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An important  role  in the mechanisms of pain and reflex analgesia is played by the periaqueductal gray 
mat te r  (PAG) of the midbrain.  E lec t r ica l  stimulation or  microinjezt ions  of oPiates into this s t ructure  has been 
shown to produce a p rec i se  analgesic effect [9, 12]. Depression of pain sensitivity and marked activation of 
endorphinergic  sys tems  of PAG are observed during acupuncture and in response to s t ress  [1, 3]. Elec t ro lyt ic  
blocking of PAG leads to a marked decrease  in the analgesic effect of morphine,  acupuncture, and s t r ess  [2, 14]. 

There  is e lectrophysiological  evidence of the modulating effect of somatosensory  cort ical  area  II on con- 
duction of nocieeptive impulses  to PAG [5]. However, morphological  studies of direct  cort ical  connections with 
PAG have been few in number and they have mainly dealt with project ions of the prefrontal  and l imbic cortex 
with PAG [8, 10]. 

The object of this investigation was to study direct  cortieofugal project ions to PAG as the morphological  
substrate  of cort ical  influences on one of the antinociceptive s t ruc tures  of the brain.  

EXPERIMENTAL METHOD 

Exper iments  were ca r r i ed  out on 11 adult cats.  Under pentobarbital anesthesia (40 mg/kg), using a s te-  
reotaxic  technique and taking coordinates f rom B e r m a a ' s  atlas [7], a unilateral microinject ion of 0.08-0.15 t~l 
of a 50% aqueous solution of horse rad i sh  peroxidase (HRP, f rom Sigma) was given in the course of 30 min into 
the ros t ra l  and caudal zones of PAG in the midbrain.  The a n i m a l ' s b r a i n  was perfused 48-72 h la ter  with a 
mixture of 0.4 % paraformaldehyde and 1.25% glutaraldehyde,  made up in 0.1 M phosphate buffer, pH 7.4. Sub- 
sequent t rea tement  of the brain  was in accordance with Mesulam's  method [13]. 

E X P E R I M E N T A L  R E S U L T S  

In exper iments  with unilateral  injection of microdoses  of HRP into different parts  of PAG it was found 
that r e t rog rade ly  labeled neurons were located ips i la tera l ly  in various regions of the cerebra l  cortex. All 
labeled cells in the cort ical  regions were  located in l ayer  V, the neurons of which a re  the main source of co r -  
t ical efferent f ibers  to the various subcort ical  brain format ions .  

Pyramidal  neurons,  filled with HRP granules ,  were found in somatosensory  cort ical  a rea  II (SII; Fig. la), 
situated in the anter ior  ectosylvian gyrus .  Labeled cells in this region were found independently of the local -  
ization of the injected HRP in PAG, but their  number was ra ther  less  compared with other  cortical  regions.  

Labeled cells were observed in somatosensory  cort ical  a rea  I (Fig. lb), situated in the poster ior  c ruc i -  
ate and coronal gyr i .  It was found that the distribution of labeled neurons in this region of the cortex depends 
on the site of injection of HRP into PAG. For  instance,  if HRP was injected into the la tera l  areas  of the r o s -  
t ra l  zone of PAG, many labeled cells were seen in the coronal gyrus and only single neurons in the poster ior  
cruciate gyrus  (Fig. 2). After  injection of HRP into the dorsal  par t  of PAG, single labeled cells were found 
only in the coronal gyrus  (Fig. 3). 
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Fig. 1, HRP- labe led  pyramida l  neurons  in l aye r  V: a) in s o m a t o s e n s o r y  a r e a  II; b) in 
s o m a t o s e n s o r y  a r ea  I; e, d) in cingulate cortex;  e) i n in su t a r  cortex;  f) i np re f ron ta l  cor tex .  
MBI-15 m i c r o s c o p e ,  oject ive 40, ocular  hemal  1.6. 
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Fig. 2. Schemat ic  dis t r ibut ion of labeled 
neurons  (dots) in f rontal  sect ions  of cat 
cor tex a f te r  inject ion of HRP into l a t e ra l  
a r e a  of r o s t r a l  zone of PAG. Here  and in 
Fig. 3: AN) s.  ansatus;  Cd) candalis;  
Cot)  g, eoronal is ;  CRU) g. erueia tus ;  
ECSA) g, ec tosylv ius  ant; GEN) s .  genual is ;  
HRP) h o r s e r a d i s h  peroxidase ;  PAG) p e r i -  
aqueductal b ray ;  PRS) s, p resy lv ius ;  RAN) 
s. rhinicus;  SCC) s. supraca l losa l i s ;  SUPS) 
suprasy lv ius ;  SYL) g. sylvius .  
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Fig.  3. Genera l  scheme of d i s t r i -  
bution of co r t i ca l  p ro jec t ions  into 
d i f ferent  a r e a s  (ventral ,  l a t e r a l ,  
and dorsa l )  of r o s t r a l  and caudal 
( la te ra l  a r e a s ) z o n e s  of FAG. 

