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The nervous regulation of trophic p roces se s  has been the subject  of many physiological  and patho- 
physiological  investigations which have es tabl ished the close relationship between the t issue d isorders  
and changes in the function of the nervous sys tem [2, 6-8]. 

The action of pharmacologica l  substances on trophic p rocesses  has received little study. The me-  
chanisms of trophic p roces se s  in the ear ly  stages of development of neurogenic trophic d i so rders  have 
never  been studied by means of the la tes t  cytological  methods.  

The object of the present  investigation was to examine f rom various aspects  the ear ly  s tages of t ro-  
phic disturbances by means of pharmacologica l  and cytological  analysis,  using the electron microscope .  

E X P E R I M E N T A L  M E T H O D  

Experimental  trophic d i sorders  in the mucous membrane  of the s tomach wall were  produced by 
O. N. Zabrodin 's  [3] method by e lec t r ica l  st imulation of immobil ized rats  and t raumatizat ion of the duode- 
num [4]. 

The intensity of the injury to the gas t r i c  mucous membrane  was determined microscopica l ly .  For  
the cytological  analysis ,  the number  of mitoses  was counted in 4000 cells f rom 100 glands cut longitudinally, 
and the resul ts  were subjected to s tat is t ical  analysis;  the glandular epithelium of the s tomach was also 
studied in the electron microscope .  Experiments  were ca r r i ed  out on adult sexually mature  ra ts .  The 
cytological  examinations of the experimental  mater ia l  were  ca r r i ed  out 1 and 3 h af ter  e lec t r ica l  s t imula-  
tion of the immobil ized r a t s .  The mater ia l  for  e lec t ron mic roscopy  was fixed, treated, and embedded in 
methacry la tes  by Pa lade ' s  method. Ultrathin sections were  cut on an LKB ul t ra tome and studied in the 
UEMV-100 electron mic roscope  with an overal l  optical magnification of 25 000 t imes.  

EXPERIMENTAL RESULTS 

The development of trophic disturbances in the gastric mucous membrane at the submicroscopic 
level was observed 1 h after stimulation for 15 min, before any changes were visible in the optical micro- 
scope. They took the form of disturbances of the ultrastructures of the chief and parietal cells, with changes 
in the endoplasmic reticulum, a decrease in the number of ribosomes, and destructive changes in the 
mitochondria. The latter had lost their usual shape and their internal structure, and the electron density 
of their matrix was reduced. Some mitrochondria were fragmented. These changes were more marked 
in the parietal cells (Fig. I). 

The nuclei of the chief cells showed an increase in osmiophilia and a more marked condensation than 
normal of the nucleoprotein granules. The osmiophilic granules of the nucleus correspond to the macromo- 
lecules of desoxyribonucleoproteins and ribonucleoproteins (DNP and RNP) [9, i0, ii]. Consequently, in 
the early stages after stimulation, changes visible submicroscopically and reflecting disturbance of RNP 
resynthesis developed in the chief and parietal cells of the glands in the mucous membrane of the fundus 
of the stomach. 

At these stages the disturbance of protein metabolism in the gland cells is also revealed by changes 
in the rate of incorporation of S3~-labeled amino acids [5]. The changes in resynthesis of the tissue proteins 
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Fig. 1. Submicroscopic  changes in the 
chief and pa r i e t a l  cel ls  of the ga s t r i c  
mucous m e m b r a n e .  A - P a r t  of a p a r -  
ie ta l  cell:  nucleus (N) granules  of DNP 
and RNP;modif ied mi tochondr ia  (M) 

(vacuolation, swell ing,  des t ruc t ion  of 
in terna l  membranes ) ;  B - p a r t  of the 
cy top la sm of the chief cel ls :  En) 
endoplasmic  r e t i cu lum with dilated 
tubules; R) r i b o s o m e s .  Magnification 
25 000 t imes .  
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Fig. 2. Changes in mitot ic  
act ivi ty of the gas t r i c  m u -  
cous m e m b r a n e  1 (1) and 3 
(II) h a f te r  e l ec t r i ca l  s t imu-  
lat ion of the immobi l i zed  
r a t s .  a - C o n t r o l ;  b - e l e c t r i -  
ca l  s t imulat ion of an imals  
for  15 rain. Unshaded co l -  
u m n s - p r o p h a s e  and m e -  
taphase (P+M). Shaded 
c o l u m n s - a n a p h a s e  and 
te lophase (A + 2"). 

