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Total  i s chemia  of the smal l  intest ine in r a t s  of shor t  durat ion (45-50 rain) is followed by prolonged (up 
to 15 days or  more )  fluctuating changes in functional,  b iochemical ,  and morphologica l  c h a r a c t e r i s t i c s  of  the 
t i s sue  (active t r anspor t ,  pa s s ive  ionic p e r m e a b i l i t y  of  the epi thel ium, act ivi ty  of var ious  oxidative and hy-  
drolyt ic  enzymes ,  the s t ruc tu re  of the epi thel ia l  c o v e r  of the villi  and c ryp t s ,  mi to t ic  index, mechan ica l  p r o p -  
e r t i e s  and pe rmeab i l i t y  of junctions between en te rocy tes ,  etc.) [2, 4]. Because  of the fundamental  impor tance  
of humora l  influences for  the ac t iv i ty  of  o rgans  and t i s sues ,  it is c l ea r  that  the study of the dynamics  of  the 
blood hormona l  p ic ture  in an imals  a f t e r  i schemia  mus t  shed light on the causes  of these  fluctuating p r o c e s s e s  
in the mucous membrane, the mechanisms of which have not yet been explained. 

In the investigation described below hormonal changes were studied in the blood of rats after ischemia 
of the small intestine, 

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

E x p e r i m e n t s  were  c a r r i e d  out on noninbred ma le  albino r a t s  weighing 200-250 g. Total  i schemia  was 
produced by t e m p o r a r y  l igation of the smal l  intesth~e in the p rox ima l  port ion and of the l a rge  intest ine at the 
level  of 2-3 cm beyond the i l iocecal  angle,  followed by l igation of the c ran ia l  m e s e n t e r i c  a r t e r i e s  and, 2-3 
rain l a t e r ,  the veins .  A s a r e s u l t  the intest ine was depr ived  of both inflow and outflow of blood for  an ass igned  
per iod  (50 rain), a f t e r  which the l iga tures  were  r emoved  (f i rs t  f rom the veins ,  then f rom the a r t e r i e s  and, 
finally,  f rom the intest ine i tself) .  The abdominal  wall  was c losed without drainage by a continuous su ture .  

The an imals  were  divided into th ree  groups:  1) control  (intact ra t s ) ,  2) r a t s  undergoing only l apa ro tomy  
fo r  50 rain,  and 3) r a t s  in which total  i schemia  of the sma l l  intest ine for  50 rain was produced.  

Blood s amp l e s  were  taken under  e the r  anes thes ia  a f te r  decapitat ion f rom the an imals  of all  g roups  
s imul taneously;  a f t e r  coagulat ion the s e r u m  was sepa ra t ed  by centr i fugat ion for  20 m i a  at 2000 r p m .  

To de te rmine  the s e r u m  levels  of thyro t rophic  hormone (TTH), t r [ - iodothyronine  (T3) , thyroxine (T4) , 
insulin (IN), A CTH, and g lueocor t ico ids  (CC), rad io immunologic  kits were  used as follows: f rom Byk-Mal l inek-  
rodt  (West Germany)  for  T3, T4, and TTH,  f rom Corning (USA) for  IN, f rom CEA-IRE-Sor in  (F rance ) fo r  ACTH, 
and f rom the Radiochemical  Cent re ,  A m e r s h a m  (England) for  GC. Radioact ivi ty  was counted on a G a m m a -  
Cord- I I  automat ic  g a m m a  counter  (from Ames ,  USA). The r e su l t s  were  subjected to s ta t i s t i ca l  analys is  by 
means  of the nonpa ram e t r i c  W i l c o x o n - M a n n - W h i t n e y  c r i t e r i on  [1] and Student ' s  t - t e s t .  

