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RODGERS, R. J. LTevation {ff aversire threshold in rats b t, #ztra-amygdaloid injection ~ff morphine .¢ulplmte. PHARMA('. 
BIOCHEM. BI-HAV. 6(4) 385-390,  1977. Bilateral micro-injection of morphine sulphate ~l(),ug. 21lug) into the 
cortico-mcdial amygdi, la produced a dose-dependent increase in avcrsivc threshold. Similar injections into thc basolateral 
amygdala or caudate-putamen failed to have any consistent effect on aversivc thresholds. '~Vhilst overall activity levels 
remained unaffected by morphine injection into either amygdaloid site, caudatc animals exhibited a significant decrement 
in total activity in response to both morphine and control injections. Results are discussed with reference to a possible role 
for limbic mechanisms in morphine analgesia. 
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THE C E N T R A L  med ia t i on  of  responsiveness  to aversive 
s t imu la t ion  has been subjec t  to  cons iderab le  research ef for t  
in recent  years. Focal  electr ical  s t imu la t ion  of sites ex- 
t end ing  f rom the sep tum [ 2 1 ] ,  t h r ough  the h y p o t h a l a m u s  
[2,6] to the  vent ra l  midbra in  t e g m e n t u m  [211 yields 
varying degrees of  analgesia, t towever ,  by far the mos t  
po ten t  analgesic ef fec t  is p roduced  in response  to electr ical  
s t imu la t ion  of  the  ven t ro- la te ra l  pe r i aqueduc ta l  gray m a t t e r  
[1, 1 9 , 2 0 ,  21, 2 2 , 2 8 1 .  

l h e  i m p o r t a n c e  of  such brain sites, in cent ra l  pain 
mechan i sms ,  has recen t ly  been emphas i zed  by s tudies  
involving mic ro in j ec t ion  of  m o r p h i n e  in to  specific subcor t i -  
cal loci. In the rhesus m o n k e y  two regions,  the peria- 
queduc ta l  gray (PAG)  and a lateral midbra in  area, have 
been ident i f ied  in which  m o r p h i n e  p roduces  an t inoc icep -  
l ion [ 2 4 ] .  In the rat the  PAG has been  shown to be an 
i m p o r t a n t  site of  b o t h  m o r p h i n e  analgesia [13,  14, 33, 38] 
and to le rance  [ 1 4 ] .  However,  in b o t h  the m o n k e y  attd the 
rat, d i rect  m o r p h i n e  in jec t ions  in to  forebra in  areas such as 
the a tnygdala  have failed to p roduce  s ignif icant  analgesia 
[ 2 4 , 3 8 ] .  

Paradoxical ly ,  whilst  the PAG exh ib i t s  high levels of  
opia te  r ecep to r  b inding ,  the greates t  a m o u n t  of  b inding  has 
been localized wi th in  the amygda lo id  region of  the l imbic 
sys tem [ 3 5 [ .  These  results  have received cons iderab le  
suppor t  front  s tudies  of  the  local d i s t r i bu t ion  of  the 
morph ine- l ike  factor ,  e n k e p h a l m ,  in the m a m m a l i a n  ner- 
w m s s y s t e m  132J.  

Thc present  paper  explores  this appa ren t  c o n t r a d i c t i o n  
conce rn ing  opia te  act ivi ty  in the amygda lo id  complex .  
Aversive th re sho lds  were measured  using a mod i f i ca t ion  of  
the f l inch- jump th resho ld  test  [ 1 0 ] .  l h i s  test  was selected 
for two main reasons:  (a) it has previously  been found  to be 
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responsive to b o t h  per iphera l  [10 .34]  and cent ra l  [13]  
in ject ions  of  morph ine ,  and (b)  since supraspinal  nlecha- 
nisms were impl ica ted ,  a test was required that  did not  
measure  a simple spinal reflex. The cent ra l  sites chosen  for 
s tudy  were the cauda te -pu tan ten ,  the basola tera l  attd 
cor t i comedia l  aspects  of  the  amygdala .  Since m o t o r  side 
effects,  which  could affect  pe r fo rmance  on this test,  have 
been repor ted  fo l lowing cent ra l  in jec t ions  of  tno rph ine  [5, 
14, 33] a con t ro l  act ivi ty  test  was carried out  to assess the 
possibi l i ty of  m o r p h i n e - i n d u c e d  m o t o r  impa i rn len t .  

