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Investigation of total and histologically t reated biopsy mater ia l  of the mucous membrane  of the 
small  intestine of dogs with a complete intestinal fistula and of dogs with a by -passed  length of 
small  intestine revealed intensive formation of superfluous epithelial s t ruc tures  (outgrowths, 
continuous sheets of cells) in the region of the crypts  and the base of the villi. Desquamation 
of these s t ruc tu res  into the lumen of the intestine takes place outside the "expulsion zone" 
without disturbance of the in tergr i ty  of the cover ing villi. Less  marked features of this p rocess  
also were observed in control mater ia l .  The resul ts  indicate the existence of yet  another path- 
way of development whereby the crypt  cell leaves the c r y p t - v i l l u s  sys tem as a component of 
branching and desquamated epithelial s t ruc tures .  
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According to the concept of cel lular  renewal in the c r y p t - v i l l u s  sys tem,  the newly formed crypt  cell 
e i ther  divides and remains  in the crypt  or ,  moving on to the villus, it differentiates into a special ized entero-  
cyte and, having reached the "expulsion zone" on the apex of the villus, it is expelled into the lumen of the in- 
testine [4,7-9]. 

The mechanisms of corre la t ion  between the formation of new cells and their  desquamation, movement of 
the cell l ayer  f rom the crypt  to the villus, and the causes of desquamation of the cells have not yet  been ade- 
quately explained [7,8,10]o 

Unlike the "wedging out" of the epithelial cel ls ,  which is an intravital  p rocess ,  most  workers  consider  
the r a re ly  seen detachment of the covering villi and their  complete desquamation to be an ar tefact .  Attempts 
to in terpre t  desquamation of sheets of epithelial cells as an expression of the functional morphology of the 
smal l  intestine [3,5,6] have been cr i t ic ized as methodologically and technically unsound [1,2,7]. 

This paper  descr ibes  observat ions on the intravital  desquamation of sheets of epithelium without dis tur-  
bance of the continuity of the epithelial cover  of the villi. This hitherto unknown fact was d iscovered during 
an investigation of the mucous membrane  of the small  intestine in dogs in which par ts  of the intestine were 

by-passed.  

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

The mucous membrane  of the small  intestine was studied in 428 biopsy specimens removed through in- 
testinal fistulas f rom 26 dogs with a permanent  and complete high fistula of the small  intestine, and f rom nine 
dogs in which an extensive portion of the small  intestine (up to two thirds of its length) was isolated f rom the 
gas t ro- in tes t ina l  t rac t ,  and also in 27 healthy dogs with fistulas (background). Control mater ia l  was taken by 
biopsy (125 specimens) during operations to form fistulas in 40 healthy dogs. The pieces of biopsy mater ia l  
were oriented under a binocular microscope ,  fixed with 12% neutral  formal in  solution, and examined before 
histological  t rea tment  to determine any changes in the size,  shape, or  a r rangement  of the villi. During the 
examination of the region of the base of the villi near  the mouth of the crypts ,  which is less  access ible  for ob- 
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Fig. i. Features of superfluous development of epithelium in mucous membrane of 
parts of small intestine isolated from digestion: a, b) whole villi; c, d, g) longitudinal 
sections through villus; e) transverse section; f) longitudinal section through crypt; 
epithelial "cuff" around whole villus (h) and in transverse (i) and longitudinal (j) 
sections through villi. Biopsy. Stained with hematoxylin-eosin (f), by Van Gieson's 
method (c-e, g, j), and by PAS reaction and hematoxylin-eosin (i). Magnification 
between 20 • (a, b) and 400 x (f). 

servation, a method of atraumatic microdissection was used. Paraffin sections of biopsy material, 5-10 p in 
thickness, were stained by the ordinary histological methods and by the PAS reaction with counterstaining with 
hematoxylin and eosin. 

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

Investigation of whole biopsy specimens f rom the intestine excluded f rom digestion by isolation or  by 
means of a complete fistula revealed that the thick, s tr ingy mass  frequently found to surround or  cover the 
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Fig. 2. Superfluous epithelial structures of small intestine of intact dogs: a, h) 
whole specimens of mucous membrane and f) longitudinal section; c) whole villus; 
b, d) longitudinal and e) transverse sections through villi; g) longitudinal section 
through crypt. Biopsy. Stained with hematoxylin-eosin (e) and by Van Gieson's 
method (b, d, f, g). Magnification between 20 • (a) and 400 • (b). 

