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The morphologica l  subs t ra t e  of dual (sympathet ic  and parasympathe t ic )  innervat ion of the m i c r o -  
b lood-vesse l s  was studied in the serous  m e m b r a n e s  of the cat .  By the use of h i s tochemica l  meth-  
ods to demons t r a t e  chol inergic  (Koe l l e -Gomor i )  and adrenerg ic  ( F a l c k - H i l l a r p )  nerve  s t r u c -  
tu res  the a rch i tec ton ics  of both components  of the vasomoto r  innervat ion was descr ibed  in the 
p e r i c a r d i u m ,  p leura ,  and per i toneum.  Adrenerg ic  s t r uc tu r e s  were  m o r e  numerous  than cholin-  
e rg ic  in cor responding  segments  of the a r t e r i a l  sy s t em.  The autonomic innervat ion of the t e r m -  
inal a r t e r i o l e s  and cap i l l a r i e s  was inconstant  in c h a r a c t e r  and was essen t ia l ly  confined to s in -  
gle synapt ic  contacts  a r i s ing  along the course  of the ad rene rg ic  and chol inergic  t e rmina l s .  In 
the veins ,  including the post  cap i l l a ry  venules and smal l  col lect ing veins ,  the autonomic inne r -  
vation (both ad rene rg ic  and cholinergic)  was except ional ly  poor ly  developed and s o m e t i m e s  i m -  
poss ib le  to detect .  
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The autonomic innervat ion of the t e rmina l  m i c r o v e s s e l s  continues to a t t r ac t  c lose  at tention as a sub-  
ject  for r e s e a r c h .  This is explained p r i m a r i l y  by the perennia l  impor tance  of the mic roc i r cu l a t i on  p r o b -  
l em and of i ts  m o s t  impor tan t  aspec t ,  the nervous  m e c h a n i s m  control l ing the t e rmina l  blood flow under 
no rma l  and pathological  conditions [4, 6]. Another f ac to r  accounting for the increased  in t e re s t  in autonomic 
vascu la r  innervat ion is that r e l i ab le  methods for the s epa ra t e  detect ion of chol inergic  and ad rene rg ic  
ne rve  s t r u c t u r e s  a r e  now avai lable  in modern  neuromorphology .  By the use of these methods in the l as t  
decade much r e s e a r c h  has been c a r r i e d  out into the morphologica l  subs t ra t e  of the dual (sympathet ic  and 
parasympathe t ic )  innervat ion of the pe r iphe ra l  blood ve s se l s .  In addition to es tabl ishing the exis tence of 
complex  topographical  re la t ions  between the chol inergic  and ad rene rg ic  components  of the autonomic vas -  
cular  innervat ion,  these invest igat ions at  the s ame  t ime provide evidence of the inadequate level  of study 
of the morpho-funct iona l  pr inc ip les  governing the vasomoto r  innervat ion of the var ious  o r d e r s  of m i c r o -  
v e s s e l s .  In pa r t i cu l a r ,  there  is a conflict  of opinion rega rd ing  the p re sence  or absence  of d i r ec t  synaptic 
contacts  of autonomic nerve  f ibers  with true cap i l l a r i e s  and pos tcap i l l a ry  venules [3, 8-11]. The re la t ive  
contr ibution of chol inergic  and ad rene rg ic  components  in the di f ferent  pa r t s  of the t e rmina l  s y s t e m  is not 
c l ea r  in its e s sen t i a l s .  Much r e m a i n s  to be done in the study of thei r  a rchi tec tonics  and s t ruc tu ra l  d i f fe r -  
ences .  

