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Investigations [5, 6, 11, 13] have shown that in the presence of an acute circulatory disturbance oxidat ive 
processes are depressed and a state of oxygen def ic iency develops in the tissues, especia l ly  in the central  nervous 

system. The suggestion has been made [2-4, 10] that the oxygen deficiency,  along with other factors, causes an in-  
crease in the flow of afferent impulses with subsequent s t imulatory effect  of the compensatory systems on the proc-  
ess of opening up of col laterals .  

Because of the almost total  absence of studies of the mechanism of opening up of col la terals  and the fact  that 
no analysis has been made of the problem of oxygen def ic iency in the conditions of a co l la te ra l  c irculat ion,  the 
authors studied the dynamics of the tissue respiration of the pancreas, spleen, liver, and kidneys before and after a 
one-s tage  l igat ion of the cranial  and caudal  pancrea t ico-duodena l  arteries and the splenic artery. 

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

Experiments were carried out on 76 adult  male  albino rats. To produce a co l la te ra l  c irculat ion,  taparotomy 
was performed in s ter i le  conditions under ether anesthesia, and a one-s tage l igat ion of the crania l  and caudal  pan- 

c rea t i co-duodena l  and splenic arteries was performed. The intensity of the oxygen consumption in the organs (in 

the pancreas, spleen, l iver,  and kidneys) was determined by Warburg method. The development  of the co l la te ra l  
c i rculat ion after I igat ion of the arteries was studied by the method of contrast angioroentgenography and dissection. 
The experiments lasted from 3 h to 35 days after the operation. 

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

After Hgation of the crania l  and caudal  pancrea t ico-duodenal  arteries and the splenic artery, the vascular  
system of the pancreas and the adjacent  organs was modified.  The in t ramural  vessels of  the duodenum and the py-  
loric part of the stomach became  tortuous and entarged in d iameter ,  and short col la terals  developed,  connect ing the 
stumps of the divided arteries. Fi l l ing of the spleen with blood in these conditions took place  both along the short 
col la terals  between the stumps of the divided splenic artery, and along the more extensive col la terals  from the 
hepatic ,  left gas t ro-epiploic ,  and intest inal  arteries. The character  of the modif icat ion of the vascular  system of 
the pancreas and of the adjacent  organs in the rats was ident ica l  in its general  features with reports in the l i terature 
[12] and also with the results obtained after l igat ion of the homonymous arteries in dogs [1, 4, 9]. 

The study of the tissue respiration of the pancreas, spleen, liver,  and kidneys of the exper imenta l  rats in nor- 
mal  conditions showed that the absorption of oxygen was highest in the case of the kidneys and lowest in the case 
of the pancreas (see table).  The intensity of absorption of oxygen by the tissues of the l iver  and spleen was only 
half  that of the kidney tissue but was 25-30% greater  than the intensity of absorption of oxygen by the pancrea-  
t ic  tissue. 

During the first hours after control laparotomy without l igat ion of the vessels, an increase in the respiration of 
all  the tested organs except  the kidneys was observed, but la ter  this gave way to a decrease. On the 7th day the in-  
tensity of absorption of oxygen by the tissue of the pancreas, spleen, and kidneys was within the normal preopera-  
t ive l imits.  The respiration of the l iver on the 7th day after laparotomy did not reach the preoperat ive Ievel.  
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The one-stage occlusion of the arteries mentioned caused depres- 
sion of the tissue respiration of the pancreas. During the first 3 h after 
the operation the intensity of absorption of oxygen fell. After 6 h the 
tissue respiration increased slightly, but even 48 h later it was still  be-  
low the init ial  l e v e l  Subsequently the tissue respiration was essentially 
indistinguishable from its preoperative level .  

The tissue respiration of the spleen was sharply depressed during 
the first 3-6 h after the operation. On the following days of the experi-  
ments the tissue respiration gradually increased in intensity and after the 
7th day it had practically returned to the init ial  l e v e l  The intensity of 
absorption of oxygen by the tissue of the necrotic areas of the spleen was 
between one-third and one-quarter its levet  in the apparently healthy 
parts of the organ. 

The dynamics of the tissue respiration of the liver after tigation of 

the three arteries showed an increase in the intensity of absorption of 
oxygen in the first 3-6 h after the operation on the vessels; this increase 
gave way to a depression of respiration in the following two weeks. On 
the 35th day of the experiment the tissue respiration of the liver was re- 
stored to normal. The dynamics of the intensity of oxygen absorption by 
the kidney tissue closely  resembled the dynamics of the tissue respiration 
of the liver tissue. 

It follows from the results described that after ligation of the nu- 
trient arteries the tissue respiration in the pancreas and spleen was dis- 
turbed and an oxygen defic iency developed, probably associated with a 
disturbance of the enzyme systems fixing oxygen. However, the fall in 
the oxygen consumption was not accompanied by irreversible changes in 
the enzyme  systems. The tissue respiration gradually improved and re- 
turned to normal. 

The intensity of the oxygen consumption of isolated tissues in a 
Warburg's apparatus does not correspond exact ly  to what takes place in 
the tissues of the intact organism. However, some conclusions may be 
deduced from the results obtained. The mechanism of opening up of 
collaterals is a complex  process, in which many of the adaptive systems 
of the organism play a part. It has been c la imed [8, 11] that their ac -  
tivation is due to the developing hypoxia, as a result of which the in-  
complete ly  oxidized products act on the receptor fields, increasing the 
flow of afferent impulses. The present experiments confirmed the pres- 
ence of hypoxia of this type, most marked in the first hours and days .af- 
ter ligation of the vessels,  and a direct relationship was observed between 
the changes in tissue respiration and the opening up of the collaterals: 
as the collateral  channels developed, an increase took place in the in- 
tensity of oxygen absorption. 

S U M M A R Y  

Experiments on 76 adult male  rats were used to study the dyna- 
mics  of tissue respiration of the pancreas, spleen, liver and kidneys by 
Warburg's method, before and after a simultaneous ligation of the cran- 
ial and caudal pancreatico-duodenal and splenic arteries. The deve lop-  
ment of collaterals was studied by methods of angioroentgenography and 

dissection. 

It was established that in the early hours and days after ligation of 
the above-mentioned arteries there was a considerable depression of the 
tissue respiration of the pancreas and spleen followed by its gradual in-  
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tensification and restoration to normalcy by the 35th day of experiment. The tissue respiration of the liver and kid- 
neys under these conditions was characterized by undulatory changes with intensification in the early hours and days, 
with subsequeDt depression during a fortnight, and returning to the normal condition by the 35th day of experiment. 
Angioroentgenographie investigations helped to reveal the characteristic features of  the collateral blood circula-  
tion in the pancrease in rats. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some  or  a l l  o f  t h i s  per i -  

o d i c a l  l i t e r a t u r e  m a y  w e l t  be  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A complete list of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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