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

The  r e su l t s  of m e a s u r e m e n t  of the concentra t ions  of the above-ment ioned  s ix  hormones  in the s e r u m  of 
an imals  of each group and of the i r  s t a t i s t i ca l  ana lys i s  a r e  given in Table  1. The hormonal  p ic ture  2 h a f te r  
i s chemia  and l apa ro tomy  was a l m o s t  identical:  a sha rp  i nc r ea se  in the GC concentrat ion,  a fall in the IN 
concentra t ion ,  but no change in the ACTH, TTH, and T 4 levels  c o m p a r e d  with the control .  However ,  the re  was 
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TABLE 1. S e r u m  H o r m o n e  C o n c e n t r a t i o n s  in R a t s  in the  P o s t i s c h e m i c  P e r i o d  

Time after 
operation 

2h 

I day 

4 days 

14 days 

Conditions 

Ischemia 
Laparotomy 
Control 
Ischemia/control 

P 
Laparotomy/control 

P 
Ischemia/laparotomy 

Ischemia 
Laparowmy 
Control 
Ischemia/eontrol 

P 
Laparommy/control 

P 
Ischemia/laparotomy 

P 
Ischemia 
Laparotomy 
Control 
Ischemia/control p 
Laparotomy/control 

P 
Isohemia/laparotomy 

P 
lschemia 
Laparotomy 
Control 
Ischemia/control 
Laparotomy/control 

Ischemia/laparotomy 
P 

ACTH, 
pg/ml 

5300 (5) 
7454 (5) 
2548 (5) 

3653 (5) 
1090 (5) 
2304 (6) 

182,5 (4) 
2473 (6) 
698 (6) 

Cortisol, 
ng/ml 

377 (5) 
402 (5) 

89,4 (5) 
3,86 

<0,01 
4,4 

<0,01 

148,2 (5) 
78,7 (5) 
78,4 (7) 

61 (6) 
114 (7) 
96 (7) 
0,63 

<0,01 

Insulin, TTH, Triiodo- ~ - " 

units/ml}lmits/ml n$/ml ~g/ 

13,2 (2) 
13,1 (2) 
20,5 (2) 

0,65 
0,05 
0,65 
0,05 

14,7 (2) 
25,3 (2) 
.)4,3 (2) 

0,( 
0,05 

0,( 
0,05 

24,7 (2) 
26,5 (2) 
15,6 (2) 

1,55 
40,05 

1,77 
<0,05 

6097 (5) 
3071 (7) 
3666 (4) 

0,53 
<o21 
167,8 (5) 
131,6 (7) 
166,2 (4) 

12,8 (2) 
12,8 (2) 
11,4 (2) 

1,37 (4) 
0,88 (5) 
1,63 (5) 

1,94 (5) 
1,63 (5) 
1,84 (6) 

1,53 (6) 
2,38 (7) 
1,77 (7) 

1,35 
~0,05 

0,64 
<0,01 
1,71 (5) 
2,42 (7) 
1,74 (5) 

3,66 (5) 1,66 (5) 
),77 (5) 1,72 {5) 
)86 (5) 1t3(5) 

0,77 
~0,05 

3,47 (5) 0,48 (5) 
3,68 (5) 0,9i (5) 
1,04 (7) 2,57 (7) 

0,45 0,19 
<0,01 <o,01 
0,66 0,35 

~/0,01 <0,01 
0,5 

<O,Ot 
0,69 (6) 0,82 (6) 
0,81 (7) 0,64 (7) 
0,88 (6) 0,69 (7) 

0,75 (5) 3,12 (5) 
0,76 (7) 2,49 (7) 
0,76 (5) 3,37 (4) 

0.7 
<0,05 

Legend. Mean values shown; level of significance and values for ratios given only when they 
differ significantly (P - 0.05) from 1; number of experiments shown in parentheses. 

one  d i f f e r e n c e :  T h e  T S c o n c e n t r a t i o n  in the  i s c h e m i z e d  a n i m a l s  was  l o w e r  than  in the  c o n t r o l  r a t s ,  w h e r e a s  
in  l a p a r o t o m i z e d  a n i m a l s  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in the  T 3 l e v e l  c o m p a r e d  wi th  v a l u e s  o b t a i n e d  in 
i n t a c t  a n i m a l s  w e r e  not  found.  M e a n w h i l e ,  c o m p a r i s o n  of  l e v e l s  fo r  a n i m a l s  of  g r o u p s  2 and 3 showed  no d i f -  
f e r e n c e s  in  t he  T 3 l e v e l ,  i nd i ca t i ng  the  a p p e a r a n c e  of  t he  t y p i c a l  s t r e s s  r e a c t i o n  a t  t h i s  t i m e  a f t e r  the  o p e r a -  
t i on .  