ME I'H()I) 

el nimals 

Seventy-eight  adul t  male Sprague-Dawley rats, from 
Bradford Universi ty  co lony  were used in these studies.  All 
animals  were individual ly  h.oused wi th  food and water  
available ad lib. The animals  were ma in t a ined  on a 12 hr 
l igh t /dark  cycle (7 a . m . - 7  p .m.)  and all tes t ing was 
pe r fo rmed  unde r  red light dur ing  the  dark phase of  the 
cycle, ie 7 p.m. onwards .  

Surgery 

t i xpe r imen ta l  an imals  (mean  weight 300  g) were bilater- 
ally imp lan ted  with guide cannulae  under  Equi thes in  
anaes thes ia  ( Jensen-Salsbury  Lab. Inc). Cannulae  consis ted 
of a 0.6 nnn  o.d. stainless steel guide f i t ted wi th  a 0.3 mm 
o.d. stylet .  The guides were cons t ruc t ed  such that  each 
t e rmina t ed  2 mm dorsal  to desired in jec t ion  site. 

T h e  animals  were r a n d o m l y  assigned to 3 surgical groups  
(n in each = 26):  the c a u d a t e - p u t a m e n  ( ( ' P U t  the baso- 
lateral amygdala  (BLA)  and the cor t ico-media l  amygdala  
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(( 'MA).  I m p l a n t a t i o n  coo rd ina t e s  for the cauda t e -pu t an l en  
were 8.0 turn an t e r io r  to s t e reo tax ic  zero, 3.6 toni lateral to 
the sagit tal  sinus and 5.0 m m  below the surface of  the  brain 
(+8.00" : 3 . 6 : 5 . 0  down) .  Coord ina te s  for the amygda la  
w e r e  baso-latcral  (+5.2:  " 5 . 0 : 8 . 5  down) :  cor t ico-media l  
~+5.0: , 4 . 0 : 9 . 5  down) .  These values were based on  
adjus ted  ca lcu la t ions  f rom the at las of Konig and Klippel 
[17 ] .  Af ter  surgery animals  received an in t r amuscu la r  
in jec t ion of  penci l l in  ( 50 ,000  uni t s )  and at least I0 days 
pos topera t ive  recovery was al lowed before  c o m n l e n c e m e n t  
of  behavioura l  test ing.  

In jec t ion  Technique and Drugs 

During in jec t ion ,  s tylets  were replaced wi th  0.3 nlnl 
in jec t ion cannu lae  which  e x t e n d e d  2 nlnl vent ra l  to the tip 
of tile guide. "[his a l lowed for Ca) more  precise local izat ion 
of in jec t ion sites and (b)  only  min imal  tissue danlage at 
these sites. Whitst the aninlal  was hand-he ld ,  bi lateral  
n l ic ro in jec t ions  were nlade,  via p o l y t h e n e  tubing,  f rom a 10 
ul Hami l ton  microsyr inge  (Model  701N).  In jec t ions  were 
made at tile rate of  0.5 ul,,'15 sec and tota l  t ime taken  to 
make bi la teral  in jec t ions  was app rox in l a t e ly  60 sec. 

Morph ine  su lpha te  was used at two dose levels, 20 ug/ul  
and 40 ug,:ul. The vehicle for m o r p h i n e ,  which  also served 
as in jec t ion  con t ro l ,  was disti l led water.  All micro in  cot tons  
were made  bi la teral ly  in a volunle  of 0.5 ul and each animal  
was used o n c e  only.  

I l isto h)gy 

Before sacrifice, animals  received bilateral  micro)nicer)on 
of 0.1 ul t rypan  blue to aid local izat ion of in jec t ion  sites. 
Aninlals  then  received an (Yvcrdose of  Nembu ta l  and were 
perfused wi th  no rma l  physiological  saline fol lowed by 10~4 
formal  s l ime.  Brains of  aninlals  used in the pain expe r imen t  
were removed ,  e m b e d d e d  ill wax and serial sec t ions  cut at 
10 u. Sect ions  were s ta ined for myel in  (Luxol  Fast Blue). 
coun te r - s t a ined  for cell bodies  (Pyron in  Y), m o u n t e d ,  anti 
examined  for in jec t ion  sites. Brains of  animals  used in the 
act ivi ty tests  were removed ,  ha rdened  ill formal  saline and 
exan l incd  for in jec t ion  sites fo l lowing sec t ion ing  on freeze- 
n l ic ro tonlc .  

