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During adaptation of rats  to periodic hypoxia in a pressure  chamber the oxygen consumption 
fell by 40%. This decrease was still found in a state of deep anesthesia and, consequently, it 
was independent of adaptive changes in cortical regulation of the animals'  motor activity. Half 
of this decrease in oxygen consumption still continued during exposure of the animal to cold, 
noradrenalin, and 2,4-dinitrophenol (DNP), which uncouples oxidative phosphorylation. The 
economic utilization of oxygen during adaptation to hypoxia cannot thus be completely explained 
by an increase in the degree of coupling of oxidation with phosphorylation. 

KEY WORDS: adaptation to hypoxia; oxygen consumption; basal metabolism. 

During adaptation to hypoxia in the mountains, and also to the periodic action of hypoxia under pressure 
chamber conditions a fall in basal metabolism gradually develops in man and animals; this fall still continues 
after a return to an atmosphere containing the normal oxygen concentration and is expressed as a decrease 
in the oxygen consumption by 25-40% [1-3, 6, 8]. 

This phenomenon is not accompanied by any reduction in the activity of the organism and, according to 
some investigators, it is the result  of increased efficiency of the utilization of energy for ATP resynthesis [1]. 

However, the concrete mechanism of the decrease in oxygen consumption during adaptation remains un- 
explained. 

In the investigation described below the effects of general anesthesia, cold, noradrenalin, and uncoupling 
of oxidative phosphoryla~ion by 2,4-dinitrophenol (DNP) on oxygen consumption were compared in animals 
adapted to hypoxia and in control animals. 

EXPERIMENTAL METHOD 

Male Wistar r~s weighing 200-250 g were used. The animals adapted to hypoxia and control animals 
were divided into five groups. In group i the oxygen consumption of control and adapted animals not receiving 
general anesthetics and exposed to no other form of procedure was studied and compared. In group 2 the same 
comparison was carried out on animals under thiopental (50 mg/kg, intraperitoneally) anesthesia. In the re- 
maining groups the oxygen consumption was compared in adapted and control animals, which also were anes- 
thetized, but after determination of the initial oxygen consumption the rats of group 3 were cooled (at 10°C 
for 30 rain). The animals of group 4 were given an injection of noradrenalin (0.8 mg/kg intramuscularly) 60 
rain before measurement of the oxygen consumption. In group 5, DNP was injected intraperitoneally (i ml of 
a I0 mM solution/100 g body weight) 30 min before measurement of the oxygen consumption. Each of these 
groups included 7 or 8 control and 10-12 adapted animals. 

Adaptation to hypoxia was carried out by placing the animals daily for 6 h in a pressure chamber. The 
adaptation program was as follows: on the first day the partial oxygen pressure in the chamber corresponded 
to an altitude of 2000 m, on the second day to 3000 m, the third day to 4000 m, the fourth day to 5000 m, the 
fifth day to 5000 m, the sixth day to 6000 m, the seventh day to 6000 m, the eighth day to 7000 m, and there- 
after until the 40th day to 7000 m. The oxygen consumption was determined in the morning in the fasting 
state. The animals were placed in an airtight chamber for 10 min, after which a sample of air was taken from 
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TABLE 1. Effec t  of  Genera l  Anes thes ia ,  
Cooling, Noradrena l in ,  and DNP on Oxygen 
Consumption in An ima l s  during Adaptat ion 
to Hypoxia (M ± m) 

Group of 
animals 

1) Without anesthesia 
2) Under anesthesia 
3) Under anesthesia + 

cold 
4) Under anesthesia+ 

noradrenalin 
5) Under anesthesia 

DNP 

Oxygen consumption, ml/ [ 
hnO0 g body weigh____k___~ _, ] 

- -  adaptation tq 
control hypoxia / 

163,00+2,1 
137,09_____9,54 

249,68__+_8,69 

211,56_____12,18 

348,85_____16,96 

96,8-1-2,1 ~0,00t 
• ~7,94±8,50 ~O,OOl 

184,45___+15,9 .~0,01 
I 

162,39_____12,7 c .~0,02 

275,10+7,25 <0,01 

the  c h a m b e r  and the oxygen concentra t ion  in i t  was  de t e rmined  with a Gazokhrom-3101 gas  chromatograph .  
The  oxygen consumption of the  3 n | m a l s  was  ca lcula ted  f r o m  the curve  of oxygen concentrat ion,  in the f o r m  of 
the  c h r o m a t o g r a m  r e c o r d e d  on the KSP-4-909 r e c o r d e r .  

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  

I t  follows f r o m  T a b l e  i that  the oxygen consumption in adapted ,n~nes the t i zed  an ima l s  was m o r e  than 
40% lower  than the  cont ro l .  I f  t he se  an ima l s  w e r e  anes the t ized  the d i f fe rence  was reduced  only a l i t t le ,  to 
35%. Deep inhibition of the  h igher  l eve l s  of  the ne rvous  s y s t e m  and comple te  aboli t ion of the  a n i m a l s '  m o t o r  
act ivi ty  thus  had no significant  effect  on the fal l  of  oxygen consumption dur ing adaptat ion to hypoxia.  Th i s  fac t  
evident ly  m e a n s  tha t  the  ce l lu la r  m e c h a n i s m  r e s p o n s i b l e  fo r  the fal l  in oxygen consumption dur ing adaptat ion 
to hypoxia is  not d i rec t ly  dependent on the  s ta te  of  the  h igher  l eve l s  of the b r a in  o r  on the  leve l  of  m o t o r  ac -  
t iv i ty  of  the an imal .  

