
U L T R A S T R U C T U R E  OF T H E  A P I C A L  P A R T  OF T H E  E P I T H E L I A L  

C E L L S  OF  T H E  M U C O U S  M E M B R A N E  OF T H E  S M A L L  I N T E S T I N E  

A F T E R  E X T E N S I V E  E X P E R I M E N T A L  E N T E R E C T O M Y  

S. N.  Ge n y k  UDC 6:16.34-089.87-07:616.341-018.73-091.8 

After  extensive en te rec tomy in dogs, profound ul t ras t ruc tura l  changes take place in the 
epithelial cells of the mucous membrane of the small  intestine. The microvil l i  are r e -  
duced in number,  considerably shortened, and thickened. Swelling and vacuolation of the 
mitochondria are  observed,  the number of mitochondrial  c r is tae  is reduced by more than 
half, and the membranes  of the endoplasmic ret iculum are swollen and vacuolated. 

Insufficient attention has been paid to the study of the morphological  charac te r i s t i c s  of the intestinal 
cells after  extensive en terec tomy,  and no repor t s  of e l ec t ron -mic roscop ic  investigations of this type could 
be found in the access ible  l i te ra ture .  

The object of the p resen t  investigation was to study the submicroscopic  s t ructure  of the intestinal 
epithelium af ter  extensive enterec tomy.  

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

Experiments  were ca r r i ed  out on four dogs undergoing resec t ion  of seven-eighths of the length of the 
small  intestine and subsequent anastomosis  of the jejunum to the t ransverse  colon. The mucous membrane 
of a loop of jejunum was removed for  e l ec t ron -mic roscop ic  investigation two months af ter  the operation. 
An e l ec t ron -mic roscop ic  study was also made of the mucous membrane of the jejunum of four healthy dogs. 

The pieces of exc ised  jejunal mucous membrane ,  measur ing 0.5 x 1.0 mm, were fixed for 2 h in 2% 
osmium tetroxide solution in veronal  buffer,  cooled to 4~ They were then dehydrated in a se r ies  of a l-  
cohols of increas ing concentrat ion and shadow-cas t  in 10% phosphotungstic acid solution with the addition 
of a 2% solution of uranyl  acetate in 70 ~ alcohol. The mater ia l  was embedded in prepolymer ized  methac-  
rylate .  Ultrathin sections were cut on the LKB 8800-A u l t ramicro tome and examined in the U~.MV-100B 
electron mic roscopywi th  accelera t ing voltage 75 kV and diaphragm aper ture  30 #. The work was ca r r i ed  
out in the labora tory  of e lect ron mic roscopy  of L 'vovMedical  Institute. 

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

After extensive enterec tomy,  substantial changes in the s t ruc ture  of the epithelial cells were observed 
in the mucous membrane  of the jejunum. Marked changes were found in the height, a r rangement ,  and s t ruc -  
ture of the microvi l l i .  As Fig. 1 shows, all the microvil l i  were deformed, frequently bean-shaped,  with a 
thickening at their  base. The rat io between their  height and diameter  was 7 : 1, compared  with 21 : 1 in the 
control .  The number of microvi l l i  per  p2 surface a rea  of functioning epithelial cell of the mucous membrane 
was 57 • (control 714-2.5; P<  0.001). The surface a rea  of a single microvi l lus  and the surface area  of 
the microvi l l i  per  ~2 of free cell surface also were considerably reduced. 
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TABLE 1. Dimensions of Mitochondria and Their  Membranes  in Apical P a r t  of Epithelial Cell of Jejunal 
Mucous Membrane of Dog after  Extensive Resect ion of Small Intestine 

Two months af ter  resection. 
P a r a m e t e r s  of mitochondria  Normal  

of small  intestine 

Length (in ~) 
Diameter  (in g) 
Width of outer membranes  (in ~) 
Width of inner membranes  (in ]k) 
Number of cr is tae  

1.0•  
0.27 • 0.006 
168-~2.3 
192-~ 3.4 

27• 

i.i ~: 0.04 
0.4 ~- 0.01 
239~4.5 
334~:5.9 
13:~ 0.3 

Fig. 1. Longitudinal section through 
apical par t  of epithelial cell of jejunal 
mucous membrane in normal  animal 
(a) and after  extensive en terec tomy (b). 
Mv, microvi l l i ;  T, terminal  network; 
R, endoplasmic ret iculum; 24,000x. 

