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P r e l i m i n a r y  adaptation of r a t s  to hypoxia under conditions increas ing  r e s i s t a n c e  to many s t r e s s -  
producing agents  not only had no p ro tec t ive  effect  agains t  exposure  to hyperba r i c  oxygen a t  
p r e s s u r e s  up to 6~ k g f / c m  2 but, converse ly ,  lowered the r e s i s t ance  of the an imals .  The 
latent  per iod  of onset  of s e i z u r e s  in the adapted r a t s  was shor tened espec ia l ly  if exposure  to hy- 
p e r b a r i c  oxygen began 1 or  2 days af ter  the end of adaptation to hypoxia, and was a l i t t le  sho r t e r  
in the expe r imen t s  c a r r i e d  out a f ter  324 days.  The r e s p o n s e s  re tu rned  complete ly  to normal  
1 month a f te r  the end of adaptation to hypoxia. The poss ib le  causes  of development  of the phe-  
nomena a r e  d iscussed .  
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P r e v i o u s  invest igat ions [1, 2] have shown that  adaptation of r a t s  to hypoxia i nc rea se s  thei r  r e s i s t a n c e  
to many harmful  agents .  S imi lar  r e s u l t s  have been desc r ibed  [3] for  mice  and guinea pigs,  adapted to hypoxia, 
with r e s p e c t  to subsequent  exposure  to h y p e r b a r i c  oxygen (tIO). However ,  in expe r imen t s  on r a t s  [5], on the 
other  hand, the ea r l i e r  onset  of s e i zu re s  has  been found under the influence of HO, despi te  p r e l i m i n a r y  adapta-  
t ion of the an imals  to hypoxia. This  pape r  desc r ibes  the study of the effect  of HO on r a t s  adapted to hypoxia 
under  conditions which, in p rev ious  exper iments ,  inc reased  the genera l  r e s i s t a n c e  of  the an imals .  

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

Sexually ma tu re  ma le  r a t s  weighing 150-200 g were  used. Eve ry  day except  Sundays the an imals  were  
kept  for  5 h in a p r e s s u r e  chamber  a t  an alt i tude init ially of 2500 m,  increas ing  t h e r e a f t e r  by 500 m daily to 
7500 m for a per iod of 6 weeks.  The r a t s  w e r e  then p l a c e d i n p a i r s  (exper imenta l  and control) in a hype rba r i c  
oxygen chamber .  After  10-15 rain, to become accus tomed  to the new situation, the chambe r s  we re  venti lated 
with pu re  oxygen for  4 min. This  was  followed by c o m p r e s s i o n  with pure  oxygen to 6 k g f / c m  2 fo r  3 rain. 
T h r e e  s e r i e s  of expe r imen t s  were  c a r r i e d  out: in s e r i e s  I the adapted r a t s  we re  exposed to HO 1-2 days,  in 
s e r i e s  II 3-4 days, and in s e r i e s  III  30 days af ter  the l as t  day of adaptation to hypoxia. 

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  

The r e su l t s  a r e  given in Tab le  t and Fig. 1. Tab le  1 Shows that adaptation to hypoxia not only did not 
improve  r e s i s t a n c e  to HO but, on. the con t ra ry ,  reduced the r e s i s t a n c e  of the an imals  to this e x t r e m a l  factor ,  
as  shown by the shortening of the t ime  of onset of  s e i zu re s  (TOS). This  effect  was pa r t i cu la r ly  marked  in the 
expe r imen t s  of s e r i e s  I.  Whereas  TOS in the control  an imals  var ied  f r o m  21 to 74 rain (Fig. 1), in the r a t s  
adapted to hypoxia (AH ra ts )  the pathological  symptoms  beganmuch  ea r I i e r :  TOS var ied  f r o m  11 to 42 rain. 
The d i f ferences  between the mean values of the la tent  per iod  a r e  significant (Table 1). 

The  AH r a t s  l ikewise showed no advantage in the exper imen t s  of s e r i e s  II .  Although their  TOS va r i ed  
between 9 and 67 rain, which was c lose  to the control  (12 and 66.5 rain), this  s imply  indicated an inc rease  in 
the sca t t e r  of the values  in the AH ra t s ,  as  shown by the coeff icient  of var ia t ion (Cv), which was a lmos t  doubled. 
As r e g a r d s  the mean value of TOS, in this  s e r i e s  of exper iments  it was significantly shor t e r  than in the control  
(25.7 and 41.0 rain respec t ive ly ) .  Not until 30 days a f t e r  the end of adaptation to hypoxia was the r e spo n se  of 
the exper imenta l  and control  r a t s  to HO the s ame  (exper iments  of  s e r i e s  III). 

T h e s e  r e su l t s  ag ree  with those obtained by Braue r  et  al .  [5], who descr ibed  the ea r l i e r  onset  of s e i zu r e s  
in r a t s  during exposure  to HO a t  7 k g f / c m  2 if p receded  by adaptation to an alt i tude of 5300 m for  24 h daily for  
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TABLE 1. Latent Pe r iod  of Seizures  (in min) in Intact  Rats (control) and Rats Adapted 
to Hypoxia (experimental) during Exposure to Hyperbar ic  Oxygen at 6 k g f / c m  2 
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Fig. 1. Latent period of se izures  in 
r a t s  adapted to hypoxia (1) and con- 
t rol  r a t s  (2) during exposure to hy- 
perbar ic  oxygen. Abscissa ,  t ime of 
onset of se izures  (in rain); ordinate, 
number of ra t s .  

