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Posthypoxic dilatation of the l imb vesse l s  pe r s i s t s  in anesthetized animals after  blocking of the 
carot id and aort ic  reflexogenie zones. Chronic experiments  with in t raar ter ia l  injection of atropine and 
bretyl ium bromide showed that dilatation of the limb vessels  in the posthypoxic period is not due to act iva-  
tion of cholinergic vasodi la tors .  This indicates that sympathetic adrenergie  f ibers in unanesthetized 
animals are the only conductors of both cons t r ic tor  effects in hypoxia and vasodilator  effects in the 
posthypoxic period. 

Vasoconstriction in the limbs, intestine, skin, and other regions in generalized hypoxia has been 
demonstrated experimentally [2, 5-7, I0, 11]. A distinguishing feature of the response of the limb vessels 
at the beginning of the posthypoxie period is a temporary but well-defined dilatation. The vascular tone in 
other regions, which was increased during hypoxia, returns to its prehypoxic level in the posthypoxie period. 

Both vasoconstriction and vasodilatation are neurogenic in origin [2, 7, 8]. The principal afferent 
sources of vasoconstriction in hypoxia are the chemoreceptors of the carotid and aortic reflexogenic zones. 
Posthypoxic vasodilatation, according to some investigators [i0, ii], also persists after blocking of these 
zones, while other workers [9] found that this is dependent on integrity of the peripheral chemoreceptors. 

Doubts are still expressed regarding the participation of cholinergic vasodilators of skeletal muscles 
in the mechanism of dilatation of the limb vessels at the beginning of the posthypoxic period. Litwin and 
co-workers [10] found that injection of atropine into dogs anesthetized with chloralose sharply reduces the 
degrees of dilatation of the limb vessels in the posthypoxic period. Results obtained by the writers [2] in 
experiments on dogs under Nembutal anesthesia showed that atropinization of the animals does not produce 
significant changes in the reaction of the limb vessels either during hypoxia or in the posthypoxie period. 

Because of the conflicting nature of views held regarding the mechanism of dilatation of the limb 
vessels in the posthypoxic period, the problem was investigated and the results are described below. 

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

Acute experiments  were ca r r i ed  out on 15 dogs anesthetized with Nembutal (40-45 mg/kg  body weight 
intraperi toneally) and sho r t - t e rm  chronic experiments  on 8 dogs. 

In the acute experiments  the sys temic  ar te r ia l  p ressu re  was recorded in the femoral  a r te ry ,  the 
vascular  tone in the lower limb was recorded  by res is tography [3], and respi ra t ion by a pneumographie 
method. These indices were determined by inhalation of gas mixtures containing 8-10 and 92-96% oxygen 
in nitrogen for 3-5 rain, both for  animals with intact peripheral  chemoreceptors  and after denervation of 
the aor t ic  zones by vagotomy and by physiological blocking of the carotid chemoreceptors  [12]. Blocking 
of the carotid chemorecep tors  in hypoxia and in the posthypoxie period was car r ied  out by isolated perfusion 
of the carotid zones with oxygenated blood from a thermostat .  Humoral isolation of the carotid zones was 
car r ied  out by ligation of the internal and external carotid a r te r ies  and all other  a r te r ies  branching from 
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Fig. 1. Changes in circulation of an unanesthetized dog in the posthypoxic 
period. 1) Innervation intact; 2) after  injection of atropine (1 mg/kg);  3) 
after injection of bretyl ium bromide (5 mg/kg).  Legend on kymograms  
(from top to bottom): pneumogram, perfusion p r e s s u r e  in femoral  ar tery ,  
a r te r ia l  p r e s s u r e  in common carotid ar tery ,  t ime marke r  (15 sec); a r rows 
indicate beginning of inhalation of 96% oxygen following inhalation of 8% 
oxygen for 3 rain. 

them in the region of the bifurcation. These a r te r ies  were  ligated as distally as possible f rom their  origins 
in order  to avoid damage to or  disturbance of the blood supply to the carotid bodies. Integrity of the carot id 
bodies after humoral  isolation of the carotid zones was shown by a wel l -marked  r e sp i r a to ry  response  to 
blood with a reduced oxygen content. 

Chronic experiments were car r ied  out on unanesthetized animals subjected to a p re l iminary  operation 
and habituated to the experimental  conditions. Respiration, sys temic  ar ter ia l  p res su re ,  and tone of the 
limb vesse ls  (by resis tography) were recorded  on a kymograph.  To r eco rd  the tone of the l imb vesse ls  and 
the ar ter ia l  p ressure ,  polyethylene catheters  were implanted into the central  end of the common carotid 
a r t e ry  and into one branch of the femoral  a r t e ry  (usually the profunda femoris  ar tery)  of the anesthetized 
animals under s ter i le  conditions. The catheters  were  filled with physiological saline containing heparin, 
closed with a i r t ight  stoppers,  and their  free ends were brought out onto the dorsal  surface of the neck in 
the region of the 5th-6th cervical  ver tebrae  and on the la teral  surface of the thigh. A movable l igature was 
placed on the iliac a r t e ry .  The animals were used in the experiments 5-6 days after operation. The 
catheters  implanted into the vesse ls  were i r r iga ted  with physiological saline and connected to a previously 
s ter i l ized perfusion pump. Blood entered the perfusion system from the catheter in the common carotid 
a r t e ry  and was pumped into the catheter introduced into the profunda femor is  a r te ry .  Exclusion of the 
perfused region from fluctuations of the systemic ar ter ia l  p r e s su re  was achieved by tightening the movable 
l igature on the iliac a r t e ry .  This exclusion was sat isfactory if, after tightening the movable l igature,  
stopping the pumping of blood caused the p res su re  in the femoral  a r t e ry  to fall to 15-30 mm Hg. 