we re  accompanied  by  d i s tu rbances  of physiological  r egenera t ion .  Quantitative analys is  showed that the 
coeff ic ient  of mi to t ic  act ivi ty  was modified,  with an abnormal  ra t io  between the phases  of mi tos i s  (Fig. 2). 
The delay in the p a s s a g e  of the cel l  f r o m  the in terkinet ic  s ta te  into mi tos i s  during synthes is  of RNA de-  
m o n s t r a t e d  a d is turbance  of this p r o c e s s .  The trophic d is turbances  developing in the ea r ly  s tages  in the 
cel ls  of the ga s t r i c  mucous  m e m b r a n e  could thus be detected e l e c t r o n - m i c r o s c o p i c a l l y  (at the u l t r a s t r u c -  
tura l  level) ,  b iochemica l ly  (by the r a t e  of incorpora t ion  of labeled amino acids) and functionally (by changes 
in the mitot ic  cycle) .  

However,  the t rophic  changes in the gland cel ls  descr ibed  above were  not m a s s i v e  in c h a r a c t e r  
in the ea r ly  s t ages  of development  of the p r o c e s s .  The intensi ty of the t rophic changes in the gas t r i c  m u -  
cous m e m b r a n e  i n c r e a s e d  3 h a f t e r  s t imulat ion,  but as before ,  they were  se lec t ive  and local  in c h a r a c t e r .  
At this t ime the development  of necrobiot ic  changes could be obse rved  in the optical  m ic roscope .  A v a s -  
cu la r  reac t ion  was c l ea r ly  v is ib le ,  cha r ac t e r i z ed  by foci of inf i l t ra t ion and diapedesis .  

Analysis  of the m e c h a n i s m  of the exper imenta l  gas t r i c  u lce r s  thus produced showed that they de-  
veloped by a r e f l ex  mechan i sm,  because  they could be p reven ted  by division of the vagus ne rves  and also 
by adminis t ra t ion  of pha rmaco log ica l  subs tances  in ter rupt ing  different  links of the r e f l ex  a rc  [1]. 

The r e su l t s  of pha rmaco log ica l  invest igat ions using neurot ropic  drugs provide :additional ~nformation 
regard ing  the pathways of t r a n s m i s s i o n  of impulses  dis turbing the nutri t ion of the s tomach  wall  and the 
par t ic ipa t ion  of neura l  e lements  in the re f l exes  giving r i s e  to the t rophic changes.  F u r t h e r m o r e ,  they can 
provide  a ra t ional  bas i s  fo r  the medica l  t r e a t m e n t  of neurogenic  trophic d is turbances  of the gas t r i c  mu-  
cous m e m b r a n e .  

The r e su l t s  of the au thor s '  e a r l i e r  invest igat ions [1] showed that the m o s t  effect ive drugs  f o r o r e v e n -  
ting the development  of neurogenic  t rophic  d is turbances  a r e  the bulbar  seda t ives  (barbi tura tes) ,  the cen t ra l  
m u s c a r i n e - l i k e  cholinolytic,  and the pe r iphe ra l  sympath ico ly t ics .  

Compar i son  of the r e su l t s  obtained showed that the m o s t  effect ive of the cent ra l ly  activing compounds 
w e r e  those blocking the t r a n s m i s s i o n  of nervous  impulses  through the r e t i cu l a r  fo rma t ion  (barbi tura tes  
and cen t ra l  m u s c a r i n e - H k e  cholinolytic).  
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The efferent part  of the arc of the reflexes causingtrophic disturbances can be assumed to sympathe- 
tic f ibers.  This assumption is supported by experiments with hexamethonium, preventing reflex trophic 
disturbances only when given in doses of 10 mg/kg, blocking sympathetic ganglia. Peripheral  sympathico- 
lytics such as sympatholytin (dibenamine) and guanethidine, which prevent the development of neurogenic 
trophic disorders caused both by traumatization of the duodenum and by electr ical  stimulation of immobil- 
ized animals, were also effective. 

The results of experiments car r ied  out by E. V. Moreva, working in the laboratory of experimental 
pharmacology, showed that electr ical  stimulation of the hypothalamus in rabbits causes the appearance of 
destructive changes in the gastr ic mucous membrane similar  to those produced by a reflex maechanism. 
These destructive changes could be prevented by division of the vagus nerves below the diaphragm and by 
prel iminary administration of phenobarbital. 

After application of an excessively strong stimulus to the reflexogenic zone, the impulses arriving 
via the activating re t icular  formation evidently produce intensive excitation of the sympathetic centers 
situated in the hypothalamus. A s t ream of impulses running from the hypothalamus along sympathetic path- 
ways causes trophic disturbances in the mucous membrane of the stomach, which can be detected in the 
early stages by cytological methods. 
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