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Enterotoxigenic  f o r m s  of Escher i ch ia  coli (ETEC), the agents  of ch lo rea - l ike  d i seases  in 
man,  ff introduced into l igated loops of rabbi t  smal l  intest ine,  induce hype r see re t i on  of 
the epi thel ium with the accumulat ion of l a rge  volumes of fluid in the lumen of the loops.  
ETEC do not induce inf lammation and do not pene t ra te  into the epi thel ium but p ro l i f e ra te  
on its su r face .  E l e c t r o n - m i c r o s c o p i c  studies showed that  under these  c i r cums tances  
ETEC come into contact  only with the sup ramembranous  coat of the mierovi l l i  (the g ly-  
cocalyx).  Inc reased  functional act ivi ty  and the fo rmat ion  of autophagosomes were  ob-  
s e rved  in the cy top lasm of the epithelial  ce l ls .  Many cel ls  with autophagosomes sloughed 
into the lumen,  but the continuity of the epithelial  cove r  was undisturbed. The r e su l t s  con-  
f i r m  the hypothesis  of hype r sec re t ion  of the epi thel ium under the influence of ETEC and 
they a lso  provide evidence of u l t r a s t ruc tu ra l  injuries  to the cell  cy top la sm not leading to 
des t ruc t ion  of the epi thel ium. 

In recent  yea r s  a new group of agents of acute intestinal infections in man has been d i scovered  - the 
enterotoxigenic  f o r m s  of Esehe r i ch i a  coli (ETEC) that produce cho le ra - l ike  d i seases  [1, 5, 8]. The ETEC 
have been shown to s ec r e t e  toxins s i m i l a r  to cholera  enterotoxin.  Injection of ETEC and the i r  enterotoxins 
into l igated loops of rabbi t  smal l  intestine leads to the accumulat ion of l a rge  quantit ies of fluid with a low 
prote in  and high sa l t  content,  just  as in s i m i l a r  exper imen t s  with cholera  v ibr ios  or  the i r  enterotoxin.  The 
r e su l t s  of b iochemical  and pathophysiologicaI t e s t s  have shown that  in both cases  the accumulat ion of fluid 
in the intestinal  lumen  is caused  by hype r sec re t i on  of the epithelial  ce l l s  of the sma l l  intestine [3, 6, 9]. 
Like cholera  v ibr ios ,  ETEC do not penet ra te  into the intest inal  epi thel ium and do not induce inf lammat ion 
[5]. The e l e c t r o n - m i c r o s c o p i c  c h a r a c t e r  of in teract ion between E TEC and the intest inal  epi thel ium has not 
been  investigated.  

An e l e c t r o n - m i c r o s c o p i c  study was made of in teract ion between the enterotoxigenic  s t r a in  of E s c h e r -  
ichia coli No. 3976, i sola ted and tes ted  in exper imen t s  at the Leningrad P a s t e u r  Insti tute [1],and the in tes t i -  
nal epithelium. 

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

Loops of smal l  intestine 10 cm in length were  l igated in rabbi ts  under intravenous hexobarbi tal  anes -  
thes ia  and 5 ml of a 6-h bro th  cul ture of ETEC (11-66 -109 bac te r ia l  cel ls) ,  grown with shaking (125 rpm) ,  
was injected into each  loop. Small p ieces  were  exc ised  f r o m  the infected loops 30 min and 2 and 12 h l a t e r ,  
f ixed succes s ive ly  with glutars.ldehyde with the addition of thiophosphamide and with o s m i u m  te t roxide to 
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Fig.  1. Enterotoxigenic  f o r m s  of E. coli on the su r face  of the epi -  
thelial  ce l l s :  a and b) b rush  b o r d e r  unchanged. Toluidine blue; 
a) 1430 • ; b) 1070 • ; 3) bac t e r i a  in contact  with g lycocalyz  only, 
20,000 • 

Fig. 2. Autophagosomes in epi thel ial  ce l l s :  a) in desquamated  cell ,  
17,000 • ; b) in cell  of epithel ial  l a y e r ,  d e s m o s o m e s  m a r k e d  by a r rows ;  
23,000 •  
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r evea l  the glycocalyx,  by  the method of Komissa rch ik  and Snigirevskaya,*  and embedded in Epon. Sections 
1 p in thickness were  s ta ined with toluidine blue for  examinat ion under the l ight m ic roscope ,  whereas  ul-  
t ra th in  sect ions were  s ta ined  with lead c i t ra te  and uranyl aceta te  and studied in the JEM-5g o r  JEM-7  e l e c -  
t ron  mic roscope .  

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

Examinat ion of the histological  sect ions  in the l ight mic roscope  r evea led  no in f l ammato ry  changes in 
the intest inal  loops infected with ETEC.  Even a f t e r  the accumulat ion of l a rge  quantit ies of fluid in the in- 
tes t inal  lumen (which was obse rved  in about half of the exper imen t s  by 10-14 h a f t e r  infection} only con-  
s iderable  edema and dilatat ion of the blood vesse l s  of the mucous membrane  and submucosa  of the intestinal  
wall  were  observed .  The epithelial  l aye r  was unchanged and only the goblet  cel ls  as a rule  were  emptied.  
Collect ions of bac te r i a ,  apparent ly  fixed in some places  to the b rush  b o r d e r  (Fig. l a ,  b), but not penetra t ing 
into the epithelial  ce l l s ,  were  found on the su r face  of the epithelium. 