Consider ing the g rea t  impor tance  of these p rob l ems  to the c o r r e c t  understanding of the h i s tophys io l -  
ogy of the nervous  m e c h a n i s m s  r e spons ib l e  for  the control  of the pe r iphe ra l  c i rcula t ion it was decided to 
study the s t ruc tu r a l  organizat ion of the ehol inergic  and ad rene rg ic  components  of the autonomic innervat ion 
in the mic roc i r eu la t ion  of the se rous  m e m b r a n e s .  
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E X P E R I M E N T A L  M E T H O D  

Various  pa r t s  of the se rous  m e m b r a n e s  of the cat  were  studied: the pe r i ca rd ium,  p leura ,  and per i ton-  
eum. These m e m b r a n e s  have a r i ch  blood supply with an in t r amura l  p lex i form s t ruc tu re  including all e l e -  
ments  of the a r t e r i a l  and venous s y s t e m s  [2, 7]. Total  mic roscop ic  invest igat ion of total p repara t ions  of 
the serous  m e m b r a n e s  provide the faci l i t ies  for the fullest  study of t h r ee -d imens iona l  neurovascu la r  r e l a -  
Uons. Another impor tan t  fact  is that, bes ides  possess ing  a r i ch  blood supply,  the se rous  m e m b r a n e s  have 
no other  contract i le  s t r uc tu r e s  of the type that  u sua l l y in t e r f e r e s  with the study of the specia l ized vasomoto r  
innervat ion.  

To demons t ra t e  chol inergic  (more exact ly ,  act ivated by chol ines terase)  nerve  s t r u c t u r e s  the K o e l l e -  
Gomor i  thioeholine method was used with acetylcholine iodide as the action subs t ra te .  Incubation continued 
for 1.5-2 h at 37~ The adrenerg ic  nerve  s t ruc tu res  were  revea led  by the f l u o r e s c e n c e - m i c r o s c o p i c  me th -  
od of Fa lck  and Hil larp.  The durat ion of  t r ea tmen t  of the spec imens  with gaseous  formaldehyde (relat ive 
humidity 519) was 1.5 h at 80~ and 3 h at 37~ The spec imens  were  examined and photographed in the 
ML-2 luminescence  mic roscope .  

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

Analysis  of the spec imens  showed that mos t  autonomic nerve  f ibers  demons t rab le  in the se rous  m e m -  
branes  by the thiocholine and catecholamine methods belonged to the autonomic sys t em.  Compar i son  of the 
cholinergic and adrenerg ic  components of this innervat ion showed cha rac t e r i s t i c  d i f fe rences  in their  a r ch i -  
tectonics and s t ruc tu ra l  organizat ion.  In cor responding  segments  of the blood ves se l s  the pa r a sympa the t i c  
innervat ion was cha rac t e r i zed  by a mainly longitudinal a r r a n g e m e n t  of the nerve  f ibers  and by polygonal 
loops s t re tched lengthwise along the vesse l .  In the s t ruc tu re  of the sympathe t ic  plexus,  bes ides  f ibers  with 
a longitudinal course  there were  thick and complex adrenerg ic  networks (Fig. 1). As the blood ves se l s  
branched and the vascu la r  innervat ion changed to the m o r e  t e rmina l  levels  (precapi l la ry  a r t e r io le s )  the 
above d i f ferences  in the s t ruc tu re  of the sympathe t ic  and pa ra sympa the t i c  components  gradual ly  d isappeared .  
In both cases  groups of thin axons or single f ibers  showing high activity of the media to r  (noradrenalin) ,  in 
one case ,  or  the enzyme (ace ty lchol ines terase) ,  in the other  case ,  were  seen (Fig. 2). 

The observa t ions  revea led  a sepa ra t e  a r r a n g e m e n t  of the sympathe t ic  and pa ra sympa the t i c  compon-  
ents of the autonomic innervat ion in the blood vesse l  walls .  However,  this does not rule  out the poss ib i l i ty  
of close topographical  re la t ions  between them or  the format ion  of typical  cable s y s t e m s  in the pr inc ipa l  
bundles of the p a r a v a s c u l a r  plexus c h a r a c t e r i s t i c  of the autonomic pe r iphe ry  as a whole [5]. 