.,1 ppara t us 

t" l inch- /ump test. A modif ied  rat ope ran t  chamber ,  
n leasur ing 23!.-" × 22 x 22 cm served as the test chamber .  
An Aims Bioscience shock gene ra to r  (Model  507)  suppl ied 
scrambled  electr ic  shock of  variable in tens i ty  to the grid 
f loor of  tile chamber ,  l h e  to ta l  n u m b e r  of  shocks,  shock 
dura t ion  and shock f requency  were held cons t an t  by 
relayed p rogramnl ing  e q u i p m e n t  (Aims Biosciences).  

Aclivit .v lesl. The act ivi ty appa ra tu s  has previously been 
descr ibed [4 ] .  Briefly each act ivi ty chan lbe r  consis ted of  a 
perspex box (30  x 20 x 15 cnl)  wi th  a wire mesh top. 
Aligned off  cent re  on the long t i tud ina l  axis, was a single 
pho toce l l  which  was c o n n e c t e d  to all ex te rna l ly  m o u n t e d  
counte r .  A bank of  5 similar chambers ,  each c o n n e c t e d  to a 
separate  coun te r ,  was used in present  expe r i m en t .  

I'ro c('dur(" 

t"linch-/ump t('st. Four t een  animals  for each surgical 
ca tegory (CPU, BI,A, ( 'MA)  wcrc r a n d o m l y  assigned to 
three  in jec t ion  groups ,  water  con t ro l  (n = 4), 10 ug 

morph ine  su lpha te  (n = 5) and 20 ug m o r p h i n e  s u l p h a t e ( n  
=51.  

Aversive th resho lds  were measured  using a modif ied  
f l inch- jump th resho ld  test  [10 ,201 .  Opera ted  rats were 
individual ly  placed ill tile test  c h a m b e r  and received 6 series 
of 8 shocks  10.5 sec d u r a t i o n )  delivered at 10 sec intervals  
to tile grid floor. Shock series were adnl in i s te red  ill 
a l t e rna t ing  ascending  and descending  order  with intensi t ies  
ranging be tween  0.13 1.3 nlA in eight steps. Since it has 
previously been d e m o n s t r a t e d  I10 l  tha t  the f l inch response 
does not  provide a reliable aversive th resho ld ,  only tile 
j u m p  threshold  ( the in tens i ty  at which the anita,,Is hind 
feet leave the grid fh)or)  was recorded.  Ju lnp  th resho lds  
were es t imated  for each series and an overall  lnearl 
calculated to provide a p re in jec t ion  baseline.  The aninlal  
was then  removed from tile chamber ,  injected and immedi-  
ately re tes ted fol lowing an ident ical  procedure .  

Ac t i v i t y  test. Twelve animals  f rom each surgical category 
,,','ere r andomly  assigned to two re ject ion groups:  con t ro l  (n 
= 5) and 20 ug m o r p h i n e  su lpha te  (n = 7L 1 o  ob ta in  an 
act ivi ty baseline,  individual  an)h i l l s  were placed in the 
act ivi ty chamber s  for a period of 14 rain, co r r e spond ing  
a p p r o x i m a t e l y  to test per iods  ill tile f l inch- jump test. 
Animals  were then  removed ,  injected and inlmcdk,  tel.~. 
replaced in tile chamber s  for a fu r the r  14 rain session. 

Resul ts  

l .Tinch-/ttmp test. Two-tai led cor re la ted  t- tests  were used 
ill the data  analysis.  In the graphic  r ep resen ta t ion  of  results. 
the abscissa refers to 6 series of  p re in jec t ion  shocks  and 6 
series of pos t in jec t ion  shocks.  For  s tat is t ical  purposes ,  
overall averages of  the 6 p re in jec t ion  means  were compared  
to averages of  tile pos t in jec t ion  mean  j u m p  threshohls .  
Figure 1 shows the results  for the BLA group.  Nei ther  
con t ro l  in jec t ions  t t  = 0.00),  10 ug m o r p h i n e  su lpha te  (t = 
--0.t~0), no r  2 0 u g  n lo rph ine  su lpha te  (t = 0.141 p roduced  
any signif icant  a l te ra t ion  in the j u m p  threshold .  However,  
when  injected into the cor t ico in led ia l  amygdala ,  m o r p h i n c  
p roduced  a dose d e p e n d e n t  increase ill the jun lp  th reshoh t  
{Fig. 2)" ( ' on t ro l  (t = 0.e,8L 1 0 u g  morph ine  su lpha te  (t = 
7.02. d r =  4, p.-:0.011. 20 ug n lo rph ine  su lphate  t t  = 7.8g, 
d l = 4 ,  p <  0 . 0 1 ) .  

