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The r eve r s ib i l i t y  of changes in the glycogen, lac ta te ,  and adenine nucleotide level  was c o m -  
p a r e d  with functional and morphologica l  d is turbances  accompanying acute i schemia  of the 
t ransplan ted  sma l l  intest ine.  Thes t ab i l i t y  of the mucous membrane  of the smal l  intestine is 
maintained under these  conditions chiefly by metabol ic  changes .  After  r e s t o r a t i o n  of the blood 
flow c i r cu l a to ry  and nery0us m e c h a n i s m s  acqui re  an impor tan t  rote  m thi's p r o c e s s .  The 
t rans i t ion  to an unstable  s ta te  begins a t  a c r i t ica l  level of me tabo l i sm which is observed ,  
in the case  of the mucous m e m b r a n e  of the smal l  intest ine,  between the f i r s t  and second 
hours  of acute i schemia .  

P r o g r e s s  in t ransplanta t ion  of the sma l l  intest ine is l a rge ly  determi~led by the revers ib iUty  of the 
pathochemical  changes developing in the per iod  of acute i schemia ,  the durat ion of which may  vary  con-  
s iderab ly ,  Acute i schemia  of the smal l  intes t ine,  even if not exceeding 1 h in dur~t~on, can be re f lec ted  in 
its functional s ta te  [2, 3]. 

No informat ion  on the r e v e r s i b i l i t y  of d is turbances  in energy  me tabo l i sm in the mucous m e m b r a n e  
of the smal l  intest ine of dogs a R e r  s imulat ion of acute i s chemia  and t ransplanta t ion  by var ious  methods 
could be found in the acces s ib l e  l i t e r a tu re .  

The invest igat ion descr ibed  below was c a r r i e d  out for  this purpose .  

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

In exper imen t s  on 32 mongre l  dogs of both sexes  weighing 15-20 kg a segment  of the sma l l  intest ine 
was isola ted for  15-30 rain or  1, 2, or  3 h at a t e m p e r a t u r e  of 18-22~ The graf t  was then placed in a 
specia l  cons t an t - t em pe ra t u r e  chamber  and connected to the f emora l  v e s s e l s  of an intact  dog for  4-6 h. In 
some  exper imen t s  acute ischernia was c rea ted  in situ by c lamping the crania l  mesen t e r i o  vesse l s  for  1 h 
and subsequently r e s to r ing  the blood flow. Observa t ions  las ted  up to 24 h. The concentra t ions  of lacta te ,  
ATP,  ADP, AMP [51, and glycogen [4] were  de te rmined  in the mucous m e m b r a n e  of the smal l  intest ine 
before and a f t e r  r e s to ra t i on  of the blood flow. The functional s ta te  of the smal l  intest ine was es t imated  
f rom the glucose concentra t ion in the venous blood flowing f rom the g ra f t  a f t e r  introduction of 10% glucose 
solution into the lumen of the bowel,  The s ta te  of the vascu l a r  sy s t em was studied by cont ras t  angiography 
and by impregnat ion  by Kupr iyanov ' s  method.  The numer ica l  r esu l t s  were  subjected to s ta t i s t ica l  analysis  
[11. 

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

Catabolic changes in acute i schemia  of the sma l l  intest ine lead to a p r o g r e s s i v e  dec rea se  in the g ly-  
cogen, ATP,  and ADP levels  o r  to the i r  total  d i sappearance  (P < 0.05). A signif icant  r i se  in lactate  and 
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Fig. 1. Concentrations of adenine nucleotides, 
glycogen, and lactate in the mucous membrane  
of the smal l  intestine in acute isehemia.  A) 
Acute ischemia of grafts ;  B) compress ion  of 
mesen te r ic  vesse ls  in situ for 1 h. 1) Glycogen; 
2) lactate;  3) ATP;  4) ADP (• 10-1); 5) AMP 
(• 10-2). Unshaded co lumns-  before r e s t o r a -  
tion of blood flow; black columns - af ter  r e s -  
torat ion of blood flow; obliquely shaded 
columns - 24 h a f t e r  res to ra t ion  of blood 
flow. Abscissa ,  duration of acute ischemia;  
ordinate,  concentrat ion of adenine nucleotides, 
glycogen, and lactate.  

