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His tochemica l  study of the dynamics  of ca rbohydra te -con ta in ing  b iopo lymers  of the oxyntic 
and chief cel ls  during the development  of h i s tamine- induced  hype rp l a s i a  and h y p e r s e c r e t i o n  
r evea l ed  th ree  consecut ive s tages :  1) an inc rease  in the content of neut ra l  mucopo lysac -  
char ides  and glycogen in the oxyntic cel ls ,  an inc rease  in the content of sulfonated po lysac -  
char ides ,  and the appearance  of s ia lomucins  in the chief cel ls ;  I1) a dec rease  followed by 
r e c o v e r y  of the above carbohydra te -conta in ing  p o l y m e r s  in the oxyntie cel ls ,  and absence  
of change or an increase  in the content of sulfonated po lysacchar ides  and a dec rease  in the 
content of s ia lomucins  in the chief cel ls ;  Ill) p r o g r e s s i v e  exhaust ion of the ca rbohydra t e -  
containing po l ym er s  in the cel ls  with the development  of e ros ions  and u l ce r s  of the gas t r i c  
mucosa. 

The h i s tochemica l  p rope r t i e s  of the glandular  epi thel ium of the gas t r i c  mucosa  has  been inadequately 
studied. According to some r e p o r t s  the cy top lasm of the oxyntic ce l l s  in dogs contains neut ra l  mucopoly-  
sacchar ide  [10, 16], while pepsinogen granules  in the chief ce l l s  a re  bound with sulfonated mucopolysae-  
char ide  [1, 7, 10, 16]. However,  the ro le  and functional changes of these ca rbohydra te -con ta in ing  biopoly-  
m e r s  (CCB) are  unknown. 

This paper  desc r ibes  the r e s u l t s  of a h i s tochemica l  invest igat ion of the CCB in the oxyntic and chief 
ce l l s  of the dog gas t r i c  mueosa  under normal  conditions and during prolonged (for s eve ra l  days) h is tamine  
s t imulat ion:  changes in the h is tochemiea l  p r o p e r t i e s  of the ce l l s  were  compa red  with the i r  functional ac-  
t ivity and number .  These p rob l em s  have not been examined before  f r o m  this standpoint.  

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

L o n g - t e r m  expe r imen t s  we re  c a r r i e d  out on four healthy adult mongre l  male  dogs weighing f r o m  
14 to 18.9 kg, with a Basow gas t r i c  f is tula .  Systemat ic  i n t r amuscu la r  inject ions of a h i s t amine -wax  mix-  
tu re ,  p r epa red  by Got t scha lk ' s  method [9], began a f te r  a study of the s e c r e t o r y  function of the s tomach and 
the taking of biopsy ma te r i a l .  The h i s t amine -wax  mix ture  in a dose equivalent to 30 mg h i s tamine  base ,  
was  injected daily in the evening for  11-61 days.  Eve ry  3-6 days  the s e c r e t o r y  activity of the s tomach was 
invest igated and a biopsy specimen,  consis t ing of the whole th ickness  of the gas t r i c  mucosa ,  was  obtained 
f r o m  the reg ion  of the middle third of the body of the s tomach through the f is tula .  Altogether 32 gas t r i c  
b iops ies  were  pe r fo rmed .*  Observa t ions  were  made on the act ivi ty of the gas t r i c  glands for  1 h, a f te r  
which h i s tamine  dihydrochloride was  injected subcutaneously in a dose inducing m a x i m u m  secre t ion  of 

* The expe r imen t s  we re  c a r r i e d  out in the Depar tment  of Operat ive  Surgery of Stavropol Medical Insti tute.  
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Fig. 1. Changes in PAS--reaction of oxyntic 
cel ls  of dog gas t r ic  mucosa  during prolonged 
histamine st imulation: a) control;  b) in- 
c rease  in intensity of PAS-reac t ion  (stage ~, 
280• 

Fig. 2. Changes in basophilia of chief cells  of dog 
gas t r ic  mucosa  during prolonged his tamine st im- 
ulation: a) control;  b) sharp decrease  in content 
of sulfonated polysacchar ides  in stage III. Alcian 
blue, pH 1.0, 280• 

juice, and observat ions were continued for a fur ther  1.5-2 h; 183 port ions of gas t r ic  juice were analyzed. 
The pepsin concentrat ion in the juice was determined by Pyatni tski i ' s  method [3-7]. The basal  and maxi-  
mal production of acid and pepsin per  hour were  determined (expressed as meq/h  and rag/h, respect ively) .  