villi consisted mainly of mucus containing narrow coiled tubules, rod-shaped structures, and thin films in 
various states of preservation. Sometimes they were loosely attached to the surface of the villi and to the 
region of the mouth of the crypts (Fig. la, b). Projections of different lengths or a circular sheet of cells 
spread out from the base of many villi (Fig. lh). Serial sections showed that these structures were epithelial 
in nature and arose as branches from the ordinary epithelium of the crypts and at the base of the villi (Fig. Ic, 
f, j). In photomicrographs they appeared as single or double bands and rings of flattened epithelium (Fig. id, 
e, g), distinguished by karyopycnosis and by absence of a basement membrane and of cell boundaries. In the 
narrow rod-shaped projections, covered by the same modified epithelium, the connective-tissue stroma was 
very poorly developed. In sections structures of this sort were located between the villi and in the lumen of 
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many crypts ,  f rom the mouth of which they emerged  on to the surface of the mucous membrane  (Fig. ld-g) .  
Mitotic f igures of cell division could be seen in the crypts at all stages of the experiments .  

Although in general  the epithelial cover  of the villi was intact,  the mucous membrane  of the intestine 
isolated from digestion was charac te r ized  by changes result ing from the development of the superfluous epi- 
thelial s t ruc tures .  Changes of this type included the appearance of villi surrounded by a cuff consist ing of a 
sheet of modified epithelium which, growing out f rom their  base,  reached a considerable height. 

Such a "cuff" could be clear ly seen around whole villi or  in longitudinal sections through them, but in 
t r ansve r se  sections it appeared as a ring around the t r ansverse ly  divided vilhis (Fig. lh ,  i, j). In some whole 
villi only the apical par t  was surrounded by the "cuff", which grew out of its lateral  surface,  at a point deprived 
of its epithelium, and not f rom its base.  Correspondingly in photomicrographs some villi were seen with cav- 
it ies,  closed on the outside by modified epithelium, on their  lateral  surface or at their  distal end. They a t t rac-  
ted attention by the intense PAS reaction of the accumulated contents. 

During investigation of whole villi a frequent d iscovery was their  fusion in cer tain par ts  of the surface.  
An equally frequent finding in the photomicrographs  was of epithelized bridges connecting the surface of neigh- 
bor ing villi at different levels.  Finally, in the case of more  superfical  biopsy mater ia l  f rom the mucous m e m -  
brane,  villi surrounded by s t ruc tures  connected with their  surface and desquamated f rom the cryptal  portion, 
were constantly observed (Fig. lb).  

The pat terns  descr ibed suggest  that surplus formation and desquamation of epithelial s t ructures  can take 
place not only in the region of the crypts  and at the base of the villi, but in any other par t  of the surface of the 
villi. This is evidently a mat te r  for further  clarification. 

By contras t  with par ts  of the small  intestine isolated from digestion by various methods,  where hyper-  
production and intensive desquamation of the surplus epithelium were clear ly identified, in the duodenum of the 
same dogs, which was in contact with the food masses ,  and also in healthy dogs with fistulas,  signs of formation 
of s imi lar  s t ruc tures  were observed only in par t  of the biopsy mater ia l .  In control dogs this phenomenon was 
even less conspicuous: Overgrowth of epithelium on the surface of the villi was absent and only in some par ts  
of the biopsy f ragments  could tubules, rod-shaped project ions and continuous sheets be found in the region of 
the base of the villi and the mouth of the crypts  (Fig. 2a, c, h). In photomicrographs of the mucous membrane  
of the small  intestine of the control dogs, modified epithelium was observed in some of the crypts  and in places 
between the villi (Fig. 2b, d-g). 

The resul ts  of this investigation provide evidence that superfluous epithelial s t ruc tures  can appear in 
the small  intestine. Branching f rom the epithelial layer ,  they lose their  connection with the connective t issue 
s t roma  but do not break up into individual cells; instead they continue to grow and remain an integral  par t  of 
the t issue.  Ultimately they are  broken off the epithelium of the mucous membrane and desquamated to the 
lumen of the intestine. This p rocess ,  although relat ively poorly developed under physiological conditions, is 
sharply intesified when the intestine is isolated f rom the digestive t rac t ,  and this leads to intensive format ion  
and desquamation of the epithelium without any significant disturbance of the cover  of the villi. Hyperproduction 
of epithelium under these conditions may be connected to some degree with the delayed "wedging out" of the 
epithelial cells on the apices of the villi in the absence of the mechanical  effect of the good on them. 

On the basis of these resul ts  yet  another course  which can be followed by the enterocytes  can be postu- 
lated, outside of the c r y p t - v i l l u s  sys tem,  as components of branching and desquamated epithelial s t ruc tures .  
The ability of the intestinal epithelium of dogs to develop superfluous s t ructures  and to reject  them into the 
lumen of the small  intestine outside the "expulsion zone" may play a role in the correla t ion between the fo rma-  
tion of new epithelial cells and their  desquamation in the c r y p t - v i l l u s  sys tem and may also serve  as an addi- 
tional source of endogenous substances appearing in the lumen of the intestine. 

lo 
2. 

