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Pepsinogen is formed in the principal cells of the gastric mucous membrane. This has been established by 
histophysiological and histochemical investigations of the stomach [5, 6, 7, 9, 10]. It has recently been suggested 
on physiological grounds that pepsin, being a protein, is secreted by the fundal glands of the stomach in some form 
of combination with glycoprotein and, perhaps, with other proteins [1, 16]. The problem of the combination of 
pepsin with other proteins or polysaccharides has not yet been solved. 

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

To determine the chemical  nature of the substances secreted by the principal cells of the fundal glands, a 
histochemical investigation was made of the gastric mucosa of dogs using the stains toludine blue [1B], Moruzzi's 
alcian blue [12], Shuboch's acid solution of basic brown [4], and Shabadash' s modification of the PAS reaction [3]. 
Staining of the sections in a 0.1% solution of toluidine blue was carried out in buffer solutions in a pH range of 
0.5-6.0 (at pH intervals of 0.5). To obtain more accurate information regarding the chemical  composition of the 
substances secreted, further investigations were made using the analytical scheme of Spicer and Lillie [15], includ- 
ing methylation, dimethylation, and control treatment with alkali. 

Success in the detection of the different tissues components is largely dependent on the method of fixation. 
Preliminary investigations using different conditions showed that pepsinogen granules were best demonstrated after 
fixation in Hamperrs  fluid [8, 14] (formalin 33 ml, ethanol 80 ~ 66 ml, potassium acetate 3 g). The material  was 
also fixed in 10% neutral formalin, in Shabadash's neutral fixative, and in Carnoy's fluid. 

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

At low pH values, toluidine blue did not stain the histological structures of the gastric mucosa. Starting at 
pH 1.5 (fixation of material  by Hamperrs  method) a light blue staining of the basal protions of the cytoplasm of 
the principal cells appeared. Tile nuclei of the principal cells, situated in the basal portion, were translucent, 
vesicular in form, and possessed a well defined nuclear membrane and nucleoli. At pH 3 a red staining of the se- 
cretory granules of the principal ce l l s -Michael is ' s  )~-metaehromasia [ l l ] - a p p e a r e d  in addition to the blue (Fig. 1). 
The staining of the secretory granules was intensified when the pH of the dye solution was 4. 0. 

The secretory granules of the principal cells were clearly distinguished after staining with an acid solution 
of basic brown. The granules were an intense brown in color; filling the cytoplasm of the cells, they were more 
densely packed in the apical portions (Fig. 2). At the periphery of each granule there was a light rim of unstained 
cytoplasm. The oxyntic cells were not stained with basic brown and appeared as clear areas, round in shape. 

Staining with alcian blue and Shabadash" s modification of  the PAS reaction, the pepsinogen granules, like 
the other substances of the principal cells, remained unstained, whereas the secretory granules of the parietal cells 
were intensively stained. 

Because of the difference in the degree of dissociation of the carboxyl and sulfate groups of the polysacchar- 
ides, reactions with metachromatic dyes can be used to detect sulfated acid polysaccharides [2]. It is also ac-  
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Fig. 1. Gastric mucosa of a dog. Photomicrograph. 
Stained with toludine blue at pH 4.5. Objective 
10x, ocular K-5. 

Big. 2. Part of a fundal gland of a dog's stomach. 
Secretory granules (SG) of the principal cells stained 
with basic brown. The oxyntic cells are unstained 
(OCL Photomicrograph. Objective 90x, ocular K-5. 

cepted that the well marked y-metachromasia of sections 
of animal tissues may be explained by the presence of 
esters of sulfuric acid or of substances containing other 
acid groups [181. 

