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Complex morphological  changes, phasic in charac te r ,  take place in the nervous plexuses of 
the smal l  intestine after  hemiresect ion.  Neurons of both the in termuscular  and the submucous 
plexuses respond s imi la r ly  to different stages of compensatory and adaptive changes in the 
res idual  intestine. The main method of res tora t ion  of the normal  morphology and function of 
the nerve cells af ter  degenerat ive changes is evidently by intracel lular  regnerat ion.  
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Data on the morphological  changes in nervous s t ruc tures  of the damaged smal l  intestine are  few in 
number and mainly descr ipt ive  in cha rac te r  [1, 2]. Most invest igtors  have not described the state of the 
submucous nervous plexus of the small  intestine af ter  injury, whereas others have stated that compared 
with the severe  changes observed in neurons of the in termuscular  plexus, the changes in the submucous 
plexus a re  slight [5, 7], It must  also be pointed out that information on the possible compensatory  and adap- 
tive p rocesses  in the nerve cells is contradictory.  Some workers  [2, 4, 6] have described division of nerve 
cells in one way or another whereas others [3, 9, 10 ] totally deny that mature neurons of autonomic ganglia 
are  capable of proliferat ion.  

The object of this investigation was to assess  quantitatively the state of the in t ramural  nervous plex- 
uses of the resected  small  intestine during the development of compensatory  and adaptive p rocesses  in the 
organ and to compare  changes taking place in the nerve cells of the two plexuses, 

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

Experiments were car r ied  out on sexually mature cats weighing 2500-3500 g. In the experimental  
animals 50% of the small  intestine was resected  in its middle part .  The divided ends of the remaining in- 
testine were anastomosed s ide- to-s ide .  No operation was performed on the control  animals.  All the ani- 
mals were  killed 7, 14, and 21 days and 1, 3, 6, and 18 months after  the operation. Pieces of smal l  intestine 
in the part  proximal  to the anastomosis  were taken af ter  sacr i f ice  for histological examination and fixed in 
12% neutral  formalin and 96 ~ ethanol. After fixation, total preparat ions  were made of the in termuscular  and 
submucous plexuses f rom the pieces of t issue and stained by the B ie l s chowsky-Gros  and Nissl methods. 
To determine the state of the nerve cel ls , the area  of the neurons and of their nuclei and nucleoli was mea-  
sured and the number of pathologically changed neurons (in 100 cells) and the total number of cells were 
counted. All measurements  for determining area  were made by photographing the nerve cells,  t racing their  
outlines on paper,  and weighing. After appropria te  calculations the true value of the above-mentioned pa- 
r a m e t e r s  was determined in square microns .  The numer ica l  resul ts  were subjected to s ta t is t ical  anaysis 
by the F i she r -S tuden t  method. 
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TABLE 1. Changes in Area of Nerve Cells,  Their Nuclei, and Nu- 
cleol i  of the Intermuscular Plexus of the Small Intestine at Various 
Times after Operation 

Time of 
observation 

7 days 

14 days 

21 days 

1 month 

3 months 

6 months 

18 months 

Group of 
Mean (lq) a r e ~  

animals 

Experimental 
Control 
Experimental 
Cdntrol 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 

of cell 

1518,0 
1719,0 
1531,0 
1614,0 
1788,0 
1779,0 
2789,0 
1613,0 
1888,0 
1607,0 
1778,0 
1658,0 
1707,0 
1746,0 

0,002 

0,043 

0,565 

0,000 

0,002 

0,002 

0,347 

of 
nucleus 

119,0 
129,0 
87,0 

122,0 
ll3,0 
140,0 
151,0 
129,0 
158,0 
140,0 
120,0 

�9 t23,0 
114,0 
139,0 

0,023 

0,001 

0,002 

0,002 

0,00 

0,631 

0,050 

fucle- p 
olus 

9,0 0,128 
11,0 
11,0 0,394 
10,0 
12,0 1,000 
12,0 
8,0 0,017 

12,0 
16,0 0,110 
12,0 
5,0 0,000 

11,0 
8,0 

14,0 0,000 

TABLE 2. Changes  in  A r e a  of Nerve  Ce l l s ,  T h e i r  Nuclei ,  and 
Nucleo l i  of the Submucous PIexus  of the Smal l  In tes t ine  at  Var ious  
T i m e s  a f te r  Opera t ion  

Time of 
observation 

7 days 

14 days 

21 days 

1 month 

3 months 

6 months 

18 months 

Mean (M) area (in/a 2) 
Group of 
animals 

Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Control 

of cell I P 

1197,0 0,001 
1346,0 
1214,0 0,001 
1360,0 0,00t 1250,0 
1320,0 0,000 1131,0 
1338,0 0,027 t375,0 
1329,0 0,001 1184,0 
1316,0 
1092,0 0,000 
1346,0 

of 
nucleus 

110,0 
88,0 
79,0 

106,0 
93,0 

110,0 
136,0 
115,0 
112,0 
101 0 
88,0 

106,0 
108,0 
ll4,0 

0,000 

0,000 

0,001 

0,001 

0,017 

0,001 

0,128 

Lcle- 
olus 

18,0 
13,0 
9,0 

13,0 
13,0 
15,0 
16,0 
14,0 
15,0 
14,0 
9,0 

13,0 
9,0 

14,0 

0,023 

0,003 

0,081 

0,059 

0,374 

0,037 

0,008 

Fig.  1. Nerve  ce i l s  of i n t e r m u s c u l a r  plexus of p r o x i m a l  
p a r t  of s m a l l  i n t e s t i ne  unde r  n o r m a l  condi t ions  (a) and 7 
days a f te r  opera t ion  (b). P e r i n u c l e a r  c h r o m a t o l y s i s  can  
be seen.  Methylene blue,  1000 x. 