3~ 
4. 

5. 

L I T E R A T U R E  C I T E D  

N. P. Bochkov, ByulL ]~ksp. Biol. Med., No. 5, 114 (1960). 
M. V.  Voino-Yasenetskii  and Yu. M. Zhabotinskii, Sources of E r r o r  in Morphological Investigations [in 
Russian],  Leningrad (1970), pp. 19-21, 65-74, and 136-137. 
Z. M. Gadzhieva, Byull. Eksp. Biol. Meal., No. 11,100 (1957). 
A. M. Kononenko, "Investigation of the dynamics and kinetics of cellular  renewal of the normal  and i r -  
radiated epithelium of the small  intestine," Author ' s  Abst rac t  of Doctoral  Dissertat ion,  Leningrad (1971). 
Yu. P. Kukel ' ,  Byull./~ksp. Biol. Med., No. 10, 96 (1963). 

1423 



6. M . I .  Razumov, Vopr. Pitaniya,  No. 4, 18 (1952). 
7~ D.S .  Sarkisov, Regnerat ion and its Clinical Importance [in Russian],  Moscow (1970), pp. 99-110. 
8. A . M .  Ugolev, Contact Digestion [in Russian],  Leningrad (1972), pp. 116-122. 
9. B. Creamer ,  J. Roy. Coll. Phys .  London, 5,  323 (1971). 

10. H. David, Arch.  Path. Anat.,  342, 19 (1967). 

S T A T E  O F  T H E  N E R V O U S  A P P A R A T U S  O F  T H E  M E N I N G E S  

A F T E R  B I L A T E R A L  L I G A T I O N  O F  T H E  C O M M O N  C A R O T I D  

A R T E R I E S  

G. A.  K o n s t a n t i n o v s k i i  UDC 6160833- 031:611.819/-  
02:616.133- 007.272-092.9 

Bilateral  ligation of the common carot id a r t e r i e s  was followed by marked changes in the nervous 
apparatus of the meninges,  leading in some places to the reorganizat ion of neurovasal  relat ions.  
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The nature of the collateral  circulat ion of the brain and its meninges af ter  ext racrania l  occlusion of the 
main vesse ls  of the head is at present  a mat te r  for  special  attention of both clinicians and theoret icians [2,7, 
15,t6]. However,  no mention could be found in the access ible  l i tera ture  of the state of the nervous apparatus 
of the blood vesse ls  of the brain and its meninges in dis turbances of this type or ,  in par t icu lar ,  in ext racrania l  
lesions of the carot id  a r t e r i e s ,  the frequent  cause of softening of the ce rebra l  hemispheres  [7,15]. Neverthe- 
less ,  such information is par t icu lar ly  relevant to the deeper  analysis of these p roces se s  for  the responses  of 
blood vesse l s  are  largely  dependent on the state of their  innervation [3-5,11]. 

The object of this investigation was to study the state of the nervous apparatus of the meninges after  
bi la teral  ligation of the common carot id  a r t e r i e s .  

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

The meninges f rom the brains  of 32 healthy, sexually mature  dogs (24 experimental  and eight control  
animals) were used as the test  object. The experiments  were ca r r i ed  out on dogs because the principle of con- 
s t ruct ion of the vascu la r  sys tem of the brain and the innervation of the meninges in these animals are  s imi lar  
in many r e spec t s  to those observed in man [6,8,14]. 

Under s ter i le  conditions the middle par t  of the common carotid a r te r ies  of the experimental  dogs was 
exposed and completely ligated with a Kapron thread (each vesse l  at two places).  The animals were killed at 
different t imes af ter  the operation:  1 , 3 ,  7, 30, 90, and 120 days (four dogs in each group). 

The meninges were investigated in total prepara t ions .  Nerve cells were detected by impregnation with 
s i lver  ni trate by the B i e l s c h o w s k y - G r o s ,  Rasskazova,  and Campos methods,  by means of which the vascular  
network could be demonstra ted at the same time. After  impregnation with s i lver ,  the prepara t ions  were gilded 
and stained with hematoxy l in -  eosin, azure  I I - e o s i n ,  or  picrofuchsin so as to detect the other t issue elements.  
The myelin sheath of the nerve f ibers was stained with hematoxylin lake by Spie lmeyer ' s  method or with osmic  

acid by Schultze 's  method. 
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