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Peculiar tumors, called carcinoids, develop from the mucosa of the alimentary tract. It has been shown 
that carcinoids originate in the cells which were described in 1897 b y  N. K. Kul'chitskii [1]. He found them 
in the mucosa of the stomach, the duodenum and the large intestine, and showed that they secrete granules, 
differing in their nature from the granules of the blood cells and of the fat cells of the connective tissue. Similar 
cells were later described by Yu. M. Lazovskii [2] in the mucosa of the pancreatic duct, and by Detril [7] in the 
mucosa of the bile ducts. When examined histochemically, the cells studied by N. K. Kul'chitskil were found 
to have argentaffin and chromaffin properties and to give a positive diazo reaction. 

Erspamer and Asero [9] isolated from the metastases of a carcinoid tumor a substance which they called 
enteramIne, since the tumors were derived from the mucosa of the intestinal tract. These authors showed that 
enteramine was identical with 5-oxytryptamine, which was synthesized by Hamlin and Fischer [14]. 

Rapport, Green and Page [24] is01ated this same substance from the serum of cattle, and called it serotonin, 
since it possessed a tonic action on smooth muscle. 

With regard to the identification of the serotonin present in the enterochromaffln cells with 5-oxytryptamtne, 
the investigations of Benditt and Wong [4] are of great interest ; by the use of a histochemical method they 
showed that 5-oxytryptamine is present in these cells in a 1% concentration. Evidence in favor of  the identity 
of the semtonin of the granules of the enterochromaffin cells with 5-oxytryptamine is given by the variations 
in the 5-oxytryptamine content after the administration of certain drugs, and also by the 10-to 60- fold increase 
in the 5-oxytryptamine content in carcinoid tumors [4, 17, 21, 23, 28, 29]. 

Serotonin is widely distributed in the body; about 90% of the total content is in the intestine, the blood 
platelets and the brain, especially in the brainstem (cited from Gennes and de Fossey [13] ) .  It causes 
Contraction of the smooth mnscle of the internal organs and vessels; the vessels most sensitive to it are those 
of the kidneys [22]. Reserpine, when given to an animal, causes the disappearance of serotonin from the 
enterochromaffin cells for several hours, and liberates endogenous serotonin from the brain tissue [20]. The 
semtonin liberated by reserpine is destroyed by the enzyme monoaminooxidase [25] .  

Zbinden, Pletscher and Stuber [ 27] showed that the cells of the entemchmmaffin system react differently 
to the administration of reserpine. In the pyloric cells, for instance, the granules disappear, whereas in the 
mucosal cells of the fundus of the stomach even lethal doses of reserpine do not lead to disappearance of the 
argentaffin granules. Evidently the function of the cells of the entemchromaffln system varies in the different 
parts of the body. 

The results of few histochemical investigations of the *'Kul'ehitskii celts" have asye t  been pfiblished, in 
either the foreign or Soviet literature. Insufficient work has been done on their distribution in the gastrointestinal 
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Fig .  1. "Kul 'chi tsk i i  cells" in the mucous membrane  of  the duodenum 
of  a guinea pig. Fontana's modif icat ion of  Masson's m e t h o d .  Magnification:  
ocular 7 x ,  objec t ive  8 x .  

t ract  of different animals,  and on the degree of  packing with granules in relat ion to the species of  an imal  and 
its physiological  state. 

When detect ing serotoning h i s tochemica l ly  in the cells of  an a n i m a l ,  it  must be apprecia ted  that there 
is stilt  no absolute proof that the granules of the "Kul 'chi tski i  cell~ ~ are ident ica l  with serotonin.  Morphological  
investigations have to be supplemented by b iochemica l  methods of  checking,  by color chromatography and so 
on. No less than three h is tochemical  reactions must be carried out:  argentaffin, chromaffiu and diazo reactions. 
Argentaffin cel ls  possess the property of  reducing silver on account of  endogenous substances .  The ehromaffin 
reaction is a specific h is tochemical  test for polyphenols,  aminophenols and or tho-  or paraphenols.  The diazo 

reaction is used to exclude the presence of  lipofuscin, for granules of  the la t te r  substance are not stained by 
diazonium salts nor their decomposit ion products ~ 
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Ng. 2. "Kul'chitskii ceils," situated in the crypts of the duodenal mucous membrane of a guinea pig. 
a) Ceils, densely packed with argentaffin granules: b) a similar ceil, lightly packed with granules, at 
the apex of a villus in the same preparation. Fontana's modification of Masson's method. Magnifica- 
tion: ocular 7• objective 40 x . 

We investigated the content of "Kul'chitskii cells" in the gastrointestinal tract of different experimental 
animals. The ahn of the present research was to examine the distribution and degree of packing of these cells 
with granules, throughout the gastrointestinal tract of laboratory animals in order to discover the most convenient 
and economical model on which to study pharmacologically active compounds possessing a reserpine-like action 
or the property of inhibiting monoaminooxidase (compounds of great importance in the practice of neuropsychiatry). 