A f t e r  1 day  the  IN, T 3, and T 4 c o n c e n t r a t i o n s  in the  i s c h e m i z e d  r a t s  w e r e  l o w e r ,  w h e r e a s  in t he  l a p -  
a r o t o m i z e d  a n i m a l s  on ly  the  T 3 and T 4 l e v e l s  w e r e  l o w e r ;  the  change  in the  IN and T 3 c o n c e n t r a t i o n s ,  m o r e -  
o v e r ,  w e r e  g r e a t e r  in t s c h e m i a .  

On the  4th day  t h e  b lood  l e v e l s  of  T3, T4, and T T H  had r e t u r n e d  to n o r m a l  a f t e r  i s c h e m i a ,  the  IN l e v e l  
w a s  high,  but  the  GC c o n c e n t r a t i o n  was  low. A t  the  s a m e  t i m e  a f t e r  l a p a r o t o m y ,  an  i n c r e a s e  was  found a l s o  
in  the  IN c o n c e n t r a t i o n  but  t he  GC l e v e l  was  unchanged  and the  TTH c o n c e n t r a t i o n ,  c o n v e r s e l y ,  was  i n c r e a s e d .  
C o n c e n t r a t i o n s  o f  t he  o t h e r  h o r m o n e s  w e r e  the  s a m e  as  in the  c o n t r o l .  

T h e  r e s u l t s  o b t a i n e d  14 days  a f t e r  the  o p e r a t i o n  i n d i c a t e  v i r t u a l l y  c o m p l e t e  r e c o v e r y  of  h o r m o n a l  
h o m e o s t a s  i s .  

A n a l y s i s  of  t h e  r e l a t i o n s  b e t w e e n  c h a n g e s  in t he  p r o p e r t i e s  o f  t he  m u c o u s  m e m b r a n e  of  the  s m a l l  i n -  
t e s t i n e  on the  one hand,  and c h a n g e s  in  h o r m o n a l  h o m e o s t a s i s  on the  o t h e r  hand,  m u s t  e v i d e n t l y  a w a i t  f u l l e r  
and  m o r e  d e t a i l e d  i n f o r m a t i o n .  H o w e v e r ,  t he  r e s u l t s  o f  t he  p r e s e n t  i n v e s t i g a t i o n  a r e  su f f i c i e n t  to  i n d i c a t e  
t h a t  t h i s  is  a p r o m i s i n g  a p p r o a c h ,  and t hey  r e v e a l  c e r t a i n  c o r r e l a t i o n s .  F o r  i n s t a n c e ,  t he  h o r m o n a l  changes  
a r e  f luc tua t ing  in  c h a r a c t e r  and can  be  d e t e c t e d  un t i l  2 weeks  a f t e r  the  o p e r a t i o n ,  a f ac t  which c o r r e l a t e s  
wi th  the  d u r a t i o n  of  f lme t iona l ,  b i o c h e m i c a l ,  and  m o r p h o l o g i c a l  c h a n g e s  s t u d i e d  p r e v i o u s l y .  T h i s  f ac t  m u s t  
be  t a k e n  into a c c o u n t  when t h e  p a t h o g e n e s i s  of  v a r i o u s  i n j u r i e s  to  t he  g a s t r o i n t e s t i n a l  t r a c t  and t h e i r  t r e a t -  

m e n t  a r e  a n a l y z e d .  

C o r r e l a t i o n  has  a l so  b e e n  found be tween  c ha nge s  in  the  m i t o t i c  index  (MI) a f t e r  i s c h e m t a  [4] and the  
l e v e l s  o f  t h y r o i d  and g l u e o c o r t t e o i d  h o r m o n e s :  A fa l l  in  MI  a f t e r  4 -24  h i s  a c c o m p a n i e d  by a fa l l  in t he  T a 
and  T 4 l e v e l s  and a r i s e  in  t he  GC c o n c e n t r a t i o n ,  w h e r e a s  an i n c r e a s e  in MI on the  4th day  i s  a c c o m p a n i e d  by  
a d e c r e a s e  in t he  GC l e v e l ,  in  good  a g r e e m e n t  wi th  da t a  p u b l i s h e d  p r e v i o u s l y  on the  e f fec t  of  the  h o r m o n e  l e v e l  