8 weeks. However, in Zhironldn's  experiments  [3], conducted on mice and guinea pigs, adaptation to hypoxia 
in a p r e s su re  chamber at an altitude of 6000 m for 25-30 days gave the opposite resu l t s .  TOS in these animals 
exposed to HO was longer than in the control. The possible  cause of these differences was the specificity of 
the responses  in animals of different species.  

It will be recal led  that the conditions of adaptation to hypoxia were chosen so that the ra t s  had increased 
res i s t ance  to the action of ionizing radiation, accelerat ion,  changes in gravitat ional  loads, injection of foreign 
protein, cyanide poisoning, infection with Mycobacter ium tuberculosis  [I], and to the action of hypokinesia [2]. 
However, no increase  in r e s i s t ance  to the action of HO (10 k g f / c m  2) could be detected. The res i s t ance  of the 
AH ra ts ,  measured  as the ce rebra l  blood volume, pulse rate,  charac te r  of resp i ra t ion  during exposure, and 
death of the animals during decompression,  in most  cases  corresponded to that in the control and was increased  
only in individual experiments .  

At this stage it is worth reca l l ing  the descript ion of the second par t  of the exper iments  by Brauer  et al. 
[5], in which AH ra t s  were  exposed not to HO, but to hyperoxia at  normal  ba romet r i c  p r e s s u r e  (an a tmosphere  
of 53% O 2 and 47% N2). In these experiments  p re l iminary  AH, judging f rom the milder  lung pathology and lower 
morta l i ty  among the ra ts ,  gave a distinct prophylact ic  effect. 

With these facts in mind, it can tentatively be suggested that the increase in the sensit ivity of the AH ra t s  
to HO se izures  was due to depression of defensive-adaptive reac t ions  developing at the level of the ce rebra l  
circulation in response  to an increase  in the blood PO 2 [6]. The protect ive  ro le  of these r e a c t i o n s -  an increase  
in the res i s t ance  of the ce reb ra l  vessels  and a decrease  in the ce rebra l  blood flow - consists  of the prevention 
of an excess ive  supply of oxygen to the brain t issue during inhalation of HO [4]. The weakening of the adaptive 
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r eac t ions  of the an ima l s  at  the level  of  the c e r e b r a l  c i rculat ion is probably  a t t r ibutable  to the fact  that  during 
adaptation to hypoxia the eap i la r iza t ion  of the t i s sues  (especia l ly  in the brain) inc reases ,  as  also does the 
pe rmeab i l i t y  of the ves se l  wal ls .  All these  effects  inevitably lead to an i nc r ea se  in the oxygen supply to the 
ne rve  cel ls ,  both on account of the inc reased  volume of the blood flow and as a r e su l t  of inc reased  diffusion 
of oxygen f rom the blood into the t i ssue .  Conditions favoring the ea r l i e r  onset  of se izures  a r e  thereby crea ted .  
Consequently, despite  the increased  r e s i s t a n c e  of the an imals  to var ious  ex t r ema l  fac to r s  af ter  adaptation to 
hypoxia, in the case  of exposure  to HO the negative effect  of inadequacy of the p ro tec t ive  r eac t ions  at  the level  
of the c e r e b r a l  c i rculat ion p redomina te s .  

F r o m  the p rac t i ca l  point of view it is important  to emphas ize  the need to allow for the negative effect  
of p r e l i m i n a r y  adaptat ion to hypoxia when individual sens i t iv i ty  to the p a r o x y s m a l  action of HO is a s s e s s e d .  
In clinical p rac t ice ,  during the t r e a t m e n t  of  pe r sons  exposed for long per iods  to hypoxia, mi lder  conditions 
of hyperbar ic  oxygenation should p robab ly  be r ecommended .  
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EFFECT OF CHOLERAGEN ON STRUCTURE AND OXIDATIVE 

PHOSPHORYLATION OF ISOLATED M[TOCHONDR[A IN 
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The mitochondrial fraction was isolated from the epithelium of the rabbit small intestine by dif- 
ferential centrifugation in isotonic sucrose. When a malate-glutamate mixture was used as the 
substrate the respiratory quotient of these mitoehondria was 3-5. Changes inthe functional 
state of the mitochondria were accompanied by stereotyped structural changes of configuration 
of the "orthodox-condensed" type, Addition of unpurified choleragen to the incubation medium 
of the mitochondria caused no change in the rate of oxygen utilization in Chance's third or fourth 
state. 

KEY WORDS: mitochondria; structure; oxidative phosphorylation; intestine; choleragen. 

The mitochondria are among the most vulnerable organelles of the cell and they undergo functional and 
structural changes in a variety of pathological processes, including in cholera intoxication, for under these 
circumstances active ion transport, for which these organelles supply energy, is significantly disturbed [5, 14]. 
Involvement of the mitochondria in the pathological process could be the result either of direct interaction be- 
tween the penetrating subunit of eholeragen [7] or of activation of nucleotide-cyclase systems [4, 12, 13]. The 
available data on the direct action of choleragen on isolated mitochondria in vitro are contradictory. Mito- 
chondria isola ted f r o m  the epi thel ium of the a l imen ta ry  t r a c t  a re  r a r e l y  used as  a t es t  object,  for hydro lases  
and mucus,  ~vhich could injure  or  contaminate  the mitochondria l  fraction, a re  p re sen t  in the initial homogenate.  
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