EXPERIMENTAL METHOD 

We examined the gastrointestinal tract of monkeys, cats, rabbits, guinea pigs, white rats, mice, birds and 
frogs, 120 animals altogether. The animals were kept on the ordinary nursery diet, apart from 20 guinea pigs 
which were in a fasting condition. The specimens from the healthy monkeys were obtained from the Institute 
for the Study of Poliomyelitis. In order to examine the effect of different physiological conditions on the 
degree of packing of the "Kul'chitskii cells ~ with argentaffin granuies, an experiment was carried out on fasting 
animals. Guinea pigs, weighing 380-400 g, were kept in a specially contructed cage, with a grating over the 
floor to prevent any possibility of the animals eating their own feces. The guinea pigs received water but no 
food until they died from starvation. All the animals were sacrificed by decapitation, the starving animals 2, 
3, 5, 6 and 7 days from the beginning of the experiment; furthermore some of the guinea pigs died on the 8th 
day of starvation. The killed and dying animals were examined post mortem, and after inspection of the 
internal organs, samples of the wall of the stomach, duodenum, jejmlum and large intestine were taken for 

morphological examination. For the argentaffin and diazo reactions, the material was fixed in 12@o neutral 

formalin, and for the chromaffin reaction, fixation was for 24 hours in a mixture of 9 parts of bichromate 

(3.5@o) snd one part of neutral 40@0 formalin. In order to reveal argentaffin granules we used Masson's method, 

with Hamperl's formula and using Fontana's solution. The chromaffin reaction was carried out by Pfeiffer- 
Jarisch method (for a description of the methods [3] ). 
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E X P E R I M E N T A L  RESULTS 

Histochemical investigat.~on showed that the dearest granules were observed by the use of the argentaffin 
staiu, and less clear by the diazo reaction; the chromaffin reaction gave diffuse staining of the protoplasm of 
the "Kul'chitskii cei ls" .  

In the gastrointestinal tract of the guinea pigs we found an abundance of argentaffin cells, densely packed 
with granules, mainly in the mucous membrane of the duodenum ; considerably fewer of them were found In 
the mucosa of the fundus of the stomach, the jejunum and large intestine, and rather more at the outlet of the 
small intestine into the large; a few cells were seen in the mucosa of the hepatic and pancreatic ducts. In the 
thickness of the mucosa of the duodenum the "Kul'chitskii cells" were distributed unevenly, there were more 
of them in the crypts , fewer in the vi111, and only solitary cells were found at the apex of the villi; there was 
a falling off also in the packing of'the ceUs with granules as the apex of the villus was reached (Fig. 1). 

In a transverse section of the intestine it could be seen that areas of the mucosa situated over lymphatic 
follicles were almost free from these ceils. Other characteristic features were the arrangement of the argentaffln 
cells in the membrane between the epithelial ceils, their triangular or oval shape and the absence of any 
contact between their protoplasm and the surface of the lumen of the intestine (Fig. 2, a, b), 

The content of granules in the ceils varied enormously, even in normal animals. In adults,celh were 
present which were packed with an enormous number of granules, so that the nucleus was invisible; in other 
cases its outline could be made out and, finally, there were cells in which a few hardly perceptible specks 
were present. In general, in healthy adult guinea pigs, enterochromaffin cells densely packed with granules 
were predominant. On transverse section of the duodenum, in different animals, from 450 to 1000 ceils 
could be counted, and in other divisions of the intestine, from 0.25 to 100 celIs. 

In white rats the number of enterochmmaffin cells was considerably smaller and the granules were small 
and not so numerous; they were sometimes distinct from the surface of the protoplasm in the form of strips, 
whereas in guinea pigs the granules were scattered over the whole surface of the protoplasm of the cell. In 
rabbits and mice the number of enterochromafftn cells, and the extent to which they were packed with granules, 
were also smaller than in the guinea pigs, but the shape of the cells and the distribution of the granules were 
identical In monkeys, entemchromaffin cells were also found most often in the mucous membrane of the 
duodenum, but much more rarely than in guinea pigs. Their shape and distribution were similar to those 
described in man. We found cells, reasonably well packed with granules, in the mucous membrane ~lf the 
duodenum in fowls and chicks; in the remaining divisions of the intestine,solitary ceils, poor in granules , were 
seen, and in the wall of the stomach they were absent. In the frog the number of enterochromaffin ceils in the 
mucosa of the alimentary tract was insignificant, and the granularity was represented by a slight accumulation 

of formations resembling dust. 

The diazo reaction gave clear results in cases when the argentaffin granules were well represented, but 
by the use of the first method the granules had indistinct outlines. With the chromaffin reaction the protoplasm 
of the cells was dissusely stained and the outlines of the granules could not be distinguished. 

In view of the difference in the content of cells of the enterochromaffin system in the animals investigated, 
we consider that the most suitable for experimental research are guinea pigs and chicks, for in these species It 
is easier to make quantitative estimations of the changes in the cell composition and in the'degree to which 

the cells are packed with granules. 

Microscopic examination of the alimentary tract of the starving guinea pigs showed the gradual diminution 
in the granularity of the enterochromaffin ceils, although this did not completely disappear, even in the animals 
dying from starvation. It was also found that after intraperitoneal injection of reserpine, in a dose of 10 mg/kg ,  
the argentaffin ceils disappeared in normal animals but persisted in the starving animals. After the same dose 
of reserpine, given by mouth, the granules did not disappear. It is evident that in the starving guinea pigs , 
decomposition of the reserpine took place after its parenteral injection. 

S U M M A R Y  

The authors conducted a histochemical study of the distribution of "Kul'chitskii cells" and their saturation 
with the granules in various laboratory animals. The argentaffin and chmmaffin reactions were determined 
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with a parallel diazo reaction. An uneven distribution of "Kul'chitskii cells" along the intestine was revealed. 
The highest density of the cells and the greatest granule saturation were observed in the duodenal mucous 
membrane of cats, rabbits, guinea pigs, white rats, white mice,  monkeys and chicks. The content of argentaffin 
granules is slightly decreased in the cellular protoplasma of fasting guinea pigs, but even in animal~ dead of 
hunger they do not disappear completely. After intraperitoneal injection of reserpine, argentaffin granules 
vanish in normal animals, but not in fasting ones. 
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