo th  cen t ra l  and  per iphera l  ac- 
t m n s  It s eems  poss ib le  tha t  cen t ra l  and  per iphera l  r eac t ions  
to  s t ress  may  be  separab le ,  at  leas t  in t e rms  of  the  analgesic  
r e s p o n s e  It  may  p e r h a p s  have  been  too  easy  to a t t r ibu te  an  
i m p o r t a n t  role for  p l tmta ry  [3-endorphin or adrena l  
e n k e p h a h n s  because  they  are readi ly  re leased  into the  b lood  
m re sponse  to s t ress  We would  argue tha t ,  at  leas t  m regard  
to the  p a r a & g m  e m p l o y e d  here ,  these  per iphera l ly  re leased  
opm~ds are r e l evan t  to per iphera l  r eac t ions  to s t ress  We 
pos tu la t e  tha t  analgesic  m e c h a n i s m s  exis t ing  in the  CNS can  
be a c t w a t e d  as par t  of  a r e sponse  to an  e n v i r o n m e n t a l  e v e n t  
i ndependen t ly  of  the  c lass ical  p i tu i t a ry-adrena l  sympa the t i c  
n e r v o u s  sys tem s t ress  r e sponse  p a t h w a y  Oplold  pept lde(s)  
re leased  f rom and  act ing at  s i tes wi th in  the  C N S  may  be the  
ac tua l  analgesic  agent(s)  invo lved  
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