
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 

EPITHELIUM OF RABBIT SMALL INTESTINE 
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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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Fig.  1. E l e c t r o n - m i c r o s c o p i c  p ic ture  of isolated mi tochondr ia l  f rac t ion  f r o m  mu-  
cous m e m b r a n e  of rabbi t  sma l l  intestine; 37,000 • 

Fig.  2. Condensed (A) and orthodox (B) 
configurat ions of mi tochondr ia  isola ted 
f r o m  mucous m e m b r a n e  of rabbi t  smal l  
intestine; 100,000• 
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Fig. 3. Oxygen consumption of mi toehen-  
dr ia  f r o m  mucous m e m b r a n e  of smal l  in- 
tes t ine  in different  functional s ta tes  af ter  
addition of choleragen.  Ar rows  indicate 
t imes  of addition of mitochondria  (Me), 
m a l a t e -  g lutamate  mix tu re  (G + M), chol- 
e ragen  (CH), and inorganic phosphate (Pi). 

In the access ib le  l i t e ra tu re  only a few methods a r e  descr ibed,  and these  differ  substant ia l ly  f r o m  each other 
[2, 3, 6, 151 . 

The  object  of this invest igat ion was to develop a method of obtaining isolated native mitochondria  f r o m  
the epi thel ium of the r abb i t  smal l  intestine and to study the effect  of choleragen on the i r  oxidat ive phosphory -  
lation. 

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

Rabbits  weighing 600-800 g, deprived of food for  12-24 h, were  decapitated,  and loops of smal l  intestine 
were  r e m o v e d  and washed in 200-300 ml  of a solution containing 250 mM sucrose ,  5 mM EDTA, 2 mM HELVES, 
and 0.1% t ryps in  inhibitor,  pH 7.4, at 0-2~ The  washed intest inal  loops were  minced, pa s sed  through a blen-  
der  to r e m o v e  musc le  and connective t i ssue ,  homogenized manually in a g lass  homogenizer  with Teflon pes t le  
in 50 ml  of the same  suc rose  solution, f i l te red  through glass  wool, and centr i fuged at  600g for 10 rain. The 
supernatant  was centr ifuged at 5000g for 15 min and the resu l t ing  sediment  was twice  r e suspended  and cen-  
t r i fuged at  5000g for 12 rain in a solution of 250 mM suc rose  with 2 mM HEPES,  and 0.2 mM EDTA(pH 7.4). 

The  r a t e  of  oxygen uptake by the mi tochondr ia l  suspension was de te rmined  po la rograph ica l ly  with a 
closed C l a r k ' s  e lec t rode  with a voltage of 0.65 V and in a 1 .5-ml  cuvet te .  The incubation medium had the 
following composit ion:  200 mM sucrose ,  25 mM KC1, 10 mM KH~O4, 10 mM Tr i s -HC1 buffer; t e m p e r a t u r e  
22-26~ A m i x t u r e  of ma la t e  and glutamate,  each 5 raM, was used as the r e s p i r a t i o n  subs t ra te .  

Fo r  the e l e c t r o n - m i c r o s c o p i c  investigation the suspension of mitochondria  was fixed actual ly in the cu- 
r e t i e  with 1.5% glutara tdehyde and sedimented by centr i fugat ion at 5000g for 15 rain. The res idue  was pos t -  
fixed with 1% OsO 4 in the same  medium, dehydrated with increas ing  concentra t ions  of acetone,  stained with 
2% uranyl  ace ta te ,  made  up in 70 ~ acetone,  and embedded in a mix ture  of Epon and Araldi te .  Ultrathin sect ions 
were  counters ta ined with lead c i t r a t e  and examined in the IEM-100B e lec t ron  mic roscope .  Unpurified cho le ra -  
gen containing exo-  and endotoxins was used.  

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

The e l e c t r o n - m i c r o s c o p i c  study of the f rac t ion  showed that  it cons is ted  a lmos t  ent i re ly  of mi techondr ia  
with the addition of so l i t a ry  other o rgane l les  and f r agmen t s  of mic rov iUi  (Fig. 1). Mitechondria fixed i m m e -  
diately a f te r  isolat ion were  c h a r a c t e r i z e d  by a predominant ly  "condensed" configurat ion [8]. They had an in- 
t ac t  outer  m e m b r a n e  and wel l -developed c r i s t ae ,  they w e r e  e l l ipsoidal  in shape, and they var ied  in s ize  within 
wide l imi ts .  The isola ted mitochondr ia  m e a s u r e d  between 0.5 and 1,4/~ along the i r  long axis and between 0.35 
and 0.9# along the i r  shor t  ax is .  The  mean size based  on the r e s u l t s  of 15 r andom m e a s u r e m e n t s  was 0.82 
0.06 • 0.59 • 0.04/~. 

The  r e s p i r a t o r y  control  of the mitochondria  in the absence  of EDTA was 2-3, it i nc reased  to 3-5 on the 
addition of 1-4 mM EDTA, and fell again af ter  addition of Mg 2+, indicating the p r e s e n c e  of Mg~--act ivated A T P -  
a se  act ivi ty in the  suspension.  
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During changes in the i r  functional s ta te  mi toehondr ia  undergo s te reo typed  morphologica l  ehanges [8-10]. 
In Chance ' s  th i rd  s ta te  (oxidative phosphorylat ion)  many mitochondr ia  a r e  in a "condensed" [8] or  "de -energ ized"  
[9, 10] configurat ion.  These  mi tochondr ia  had a dense  ma t r i x  and g rea t ly  widened in t e rmembranous  space  
(Fig. 2A). In the fourth s ta te  m o s t  mi tochondr ia  were  in the "orthodox" [8] o r  "energ ized"  configurat ion [9, 
10]. The  ma t r i x  of these  mi tochondr ia  was l e s s  dense and the i n t e r m e m b r a n o u s  space  was only v e r y  sl ightly 
widened (Fig. 2B). 

The  r e su l t s  of the expe r imen t s  to study the effect  of choleragen on oxidative phosphoryla t ion of the m i -  
tochondria  (Fig. 3) showed that even in ve ry  high concentra t ions  the choleragen  caused no change in the ra te  
of oxygen consumption of the mi tochondr ia  whether  in Chance ' s  th i rd  or  fourth s ta tes .  The  r e su l t s  a r e  a lso  
evidence that  unpurif ied cho le ragen  evidently does not in te rac t  with the m e m b r a n e s  of the epithel ial  mi tochon-  
dr ia  of the smal l  intestine,  just  as a l so  with those of the l iver  [11]. These  findings do no t  ag ree  with the p r e -  
viously observed  [1, 2] marked  inhibition of mitochondria l  r e sp i r a t i on  in the r a t  l iver  or  guinea pig intest inal  
mueosa .  In the la t te r  case ,  however ,  the mi tochondr ia  were  isola ted f r o m  the intestine a f te r  f reez ing  to -25~  
for 15 rain, the r e s p i r a t o r y  control  was  not determined,  and the f rac t ion  was not subjected to  morphologica l  
investigation,  so  that  i t  is imposs ib le  to judge the integri ty of  the isolated o rgane l l es .  

The  r e su l t s  of the p r e s e n t  expe r imen t s  thus sugges t  that  the mi tochondr ia  of the epi thel ium of the sma l l  
intest ine a r e  involved in the pathological  p r o c e s s  in cholera  intoxication only indirect ly  - through act ivat ion 
of nuc teo t ide -cyc lase  s y s t e m s .  
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