The  r e s u l t s  in Tab le  1 a lso  indicate  tha t  cold, noradrena l in ,  and DNP r e g u l a r l y  induced a m a r k e d  in-  
c r e a s e  in the oxygen consumpt ion of both the  control  and the  adapted ~nimals .  However ,  the deg ree  of this  
i n c r e a s e  r e l a t i ve  to the init ial  level  was  r a t h e r  g r e a t e r  in the adapted than in the  control  an imals .  Cold, for  
ins tance ,  caused  an i nc r ea s e  of 80% in the  oxygen consumption in the  control  and 110% in the  adapted an imals ,  
a f t e r  no radrena l in  the cor responding  values  we re  50 and 80%, and a f t e r  DNP they  w e r e  150 and 260%. The  
m o r e  m a r k e d  i n c r e a s e  in the oxygen consumption in the adapted a~ imals  had the  r e s u l t  that  at  the peak  of the 
act ion of cold, noradrena l in ,  and DNP the d i f fe rence  in oxygen consumption between the adapted and control  
an ima l s  which was  p r e s e n t  before  the act ion of t he se  f a c t o r s  was reduced ,  to only 21-26% compared  with 
35-40% prev ious ly .  

Cold is known to i n c r e a s e  heat  product ion and oxygen consumption indirect ly ,  through exci ta t ion of the 
sympa th i co -ad ren a l  s y s t e m  and an i nc r ea s e  in thyroxine  sec re t ion  [4, 7]. An essen t i a l  r o l e  in the m e c h a n i s m  
of the  r ap id  i n c r e a s e  in heat  product ion in r e s p o n s e  to cold is  p layed by uncoupling of oxidat ive phosphory la -  
t ion and the l ibe ra t ion  of a l a r g e  quanti ty of the energy  of oxidative phosphoryla t ion  and the l ibera t ion  of a 
l a r g e  quantity of the ene rgy  of oxidation in the f o r m  of heat  [5]. In the p r e sen t  expe r imen t s  cold, and also 
noradrena l in ,  abol ished the  d e c r e a s e  in oxygen consumption in the  adapted Animals not complete ly ,  but by l e s s  
than half .  Th i s  sugges t s  that  the  d e c r e a s e  in oxygen consumption in the an ima l s  during the i r  long s tay  under  
hypoxic conditions depends pa r t l y  on an adapt ive  i nc r ea se  in the degree  of coupling of oxidation with phosphory la -  
t ion and pa r t l y  on another ,  m o r e  s tab le  shift .  DNP, an uncoupler  of oxidat ive phosphorylat ion,  l ike  cold, in 
fac t  r educed  the d i f fe rence  in the  oxygen consumption be tween the adapted and control  an imals  only by half,  
and did not abol ish the phenomenon comple te ly .  The  p rob l em of the concre te  naa t r e  of the shift  which, in con-  
junction with an i n c r e a s e  in the deg ree  of coupling of oxidation with phosphorylat ion,  may  play a ro le  in the 
adapt ive reduc t ion  in oxygen consumption r e q u i r e s  f u r t he r  study. 
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R O L E  OF I N T E S T I N A L  H O R M O N E S  IN THE P A T H O G E N E S I S  

OF E X P E R I M E N T A L  P A N C R E A T I T I S  

S. S. E l i z a r o v a  a n d  N.  N.  L e b e d e v  UDC 616.37-002-092.9-07:616.37-008.6-092 : 
616.342-008.6: 577.175.73 

The course of disturbances of secretory reactions of the pancreas in response to adequate 
stimulation by intestinal hormones was studied in acute experiments on dogs with preinduced 
pancreatitis. Activity of combined preparations of intestinal hormones obtained from the 
duodenal mucosa was found in the acute period of the disease in these dogs.  In chronic experi- 
ments an increased rate of acid formation in the stomach and a change in the pH of the duodenal 
contents toward the acid side in pancreatitis were found in chronic experiments. It is con- 
cluded that infestinal hormones play an important pathogenetic role in the mechanism of dis- 
turbances of the external secretory activity of the pancreas in pancreatitis. 

KEY WORDS: pancreas; experimental pancreatitis. 

The secretin test,  used in the differential diagnosis of diseases of the pancreas, is based on changes in 
the reactivity of the pancreas under pathological conditions to "e~ogenous" secretin [1, 5-7, 9-11]. To dis- 
cover whether these changes reflect general changes in the reactivity of the body during pancreatitis or 
whether they are directly related to the pathogenesis of the disturbances of external secretory activity of 
the pancreas, the investigation whose results  are given in this paper was undertaken. 

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

Experiments were carried out on 19 dogs. Acute pancreatitis was induced by injecting the dogs y own 
bile into the pancreatic duct in a volume of 0.5 ml /kg  body weight. To study the responses of the pancreas 
to ne~ogenousn intestinal hormones and also for biological standardization, a combined preparation of in- 
testinal hormones (CPIH) obtained in the laboratory by means of a standard technology [2], but without the 
final stages of purification, was used. 

In consequence of the technology of preparation and according to the results of biological standardization 
tests  on rabbits, the CPIH contained several intestinal hormones (secretin, pancreozymin-cholecystokinin) 
and a certain quantity of biologically inactive denatured protein. The preparation was obtained in sufficient 
quantity for all the series of experiments from the duodenal mucosa of healthy dogs, To determine changes 
in the activity of the intestinal hormones in pancreatitis, samples of CPIH were obtained by the same 
technology from the duodenal mucosa of dogs killed at different times after the beginning of the disease. 

To study changes in the reactivity of the pancreas to ,endogenous" secretin, responses to intraduodenal 
injection of 20 ml of 0.3% HC1, the physiological stimulus causing an increase in the secretin concentration 
in the portal blood and in the general circulation [8], were studied. 
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