Compara t ive  analys is  of spec imens  t rea ted  by the thiocholine and catecholamine methods showed 
quantitat ive predominance  of e lements  of the adrenerg ic  innervat ion over  the cholinergic in cor responding  

Fig.  1. Choii~ergic and adrenerg ic  innervat ion of blood vesse l s  of 
the eat  pe r i ca rd ium:  a) K o e l l e - G o m o r i  method;  b) Fa lck - -Hi l l a rp  
method,  400x. 
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Fig.  2. Cholinergic  and ad rene rg ic  innervat ion of vesse l s  of the p a r i e -  
tal p leura :  a) K o e l l e - G o m o r i  method; b) F a l c k - H i l l a r p  method,  400• 

segments  of the vascu la r  s y s t e m  of the se rous  m e m b r a n e s .  This sugges ts  that pe r iphe ra l  vasocons t r i c to r  
m e c h a n i s m s  a re  r e p r e s e n t e d  p re fe ren t i a l l y  in the walls of the vesse l s  supplying them with blood. This 
applies  chiefly to the a r t e r i a l  por t ions  of the vascu la r  sys t em.  So far  as the venous port ion is concerned,  
the ad rene rg ic  and chol inergic  innervat ion of these vesse l s  is e x t r e m e l y  poorly  developed.  Microscopic  
examinat ion of total p repa ra t ions  ve ry  often revealed  a s t r ik ing con t ras t  between the powerful ly developed 
ad rene rg ic  plexus in the wall of a r t e r i e s  of d i f ferent  ca l ibe r  and the hardly percept ib le  s ing le  f ibers  ac -  
companying the s e r i e s  of venous t runks .  Often along the cou r se  of the smal l  veins  e l emen t s  of the 
ad rene rg ic  innervat ion  could not be  found at all,  a r e su l t  not l ikely to be a t t r ibutable  to t e c h n i c a l e r r o r s ,  
for  the a r t e r i a l  ve s se l s  lying immedia te ly  next to the veins invar iably  ca r r i ed  br ight ly  luminescent  p e r i -  
vascu la r  p lexuses  (Fig. 2b). However,  i t  mus t  be emphas ized  that the ne rve  supply of the la t ter  could be 
t r aced  only as far  as a ce r ta in  l imit ,  including the s y s t e m  of t e rmina l  a r t e r i o l e s  and p r ecap i l l a r i e s ,  and 
that it did not spread  to the overwhelming ma jo r i ty  of cap i l l a r i e s .  Only a few cap i l l a r i e s ,  these observa t ions  
showed, were  in contact  with ad rene rg ic  t e r m i n a l s .  These findings agree  with r e p o r t s  in the l i t e ra tu re  of 
isolated d i s c o v e r i e s  of c r o s s  sec t ions  of axons and synapse - l ike  s t r u c t u r e s  close to the cap i l l a ry  wall [1, 
11], and they can thus be cont ras ted  with the views of those worke r s  who total ly deny the exis tence  of any 
autonomic innervat ion of the cap i l l a r i e s  [8-10]. 

The fea tu res  of the s t ruc tu ra l  organiza t ion  of the chol inergic  and adrenerg ic  components  of the auto-  
nomic vascu la r  innervat ion were  typical  equally of all the se rous  m e m b r a n e s  studied. Never the less ,  
within the s ame  m e m b r a n e s  the intensi ty of innervat ion of  the cor responding  pa r t s  of the vascu la r  s y s t e m  
with vasomoto r  ne rves  var ied within wide l imi ts .  In all probabi l i ty  this fact r e f l ec t s  the functional s tate 
of the innervated s t r u c t u r e s ,  which lies at the bas is  of the h is tochemical  methods used to demons t r a t e  them, 
r a the r  than the t rue morphologica l  p ic ture  of the vascu la r  innervat ion.  What these exper iments  p r i m a r i l y  
revea led  was the enzymic  or  med ia to r  act ivi ty  of the ne rve  f ibe r s ,  the degree  of which can be ref lec ted  
s ignif icant ly in the morphologica l  p ic ture  of the neu rovascu l a r  re la t ions ,  e spec ia l ly  in the region of the 
cap i l l a r i e s  where the innervat ion s t ruc tu r e s  a re  r ep re sen ted  by single,  ve ry  thin axons.  
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