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The ca rbohydra te -con ta in ing  b iopo lymers  in the epi thel ium of the gas t r i c  m u c o s a  of a s e r i e s  
of m a m m a l s  (cats,  pigs ,  r abb i t s ,  gu inea-p igs ,  ra t s )  were  studied by h i s tochemica l  methods in 
an a t tempt  to obtain a model  with h i s tochemica l  p rope r t i e s  c lose  to those of the human gas t r i c  
mucosa .  The model  with the c loses t  r e s e m b l a n c e  was the gas t r i c  mucosa  of the guinea-pig,  
for  the epi thel ium of the su r face  of the s tomach  and mos t  of the epi thel ium lining the ducts 
contain only PAS-pos i t ive  po lysaccha r ides ,  while the epi thel ium of the base  of individual ducts 
also contains sulfonated g lycosaminoglycanes .  

In the i r  h i s tochemica l  p rope r t i e s  (content of ca rbohydra te -con ta in ing  b iopo lymers )  the human gas t r i c  
m u c o s a  and the gas t r i c  m u c o s a  of the dog dif fer  cons iderab ly  [1, 3, 8, 9, 16]. However ,  the dog's  s tomach  
is the chief  expe r imen ta l  model  used to study the functional and h i s tochemica l  p rope r t i e s  of the gas t r i c  mu-  
cosa  under expe r imen ta l  conditions and the r e su l t s  obtained a re  usual ly  compa red  with the m e c h a n i s m  of 
development  of d i sease  in man. Too l i t t le  at tention has been paid to the study of the gas t r i c  mucosa  of other  
l a b o r a t o r y  an imals  [17]. 

The object  of the p re sen t  invest igat ion was to make a combined h i s tochemica l  study of ca rbohydra t e -  
containing b iopo lymers  in the epi thel ium of the gas t r i c  mucosa  of a s e r i e s  of m a m m a l s  f r o m  the c o m p a r a -  
t ive h i s tochemica l  aspec t  in o rde r  to obtain a model  which would co r respond  in its h i s tochemica l  p r o p e r t i e s  
to the human gas t r i c  mucosa .  

EXPERIMENTAL METHOD 

Preparations of the gastric mucosa of pigs, cats, rabbits, rats, and guinea-pigs were fixed in Hamperl's 
and Carnoy's fluids and in 10% neutral formalin solution. The material was embedded in paraffin wax in 
the usual way. Polysaccharides were studied in sections stained by the PAS method [5], with alcian blue at 
at pH 2.7 [ii] and at pH 1.0 [i0], and with basic brown at pH 1.0 [6]. Control sections were treated with 
diastase, hyaluronate-liase [12], and phenylhydrazine [14], and mild acid hydrolysis was used [4, 13]. Car- 
bohydrate-containing biopolymers were identified by the use of the differential schemes of Spicer et al. [15] 
and Shubich eta!. [7]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The results obtained by the histochemical staining methods are shown in Table i. The intracellular 
secretory product of the superficial part of the epithelium and of most of the epithelium lining the duct (the 
upper two-thirds) in the guinea-pig gave only a diastase-resistant PAS-reaction (Fig. 1), sensitive to phen- 
ylhydrazine, because it contained PAS-positive neutral polysaccharide. The intracellular secretory product 
(ISP) of the epithelium from the base of the single gastric glands stained not only by the PAS method but also 
with alcian blue at pH 2.7 and also with basic brown (Fig. 2) and alcian blue at pH 1.0. Control treatment 
did not change the intensity of the alcianophilia (pH 2.7) or the basophilia (pH 1.0) of the ISP of the duct epi- 
thelium, possibly because this epithelium contained sulfonated glycosaminoglycanes of the chondroitin sul- 
fate B type. 
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TA]3LE 1. H i s t o c h e m i c a l  C h a r a c t e r i s t i c s  of  C a r b o h y d r a t e - C o n t a i n i n g  
B i o p o l y m e r s  in  E p i t h e l i u m  of G a s t r i c  M u c o s a  of a S e r i e s  of M a m m a l s  