Substantial changes also were found in the mitochondria 
(Fig. 2A, Table 1). These labile s t ruc tures  were increased  
in volume in the late postoperat ive per iod (2 months), mainly 
on account of an increase in their d iameter  (by a lmost  1.5 
t imes;  P < 0.05). The number of cr is tae  was reduced by more 
than half (P< 0.001). Besides disappearance of the mito-  
chondrial  c r i s tae ,  an increase  in the volume of the central  
plates (the interiors)  of the remaining cr is tae  and a decrease  
in their length were observed.  They were deformed and c o r -  
rugated in shape (Fig. 2B). The matr ix  of the mitochondria 
was c lear ,  it was swollen, and it became increasingly vacu-  
olar  in appearance (Fig. 3). The outer and inner membranes 
were thickened, and ultimately the mitochondria were con- 
verted into vesicles, bounded by an outer membrane (Figs. 
2B, 3). Meanwhile, the mitochondria distributed around the 
nucleus (in the basal part) were hypertrophied but showed 
no signs of disturbance of their fine structure (Fig. 2A). 

The ultrastructure or volume of the mitochondria and 
the activity of the respiratory enzymes have been the sub- 
ject of repeated parallel investigations which have shown 
definite correlation between the intensity of respiration and 
the activity of the respiratory enzymes, on the one hand, and 
the number of cristae in the mitochondria and the degree of 
swelling of the mitochondria on the other hand [i, 6, 7, 9]. 
These changes in the apical part of the epithelial cells of 
the jejunal mucous membrane can be regarded as reflecting 
the functional s t ra in  on these int racel lular  s t ruc tures ,  whereas 
the s t ruc tura l  changes in the basal par t  ref lec t  hyperplasia  
of the organoids in response to the increased  functional load 
[3, 4]. Reconstruct ion of the damaged mitochondria can take 
place in the apical par t  of the cell [2, 3]. Even after  loss 
of their c r i s tae  and clear ing of their  matrix,  if the outer 
membrane  remains  intact and the pathogenic agent is e l im-  
inated, recovery of the damaged mitochondria can evidently 
take place [3]. When taking note of the profound structural 
changes in the mitochondria, which evidently reflect regen- 
eration leading to hypertrophy of the residual part of the 
small intestine, the participation of the endeplasmic retic- 
ulum in this process must be borne in mind, for this struc- 

ture, formed by a complex system of tubules, vacuoles, and cisterns [8], which supplies substrates and 
materials deficient in the mitochondria, is intimately linked with the mitochondria [I, 5]. 

It will be clear from Figs. 2B and 3 that marked swelling and vacuolation of the membranes of the 
endoplasmic retioulum took place in the apical part of the epithelial cells. Initially, the membranes of the 
endoplasmic reticulum evidently broke up into small vesicles (Fig. 3), filled with amorphous material of 
low electron density, and these subsequently dilated and were converted into large vacuoles. These yes- 
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Fig. 2. Electron micrograph of mitochondria and endoplasmic re t ic-  
ulum in apical part  of epithelial cell of jejunal mucous membrane 
of dog after extensive enterectomy: Mv, microvilli;  M, mitochondria; 
T, terminal network; R, endoplasmic reticulum; N, nucleus; C, cell 
membrane; A) 28,000• B) 24,000• 

Fig. 3. Swelling and vacuolation of mitochondria 
and endoplasmic reticulum in apical part  of epi- 
thelial cell of jejunal mucous membrane of a dog 
two months after extensive enterectomy: Mv, 
obliquely divided microvilli;  M, mitochondria; 
R, endoplasmic retieulum, 24,000x. 

966 



icles were 0.60-0.75 p long, 0.50-0.62 p wide, and they almost completely filled the cytoplasm of the cell. 
In the basal part and around the nucleus, however, the endoplasmic reticulum showed signs of hyperplasia 
(mainly near the mitochondria). The changes observed in the endoplasmic reticulum must be considered 
to be connected with the development of vacuolar degeneration of the cells and also with intracellular com- 
pensatory hyperplasia of these ultrastructures of the cells of the intestinal mucous membrane in connection 
with the increased work load placed on the residual portion of the small intestine. 

In this connection, it can be conjectured that by the second month after extensive resection of the 
small intestine, not only do regressive changes take place in the epithelial cells of the intestinal mucous 
membrane, but regeneration hypertrophy, in the form of intracellular hyperplasia of the specific ultra- 
structures also takes place as the result of the increased work load thrown on the remaining part of the 
small intestine. 
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