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Submicroscopic  changes in the par ie ta l  ce l l s  of the fundal por t ion of the s tomach  were  c o m -  
pared  with the r e su l t s  of m e a s u r e m e n t  of the in t r agas t r i c  pH by d i rec t  vision in the s ame  
a r e a s  of the mucous m e m b r a n e  in 18 patients  admit ted to hospital  for  t r ea tmen t  in the r e m e d -  
ial dietetic depar tment .  After b r i e f  (36 h) s tarvat ion ,  when the pH of the mucous m e m b r a n e  
was indistinguishable f rom normal ,  no changes were  found in the u l t r a s t ruc tu re  of the p a r i e -  
tal cel ls .  With an inc rease  in the durat ion of s t a rva t ion  the gas t r i c  sec re t ion  gradual ly  be-  
came alkaline and the pH of the s tomach  wall changed f rom 2.02 af ter  3 days of s ta rva t ion  
to 4.8-5.0 a f te r  20-30 days  of s tarvat ion .  Corresponding changes took place in the u l t r a s t r u c -  
ture of the pa r i e ta l  cei ls :  the tubulovesic les  became flat tened and subsequently d i sappeared ,  
the lumen of the in t race l lu la r  tubules diminished,  and the microv i l l i  were  shortened.  The r e -  
suits of compar i son  of the submic roscop ic  changes with the pH m e a s u r e m e n t s  indicate that 
submic roscop ic  changes of this type cor respond  to depress ion  of functional act ivi ty of the 
par ie ta l  cei ls .  
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Numerous  invest igat ions of morphological  changes in the par ie ta l  cel ls  of the gas t r i c  epi thel ium dur -  
ing s t imulat ion by var ious  substances  have recen t ly  been published [2, 3, 7, 8]. Compar i son  of the u l t r a -  
s t ruc tu re  of the par ie ta l  cel ls  before  and af ter  s t imulat ion has  enabled submic roscop ic  c r i t e r i a  of their  
functional act ivi ty  to be defined. However,  the u l t r a s t ruc tu re  of the par ie ta l  cel ls  has not yet  been studied 
during a period of depress ion  of gas t r i c  s e c r e t o r y  act ivi ty.  There  a re  only isolated r epo r t s  [5] of inves t iga-  
tions of the action of atropine sulfate on the u l t r a s t ruc tu re  of the par ie ta l  ce i l s .  

In all  the invest igat ions cited above the ac id - fo rming  function of the par ie ta l  ce l l s  was judged on the 
bas i s  of t e s t s  of the secre t ion  l ibera ted  into the lumen of the s tomach.  No attention was paid to so i m p o r -  
tant a factor  as the heterogenei ty  of the s e c r e t o r y  act ivi ty of the mucous m e m b r a n e .  The submicroscop ic  
s t ruc tu re  of the cel ls  and the functional s tate of this pa r t  of the ga s t r i c  mucosa  have not been studied, a l -  
though knowledge of the act ivi ty  of the metabol ic  and s e c r e t o r y  p r o c e s s e s  in pieces  of t i ssue taken for in- 
vest igat ion would lead to more  re l iable  morpho-funct ional  co r re l a t ions .  

The object  of this invest igat ion was to compare  u l t r a s t ruc tu ra l  changes in the par ie ta l  cel ls  of the 
gas t r i c  mucosa  with changes in pH of the same pa r t s  of the s tomach  wall during inhibition of s e c r e t o r y  
act ivi ty obse rved  in the course  of prolonged r emed ia l  s ta rvat ion .  

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

This pape r  gives the r e su l t s  of a combined study of the mucous m e m b r a n e  of the gas t r i c  fundus in 
18 patients  admit ted to hospital  for t r ea tmen t  in the depa r tmen t  of r emed ia l  d ie te t ics  of the R e s e a r c h  In-  
stitute of Psych ia t ry  at var ious  s tages  during s ta rva t ion  (from 36 h to 30 days).  
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Gas t roscop ic  invest igat ions and g a s t r i c  biopsy were  c a r r i e d  out on these pat ients  to de te rmine  the 
r i s k  of the method of t r ea tmen t  by prolonged s ta rva t ion ,  for  according to expe r imen ta l  data [1, 4, 6], food 
depr iva t ion  is accompanied  by cons iderab le  damage  to the ga s t r i c  mucosa  amounting in some cases  to the 
fo rmat ion  of e ro s ions  and u l ce r s .  