Basic ! Alcian I Alcian 
brown, ) blue, I blue, Species of PAS-reaction pH 1.0 pH 1.0 pH 2.7 

Structure animal 

Superficial 
epithelium 

Epithelium of 
duct of gas- 
tric glands 

Epithelium of 
upper two- 
tfifrds of duct 

I 
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G uine a - 
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. Rat 
I 
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pig 
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4 
3--4 
3--4 
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4 
3--4 
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3--4 
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4 4 1--2 o - i  o - -  0 o 
3--4 3--4 1-.2 2 2--3 1--2 1--2 
3--4 3--4 o--1 o o o o 

3--4 3-4 0 o o o o 
2--4 2--4 0--1 0--1 0--1 0--1 0--1 

C [MAH 

1--~ 0--I 
I--3 I--3 
0--I 0 

0 0 
0--1 o--1 

o02 

3--4 4 1--~ 0--1 0--I ] 0 0 1--2 0--I 
3--4 3--4 1--~ 1--2 2--3 2 2--3 2--: 2--3 
3--4 3--4 0--1 0 0 0 0 0--1 0 

3--4 3--4 0 0 0 0 0 0 
3--4 3--4 I--3 I--3 I--~ I--2 I--2 I--2 

:.i i/12 3-4  3-4  k ~ o o , 1-0 Epithelium of Cat 3--4 n--21 
Pi 3--4 1 2 3--4 2 2--3 2 3 3 base of duct Rla~bi t  3 - - 4 3 - - 4  0 1 0 - - 2 0 - - 2 0 - - 2 0 - - 2  ~_~ 2--30 
Guinea- 

" 1--2 0--2 0--1 021 0--I R plgat I--2 1--2 1--2 0--1 0--1 0--1 
1 - -2  1 - -2  2 

L e g e n d :  C) c o n t r o l ;  D) t r e a t m e n t  wi th  d i a s t a s e ;  MAH) t r e a t m e n t  by  
m i l d  a c i d  h y d r o l y s i s ;  P) t r e a t m e n t  wi th  p h e n y l h y d r a z i n e ;  H) t r e a t -  
m e n t  wi th  h y a l u r o n a t e - l i a s e ;  0) a b s e n c e  of s t a in ing ;  1) w e a k  s t a i n -  
ing; 2) m o d e r a t e l y  s t r o n g  s t a in ing ;  3) s t r o n g  s t a in ing ;  4) v e r y  s t r o n g  
s t a i n i n g .  

The ISP of the surface layer and of most of the epithelium lining the ducts of the gastric glands in the 
rabbit's stomach gave a diastase-resistant PAS-reaction and showed alcianophilia at pH 2.7. Weakening of 
the IS1 ~ in the epithelium of the rabbit's gastric mucosa after treatment with phenylhydrazine showed that 
some of the PAS-positive substance found consisted of neutral polysaccharides. The ability of the epithe- 
lium to stain with aleian blue at pH 2.7 and the sensitivity of the alcianophilia to mild acid hydrolysis indi- 
cate that the ISP also contained sialic acid. The resistance of the PAS-reaction of the ISP of the rabbit's 
epithelium to mild acid hydrolysis was probably due to the presence of PAS-negative sialic acid [2]. The 
ISP of the epithelium at the base of the ducts of a few gastric glands showed not only a PAS-reaction and 
alcianophilia (pH 2.7), but also basophilia on staining with basic brown and with alcian blue at pH 1.0. The 
effect of the control treatments on the PAS-reaetion andthe aleianophilia and basophilia were dependent on 
the presence of PAS-positive neutral polysaccharides, acid glycoproteins, and sulfonated glycosaminogli- 
c a n e s .  