P ieces  of gas t r ic  mucosa  were fixed in t t amper l ' s  fluid and then embedded in paraffin wax in the 
usual way. To count the cells  a combined stain suggested by M. G. Shubich was used (Feulgen r e a c t i o n -  
PAS r e a c t i o n -  active yellow-2K - alcian blue). The cells  were counted with an ocular mic romete r  in a 
square of side 0.1 mm in the image of the MBR-1 microscope  (objective 40• ocuIar  15x). A cor rec t ion  
was introduced to give the true number of cel ls  [8]: 

p=A.M 
L + M  ' 

where P is the true number of nuclei, M the thickness of the section (7 ~), A the number of nuclei counted, 
and L the mean d iameter  of the nucleus. The resul ts  were  expressed  as the number of cells  per  unit sur -  
face of gas t r ic  mucosa  (7" i0 -4 mm~.  

Polysacehar ides  were studied in sections stained by the PAS react ion [5], with alcian blue [14], and 
with basic brown [6]. Control sections were t rea ted  with amylase,  with phenylhydrazine [15], and by mild 
acid hydrolys is  [2]. The numer ica l  resu l t s  were subjected to stat ist ical  analysis.  

EXPERIMENTAL RESULTS 

Before chronic histamine stimulation began, the maximal acid production in the four experimental 
dogs averaged (x~m) 19.4• meq/h, the maximal pepsin production was 5.6J:2.8 mg/h, the number of 
oxyntic cells 17.1• and the number of chief cells 72.9• per unit surface of gastric mucosa. 

The cytoplasm of the oxyntie cells showed absence of basophilia and of all the stains used to demon- 
strate polysaccharides only the PAS-reaction was positive; usually the staining was weak and diffuse 
(Fig. la). In individual cases the cytoplasm of the oxyntic cells appeared as a mass of large vacuoles, in 
which the surface of the vacuoles and the small and large granules distributed irregularly throughout the 
cytoplasm gave a positive reaction. Treatment of the sections with diastase caused little if any change in 
the intensity of staining of the cytoplasm but sharply reduced the staining of the granules, indicating that 
they contain glycogen. The residual part of the PAS-reaction was due to the presence of neutral PAS-posi- 
tive polysaccharide, as confirmed by the complete blocking of the PAS-reaction by phenylhydrazine. 

In the apical part of the chief cells of the unstimulated dog stomach staining with hematoxylin-eosin 
revealed a large quantity of granular secretion. The chief cells were PAS-negative but showed alciano- 
philia (pH 2.7) and basophilia at pH 1.0 (alcian blue and basic brown) (Fig. 2a). Data relating to the mech- 
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an i sm of staining [6, 12] and the r e s i s t a n c e  of the basophi l ia  to mi ld  acid hydro lys i s  a re  evidence that the 
acid granules  thus r evea l ed  cons is t  of sulfonated pe lysaecha r ides .  A par t ia l  dec rea se  in the basophi l ia  at 
pH 1.0 a f te r  t r e a t m e n t  with hyaluronate  l iase  indicates that these  su l fo-groups  belong to chondroi t in-sul -  
fate A or C, while the res idua l  basophi l ia  was  connected with the p resence  of chondroi t in-sulfa te  ]3. The 
alcianophil ia  (pH 2.7) of the chief ce l l s ,  which was r e s i s t a n t  to mild acid hydro lys i s ,  was  evidently due to 
the carboxyl  groups  of the sulfonated po lysacchar ides .  