Al though  threshold  e levat ions  ill response to b o t h  
con t ro l  and n lo rph ine  in ject ions  were also appa ren t  ill 
in lmedia tc  pos t in jec t ion  ill CPU aninlals,  these did not  
reach stat is t ical  s ignif icance IFig. 3): con t ro l  It = 1.72). 
10 ~g m o r p h i n e  su lpha te  ([ = 0.44}, 20 ug m o r p h i n e  
su lpha te  ~t = 1.7q). ( 'asual  observa t ion  of  these an imals  
suggested that  seda t ion , .n lo lor  impa i rmen t  occur red  dur ing  
the mlmedia te  pos t in jec t ion  period.  

I l is tological  analysis indica ted  tha t  all an imals  were 
in lp lan ted  within tile correct  suhcor t ica l  region. I"igure 4 
i l lustrates  the areas which were found  to con ta in  implan ted  
cannulac ,  as revealed by tr:ypall blue inject ion.  Four  
to r t )co-media l  amygda lo id  cannulae  were found  to be 
pos i t ioned clc)se to the ventra l  h ippocampus ,  t lowever ,  
since the behavioura l  results  from these aninlals  were ill tile 
same d i rec t ion  as the rest of  tile group,  it seemed 
appropr ia t e  to include tl lem in data  analysis.  

[ h i s  cxpcr in len t  clearly demonstr t ,  tes tha t  micro- 
in jec t ion of  m o r p h i n e  su lpha te  in to  lhe cor t ico-mcdia l  
aspect of  the amygdala  results  in significvnt e levat ions  in 
the aversive threshold .  That  this effect  is specific to tile 
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I"IG. 1. The effect on aversive thresholds (+SEM) ()t" ct~ntr~l and 
morphine injections into lhe basolateral amy,udala. 

FIG. 2. ]he  effect on aversive thresholds ( 'SI 'M) of control ;rod 
morphine injections inlo the corlico-medial amy~dahJ. 

more  media l  regions of  this  complex  is in ag reement  wi th  
data on  the d i s t r ibu t ion  o f  opia te  b ind ing  [ 3 5 ] .  

Act iv i ty  test. Since h a b i t u a t i o n  of  act ivi ty  occur red  
be tween  pre- and pos t in jec t ion  periods in all groups  (l:ig. 
5j, d i f fe rence  scores be tween  these  two periods were used 
for compar i sons .  A Kruskal-Wallis one-way  analysis  of  
variance revealed an overall  s ignif icant  ef fec t  (H = 29.02.  d.¢ 
= 5, p < 0 . 0 0 1  i. A series of  Mann-Whi tney  U tests  were then  
e m p l o y e d  in o rder  to d e t e r m i n e  the na tu re  of  this  
s ignif icance.  

No signif icant  d i f fe rences  were found  be tween  act ivi ty  
t lepressions p roduced  by m o r p h i n e  compared  to con t ro l  
in jec t ions  wi th in  each category.  However ,  m o r p h i n e  de- 
pressed act ivi ty to a s ignif icant ly  grea ter  ex t en t  in ( 'PtI  
than  in ( 'MA ( p < 0 . 0 2 )  or B[,A ( p < 0 . 0 3 ) .  Also, con t ro l  
in jec t ions  p roduced  a larger act ivi ty  dec remen t  in ( 'PU than  
in CMA ( p < 0 . 0 2 8 ) .  No such d i f fe rences  were found  
be tween  CPU and BLA or be tween  CMA and BLA. 

Loca t ion  of  in jec t ion sites were ident i f ied  by histological  
analysis  and found  to be vir tual ly  ind is t inguishable  f rom 
those r epor ted  for  f l inch- jump sites in all 3 surgical groups.  