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

Three  s tages  could be d i s t ingu i shed  in the deve lopmen t  of morpho log ica l  changes  in the n e r v e  ce l l s  
of the r e s e e t e d  s m a l l  i n t e s t i ne :  the f i r s t  un t i l  1 month  a f te r  the opera t ion ,  the second f rom 1 to 3 months ,  
and the th i rd  - the r e m a i n d e r  (3-18 months) .  

Dur ing  the f i r s t  per iod ,  d e g e n e r a t i v e  changes  were  obse rved  in the ne rve  ce l l s  of both p l exuses ,  and 
they were  p r o g r e s s i v e  un t i l  the end of the f i r s t  month.  The a r e a  of a n e u r o n  of the i n t e r m u s c u l a r  p lexus  
was reduced  by 12% 7 days a f t e r  the opera t ion  and by 5% on the 14th day (P--0.043).  Vacuola t ion  and ch ro -  
ma to ly s i s  developed g radua l ly  in the ne rve  ce l l s  du r ing  this  per iod  (Fig. 1). 
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Fig. 2. Nerve cell  of in te rmuscular  plexus 
of proximal  par t  of smal l  intestine 3 months 
af ter  operation. Two nucleoli are  visbile 
in the nucleus. Methylene blue, 1000 • 

The area of the nucleus in cells of the in termuscular  
plexus in this part  of the intestine was reduced by 8% on 
the seventh day andby 28-19% f rom 14to 21 days after  the 
operation. The a rea  of the nucleolus in these neurons 
was reduced only at the end of the f i rs t  month of the ope- 
ration (by33%, P= 0.07; Table 1). 

The number of pathologically changed cells was 
89% grea te r  than in the control  by the seventh dayof the  ex- 
periment,  4-5 t imes g rea te r  on the 14th day, 5-7 t imes 
21 days after  the operation, and 4 times grea ter  at the 
end of the f i r s t  month. The total number of nerve cells 
in the ganglia decreased gradually (after the 21st day of 
the experiment).  After 30 days it was 25% smal ler  than 
in the control  (as a resul t  of death of some neurons). 

The area of a neuron in the submucous plexus of 
the small  intestine was reduced by 6-14% 7-30 days after  

the operation whereas the a rea  of a nucleus was reduced by 25-29% compared with the control  af ter  14-21 
days. At this time the a rea  of the nucleolus also was reduced by 13-30% (Table 2). 

In the second stage of the experiment  the a rea  of the nerve cells and of thei nuclei and nucleoli in both 
plexuses increased gradually,  so that by the third month the values obtained were close to the controls or 
actually higher. The quantity of basophilic mate r ia l  was increased and it was uniformly distributed among 
the cytoplasm; the number  of nucIeoli also was increased (Fig. 2). No neurons dividing by mitosis could 
be observed. 

Despite some res tora t ion  of the normal  s t ruc ture  of the nerve cells in the resected smal l  intestine, 
no permanent  improvement  in their  state took place. In the third stage degenerative changes appeared in 
the nerve cells of both plexuses:  vacuolation, chromatolys is ,  fragmentat ion of nerve f ibers ,  lysis of the 
nuclear  membrane,  and so on, and these p rogressed  in the course  of time. 

The resul ts  thus showed that complex morphological  changes, phasic in charac ter ,  take place in the 
nervous plexuses of the smal I  intestine af ter  hemiresect ion.  Neurons of both the in termuscular  and the sub- 
mucous plexuses respond s imi la r ly  in the various stages of the compensatory  and adaptive changes in the 
res idual  intestine. The chief method of res tora t ion  of the normal  morphology and function of the residual  
par t  of the intestine af ter  development of degenerat ive changes is evidently by intracel lular  regenerat ion [8]. 

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

1. S.S.  Vail ' ,  Changes in the Nervous System and Lesions of the Gastrointest inal  Trac t  [in Russian], 
Leningrad (1941). 

2. A . P .  Gladkii, Proceedings of the Seventh All-Union Congress of Anatomists ,  Histologists,  and Em- 
bryologists  [in Russian],  Tbilisi (1969), pp. 1014-1016. 

3. Yu. M. Zhabotinskii, Normal  and Pathological  Morphology of the Neuron [in Russian], Meditsina, 
Leningrad (1965). 

4. G.A.  Koblov, Abst rac ts  of Proceedings of the Sixth All-Union Congress of Anatomists ,  Histologists,  
and Embryologis ts  [in Russian],  Khar 'kov (1958), p. 519. 

5. A . N .  Natishvili and V. S. Abashidze, Arkh. Anat., No. 9, 37 (1959). 
6. Yu. I. Afanas 'eva,  E. F. Kotovskii, and T. N. Radostina, Abstracts  of Proceedings of the Second Ukrai-  

nian Conference of Morphologists [in Russian],  Khar 'kov (1956), p. 12. 
7. B . I .  Lebedev, "The nervous apparatus of the gast rointes t inal  t r ac t  af ter  injury by radioactive s t ron-  

tium and polonium," Author 's  Abst rac t  of Candidate 's  Dissertat ion,  Moscow (1960). 
8. D.S.  Sarkisov, Regenerat ion and its Clinical Importance [in Russian], Moscow (1970). 
9. L . I .  Smirnov, Histopathology of the Nervous System [in Russian], Medgiz, Moscow-Len ingrad  (1941). 

[0. P . E .  Snesarev, Theoret ical  Basis of Pathological  Anatomy of Mental Diseases [in Russian], Moscow 
(1950). 

1395 


