
E LE C TRON-CYTOCHEMICA L 

T O X I N  ABSORPTION BY EPITHELIUM OF 

PATCHES IN GUINEA PIGS 

V. A. Shakhlamov, Yu. A. Gaidar, 
and V. N. Baranov 

I N V E S T I G A T I O N  O F  C H O L E R A  

P E Y E R ~ S  

UDC 616.34-097.2-02:576.851.315.097.29]-076o4 

KEY WORDS: e lec t ron  cy tochemis t ry ;  cholera  toxin; P e y e r ' s  patches;  absorpt ion.  

Lympho-ep i the l ium interact ions  in P e y e r ' s  patches play an impor tant  role  in the development  of immune 
m e c h a n i s m s  act ing at the level  of the intest inal  wall  and lumen. It has been shown, for  example ,  that the M 
cel ls  of the epi thel ium of the apices  of the P e y e r ' s  patches c a r r y  out act ive pinocytosis  of intact prote in  
m a c r o m o l e c u l e s  (antigens) f rom the lumen of the intestine and t r a n s f e r  them to the subjacent  lymphoid cel ls  
[1, 2]. Lymphocytes  act ivated by antigen mig ra t e  into the m e s e n t e r i c  lymph nodes and along the thorac ic  duct 
into the blood s t r e a m .  Af ter  a ce r t a in  t ime,  having migra ted  into the tunica p ropr i a  of the intest inal  mucosa ,  
the lymphocytes  d i f ferent ia te  into p l a sma  cel ls ,  which synthes ize  specif ic  immunoglobulins  of c lass  A. In con- 
junction with the s e c r e t o r y  component,  these  immunoglobutins e m e r g e  on the sur face  of the mucous m e m b r a n e  
and into the lumen of the intest ine,  where  they inactivate the antigen [3]. 

Injection of cholera  exotoxin into the lumen of the smal l  intestine is known to lead to the development  of 
local  anti toxic immuni ty  in expe r imen ta l  an imals ,  due to the appearance  of p l a sma  cel ls  synthesizing specif ic  
anti toxic c lass  A immunoglobulins,  in the tunica p ropr ia  of the mucous m e m b r a n e  of the smal l  intestine [4, 51. 
This fact  sugges ts  that the cholera  toxin or  its subunits penet ra te  through the epithel ium of the smal l  intestine.  
However ,  the r e su l t s  of expe r imen t s  c a r r i ed  out to study this p rob lem have not proved convincing. Some 
worke r s ,  using labeled cholera  toxin, found at the l ight -opt ica l  level  that toxin pene t ra tes  through the epi-  
thelial  l ayer  of the intest ine [6], whereas  other  worke r s ,  using a highly sensi t ive  e l e c t ron - immunocy to ch emi -  
cal  method of detect ion of toxin in the t i ssue ,  showed that cholera  toxin does not penetra te  into the intest inal  
epi thel ium, but in te rac ts  only with the apical  p l a s m a l e m m a  of the epi thel iocytes  [7]. 

Meanwhile,  despi te  exis t ing data on the d i rec t  role  of the P e y e r ' s  patches in the development  of anti-  
toxic immunity  [8], the possibi l i ty  of se lec t ive  absorp t ion  of cholera  toxin by the epithel ium of the P e y e r ' s  
patches has not been  invest igated.  

Accordingly ,  the a im  of the invest igat ion desc r ibed  below was to study the possibi l i ty  of absorp t ion  of 
cho le ra  toxin by the epi thel ium of P e y e r ' s  patches .  

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

Expe r imen t s  were  ca r r i ed  out on 15 male  guinea pigs weighing 100-120 g. Before  the exper imen t  the 
an imals  were  depr ived of food for  24 h but allowed wate r  ad lib. Highly purified cholera  toxin (Choleragen, 
f rom the "Mikrob" R e s e a r c h  Insti tute,  Saratov) ,  labeled with h o r s e r a d i s h  peroxidase  by means  of g lu ta ra lde -  
hyde by a two-s tage  method [9], was used. Under hexobarbi ta l  anes thes ia  l apa ro tomy was pe r fo rmed  and a 
segment  of the p rox ima l  par t  of the jejunum, containing a P e y e r ' s  patch, 1.5 cm long was ligated. Into the 
lumen of the ligated loop, 50-100/~g of labeled cholera  toxin in a volume of 100-150 #1 of 0.9% NaC1 solution 
was injected. In the control  expe r imen t s  labeled chole ra  toxin was injected into the lumen of a ligated loop not 
containing a P e y e r ' s  patch. To study the d is t r ibut ion of endogenous peroxidase  act ivi ty,  0.9% NaC1 solution 
was injected into the lumen of a ligated loop. The l igature  was r emoved  f rom the jejunum 60 rain a f te r  injec-  
tion of the labeled toxin. The contents of the loop were  washed out with 2-2.5 ml  of 2.5% glutaraldehyde solu- 
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Fig. 1. Absorption of cholera  toxin labeled with horse rad i sh  
peroxidase by epithelium of P e y e r ' s  patch in guinea pig 60 
rain after  injection into intestinal lumen, a) Deposition of 
react ion product in tubules and vesicles  of smooth endoplasmic 
ret iculum of M cells,  28,800x; b) presence of react ion product 
on apical p lasmalemma of epitheliocytes of intermediate villi 
of P e y e r ' s  patch, 27,000x; c) deposition of react ion product in 
elements of smooth endoplasmic ret iculum of epitheliocytes of 
intermediate villi of a P e y e r ' s  patch, 15,000• 