In the p re f ron ta l  cor tex ,  which includes  the f ronta l  zones of the l a t e r a l  sur face  of the p r o r e a l  gyrus ,  and 
f ronta l  and r e c t a l  gyr i  on the media l  su r face ,  l abe led  neurons a lso  were  obse rved  (Fig. l f ) .  The c h a r a c t e r  of 
d i s t r ibu t ion  of l abe led  neurons  in the p re f ron ta l  reg ion  depends on the loca t ion  of in jec t ion  of HRP into PAG. 
Labeled  neurons  were  found on both the l a t e r a l  and the media l  su r f aces  of the p re f ron ta l  cor tex  only if HRP was 
in jec ted  into l a t e r a l  and do r sa l  a r e a s  of the r o s t r a l  zones of PAG, and a lso  into the l a t e r a l  a r e a s  of the caudal 

zone of FAG (Figs .  2 and 3). 

Labeled ce l l s  were  found in the cingulate cor tex ,  which i s  loca ted  in the cingalate  and genual gyr i  (Fig. 
l c ,  d). The c h a r a c t e r  of d i s t r ibu t ion  of l abe led  ce l l s  in these gyr i  depends on the s i te  of in ject ion of HRP into 
different  a r e a s  of PAG (Fig. 3). If HRP was in jec ted  into the do r sa l  and l a t e r a l  a r e a s  of the r o s t r a l  zone of 
PAG, many labe led  neurons  were  o b s e r v e d  in the genual gyrus  and only a few l abe led  neurons  in the cingulate 
gyrus .  If HRP was in jec ted  into the vent ra l  a r e a s  of the r o s t r a l  zone of PAG, s ingle  l abe led  cel ls  were  d i s -  
covered  only in the cingulate gyrus .  If HRP was in jec ted  into the caudal zone of PAG da t e r a l  a r ea s )  many l a -  
beled neurons  were  found only in the genual gyrus .  Labeled  ce l l s  a l so  were  found in the i n su l a r  cor tex  (in the 
a n t e r i o r  sylvian gyrus) .  This  reg ion  of the cor tex  is  d i s t i ngu i s he dby t he  se l ec t iv i ty  of i t s  p ro jec t ions ,  neurons 
of which send t h e i r  axons only into the l a t e r a l  a r e a s  of the r o s t r a l  zone of PAG (Fig. ld ,  F igs .  2 and 3). 

PAG thus r e c e i v e s  d i r ec t  p ro jec t ions  f rom co r t i ca l  a r e a s  SII and SI, and the p re f ron ta l ,  c ingulate,  and 
i n s u l a r  cor tex .  However,  the co r t i ca l  p ro jec t ions  d i f fer  in the i r  loca t ion  in PAG: Neuronso f  SII send diffuse 
p ro jec t ions  to a l l  p a r t s  of the r o s t r a l  and caudal zone of PAG, neurons  of SI send p ro jec t ions  to d o r s o l a t e r a l  
a r e a s  of the r o s t r a l  zone of PAG, neurons  of the p re f ron ta l  cor tex  send p ro jec t ions  to the d o r s o l a t e r a l  a r e a s  
of the r o s t r a l  zone and to the l a t e r a l  a r e a s  of the caudal zone of PAG, neurons  of the cingulate gyrus  send p r o -  
jec t ions  to a l l  a r e a s  of the r o s t r a l  zone, those of the genual gyrus  to the d o r s o l a t e r a l  a r e a s  of the r o s t r a l  zone 
and to the l a t e r a l  a r e a s  of the caudal zone of PAG, while neurons of the i n su l a r  cor tex  send pro jec t ions  into the 
l a t e r a l  a r e a s  of the r o s t r a l  zone of PAG. 

