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The glycogen content  was inves t igated before  and af ter  r e s to ra t ion  of the blood flow in the 
i s chemic  kidney, sma l l  intes t ine,  and l imb.  After  i s c h e m i a  last ing 2 h for  the kidney and 
1 h fo r  the sma l l  intes t ine,  the glycogen leve l  at the end of perfus ion was higher  than the 
in t rav i ta l  l eve l .  The absorpt ion s p e c t r u m  of iodine complexes  of glycogen under  these con-  
dit ions was s i m i l a r  to no rm a l  for  the sma l l  intest ine,  but not typica l  for  glycogen for  the 
kidney.  
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Invest igat ion of metabol ic  d i s tu rbances  in organs  before  t ransplanta t ion  has  led to the formulat ion of 
the concept  of the c r i t i c a l  l eve l  of me tabo l i sm;  for  the s t r i a t ed  musc les  of the l imb this a r i s e s  between 3 
and 6 h of acute i schemia ,  in the rena l  co r t ex  a f t e r  2 h, and in the mucous m e m b r a n e  of the smal l  intestine 
between 1 and 2 h of acute i s chem i a  at r o o m  t e m p e r a t u r e  [1, 2, 4, 5]. 

With an i nc r ea s e  in the durat ion of acute i schemia ,  the glycogen content  in t i s sues  fal ls  or  m a y  d i s -  
appea r  comple te ly .  R ecove ry  of the c i rcula t ion  in the i schemic  organs  is accompanied  by accumulat ion of 
glycogen,  s o m e t i m e s  to above the in t rav i ta l  level .  

A quali tat ive and quanti tat ive study of glycogen was the re fo re  c a r r i e d  out during acute i s chemia  of 
va r ious  t i s s u e s .  

EXPERIMENTAL METHOD 

Str iated m u s c l e s  f r o m  a l imb (36 exper imen t s ) ,  the r ena l  cor tex  (37 exper imen t s ) ,  and the sma l l  
intest ine (25 exper imen t s ) ,  taken f r o m  mongre l  dogs of both sexes  (14-25 kg) were  subjected to acute 
i s chemia  for  per iods  of 1-24 h at  r o o m  t e m p e r a t u r e .  The c i rcu la t ion  in the i schemic  organ was r e s t o r e d  
by the e x t r a c o r p o r e a l  route  by t ransf t is ing with blood f r o m  a rec ip ien t  dog or by per fus ion  with the AIK 
RP-64  a r t i f i c ia l  c i rcu la t ion  appara tus  for  3-6 h.  The su rg ica l  pa r t  of the expe r imen t s  was c a r r i e d  out by  
T. M. Oksman,  V. A. Bukov, and M. V. Bilenko. F o r  a control ,  t i s sues  exposed  to "min imal"  i s chemia  for  
10-15 rain, the per iod  n e c e s s a r y  for  r e s to r a t i on  of the blood flow in the i schemic  organ,  were  used.  In all 
the e x p e r i m e n t s  glycogen was i so la ted  by alkaline ex t rac t ion  and this was followed by enzymic  d e t e r m i n a -  
tion of glucose [3]. The s t ruc tu re  of glycogen in the mucous m e m b r a n e  of the sma l l  intest ine and the renal  
co r t ex  was studied by  K r i s m a n ' s  modif icat ion [7] of S tepanenko 's  method [6]. To photograph the a b s o r p -  
tion s p e c t r u m  in the region f r o m  325 to 700 nm, 2.6 ml  of a solution cons is t ing  of KI- I  2 and 5.55 M CaC12 
was added. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The ability of the ischemie tissues to restore the normal glycogen content depended on the period of 
ischemia. Restoration of the blood flow in the tissues after a minimal period of isehemia did not always 
lead to complete normalization of the glycogen level (Fig. I). At periods of isehemia measuring 6 h for 
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Fig.  1. Glycogen concentrat ion in t i s -  
sues af ter  acute ischemia:  a) before,  
b) af ter  r e s to ra t ion  of blood flow. 
Ver t ica l  lines show l imits  of va r i a -  
tion of the p a r a m e t e r .  Abscissa ,  
per iod of i schemia  (in h); ordinate,  
glycogen level  ( in /zmoles /g) .  
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Fig. 2. Absorption spec t rum of iodine 
complexes of glycogens isolated f rom 
mucous membrane  of small  intest ine 
and renal  cor tex  of dogs before  (1) 
and af ter  (2) res tora t ion  of blood flow. 
Abscissa ,  wavelength (in nm); ordin-  
ate, absorption (in units) .  

muscle t i ssue,  3 h for  the kidney, and 2 h for the smal l  intestine, ability to r e s t o r e  the normal  glycogen 
concentrat ion was vir tual ly  lost .  The intermediate  periods of acute i schemia  behaved somewhat special ly:  
3 h for muscle  t issue,  2 h for  the kidney, and 1 h for  the small  intest ine.  After  r e s to ra t ion  of the blood 
flow at these periods of i schemia  an increase  in the glycogen content in the t issue was observed to a level  
much higher  than the intravi tal  level .  This rule was most  evident in the renal  co r t ex  and the intestinal  
mucosa,  for which glycogen is not the principal  form of energy  accumulation.  In muscle  t i ssue ,  in which 
glycogen is the principal  source  of energy for  mechanical  work,  excess ive  accumulation of glycogen was 
observed in only 2 of 36 cases .  

The study of iodine complexes  with glycogen isolated f rom the mucous membrane  of the ischemic 
intestine showed that the i r  absorption maximum occur red  at 400 nm, compared  with 430 nm for glycogen 
f rom the renal  cor tex  under  the same conditions (Fig. 2). After r e s to ra t ion  of the blood flow in the smal l  
intestine the peak of glycogen absorption and the ch a r ac t e r  of the curve remained  unchanged. Meanwhile 
the substance isolated under  these conditions f rom the renal  cor tex  gave an absorption spec t rum atypical 
for  glycogen. Evidently this was a h igh-molecular -weight  POlymer of glucose that was isolated f rom the 
t issue by alkaline extract ion and gave the cha rac te r i s t i c  complex with KI-I 2 for  such compounds.  

The low intravi ta l  glycogen concentrat ion in the kidney and small  intestine makes it difficult for  
these t i ssues  to compensate  fo r  the i r  energy deficit  by g lycolys is .  P re sumab ly  res to ra t ion  of the blood 
flow in these t i ssues  not only r e s t o r e s  some aspects of the i r  metabol ism to normal ,  but also leads to the 
uncoordinated biosynthesis  of glycogen or of some other  glucose po lymer  that can be used for  the glycol-  
ytic generat ion of energy should a fu r ther  oxygen deficiency a r i s e .  
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