Daily admin is t ra t ion  of the h i s t am i ne - wax  mix ture  w a s  accompanied  by cons iderable  changes in the 
morphologica l  and functional p r o p e r t i e s  of the oxyntic and chief cel ls .  Thei r  number  and the i r  acid p ro -  
duction inc reased  ve ry  rapidly  to a m a x i m u m  (which va r i ed  in the individual dogs), and then despi te  con- 
tinued s t imulat ion it r e m a i n e d  at  the same  level  or ,  more  commonly,  fel l  slightly and then fluctuated 
within l imi t s  c lose  to the m a x i m u m .  The m a x i m u m  of the hyperp las t i c  and h y p e r s e c r e t o r y  changes in the 
oxyntic cel ls  was  obse rved  6-16 days a f te r  the beginning of admin is t ra t ion  of the h i s t a m i n e - w a x  mixture  
and i ts  p a r a m e t e r s  we re  as  follows: maximal  acid product ion was inc reased  on the ave rage  to 31.9-~3.0 
meq /h ,  i .e. ,  it i nc reased  by 95.5%; the number  of oxyntic ce l l s  inc reased  to 50.4• i .e. ,  by 288%. The 
number  of chief ce l l s  r eached  its  m a x i m u m  at different  t imes  in different  dogs (between the 6th-45th day 
of stimulation) and i ts  value was 166.6:~9.0, i .e. ,  it was  inc reased  on the ave rage  by 190%. The pepsin  se-  
c re t ion  r o s e  sharp ly :  the m ax i m a l  production of peps in  was  inc reased  to 18.4• mg/h ,  i .e. ,  by 330.9%. 
However ,  the t imes  when the m ax i m um  of the hyperp las t ic  and h y p e r s e c r e t o r y  changes was observed  in 
the chief ce l l s  coincided: hype r s ec r e t i on  of pepsin  was found 11-56 days af ter  the beginning of h i s tamine  
s t imulat ion and 5-20 days af ter  the number  of chief ce l l s  r eached  its  max imum.  

On the ba s i s  of the h i s tochemica l  r e su l t s ,  the r eac t ions  of the oxyntic and chief cel ls  to chronic  
h i s t amine  s t imulat ion can be divided into three  consecut ive s tages .  In stage I the intensity of staining of 
the cy top lasm of the oxyntic ce l l s  by the PAS method is inc reased  (Fig.  lb),  and it can be concluded f r o m  
the r e su l t  of t r e a t m e n t  with d ias tase  and phenyIhydrazine that  glycogen and neut ra l  PAS-pos i t ive  p o l y s a c -  
char ides  have accumulated.  The chief cel ls  a re  cha r ac t e r i z ed  by a re la t ive  inc rease  in the content of 
ehondroi t in-su l fa tes  and by the appearance  of s ia lomucins .  Basophil ia  at pH 1.0 is found not only in the 
apical  pa r t  of the ce l l s ,  but the whole cy top lasm is filled with numerous  darkly  stained s e c r e t o r y  granules .  
Sensitivity of the basophi l ia  to hyaluronate  l iase  indicates  the p resence  of sulfonated po lysaccha r ides  of 
the chondroit in~sulfate A or C type.  The ve ry  weak basophi l ia  r emain ing  in the sect ions af ter  t r e a t m e n t  
with hyaluronate  l iase  indic~ites an inc rease  in the content of chondroi t in-su l fa tes  A or C and a dec r ea se  
in the content of ehondroi t in-sul fa te  B. The appearance  of alcianophil ia  (pH 2.7), sens i t ive  to mild acid 
hydro lys i s ,  r e f l ec t s  accumulat ion of s ia lomucins .  The changes descr ibed  a r e  observed  during the f i r s t  
3-26 days  of admin is t ra t ion  of the h i s t amine -wax  mix tu re  and they coincide with the t ime  of development  
of hype rp l a s i a  of the chief ce l t s .  Peps in  sec re t ion  is  e i ther  unchanged a t  th is  t ime  or ,  m o r e  frequently,  
is  reduced.  