The  r e s u l t s  of  t h e s e  e x p e r i m e n t s  showed  tha t  in the  c o m p o s i t i o n  of t h e i r  ISP t h e r e  i s  no d i f f e r e n c e  
b e t w e e n  the  g a s t r i c  e p i t h e l i u m  of the  ca t ,  p ig ,  and r a t ,  and i t  Inc ludes  t h r e e  t y p e s  of c a r b o h y d r a t e - c o n t a i n -  
ing  b i o p o l y m e r s :  n e u t r a l  p o l y s a c c h a r i d e s ,  a c i d  g l y c o p r o t e i n s ,  and su l fona t e d  g l y c o s a m i n o g l y c a n e s .  In the  
s u r f a c e  e p i t h e l i u m  and m o s t  of the  e p i t h e l i u m  l in ing  the duets  of the  g a s t r i c  g lands  in r a b b i t s  n e u t r a l  p o l y -  
s a c c h a r i d e s  and a c i d  g l y c o p r o t e i n s  c o n t a i n i n g  s i a l i c  a c i d  w e r e  found,  whi l e  su l fona t e d  g l y c o s a m i n o g l y c a n e s  
a l s o  w e r e  p r e s e n t  in the  e p i t h e l i u m  of the  b a s e  of  s o m e  of  the  duc t s .  The  ISP  of the  s u r f a c e  e p i t h e l i u m  and 
m o s t  of the  e p i t h e l i u m  of the  ducts  in the  g a s t r i c  m u c o s a  of  the g u i n e a - p i g  c o n t a i n e d  only  n e u t r a l  P A S - p o s i -  
t i ve  p o l y s a c c h a r i d e s ,  whi l e  the  e p i t h e l i u m  of  the  b a s e  of s o m e  of the  duc t s  a l s o  con t a ined  su l fona t ed  g l y c o -  
s a m i n o g l y c a n e s .  In i t s h i s t o c h e m i c a l  p r o p e r t i e s  the  ISP of  the  s u r f a c e  e p i t h e l i u m  and of m o s t  of the  e p i t h e -  
l i u m  l i n ing  the duc t s  of  the  g a s t r i c  g l ands  of  the  g u i n e a - p i g  c o r r e s p o n d  to the  ISP of  the  e p i t h e l i u m  of the  
h u m a n  g a s t r i c  m u c o s a  [9]. D i f f e r e n c e s  w e r e  found in the  c o m p o s i t i o n  of  the  ISP of  the  ep i the l i t tm  l in ing  the  
b a s e  of the  duc ts  w h e r e ,  b e s i d e s  n e u t r a l  p o l y s a c c h a r i d e s ,  su l fona t e d  g l y c o s a m i n o g l i c a n e s  w e r e  p r e s e n t  in 
a few duc ts  of the  g u i n e a - p i g ,  whi le  in m a n ,  a c c o r d i n g  to L e v  [9], a c i d  g l y c o p r o t e i n s  wi th  s i a l i c  a c id  a r e  

p r e s e n t .  

In the  h i s t o c h e m i c a l  c h a r a c t e r i s t i c s  of  the  s e c r e t i o n s  which  i t  p r o d u c e s ,  the  g a s t r i c  e p i t h e l i u m  
of the  g u i n e a - p i g  thus  b e a r s  the  c l o s e s t  r e s e m b l a n c e  to the e p i t h e l i u m  of the  human  s t o m a c h .  The  
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Fig. 1 Fig. 2 

Fig. i. Strong PAS-reaction of surface and duct epithelium in gastric 
mucosa of a guinea-pig (70 x). 

Fig. 2. Staining of extracellular secretory product and epithelium of 
base of single ducts of glands in gastric mucosa of guinea-pig with 
basic brown at pH 1.0 (70 • 

guinea-pig ought therefore to be used for experiments to study the histochemical dynamics of the epi- 
thelium of the gastric mucosa. 
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