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DYNAMICS OF VASCULAR RESPONSE OF THE SMALL 

INTESTINE IN ANIMALS AT HIGH ALTITUDES 
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Var ious  functional s y s t e m s  are  involved in adaptive reac t ions  of man and an imals  to e x t r e m a l  conditions 
of life at high al t i tudes in the mountains ,  more  espec ia l ly  r e sp i ra t ion ,  the c i rculat ion,  and the blood, which fo rm 
a single complex respons ib le  for  providing the body with oxygen. The main weight of this burden is taken by the 
ca rd iovascu la r  sy s t em  [1, 4, 6, 8, 14]. However,  under conditions of natural  high-mountain hypoxia only purely 
hemodynamic  changes have been studied [5, 8, 12], and vasomoto r  reac t ions  a t  the regional  level  have been v i r -  
tually ignored [7]. 

The a im of this invest igat ion was to study the c h a r a c t e r  and magnitude of r e sponses  of r e s i s t i ve  and capac-  
i t ive v e s s e l s  of the smal l  intestine to regional  injection of adrenal in in the course  of adaptation to high al t i tudes.  
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Fig.  1. Changes in r e s p o n s e s  of r e s i s t i v e  ves -  
se l s  of sma l l  intest ine to i n t r a - a r t e r i a l  in j ec -  
tion of adrenal in  at d i f ferent  t imes  of adaptation 
of an imals  to high-alt i tude conditions. Ordinate ,  
changes in perfusion p r e s s u r e  (in % of initial 
level): with + sign, vasocons t r i c to r ,  with - sign, 
vasodi la tor  r e s p o n s e s .  I) Injection of adrenal in  
in dose of 0 . 5 g g ,  II) 5 g g ,  III) 1 0 p g .  1) Con- 
trol;  2) a f te r  adaptat ion for  3 days ,  3) for 15 
days,  4) for  30 days.  Ver t i ca l  lines show con- 
fidence in te rva l  at P=0 .05 .  Number s  inside 
t r i ang les  denotes  number  of obse rva t ions .  
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T A B L E  1. M a g n i t u d e  a n d  C h a r a c t e r  of  R e s p o n s e s  of  R e s i s t i v e  a n d  C a p a c i t i v e  V e s s e l s  of  

S m a l l  I n t e s t i n e  to  I n t r a - a r t e r i a l  I n j e c t i o n  of A d r e n a l i n  in to  A n i m a l s  in  F r u n z e  (760  m )  a n d  

a t  D i f f e r e n t  T i m e s  of  A d a p t a t i o n  to H i g h - A l t i t u d e  C o n d i t i o n s  (3200  m a b o v e  s e a  l e v e l )  
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Fig, 2. Changes in responses of capacitive ves- 

sels of small intestine to intra-arterial injec- 

tion of adrenalin at different times of adapta- 

tion of animals to high-altitude conditions. Or- 

dinate, changes in outflow of venous blood from 

small intestine (in mffl00 g tissue). Points 

denote single observations. Remainder of leg- 

end as in Fig. i. 
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E X P E R I M E N T A L  M E T H O D  

Experiments  were car r ied  out on 72 cats anesthetized with urethane (1.3 g/kg,  intravenously).  The loca- 
tions of the experiments  were the City of Frunze (760 m above sea level, control) and the Tuya-Ashu 
Mountain base (altitude 3200 m) on the 3rd, 15th, and 30th days of adaptation. Responses of res is t ive  and capac-  
itive vesse ls  of the small  intestine were sttldied under conditions of humeral  and nervous isolation by methods 
of res i s tography  and the ex t raeorporea l  venous r e s e r v o i r  [9]. Responses of res is t ive  vessels  were assessed 
f rom changes in the perfusion p ressure ,  as a percentage of its initial level, and responses  of capacitive vessels  
by measur ing  the quantity of blood flowing f rom the intestine and express ing the resul t  in mL/100 g body weight. 
In some exper iments ,  to compare the change in capacity of the vessels  with the initial blood volume, the abso-  
lute quanti tyof blood in the test  organ was measured  by washing it out [2, 11]. The intensity of the responses  
of the res is t ive  vesse ls  was determined by calculating the area  of the triangle on each curve.  The height of the 
triangle was the peak value of the r i se  or  fall of perfusion pressure  and the base of the triangle the react ion 
time. The "a reas  n of the responses  were calculated as percentages of the control values. Adrenalin, in doses 
of 0.5, 5, and 10g g in 1 ml physiological saline, was injected as a single dose into the a r t e r i a l  system of the 
intestine after division of the splanehnie nerve.  A single injection of the same dose of the drug was given to each 

animal. 