The resu l t s  of the e l e c t r o n - m i c r o s c o p i c  invest igations showed that the m i c r o o r g a n i s m s  were  in con- 
tact  only with the g lycoealyx cover ing the microvf i l i  of the epi thel ium (Fig. lc}, even when the intestinal 
loops were  distended mos t  s t rongly  with fluid 12 h a f t e r  infection. Close to the apical  ends of the m i c r o -  
vill i ,  between them,  and nea rby  in the lumen of the intestine there  were  smal l  ves ic les  with a wall  cons i s t -  
Lug of a t r ip le  m e m b r a n e  (this is also found under normal  conditions but much l e s s  frequently}. S t ruc tu re -  
l e s s ,  r e t i cu l a r ,  o r  f inely g ranu la r  m a s s e s ,  evidently consist ing of se rous  fluid, numerous  s epa ra t e  granules  
of sec re t ion  of the epi thel ial  cel ls  of the c ryp t s ,  a few e ry th rocy t e s ,  and desquamated  epithelial  ce l ls  in v a r -  
ious s tages  of des t ruc t ion  (loss of microvi l l i ,  pycnosis  of nucleus,  death of the o rgane l l es ,  and e l ec t ron -  
t r a n s p a r e n c y  of the cy top lasm,  dis integrat ion of the cell) were  found in the lumen.  Nei ther  leukocytes  nor  
the i r  granules  were  p resen t ,  however,  in the lumen.  

Autophagosomes - vacuoles ,  bounded by a m e m b r a n e ,  with a r ea s  of cy top la sm and its organel les  (es-  
pec ia l ly  often with s e c r e t o r y  granules}, in different s tages  of des t ruct ion - were  often found in the desqua-  
mated  epithel ial  ce l ls  (Fig. 2a}. Vacuoles of this type were  often seen  lying f r ee ly  in the lumen.  Autophago- 
somes  usually containing s e c r e t o r y  granules  were  also detected in the cy top lasm of the epithel ial  cel ls  cov-  
er ing  the vil l i  and lining the c ryp ts  (Fig. 2b}. Numerous  la rge  mi tochondr ia  as well  as many  bands of rough 
endoplasmic  re t i cu lum were  o b s e r v e d  in the epithelial  ce l ls  and, in pa r t i cu la r ,  in the apical  cytoplasm.  
These changes a re  evidently signs of an increase  in functional act ivi ty  of the cel ls .  

The r e su l t s  of the expe r imen t s  thus showed that ETEC - t h e  agent of ch lo rea - l ike  d i s e a s e s - w h e n  in-  
jected into isolated loops of rabb i t  sma l l  intestine,  p ro l i f e ra te  l ike chole ra  v ibr ios  on the sur face  of the ep i -  
thelial  ce l ls  but do not pene t ra te  into them and do not cause inf lammation.  A s i m i l a r  p ic ture  was obse rved  
in exper imen t s  on l igated loops of pig and rabbi t  smal l  intestine with the agents of porcine col ibae[ l losis ,  
which also produce cho le ra - l ike  enterotoxins [4, 8]. These bac t e r i a  in the intest inal  loops and in the in tes -  
tine of piglets  infected by mouth also were  at tached to the s u p r a m e m b r a n o u s  cover  of the microv i l l i  of the 
epithel ial  ce l ls  and p ro l i f e ra t ed  all ove r  the sur face  of the mucous membrane  but without penetra t ing into 
the epi thel ium or  causing changes in it or  inf lammation.  

The r e su l t s  showing the morphological  manifes ta t ions  of inc reased  functional act ivi ty  of the intestinal 
epi thel ium in the exper imen t s  with E TEC support  the hypothesis  of the leading role  of hype r sec re t ion  or  
en te roabsorp t ion  in the pathological  p r o c e s s e s  produced by these m i c r o o r g a n i s m s .  At the s a m e  t ime,  the 
p re sence  of autophagosomes in the cy top lasm of the epithel ial  ce l ls  and the desquamat ion of l a rge  numbers  
of these  cel ls  (although without disturbing the continuity of the epithelium) point to damage to the epi the l ium 
detectable with the e lec t ron  mic roscope .  In exper imen t s  in which mice were  infected in t ranasa l ly  with 
E TEC death of individual bronchial  epithelial  cel ls  was obse rved  with the fo rmat ion  of smal l  defects in the 
epithel ial  l ining [2]. 

The authors  a re  gra teful  to Dr. Med. Sci. T. A. Avdeeva and her  s taff  for  providing the cul ture o f  
ETEC isolated by them and for  helping with the exper iments .  
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