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Cytochemica l  t e s t s  showed that  adenylate  cye l a se  in the en te rocy tes  of the rabbi t  sma l l  in- 
t e s t ine  is ac t iva ted  both by  cho le ra  toxin and by sodium fluoride.  As a r e s u l t  of combined 
s t imula t ion  of adenyla te  cyc l a s e  a m ax ima l  c r i t i ca l  level  of cyc l ic  AMP is produced in the 
en te rocy te  of the sma l l  intest ine,  and this leads  to se l f - inhibi t ion  of adenyla te  cyc l a se .  In 
that  c a se ,  a weak reac t ion  f o r  the enzyme  o r  no reac t ion  wha t soeve r  could be  found e l ec t ron -  
mic roscop ica l ly .  
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The ro le  of the cycl ic  AMP s y s t e m  in the t r a n s m i s s i o n  of act ion of var ious  ho rmones  on t a rge t  cel ls  
is  widely known [8]. 

The speci f ic i ty  of act ion of ho rmones  is de te rmined  by the complemen t  of r e c e p t o r s  of the cel l  p l a s m a -  
l e m m a  and the speci f ic i ty  of the cel l  r e s p o n s e  depends on i ts  nature .  Bes ides  specif ic  hormonal  ac t iva to r s  of 
adenylate  cyc l a se  the re  a r e  a lso  agents  which s t imula te  the enzyme in m a n y  m a m m a l i a n  t i s sues .  Cholera  
toxin and sodium f luor ide  a r e  among these  ac t iva to r s .  Some w o r k e r s  cons ide r  that  an i nc rea se  in the in t r a -  
c e l l u l a r  cycl ic  AMP leve l  leads  to i n c r e a s e d  s ec re t i on  of e l ec t ro ly tes  and fluid f r o m  the en te rocy tes  of the 
smal l  intest ine in cho le ra  intoxicat ion [6]. 

At tempts  by b iochemis t s  to inves t iga te  the act ion of cholera  toxin in v i t ro  on isola ted epi thel ial  cel ls  
of the smal l  intes t ine have been unsuccessfu l ,  p r e s u m a b l y  because  of a d i s tu rbance  of gene ra l  cel l  functions 
[9]. During a study of the act ion of cho le ra  toxin in vivo at the b iochemica l  level  it was found that  cho le ra  
toxin lowers  adenyla te  cyc l a se  act ivi ty  when s t imula ted  by sodium f luor ide  in the en te rocy tes  of the smal l  
in tes t ine  [9] and on e ry th rocy t e  m e m b r a n e s  [2]. 

Invest igat ions  in the w r i t e r s '  l a b o r a t o r y  to study the m e c h a n i s m  of pathogenesis  of the rapid intest inal  
dehydrat ion synd rom e  [1] involved de te rmina t ion  of adenyla te  cyc l a se  at the cy toehemica l  level ,  so that  on the 
one hand b iochemica l  p rocedu re s  of isolat ion of the intes t inal  en te rocy tes  could be d ispensed  with, and on the 
o the r  hand the cycl ic  AMP s y s t e m  could be  inves t iga ted  d i rec t ly  in the cell ,  without rul ing out the poss ib le  
effect  of hydro lys i s  p roduc t s  of adenylate  Cyelase on i ts  act ivi ty.  

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

The model  of cho le ra  intoxicat ion d e s c r i b e d  by Dutta and Habbu [5] was used in expe r imen t s  on young 
rabbi t s .  The an imals  aged 8-10 days w e r e  s t a rved  fo r  24 h before  the beginning of the exper imen t s  and r e -  
ceived only water ;  the opera t ions  w e r e  p e r f o r m e d  under  hexobarbi ta l  anes thes ia .  Cholera  toxin obtained f r o m  
Vibr io  cho le rae  569B, Pak i s t an  s t ra in ,  Inaba se ro type ,  was injected into the intes t ine in a dose  of 0.3 mL 
Mater ia l  was taken 1 and 2 h a f t e r  inject ion of the toxin. At the s a m e  t i m e  m a t e r i a l  was  taken f r o m  control  
animals. 

Pieces of small intestine were fixed in 1% glutaraldehyde made up in 0.05 M cacodylate buffer, pH 7.4, 
for 1 h at room temperature. After fixation, the tissue was washed in the same buffer and allowed to stand 
overnight at 4~ The material was then sorted and incubated at 30~ for 40-50 rain. The composition of 
the incubation mixture (after Howell and Whitfield [7]) was as follows: 80 mM Tris-maleate buffer, pH 7.4, 
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Fig. 1 Fig. 2 

Fig. 1. Local izat ion of adenylate cyc lase  in enterocytes  of smal l  intestine of control  
rabbit: a} weak react ion on lateral  p lasmalemma.  Incubation in medium without ad-  
dition of sodium fluoride, 30,000 x; b) marked react ion on la teral  p lasmalemma.  Incu-  
bation in medium with sodium fluoride, 25,000 x. 