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

I n t r a - a r t e r i a l  injection of adrenalin in the control  ser ies  of experiments  caused biphasie d i l a to r -cons t r i c -  
tor responses  of the res is t ive  vesse ls  (Table 1). On the f i r s t  days of the stay in the mountains, in most  experi-  
ments the animals continued to show the biphasic cha rac te r  of responses  of the res is t ive  vessels  to adrenalin 
(Fig. 1). However, a dose of 0.5 ~ g, in 12-38% of experiments  (depending on the t imes of adaptation), evoked 
prolonged dilatation of these vesse ls  (Table 1). On the 15th day of adaptation, in response  to injection of 5 and 
10 # g adrenalin, in 25-44~ of eases cons t r ic tor  responses  were seen without pre l iminary  dilatation. By the 
30th day an increase  in the number of cons t r ic tor  responses  was observed (53-600/o of experiments) .  In the 
course of adaptation of the animals to high altitudes quantitative changes also were found. For  instance, on the 
3rd day the amount of dilatation and its "area"  were increased,  but on the 15th day these indices had fallen to 
the control  level. The degree of constr ict ion and the " a r e a '  of the cons t r ic tor  responses  to injection of ei ther  
of the doses of adrenalin increased to the 15th day of adaptation and then remained high until the end of the ob- 
servat ions  (Fig. 1). 

In Frunze  in 54-65% of cases  (depending on the dose of adrenalin) cons t r ic tor  responses  of the capacitive 
vesse ls  were observed,  and in the r e s t  vasodilator  responses  (Fig. 2). During adaptation to high altitudes the 
charac te r  of the responses  changed substantially: Initially in 75-77% of cases dilatation of the capacitive vesse l s  
took place, but by the 15th day an increase  in the number of cons t r ic tor  responses  was observed.  However, 
predominance of the dilator responses  pers is ted until the 30th day of adaptation. The degree of constrict ion of 
the capacitive vesse ls  in the control  animals increased with an increase  in the dose of adrenalin and was signif- 
icantly higher  than the mean values of the responses  observed during adaptation for 30 days to high-altitude 
conditions (Fig. 2). The magnitude of the dilator responses  increased during the f i r s t  days after the cats had 
been taken into the mountains,  but by the end of the period of investigations it had fallen to the control  levels. 

The experimental  resu l t s  indicate a considerable change in the charac te r  and magnitude of the vascular  
responses  of the small  intestine to injection of adrenalin at high altitudes. Since the experiments  were per-  
formed on the denervated intestine, these changes may have been due to changes in react ivi ty  of the adrenore-  
eeptors of the vessels  studied. The blood vessels  of the intestine are known to contain a -  a n d ~ - a d r e n o r e c e p -  
tors  [13, 15]. The resul t s  suggest  that as adaptation to high-alti tude hypoxta takes place the sensit ivity of the 
(~-adrenoreeeptors  of the intestinal res is t ive  vesse ls  increases  whereas that of the capacitive vessels  dec reases .  
The react iv i ty  of the ~ - a d r e n o r e e e p t o r s  falls in the res is t ive  and r i se s  in the capacitive part .  This hypothesis 
regarding  the possible change in react ivi ty  of the ~ -  and ~ - a d r e n o r e c e p t o r s  of the blood vessels  of the smal l  
intestine in animals adapted to high-alti tude conditions is confirmed by the resul ts  of experiments  [10] with o~- 
and N-adrenoblockers  (dihydroergotoxin and propranolol) .  Changes in the propert ies  of the adrenorecptors  
during adaptation to high altitudes is only one of the possible causes of the changes observed in the vascular  
responses  of the small  intestine. I t h a s  been shown that vascular  effects under the influence of vasoactive sub- 
s tances depend on the initial vascular  tone [3]. The increase  in the degree of dilatation of the res is t ive  vessels  
duringthe f i rs t  few days of the animals '  stay in the mountains may therefore be due to some increase in the 
initial level of the perfusion p ressure .  On the 15th and 30th days of adaptation the significant decrease  in the 
initial vascular  res i s tance  may perhaps have caused weakening of the vasodilatation and potentiation of vase-  
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constriction in response to adrenalin. The effect of phasic fluctuations in the absolute volume of blood in the 
blood vessels of the small intestine on the magnitude of the responses of the capacitive portion cannot be ruled 
out. On the 3rd day of adaptation a significant decrease in the blood volume (P< 0.05) was observed, with 
some increase by the 30th day. 
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