The results  of  this  e x p e r i m e n t  do not  suppor t  the 
hypo thes i s  tha t  th resho ld  e leva t ions  in the  ( 'MA group in 
Expe r imen t  1 were due to a m o t o r  defici t .  I Iowever ,  the 
casual obse rva t ion  that  CPU animals  appeared  seda ted /  
a taxic  immed ia t e ly  fol lowing m o r p h i n e  cr  con t ro l  injec- 
t ions was suppo r t ed  by the present  data .  The decrease in 
act ivi ty be tween  pre- and pos l in jec t ion  phases was signifi- 

cant ly  greater  in the ('Pl.J animals  than  in e i the r  of the 
o t h e r  two groups.  

(;ENERAL DISCUSSION 

Morphine  (10  ~ug, 20 ug bi la teral )  p roduced  a dose- 
d e p e n d e n t  increase in aversive th resho lds  when  injected 
in to  the cor t ico-media l  aspect  of  the amygda lo id  complex .  
This effect  was not  a consequence  of  drug- induced  sedat ion 
since m o r p h i n e  in jec t ions  at this  site failed to affect  act ivi ty 
scores (act ivi ty test) .  Comparab l e  in jec t ions  in to  more  
lateral amygda lo id  sites were ineffect ive in a l ter ing aversive 
th resho lds  or m o t o r  act ivi ty ,  thus  d e m o n s t r a t i n g  site 
specif ici ty  wi th in  the amygdalo id  complex .  Al though  the 
possibi l i ty  exists  tha l  morph ine  may have gained en t ry  in to  
the infer ior  horn  of  tile lateral ventr icles,  this seems ra ther  
unlikely in view c)t' the vent ra l  d i s t r ibu t ion  of  most  
cor t ico-media l  in jec t ion  sites. 

These results  are at variance wi th  those  previously 
repor ted  for the rhesus m o n k e y  and rat. In the rhesus 
m o n k e y  s tudy  [24]  a possible species d i f fe rence  existed,  a 
d i f fe rent  p rocedure  was used in assessment  of  aversive 
th resho ld  and the  in jec t ion  sites did not  co r respond  wi th  
those in the present  s tudy.  More diff icul t  to reconcile  are 
d i f ferences  betv,,een the present  s tudy  and tha t  of  Yaksh et 
al. [38] on the rat. These au tho r s  used an extens ive  ba t t e ry  
of behavioura l  tests,  (tail flick, hot plate,  p inch  and shock 
t i t r a l ion l  yet failed to find an.',' effect  wi th  intra-  
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amygda lo id  m o r p h i n e  inject ions.  Several possibi l i t ies  arc 
suggested for this d i screpancy:  firstly, the test ba t t e ry  did 
not  include a test  comparab le  to the f l inch- jump test used 
in present  s tudy ,  secondly ,  the highest  m o r p h i n e  dose 
in jected in to  the  amygdala  was only  5 ug. compared  to 20 
ug (bi la tera l )  used m present  s tudy :  finally and perhaps  
most  i m p o r l a n t l y ,  all mic ro in jec t ions  in lhe Yaksh ct e,/ 
s tudy  [38]  were made uni lateral ly .  

Nonethe less ,  indirect  suppor l  exists  for invo lvement  of 
amygdala  in m o r p h i n e  act ivi ty.  It has been repor ted  that  
increasing doses of  m o r p h i n e  t IP)  decreases behavioura l  
effects  of  amygdalo id  s t imula t ion ,  inc luding vocal iza t ion 
[ 1 2 ] .  and that  direct  morph ine  in ject ions  exert  p ro found  
effects  upon  amygda lo id  | :EG [3(~]. 

