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~-Endorphin, an endogenous morphine-like substance, is formed from its biosynthetic pre- 
cursor pro-opiomelanocortin. ACTH, melanocyte-stimulating peptides of different types, insu- 
linotrophic hormones, and y- and y-endorphins are all formed from pro-opiomelanocortin. Most 
of these hydrolysis products can be detected in the gastrointestinal tract. For instance, 
Larsson [6] found ACTH in G cells whereas Polak et al. [9] reported the existence of immuno- 
reactivity of methionine-enkephalin in gastrin cells. The precursor of ACTH and the endorph- 
ins has recently been found in rat mast cells (MC) [5]. Previously the peptide hormone VIP 
was found in MC [4], and on that basis Solov'eva [2] included cells of this type among endo- 
crine cells of the APUD system. 

The aim of this investigation was an immunohistochemical study of ~-endorphin-producing 
cells and also a study of MC in the antral mucosa of the human stomach. 

EXPERImeNTAL METHOD 

Altogether 13 men aged from 18 to 30 years, undergoing in-patient treatment, were studied. 
During endoscopic investigation diagnostic biopsy was carried out on all patients on the antral 
portion of the stomach. The biopsy material was fixed in a mixture of a saturated solution 
of picric acid and neutral formalin (3:1) and embedded in paraffin wax. Serial sections (3, 
5 ~ thick were stained with hematoxylin and eosin, with Bismarck brown (after Shubich), and 
with alcian blue (pH 1.0) to detect MC; the argyrophilic reaction of Grimelius [14] was car- 
ried out, and also immunohistochemical staining with a peroxidase-antiperoxidase complex (from 
"Miles," England) by Sternberger's method (the PAP test). 

Antiserum obtained by immunization of Chinchilla rabbits with conjugates of bovine serum 
albumin and synthetic ~-endorphin (Laboratory of Peptide Synthesis, Head M. I. Titov, All-Un- 
ion Cardiological Scientific Center, Academy of Medical Sciences of the USSR) was used for the 
immunomorphologic investigation. The antiserum had high specificity: According to the results 
of radioimmunoassay, antibodies against ~-endorphin did not react with enkephalins, B-endorph- 
in, or the C-terminal fragment of ~-endorphin, but had cross reactivity of about 10% with y~ 
endorphin [i]. 

Stained cells were counted by means of a special grid; in each preparation 5-i0 fields 
of vision were studied and the result expressed as the number of cells per square millimeter 
of gastric mucosa. The results were subjected to statistical analysis by Student's t test at 
a 95% level of significance (P < 0.05) and they are given in Table i. 

EXPERIMENTAL RESULTS 

MC in the antral portion of the stomach were found both in the lamina propria of the mu- 
cosa and in the epithelium of the neck and upper third of the pyloric glands (Fig. la). Strom- 
al MC were large, mainly oval in shape with a central nucleus, less frequently elongated, and 
distributed around the glands. In most cells the granules were ili defined. Interepithelial 
MC were similar in shape with a central nucleus; cells of this kind also were found beneath 
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Fig. i. Antral mucosa, a) MC in epithelium and lamina propria. Bismarck brown (Shu- 
bich's method); b) AEP ceils in lamina propria. PAP reaction; c) AEP cell in lamina 
propria, PAP reaction + staining with alcian blue (pH 1.0); d) serial section ~ the 
same cell. Stained with Bismarck brown (by Shubich's method); e) AEP cell in epi- 
thelium. PAP reaction; f) argyrophilic cells in lamina propria. Impregnation with 
silver by Grimelius' method. Magnification: a, b, e, f) 375x, c, d) 500• 

the epithelium near the basement membrane; the cytoplasm of some cells stained pale yellow by 
Shubich's method. 

Cells producing ~-endorphin (AEP cells), like MC, were uniform in size. Most of them 
were located in the lamina propria (Fig. ib), they were oval in shape, and granules in some 
cells stained intensively. These cells were seven times less numerous than MC (Table i). The 
location of the AEP cells was the same as that of MC (Fig. Ic, d). Alcian blue (pH 1.0) 
stained both MC and AEP cells (Fig. ic). Small round cells with a large nucleus~ in which 
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TABLE i. Number of Cells per Square Milli- 
meter of Human Antral Mucosa 

Types of cells 

Location of cells 

lamina 
propria epithelium 

Mast cells 19,7+- t,7 194,4+-22,0 

AEP cells 8,7+-2,8 28,7+-2,~ 

262,0+-25,2 
Grimelius-positive 

cells 26,3+--3,6 

the granules were intensively stained, were found less frequently, under high power. Inter- 
epithelial and subepithelial AEP cells (Fig. le) were similar in shape to MC. Individual 
cells were located on the basement membrane, apparently between the lamina propria and the 
epithelial layer. 

Argyrophilic cells also were found in the lamina propria of the mucosa (Fig. if). They 
were mainly oval in shape with a central nucleus, around which there were a few intensively 
stained granules. Less frequently these cells were elongated, with palely stained granules. 
Their location was the same as that of the AEP cells and MC, and they were about as numerous 
as AEP cells (Table i). Under high power small, oval cells with deeply stained granules and 
a large nucleus could be examined. 

The study of serial sections thus showed that AEP cells were similar in shape and loca- 
tion and also in staining properties to MC. However, they were only one-seventh as numerous. 
The MC population can be divided into two types: MC of the mucosa and MC of connective tissue 
[i0]. They differ not only in size, intensity of staining of the granules, and location, but 
also in some biochemical characteristics [3]. Recently "granular" lymphocytes have been 
found, first in the intestinal epithelium of rodents [13], and later in man also [i0], These 
cells, according to the authors cited, are precursors of NC of the mucous membranes. The pos- 
sibility cannot be ruled out that the small cells with granules, staining by the argyrophilic 
reaction and also for ~-endorphin, discovered in the present investigation under high power, 
are in fact, "granular" lymphocytes. However, this is a matter for further study. 