Stage II co r r e sponds  to a s ta te  of r e l a t ive ly  stable hype rp l a s i a  of the oxyntic and chief  cel ls ,  h y p e r -  
sec re t ion  of acid, and no rma l  or  r educed  sec re t ion  of pepsin.  In this  stage the content of chondroi t in-su l -  
fate A or C and of chondroi t in-sul fa te  B in the chief  ce l l s  is e i ther  the same as or  g r e a t e r  than in stage I, 
while the content of s ia lomucins  is  reduced.  Changes in the CCB content in the oxyntic ce l l s  occur  in two 
per iods :  a fall  and subsequent r e c o v e r y .  In the f i r s t  per iod  of stage II the PAS-reac t ion  d i sappea r s ,  in- 
dicating d i sappearance  of glycogen and neutra l  po lysacchar ides ,  but the CCB content is quickly r e s t o r e d  
(af ter  3-9 days) during continuing h i s t amine  adminis t ra t ion .  

In stage HI (also against  the background of re la t ive ly  stable hype rp l a s i a  of the oxyntic and chief 
cel ls) ,  the CCB fa l l s  sharp ly  or  even d i sappea r s  (Fig.  2b). This is accompanied  by vaeuolat ion of the 
apical  cy top lasm of the chief cel ls ,  which is pa r t i cu la r ly  ma rked  in the p rox imal  zones of the fundal glands, 
and by an i nc rea se  in peps in  secre t ion ,  which r i s e s  to a max imum.  It is impor tan t  to note that  in the two 
an imals  in which the chief ce l l s  complete ly  los t  thei r  basophi l ia  at pH 1.0 and the i r  aleianophil ia  (pH 2.7), 
e ros ions  and u l c e r s  developed during this  per iod.  

Recove ry  of the CCB of the oxyntic ce l l s  was  not obse rved  until the 3 r d - l l t h  day a f te r  the end of 
adminis t ra t ion  of the h i s t a m i n e - w a x  mixture .  By the l l t h  day the basophi l ia  (pH 1.0) and alcianophil ia  
(pH 2.7) of the chief ce l l s  was  gradual ly  r e s t o r e d ,  indicating par t ia l  r e c o v e r y  of the content of chon- 
droi t in-  sulfate s. 
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The h i s tochemica l  dynamics  of the CCB level  as  descr ibed:ab0ve  ag ree s  with the b iochemica l  ob- 
se rva t ions :  under the influence of h i s t amine  the b iosyn thes i s  of :po!ysacchar ides  and hexosamines  in the 
r a t  mucous  m e m b r a n e  at f i r s t  i n c r e a s e s ,  but then fal ls  again dur ing  continued s t imulat ion [11]. 

Compar i son  of the changes in the number  of oxyntic cel ls l  the level  of acid secre t ion ,  and the CCB 
content in the cel ls  shows that  although the p re sence  of CCB is  not an absolutely n e c e s s a r y  component  for  
acid production,  these  compounds play a definite ro le  in the complex  mechan i sm of the hyperp las t i c  and 
h y p e r s e c r e t o r y  ef fec ts  of h i s tamine .  It is a pa r t i cu la r ly  in te res t ing  fact  that  the accumulat ion of CCB, 
espec ia l ly  of sulfonated po lysaccha r ides  of the chondroi t in-sul fa te  type, in the chief  ce l l s  is accompanied  
by a m a r k e d  dec r ea s e  in pepsin  sec re t ion  (stage 1), while an inc reased  content of the enzyme in the gas t r i c  
juice is observed  only when the content of these  CCB fal ls  sharply  or  d i s appea r s  comple te ly  (s tage III). 
Bear ing  in mind the known antipeptic and ant iu lcera t ive  action of na tura l  and synthetic sulfonated po lysac-  
char ides  [4, 13], it can be cons idered  that  the sulfonated CCB play the ro le  of r egu l a to r s  of pepsin  act ivi ty 
in the chief  cel ls  and the i r  secre t ion ,  while d i sappearance  of these CCB is probably  one cause of the de-  
ve lopment  of e ros ions  and u l c e r s  of the gas t r i c  mucosa .  
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