Morpll ine in jec t ions  in to  the c a u d a t e - p u t a m e n  initially 
appeared  to result in a gre~,ter increase m aversive th reshold  
than that  observed in anlygdaJa, l lowever ,  casual observa- 
t ion  suggested thai  lhesc animals  were sedated for a 
pos t - in jec t ion  period of  2--.5 nlin,  an effect  lhat  could have 
rendered  the animals  incapable  of  pe r fo rming  the appropr i -  
ale n lo to r  response.  l h a t  a similar pa t t e rn  of  results was 
ob ta ined  fol lowing con t ro l  in jec t ions  indica ted  that  m¢)tor 
impa i rmen t ,  perhaps  related to nonspec i f ic  mechanica l  
d i s rup t ion  of  (1)[! tissue, was responsible  for lhe raised 
aversive th reshold .  Indeed,  the act ivi ty test revealed lhat .  
compared  wi th  o t h e r  groups,  the ( 'PU animals  under  
m o r p h i n e  or water  exh ib i t ed  less m o t o r  act ivi ty.  It is 
suggested that  this  m o t o r  ef tcot  c o n t r i b u t e d  to (he reduced 
responsivi ly  to avers(re s l imula l ion  and that  once this  
initial ell 'eel had diss ipated,  th resho lds  re tu rned  to predrug 
baseline levels. I 'hc  effects  on a v e r s i v e t h r c s h o l d  previously 
repor ted  [13] fol lowing morph ine  in jec t ion in to  the 
cauda te -pu tan len  may the re fore  have been secondary  tt~ 
changes  in m o t o r  act ivi ty.  

The present  paper  provides  evidence for an ant inocicep- 
t i re  act ivi ty of  morph ine  outs ide  classical Ix, in pa thways ,  
yet  in an area rich in opia te  recep tor  binding.  It has earlier 
been no ted  that  the amygdala  possesses the greatcsl  anlot lnt  
of opia te  b inding  in the ral,  m o n k e y  and h u m a n  brain 
l l g , 3 5 ] ,  t .u r the r  phy logene t i c  invest igat ion has revealed 
that the o l fac to ry  nuclear  regions ( fo re runne r s  of the 
mammal i an  l imbic sys tem)  in goldfish,  dogfish and chick 
brain are highly enr iched in opia te  receptors  125}. l 'his 
may provide a clue to the evo lu t iona ry  i m p o r t a n c e  of l imbic 
sites in responsiveness  to e n v i r o n m e n t a l  s t imula t ion ,  m- 
eluding pain. In suppor t  of this p ropos i t ion ,  the amygdalo id  
conlp lex  has I requent l}  been shown to exert  a nlodtl lator ' ,  
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influence on emot iona l  responding;  s t imulat ion can pro- 
duc t  a t tack,  flight and defense  1161, or escape responses  
and a t t e m p t s  to turn o f f  s t imulat ion [8 ]  : lesions result in a 
paucity of  emot iona l  responses  [9] .  

Clinical observat ions  suggest that  the pr imary act ion of  
morph ine  is not  to inhibit  pain percep t ion  per se but to 
a t t enua te  emot iona l  reactivity to pain [15] .  Under  in- 
f luence of  morph ine ,  pat ients  report  that  they still feel pain 
but are no longer worried or anxious  about  it 's  presence 
[3] .  This f la t tening of affect  is character is t ic  of  amyg- 
da lec tomy in bo th  animals and man [91. Present data 
conf i rm the impor tance  of  the amygdala to normal manifes-  
ta t ion of  responses  to aversive stimuli.  Since responses  are 
a t t enua ted ,  not  total ly blocked by intra-amygdaloid injec- 
tion of  morphine ,  it is suggested that this limbic site may 
funct ion to modula te  the in tensi ty  of  responses  to aversive 
s t imulat ion.  It is t empt ing  to speculate  that  this f tmct ion 
may cor respond  to the limbic mot ivat ional-affect ive  contro l  
of  pain, suggested by Melzack and ( 'asey [231. 

As reviewed above, morph ine  exer ts  it 's most  po ten t  

analgesic effect  when injected into the per iaqucducta l  gray 
mat te r  [ I, 19, 20, 21, 22, 281. This analgesia has generally 
been a t t r ibu ted  to a descending serotoncrgic  inhibi tory 
inf luence on the dorsal horn t ransmission cells in lamina V 
of  the spinal cord [2, 7, It), 21, 27, 30. 311. I lowever,  the 
neurochemica l  media t ion  of  a forebrain pain system has not 
yet received much research a t ten t ion .  Preliminary rest, Its 
suggest the involvement  of dopaminerg ic  mechanisms 11, 
26, 31, 341, a f inding that  is consis tent  with the prox imi ty  
of  the morphine-sensi t ive  lateral midbrain area to the cell 
origin of  the ascending dopamine  system in the substantia 
nigra 1241. This reticular area in the rat has recently been 
shown to be activated by noxious  s t imulat ion and thal 
morphine  decreases this activation [ I I 1. 
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