Fig. 2. Local izat ion of adenylate cyc lase  in enterocytes  of smal l  intestine of rabbit  
2 h af ter  injection of chole ra  toxin into intestine. Marked react ion on la teral  p l a sma-  
lemma.  Incubation in medium without sodium fluoride, 15,000x. 

8% glucose,  2 mM magnesium sulfate, 2 mM theophylline, 0.5 mM ATP, and 4 mM lead nitrate. Incubation 
was ca r r i ed  out in two incubation mixtures :  with o r  without the addition of 10 mM sodium fluoride. 

The control  to the detection of adenylate cyc lase  was ca r r i ed  out in the same stages,  but no subst ra te  
was present  in the incubation mixture.  

After incubation the mater ia l  was quickly washed in 0.05 M T r i s - m a l e a t e  buffer and fixed in 1% osmium 
tetroxide in 0.05 M cacodylate  buffer,  pH 7.4, fo r  1-1.5 h at 4~ The t i ssue  was then r insed in the same 
buffer,  dehydrated, and embedded in a mixture  of Epon and Araldite.  Ultrathin sections were  examined in the 
JEM-100V elec t ron microscope .  

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

In the control  animals the react ion product  deposited as e lec t ron-dense  granules at sites of localization 
of adenylate cyc lase  could be seen both on the apical and on the lateral  and basal  p lasmalemma of the en tero-  
cytes.  If sodium fluoride was added to the subs t ra te  the react ion was intensified, as shown by aa increase  in 
s ize  of the granules  of the hydrolys is  product  and a more  widespread distribution of the granules over  the 
la tera l  and basal  p l a sma lemma  of the enterocytes  on the villi of  the small  intestine (Fig. la ,  b). The i r r e g -  
ular i ty  of detection of adenylate cyc lase  on the p l a sma lemma of the enterocytes  will be noted: It indicates 
differences in the functional s tate  of the cells and of their  membrane-bound enzymes.  
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One hour after injection of cholera toxin, the reaction on the lateral and basal plasmalemma of the enter- 
ocytes in material incubated in substrate without sodium fluoride was more marked and more widespread than 

in material incubated in substrate with sodium fluoride. 

After 2 h of stimulation of adenylate cyclase by cholera toxin alone the reaction still remained strong 
and widespread (Fig. 2), but after incubation in medium with sodium fluoride the reaction on the lateral and 

basal plasmalemma was very weak or absent altogether. 

These results show that in control animals sodium fluoride activated the adenylate cyclase of the plas- 
malemma of enteroeytes of the rabbit small intestine, whereas after exposure to cholera toxin the addition 
of sodium fluoride did not cause  an increase  in the intensity of the react ion on the p tasmalemma,  and in some 
cases  no adenylate cyelase  activity could be demonstra ted eytochemieally.  Meanwhile, stimulation of adenylate 
cyc lase  by cholera  toxin alone intensified the cytoehemical  react ion compared with the control. Similar  r e -  
suits were  obtained in biochemical investigations on cells of the adrenal  glands [10, 11] and epithelial ceils of 
the villi of the small  intestine [9]. 

These resul ts  can be interpreted as follows. Since medium fluoride is a constant s t imulator  of adenylate 
cyc lase  it is unlikely that it could have an inhibitory action direct ly on the enzyme in ceils exposed to the ac -  
tion of cholera  toxin. In that respect ,  investigations in vivo have the advantage over those in vitro, for  in the 
lat ter  the effect of an increased in t racel lu lar  cyclic AMP concentrat ion on the catalytic center  of the poly- 
enzymic adenylate cyelase  sys tem is not taken into account. In mammal ian  cells,  this system involves in ter -  
action between three p lasmalemmal  enzymes:  adenyla te-eyclase  Mnase, adenylate cyclase  itself, and protein 
phosphatase.  Cyclic AMP-dependent activation of adenyla te-cyclase  kinase leads to phosphorylation inhibition) 
of adenylate cye lase  and, consequently, to the cessa t ion  of synthesis of cyclic AMP from ATP [3, 4]. Additional 
activation of adenylate cyclase,  when al ready stimulated by cholera  toxin, by sodium fluoride causes  a sharp 
increase  in the in t race l lu tar  cycl ic  AMP concentrat ion,  leading to activation of adenylate cyelase  kinase. The 
latter,  in turn, phosphorylates adenylate cyelase,  i.e., converts  it into the inactive form. 8elf-inhibition of a 
adenylate cyc lase  thus takes place. 

The cytochemical  investigation showed that adenylate cyclase  in the enteroeytes of the rabbit small  in- 
test ine is activated both by cholera  toxin and by sodium fluoride. 

As a resul t  of combined stimulation of adenylate cyelase  a maximal cr i t ical  cyclic AMP level is reached 
in the cell  and this leads to self-tnbibition of adenylate eyclase;  in that case  a weak reaction or no reaction 
whatsoever  for  the enzyme is obtained electron microscopica l ly .  
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