In connection with the discovery of the peptide hormone VIP in HC, these cells have re- 
cently been included among the endocrine cells of the APUD system [2, 4]. Our results suggest 
that there exists a small subpopulation (one-seventh of the total) of MC which contains ~- 
endorphin also. 

The number of Grimelius-positive cells in the lamina propria of the gastric mucosa was 
found to be almost the same as the number of AEP cells. These cells corresponded also both 
in shape and in location. The argyrophilic reaction has been shown to reveal a number of 
different cells in the lamina propria. Nodular hyperplasia of the endocrine cells close to 
the pyloric glands has been described [12]. Stromal endocrine-like cells, located mainly 
around nerve endings and vessels, have been found in the intestine, first of rats [7] and 
later of man [8]. Similar endocrine-like cells also have been found in the lamina propria 
of the gastric mucosa of patients with chronic gastritis [ii]. 

These facts suggest that MC of the human gastric mucosa include argyrophilic cells which 
contain ~-endorphin. 

LITERATURE CITED 

i. A.D. Dmitriev, in: Opioid Peptides and Their Receptors [in Russian], Moscow (1982), 

p. 3. 
2. I.A. Solov'eva, Arkh. Anat., No. 6, 88 (1981). 
3. I.D. Chernobaeva, K. F. Kalinuka, and A. R. Dalmane, Arkh. Anat., No. 12, 72 (1977). 
4. E. Cutz, W. Chan, N. S. Track, et al., Nature, 275, 661 (1978). 
5. R.P. Di Augustine, L. H. Lazarus, G. Jahke, et al., Life Sci,, 27, 2663 (!980). 
6. L.J. Larsson, Histoehemistry, 56, 245 (1978). 

1594 



7. Y. Matsuo, A. Saki, and S. Fukuda, in: Fujita, Endocrine Gut and Pancreas, Amsterdam 
(1976), pp. 159-165. 

8. M. Osaka and S. Kabayashi, in: Fujita, Endocrine Gut and Pancreas, Amsterdam (1976), ppo 

166-170. 
9. J. M. Polak, S. M. Sullivan, S. R. Bloom, et al., Lancet, i, 972 (1977). 

i0. E. J. Ruitenberg, L. Gustowska, A. Elgersma, et al., Int. Arch. Allergy, 67, 233 (1982). 
ii. J. Stachura, A. Urban, M. Bigay, et al., Folia Histochem. Cytochem., 16, 287 (1978). 
12. E. Solcia, C. Cappella, G. Varsalle, et al., Int. Rev. Cytol., 42, 223 (1975). 
13. S. Strobel, H. R. Miller, and A. Ferguson, J. Clin. Pathol., 34, 851 (1981). 
14. L. E. Grimelius and E. Wilander, Invest. Cell. Pathol., 3, 3 (1980). 

MORPHOMETRIC STUDY OF ULTRASTRUCTURAL RESPONSE OF MICROVILLI OF RAT 

SMALL INTESTINAL ENTEROCYTES DURING NATURAL FEEDING 

S. I. Khvylya, I. A. Morozov, UDC 612.335.2-06:612.332.7 

and Yuo A. Lysikov 

KEY WORDS: absorption; enterocyte; microvilli; actomyosin complex. 

The problem of changes in the microvilli during performance of its basic function of ab- 
sorption by the intestine has recently come up for discussion. Previously, when functions of 
the microvilli were reduced simply to enlargement of the absorbing surface of the intestine, 
they were considered to be stable formations. Recent investigations have shown that miarovil- 
li can contract [I0, 13, 14]. Immunofluorescence and immunochemical identification of the 
actomyosin complex in microvilli demonstrated clearly that the microvilli of enterocytes are 
active dynamic structures [9, ii]. The study of the response of the microvilli during absorp- 
tion of individual nutrients confirms the lability of these structures, but gives contradic- 
tory results [7, 8, 15]. Under natural conditions a wide range of different nutrients under- 
goes simultaneous absorption from the chyme; the response of the microvilli during activation 

of digestive processes, however, has not hitherto been described. 

The aim of this investigation was to study the dynamics of changes in size of the micro- 
villi of absorptive enterocytes located in the active zone of the villi of the three princi- 
pal parts of the intestine, during digestion and absorption of a combination of natural food 

products. 

EXPERIMENTAL METHOD 

Mature Wistar albino rats weighing about 200 g were used. Before the experiment the an- 

imals were kept on the ordinary animal house diet. The rats were deprived of food (water ad 
lib.) for 36 h before the experiment, and kept in cages preventing coprophagy. After starva- 
tion, the animals were fed for 15 min on sunflower seeds and white bread soaked in milk, after 

which the residual food was removed from the cages. 

The animals were killed 25, 50, i00, and 200 min and 8 h after the beginning of feeding. 
Rats deprived of food for 36 h served as the control. Pieces of duodenum, the middle part of 
the jejunum, and the distal part of the ileum were removed for investigation. 

After decapitation of the animals, a 4% solution of paraformaldehyde in Hanks' buffer 
(pH 7.3) was injected slowly into the intestinal lumen. After 3-5 min pieces of the three 
parts of the small intestine were excised and immersed in the same fixative as that in which 
the tissues were kept for 3 h at 4~ After rinsing three times in buffer, the pieces were 
fixed in 2% OsO~ for 30 min, washed in buffer, incubated for 30 min in a 1% aqueous solution 
of thiocarbohydrazide, washed, and postfixed for 1 h in Os04 [6]. After dehydration in ace- 
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