The fact  that  SII sends  d i r ec t  p ro jec t ions  to a l l  a r e a s  of the r o s t r a l  and caudal  ( l a t e r a l  a rea)  zones of 
PAG is  p a r t i c u l a r l y  i n t e r e s t i n g  in connection with the view that  SII is  the cen t ra l  modula to r  of nocicept ive  sen-  
sat ion,  whose function i s  connected with mecha n i s m s  of p r i m a r y  ana lys i s  and ident i f ica t ion  of e x t r e m a l  s t imul i  
o r  s i tua t ions ,  and a lso  the ac t iva t ion  of the n e c e s s a r y  defensive mechan i sms  (including ant inocicept ive)  for  the 
fo rma t ion  of an adequate r e sponse  of the o r g a n i s m  to the noxious fac tor  [5]. 
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Pro jec t ions  of SII to all p a r t s  of PAG, d i scovered  in this invest igat ion,  conf i rmed the view that  this co r -  
t ical  region may  have a d i rec t  influence on the act ivi ty of neuronal  m e c h a n i s m s  of PAG [5]. 

Bes ides  th is ,  an impor tan t  role  in the regulat ion of ant inocicept ive mechan i sms  and, in pa r t i cu la r ,  those 
respons ib le  for  control l ing the emot iona l -a f fec t ive  component,  is played by the p re f ron ta l  cor tex and the l imbic  
cortex,  which includes the cingulate and insu la r  zones of the cortex.  Clinical and exper imen ta l  data  are  ev i -  
dence in support  of  this view. Frontal  lobotomy,  undertaken for  the t r ea tmen t  of chronic  pain, has been shown 
to cause cons iderable  depress ion  of emotional  pain r e s p o n s e s ,  although the threshold  of nocicept ive sensat ion 
r ema ins  unchanged or  is actual ly lowered [15]. Morphine,  in smal l  doses ,  has a s imi l a r  action on the e m o -  
tional component of the pain r e sponse  [4, 6]. The exis tence of d i rec t  descending connections of cor t ical  zones 
respons ib le  for  the control of emotional  reac t ions ,  under the influence of nocicept ive s t imul i ,  to PAG thus 
s eems  proved beyond dispute.  In fact ,  in expe r imen t s  on monkeys ,  neurons  of the pref ronta l ,  insular ,  and ein- 
gulate cor tex  were  shown to send d i rec t  pro jec t ions  to do r so la t e ra l  a r e a s  of PAG [8]. In exper imen t s  on cats ,  
we obtained evidence that  the pref ronta l ,  insu la r ,  and cingulate cor tex  send d i rec t  pro jec t ions  to the r o s t r a l  
~a tera l  and dorsa l  a reas )  and caudal ( lateral  a rea)  zones of PAG. 

E lec t r i ca l  s t imulat ion of these  regions  of PAG, incidentally,  causes  depress ion  of pain sensi t iv i ty ,  often 
accompanied  by emotional  or  moto r  r e sponses  [11]. Compar i son  of these data with the r e su l t s  of our ex p e r i -  
ments  leads  to the conclusion that neurons in these  regions  of PAG, f i r s t ,  r ece ive  impu l ses  f rom the cor t ical  
regions  of the b ra in  and, second, they may  par t ic ipa te  d i rec t ly  in the regulat ion of emotional  behavior~ p rob-  
ably on account of ascending projec t ions  f r o m  PAG. 

The m e c h a n i s m s  of neuronal  act ivi ty at the PAG level  a re  thus under the d i rec t  influence of the l imbic ,  
p re f ron ta l ,  and s o m a t o s e n s o r y  a r e a s  II and I of the ce r eb ra l  cortex.  
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