on IVll [5]. 
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It has also been shown that  i s chemia  of the sma l l  intest ine is accompanied  by specif ic  hormonal  changes 
in the blood, which differ  f rom those obs e rve d  a f t e r  l apa ro tomy.  This  fact  may  evidently re f l ec t  the much 
g r e a t e r  contr ibution of the in tes t inal  hormonal  (enterin) [3] s y s t e m  to the r e sponse  of the t i s sue  to injury,  
which in te rac t s  v e r y  c lose ly  through numerous  feedback c i rcu i t s  with the genera l  hormonal  sy s t em.  
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Dis turbance  of axop lasmic  t r a n s p o r t  (AT) of colchicine (COL) in m o t o r  ne rve  f ibe r s  of m a m m a l s  and 
amphibians  leads to the appearance  of denerva t ion- l ike  changes in the skele ta l  musc l e  without any d is turbance  
of neu romuscu l a r  t r a n s m i s s i o n  or  exclusion of the m u s c l e  f rom m o t o r  act ivi ty [1, 4]. This  sugges ts  that  sub-  
s tances  (trophic fac tors ) ,  c a r r i e d  to the m usc l e  by AT [6], par t ic ipa te  in the mechan i sm of neurot rophic  con-  
t ro l  of  ske le ta l  m us c l e  f ibe r s .  Meanwhile invest igat ions have shown that  denerva t ion- l ike  changes also de-  
velop in m a m m a l i a n  m u s c l e s  in d i r ec t  contact  with COL.  In this case  AT in m o t o r  ne rve  f ibe r s  is not ap-  
p rec i ab ly  affected [5, 7]. It can t h e r e f o r e  be tenta t ively  sugges ted  that  the development  of the denerva t ion-  
l ike synd rome  in m us c l e  f ibers  in expe r imen t s  with COL is not n e c e s s a r i l y  the r e su l t  of a d is turbance of 
AT but m a y  be the r e su l t  of the d i rec t  act ion of the alkaloid on the musc le  [5, 7]. However ,  the expe r imen t s  
desc r ibed  above did not so lve  the p rob lem of how n e u r o m u s c u l a r  t r a n s m i s s i o n  is a l t e red  under  these  c i r c u m -  
s t ances ,  and at  the s a m e  t ime ,  we know that  d is turbance  of n e u r o m u s c u l a r  t r a n s m i s s i o n  can lead to the a p -  
p e a r a n c e  of changes of a denervat ion type in m u s c l e  [6]. 

Consequent ly ,  in expe r imen t s  on f rogs  in which denervat ion  changes in musc l e  f ibers  differ  in ce r t a in  
r e s p e c t s  f rom those  in warm-b looded  an imals  [8], it is in teres t ing to study whether  COL,  through d i rec t  contact  
with the m u s c l e ,  can cause  the appea rance  of denerva t ion- l ike  changes in the m u s c l e  f ibers  and whether  the 
c h a r a c t e r  of  myoneura l  t r a n s m i s s i o n  is a l t e red  under  these  c i r c u m s t a n c e s .  

The a im of the p r e s e n t  invest igat ion was to study the functional s ta te  of the p r e -  and pos tsynapt ic  m e m -  
b ranes  of the neu rom us cu l a r  synapse  a f t e r  p a r e n t e r a l  injection of COL into f rogs .  

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

E xpe r imen t s  we re  c a r r i e d  out on a n e r v e - m u s c l e p r e p a r a t i o n  of the sc ia t ic  ne rve  and s a r to r ius  mu sc l e  
of f rogs  (Rana r idibunda and Rana t e m p o r a r i a )  in the winter  per iod,  using a s tandard  m i c r o e l e c t r o d e  technique.  
F r o g s  of the expe r imen ta l  group r ece ived  an injection of 0.1 ml  of a 10 mM solution of COL (from Merck,  
West  Germany) ,  made up in R i nge r ' s  solution, into the dorsa l  lymph sac .  The dose used is equivalent to the 
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