The catheters  were left in the vesse ls  for 8-20 days, so that the vascular  tone of the limb could be 
investigated repeatedly in the same animal during hypoxia and in the posthypoxic period. Heparin was 
injected into all the animals during the experiments (1000 units/kg).  Inhalation of the same gas mixtures 
as in the acute experiments  was car r ied  out through a mask with valves.  The vascular  tone was recorded 
in intact animals and after blocking of the cholinergic f ibers  by in t raar te r ia l  injection of atropine (0.1-1 
mg/kg) in doses completely abolishing the vasodi lator  effect of test  doses of acetylcholine. 

The effect of bretylinm bromide (5-8 mg/kg),  which has marked ant iadrenergic proper t ies  [1], on the 
posthypoxic vasodilatation was studied in 7 animals in chronic experiments .  

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

In agreement  with ear l ie r  findings [2], in the acute experiments on animals with intact per ipheral  
chemoreceptors  the tone of the limb vesse ls  was increased by 3-30% in the initial period of hypoxia, after 
which in most  experiments  it fell to its initial level or  slightly below it. At the beginning of the posthypoxic 
period (when the hypoxic mixtures  breathed by the animal were replaced by hyperoxic), in every  case a 
decrease  in perfusion p res su re  was observed in the femoral  a r t e ry  (by 25-45 mm Hg). The decrease  in 
vascular  tone in the femoral  ar ter ia l  system in all experiments  coincided with a sharp decrease  in 
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pulmonary  ventilation, and in 90% of cases  was accompanied  by lowering of the sys temic  a r t e r i a l  p r e s s u r e  
(by 6-28 m m  Hg). 

After  blocking of the caro t id  and aor t ic  zones, the di la tor  r e sponse  of the l imb v e s s e l s  in the 
posthypoxic per iod  p e r s i s t e d  in 11 of the 15 exper iments .  The di la tor  reac t ion  was unchanged in 5 dogs with 
denerva ted  carot id  bodies,  and in 6 an imals  it was reduced  by 10-30%. The pu lmonary  venti lat ion in the 
posthypoxic per iod  was reduced in all these an imals  r e g a r d l e s s  of the r e sponse  of the v a s c u l a r  tone of the 
l imbs .  The sy s t e m i c  a r t e r i a l  p r e s s u r e  gradual ly  inc reased  in all c a ses .  

Reoxygenation of the blood in the posthypoxic per iod in the chronic exper iments  constantly evoked a 
marked  dec rea se  in tone of the l imb v e s s e l s  by a var ied  degree  (by 15-38% of the prehypoxic  level) in all 
the animals .  Meanwhile, in all expe r imen t s  the pu lmonary  venti lat ion was reduced.  A sys t emic  d e p r e s s o r  
r e sponse  in the posthypoxic  per iod appeared  in 85% of the cases .  

Atropinizat ion of the an imals  caused no significant changes in the r e sponse  of tone of the l imb v e s s e l s ,  
the sys t emic  a r t e r i a l  p r e s s u r e ,  or  r e sp i r a t ion  when the hyperoxie  gas mix tu res  were  rep laced  by hypoxic 
(Fig. 1). Meanwhile, a f te r  inject ion of b re ty l ium bromide ,  the phase  of vasodi la ta t ion in the l imb constantly 
d i sappeared  at the beginning of the posthypoxic per iod.  The dec rea se  in pulmonary  venti lat ion in the 
posthypoxic per iod  also p e r s i s t e d  a f t e r  admin is t ra t ion  of bre ty l ium bromide .  The sys temic  a r t e r i a l  
p r e s s u r e  usual ly  ro se  under these conditions. 

The r e su l t s  of this invest igat ion thus conf i rm those obtained by o ther  w o r k e r s  [8, 10, 11], and they 
show that posthypoxic vasodi la ta t ion of the l imb v e s s e l s  p e r s i s t s  in anesthet ized an imals  and af ter  blocking 
of the carot id  and aor t ic  c h e m o r e c e p t o r s .  Exper iments  in which atropine and bre ty l ium bromide  were  
injected showed that dilatation of the l imb v e s s e l s  in unanesthet ized animals  in the posthypoxic per iod is 
not connected with act ivat ion of chol inergic  vasod i la to r s ,  but is dependent on pos t - s t imu la t ion  depress ion  of 
act ivi ty of the vasomoto r  center .  

The r e su l t s  of this invest igat ion show that in both anesthet ized [2] and unanesthet ized animals ,  
sympathe t ic  ad rene rg ic  f i be r s  a re  the only conductors  of va socons t r i c to r  effects  during hypoxia and v a s o -  
d i la tor  effects  in the posthypoxic per iod.  

Dilatation of the l imb v e s s e l s  in the posthypoxic per iod  is en t i re ly  dependent on r e sponses  of v e s s e l s  
of the skeletal  m us c l e s  [11]. These  changes in tone of v e s s e l s  of skele ta l  musc l e s  in the posthypoxic per iod 
mus t  be r ega rded  as a specia l  case  of the genera l  rule  for r e sponses  of skeletal  musc le  ve s se l s  to any 
sufficiently sharp  d e c r e a s e  in impulse  f requency in cons t r i c to r  f ibers  [4]. 
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