During endoscopic  invest igat ion with the Olympus GFK gas t ro f ib roscope  the pH of the s tomach  wall 
over  an a r e a  of under 5 m m  2 was m e a s u r e d  under visual  control  with a minia ture  ant imony pH-de tec to r  in- 
t roduced through the biopsy channel of the ga s t ro scope .  This a r e a  of the mucous m e m b r a n e  was then r e -  
moved by the biopsy probe  for morphologica l  examinat ion.  The biopsy t issue spec imens  thus obtained were  
t r ea ted  by the s tandard  method adopted in the w r i t e r s '  l abora to ry .  Ultrathin sect ions were  examined in the 
UI~MV-100V and IEM-100V e lec t ron  m i c r o s c o p e s .  

The r e s u l t s  of the e l e c t r o n - m i c r o s c o p i c  invest igat ion were  subjected to m o r p h o m e t r i c  analys is  with 
the object  of measu r ing  the a r e a  occupied by the s e c r e t o r y  s t r u c t u r e s  of the par ie ta l  cel ls  (the tubulovesi -  
c les  and in t race l lu la r  tubules).  The m e a s u r e m e n t s  were  made by means  of a control  s y s t e m  (grid) with 
100 control  dots.  The a r e a  of the s e c r e t o r y  s t r u c t u r e s  was e x p r e s s e d  as a percen tage  of the total a r e a  
of the pa r i e ta l  cell .  

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

Br ie f  s t a rva t ion  for 36 h produced no apprec iab le  changes e i ther  in the u l t r a s t ruc tu re  of the par ie ta l  
ce l l s  o r  in the pH of the s tomach  wall.  However ,  by the third day of s t a rva t ion  evidence of reduced  func- 
tional act ivi ty  appeared  in the submic roscop ic  p ic ture  of the par ie ta l  cel ls .  The lumen of the in t race l lu la r  
tubules was reduced,  thei r  mie rov i l l i  were  shor t ,  and many  tubulovesic tes  could be seen  both in the body of 
the cel l  and in i ts  apical  pa r t  (Fig. la) .  This s ta te  of the ce l l s ,  in Seda r ' s  opinion [8],is the r e s t ing  s ta te .  
However ,  during this per iod  the total a r e a  occupied by s e c r e t o r y  m e m b r a n e s  was reduced a lmos t  by half 
(Fig. 2), f r o m  22.8% under normal  conditions to 12.3% on the third day of s ta rva t ion .  The pH of the s tomach  
wall a l t e red  f rom the no rma l  level  of 0.85-1.5 (mean 1.0) to 2.02. At the same  t ime the number  of c r i s t ae  
in the mi tochondr ia  of the pa r i e ta l  cel ls  fell by 20-25%. 

On the 5th-8th day of s ta rva t ion  changes were  found in the u l t r a s t ruc tu re  of the tubulovesic les  - the 
o rgane l l e s  containing p r e c u r s o r s  of  hydrochlor ic  acid. They became shrunken as  if they had lost  their  con-  
tents .  The volume of the tubulovesic les  t hemse lves  was only 27% of their  usual volume,  and the a r e a  oc -  
cupied by s e c r e t o r y  s t r u c t u r e s  in the cel l  fell to 5.8%. Very  few mic rov i l l i  were  seen  on the su r face  of the 
cel ls  facing the lumen of the glands (Fig. lb).  Against  the background of these few signs of dep re s s ion  of 
pa r i e t a l  cell  function a cons iderable  shift  in the pH of the mucous m e m b r a n e  to the alkaline side (pH 3.17) 
was obse rved .  

On the 10th day the a r e a  occupied by s e c r e t o r y  m e m b r a n e s  fell  to 4%. At this t ime cel ls  were  seen 
with no mic rov i l l i  on the apical  sur face  and with even fewer  tubuloves ic les ,  which had now col lapsed.  

At the l a t e r  s tages  of r em ed i a l  s t a rva t ion  (20-30 days) the u l t r a s t r uc tu r e  of near ly  all the par ie ta l  
cel ls  was c h a r a c t e r i z e d  by in t race l lu la r  tubules with ve ry  shor t  mic rov i l l i  (Fig. lc) and by the a lmos t  total 
absence  of tubuloves ic les  around them. Meanwhile the a r e a  of the cell  occupied by s e c r e t o r y  m e m b r a n e s  
was only 3.5% and the pH was shifted even fu r the r  toward the alkal ine s ide,  to r e a c h  values (4.8-5.0) at 
which pepsinogen was no longer ac t ivated or  conver ted  into pepsin.  In this per iod the number  of c r i s t a e  in 
the mi tochondr ia  of the par ie ta l  ce i l s  was reduced a lmos t  by half. 