Fig. 3. Angiogram.  Transplanted smal l  intestine, 
ischemia for 2 h: complete occlusion of the in t ra-  
mural  vascular  system of the intestine. 

Fig. 2. Angiogram.  Transplanted small  
intestine, ischemia for  20 rain; ex t ramu-  
ral vesse ls  dilated, shape of per ipheral  
a rcades  modified, in t ramural  vascular  
sys tem not substantially changed. 

AMP was observed before 2 h of acute ischemia (P < 
0.05). After  2 h the rate of r ise  of the lactate concen-  
trat ion became much slower and the AMP concentra-  
tion began to fall. The intensity of these p rocesses  
var ied with an increase  in the duration of isehemia.  
The most  marked fall of the glycogen and ATP concen- 
trations was observed during the f i rs t  hour of acute 
ischemia.  Three  levels of energy metabolism could 
be distinguished in acute ischemta.  In the f i rs t  inten- 
sive utilization of preformed ATP was combined with 
intensive glycolytic generation of ATP,  maintaining 
the integrity of the organ.  The intensity of utilization 
of the preformed ATP then fell although the high rate  
of its glyeolytic generat ion continued. Finally,  the 
rate of both p rocesses  slowed down considerably.  
Because of the variabi l i ty  of the individual pa ramete r s  
it was possible to est imate the level of energy metab-  
o l i sm only by studying all methods together  (Fig. 1). 

Restorat ion of the blood flow made it possible to ver i fy  the state of the system by functional loading. 
Glucose absorpt ion was undisturbed by ischemia uner 20 rain in duration. The intensity of absorpt ion then 
decreased  or  ceased al together  af ter  i schemia for  2 h. 

Morphological investigation showed that local dis turbances of the hemodynamics connected with the 
state of the vascular  sys tem play an important  role in the pathogenesis of the functional d is turbances .  For  
example, af ter  ischemia under 30 rain in duration the vascu la r  pat tern of the perfused intestine was sa tu-  
rated,  all the ex t ramura l  and in t ramural  vessels  were  filled, and their  outlines were  smooth, but isolated 
extravasat ions of blood appeared and disturbances developed in the sys tem of ver t ical  anas tomoses  of 
the vasa recta .  The veins were slightly dilated and evidence of s tasis  appeared in the postcapi l lar ies ,  
venules, and veins (Figs. 2 and 3). With an increase  in the duration of ischemia extravasat ions appeared 
along the course  of the main mesen te r ic  vesse ls ,  the per ipheral  a rcades  were  spontaneously occluded and 
the vasa recta  cut off. If the duration of ischemia exceeded 2 h, the wall of the organ was prac t ica l ly  de- 
prived of its blood supply - the blood flow was l imited to a r te r io -venous  shunts on the mesen te r ic  border  
of the intestine.  
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The pr imary  disturbances of metabolism arising during prolonged acute ischemia and the circulatory 
disturbances developing later  evidently could not be overcome by restorat ion of the blood flow. After 
shor ter  periods of ischemia (under 1 h) a basis for restoration of normal energy metabolism in the intestin~ 
still remained. 

In a segment of small intestine isolated from the circulation for 1 h by compression of the mesenterie 
vessels ,  a tendency toward reversibil i ty of the pathochemieal ehanges and restoration of functional integrity 
were found as early as 24 h after  restorat ion of the blood flow. The severity of the morphologieal changes 
under these circumstances did not differ greatly from that observed in the isolated graft after ischemia 
for 30-40 min and during the f i rs t  hours af ter  restorat ion of the blood flow, despite edema of the organ. 

The integrity of the organ during acute ischemia is thus maintained chiefly by metabolic changes. 
After restorat ion of the blood flow circulatory and nervous mechanisms evidently play an important role 
in this process.  The transition to an unstable state begins when metabolism reaches the critical level, 
which for the mucous membrane of the small intestine is observed in the period between the 1st and 2nd 
hour of acute ischemia. 
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