The presence of acid sulfated polysaccharides in 
the secretory granules of the principal cells was con- 
firmed by experiments in which the sections were methyl- 
ated and demethylated before being stained with toluid- 
ine blue and basic brown. Methylation completely sup- 
pressed the staining of the granules, and it was not res- 
tored by demethylation. After control treatment with 
alkali a very slight decrease was observed both in the 
metachromasia and in the staining with basic brown. 
When preceding staining with alcian blue and by the PAS 
reaction, methylation and demethylation did not alter 
the properties and histochemical reactions of the prin- 
cipal ceils: in every case no staining occurred. 

During methylation of Spicer and Lillie's method 
an irreversible detachment of a sulfate group and esterifi- 
cation of carboxyl groups take place, so that the staining 
of these substances is prevented and the metachromasia 
disappears. During demethylation ester bonds arebroken 
and carboxyl groups are liberated, which leads to res- 
toration of'the basophilia and metachromasia, for which 
these groupsare responsible. Demethylation does not 
restore the basophilia and metachromasia inherent in 
sulfate groups. 

The absence of staining of the granules of the prin- 
cipal ceils in the PAS reaction may be attributed to the 
fact that acid polysaccharides are PAS-negative [2]. A1- 
clan blue, by Pearse's method [13], stains the acid muco- 
polysaccharides of the mucins of epithelial and connec- 
tive tissue, but does not stain most nucleoproteins. 

Hence, the presence of acid sulfated polysacchar- 
ides in the secretory granules of the principal ceils is 
confirmed by the metachromasia during staining of sec- 
tiom of the gastric mucosa with toluidine blue, by the 
demomtration of granules with an acid solution of basic 
brown, by methylation and demethylation of the sections 
and subsequent staining, and also by the negative re- 
sults of staining by the PAS reaction and alcian blue. 

It is concluded that pepsinogen is present in the 
secretory granules of the principal cells of the fundal 
glands in the form of a mucoprotein complex, the carbo- 
hydrate component of which is an acid sulfated poly- 
saccharide. 

SUMMARY 

The presence of acid sulfated polysaccharides was 
revealed in the composition of secretory granules of principal cells in the fundal glands of the dog's stomach. The 
latter were demonstrated by staining with toluidine blue, basic brown, alcian blue and the PAS reaction and by 
Spicer and Lillie' s analytical scheme. 

II~ 



L I T E R A T U R E  CITED 

i. B.P. Babkin, The Secretory Mechanism of the Digestive Glands [in Russian], Leningrad (1960). 

2. A.A. Tustanovskii, Uspekhi sovr. biol., 54, I, 3 (1962). 
3. A.L. Shabadash, Problems in the Histochemical Investigation of Glycogen in the Normal Nervous System 

[in Russian], Moscow (1949). 
4. M.G. Shubich, Byull. dksper, biol., 2, 116 (1961). 
5. D.J.  Bowie and A. M. Vineberg, Quart. I. Exp. Physiol., 25, p. 247 (1935). 
6. D.J.  Bowie, Anat. Rec., 64, p. 857 (1936). 
7. Idem, Ibid., 78, p. 9 (1940). 
8. H. Hamperl, Arch. path. Anat., Bd. 259, S. 179 (1926). 
9. H. Holter and H. Linderstrom-Lang, Hoppe-Seylers Z. physiol. Chem., Bd. 226, S. 149 (1934). 

10. J .N. Langley, Phil. Trans. Roy. Soc., 179., p. 663 (1882). 
11. L. Michaelis, Cold Spr. Harb. Syrup. quant. Biol., 1..~2, p. 131 (1947). 
12. R.W. Mowry, J. Histochem. Cytochem., 4, p. 40'/(1956). 
13. r Pierce, Histochemistry Theory and PraCtice, Moscow (1962). 
14. B. Romeis, Microscopic Technique, Moscow (1953). 

15. S.S. Spicer and R. D. Lillie, J. Histochem. Cytochem., 7, p. 128. 
16. D.R. Webster and S. A. Komarov, J. biol. Chem. 96, p. 133 (1982). 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all o[ this peri- 

odical l i t e ra ture  m a y  wel l  be  a v a i l a b l e  in En g l i sh  t rans la t ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  
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