The s ta te  of the cell  s t r u c t u r e s  connected with s e c r e t o r y  p r o c e s s e s  and also the pH of the s tomach  
wall linked with them probably  depend on the quantity of ene rgy  produced in the cell .  A dec r ea se  in the 
number  of c r i s t a e  obse rved  during s t a rva t ion  leads to a dec r ea se  in the quantity of h igh-energy  phosphates  
fo rmed  in the mi tochondr ia .  The d e c r e a s e  in the ene rgy  r e s e r v e s  of the cell  leads to depress ion  of the 
functional ac t iv i ty  of the par ie ta l  ce l l s .  The p r o c e s s e s  of t r anspo r t  and concentra t ion of chlor ides  f r o m  the 
blood p l a s m a  (against  the s teep e l ec t rochemica l  gradient)  into the par ie ta l  cell and f rom it into the lumen 
of the s tomach  are  inhibited. The a r e a  occupied by the s e c r e t o r y  m e m b r a n e s  was cons iderably  reduced  by 
the 3rd-h th  day. The re  is some d i s a g r e e m e n t  he re  with the observa t ions  of Sedar [8] and Helander  and 
Hirschowitz  [3], accord ing  to whom the dec r ea se  in the number  of tubulovesic les  is evidence of high func- 
t ional act iv i ty  of the pa r i e ta l  ce l l s  and the d i scharge  of s ec re t ion  products  into the lumen of the glands.  

It was d i scove red  in the course  of the invest igat ion that in the ea r ly  s tages  of r emed ia l  s t a rva t ion  
a p r o c e s s  of fat ty degenera t ion  began to develop in the cy top lasm of the pa r i e ta l  cel ls .  This was re f l ec ted  
in the appea rance  of large foci of local breakdown of the  cy top lasm (cy tosegresomes)  in the cel ls .  These  
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Fig.  1. Par ie ta l  cells  of gas t r i c  mucosa at various stages of remedia l  
starvation: a) 3rd day of  starvation:  numerous  tubulovesieles in apical 
par t  (8000x) ; b) 5th day of starvation:  changes in u l t r a s t ruc tu re  of tubu- 
lovesic les  (10,000• c) 28th day of starvation: absence of tubulovesicles 
near  in t race l lu lar  tubule, shortening of microvi l l i  (17,000• hi) nucleus; 
M) mitochondria;  IT) in t race l lu la r  tubule; LG) lumen of gland; LD) lipid 
drople ts ;  MF) myel in  f igures ;  TV) tubulovesicles;  CS) cy tosegresomes .  

s t ruc tu res ,  evidently autophagic vacuoles,  contained not only drops of neutral  lipids but also myelin lamel -  
lae and lipofuscin deposits .  In Pfe i f fe r ' s  opinion [6], during s tarvat ion autophagie vacuoles digest  products  
of cel l  metabol ism into s impler  chemical  compounds for reut i l izat ion by the cell .  However, the components 
observed in the ey tosegresomes  in the presen t  exper iments  (myelin lamel lae ,  lipofusctn) were res i s t an t  
to the action of the lysosomal  enzymes and formed "residual  bodies."  In the late stages of remedia l  s t a rva -  
tion the degenerat ive p roces s  affected most  of the par ie ta l  cel ls  of the gas t r ic  mucosa (as well as other  
cells) .  Meanwhile so l i ta ry  cel ls  with no evidence of fatty degenerat ion were  seen in a wide range of func- 
tional s tates .  

It can be concluded f rom these observat ions that the dec rease  in sec re t ion  of hydrochlor ic  acid in 
the ear ly  stages of remedia l  s tarvat ion is the resu l t  of the absence of food stimulation. During the develop- 
ment of adaptation and the appearance of spontaneous secre t ion ,  the gradual alkalification of the s tomach 
wall can evidently be explained by the development  of fatty degenerat ion in the par ie ta l  cel ls  and a conse-  
quent depress ion  of their  functional activity.  
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Fig. 2. Change in pH of s tomach wall (1) and in 
a rea  of s e c r e t o r y  membranes  of par ie ta l  cel ls  
(II) depending on durat ion of r emedia l  s tarvat ion.  
Abscissa ,  t ime (in days);  ordinate ,  a rea  of tubulo- 
ves ic les  and of in t race l lu la r  tubules (as % of total 
a r ea  of cell) and pH of s tomach wall. 

By a combination of e l ec t ron -mic roscop i c  investigation of the par ie ta l  ce l ls  of the s tomach with m o r -  
phometr ic  analysis  with the resu l t s  of in t ragas t r i e  measu remen t  of pH in the same par t  of the s tomach t i s -  
sue under d i r ec t  vision it is thus possible to descr ibe  the dynamics of submicroscopic  changes in these 
cells  during the gradual  depress ion  of their  s e c r e t o r y  activity.  
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