tion in 0,1 M cacodylate buffer, pH 7.4, containing 7% sucrose .  The excised loop of jejunum was spread out on 
a paraffin wax dish, covered with a layer  of fixative, and fixed for 40 rain. The jejunum was then cut t r ans -  
verse ly  and the pieces thus obtained were postfixed for 20 rain. The pieces were washed in 0.1 M cacodylate 
buffer containing 7% sucrose  overnight, after  which f rozen sections were cut to a thickness of 25p .  Peroxi-  
dase activity was detected with the aid of 3,3 '-diaminobenzidine [10]. After washing three t imes with distilled 
water ,  the sections were postfixed for 1 h in a 1.33% solution of osmium tetroxide in 0.1 M cacodylate buffer,  
pH 7.4. The mater ia l  was dehydrated in acetone of increasing strength and embedded in a mixture of Epon and 
Araldi te .  Unstained ultrathin sections,  gray in color,  were examined in the JEM 100S electron microscope .  

EXPERIMENTAL RESULTS 

The investigation showed that 60 rain af ter  injection of cholera  toxin into the intestinal lumen a homo- 
geneous e lec t ron-dense  react ion product was localized on the inner surface of most  tubules and vesicles  of the 
smooth endoplasmic ret iculum of the M cells of the epithelium covering the apices of the P e y e r ' s  patch (Fig. la). 
Tubules (from 30 to 35 nm in diameter)  and vesicles  (from 245 to 490 nm in diameter)  were concentrated in the 
cytoplasm of the supranuclear  zone of the M ceils and were surrounded by numerous mitochondria.  Occasionally 
these s t ruc tures  were adjacent to the la tera l  p lasmalemma.  
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Meanwhile the homogeneous e lec t ron-dense  reac t ion  product was discovered on the membrane  of the 
microvi l l i ,  in invaginations of the apical p lasmalemma (Fig. lb), and in most  of the tubulo-ves ica lar  elements 
of the smooth endoplasmic ret iculum of the supranuelear  zone of the columnar cells of the epithelium cover -  
ing the intermediate villi of the P e y e r ' s  patch (Fig. lc) .  As a rule the d iameter  of the tubules was from 30 to 
35 nm and of the vesic les  f rom 260 to 520 nm. 

No e lec t ron-dense  react ion product was found in the mater ia l  studied in the intercel lular  spaces of the 
epithelial layer  of the P e y e r ' s  patch. 

By contrast  with the findings descr ibed above, a study of absorption of labeled cholera toxin by the epi- 
thelium of the jejunum outside the region of the P e y e r ' s  patch showed that the cytochemical  react ion product 
was present  only on the apical p lasmalemma of the epitheliocytes and was absent in their  cytoplasmic s t ruc-  
tures .  

In control  experiments  endogenous peroxidase activity was detected in e ry throcytes  in the blood capil-  
lar ies  and in lysosome- l ike  s t ruc tures  of the cytoplasm of the macrophages  of the P e y e r ' s  patch. 

The resul ts  thus indicate that labeled cholera  toxin is absorbed by M cells of the P e y e r ' s  patch epi- 
thelium. This fact conf i rms the view already expressed in the l i terature,  that M cells at the apices of P e y e r ' s  
patch can absorb intact protein macromolecu les  [1, 2]. 

Meanwhile, the investigation showed that columnar  epitheliocytes of the intermediate villi of the Peye r ' s  
patch are  also capable of absorbing labeled cholera  toxin. In our opinion this process  is probably the resul t  
of close topographical  connection between the intermediate villi and T-dependent zones of the P e y e r ' s  patch. 
It is also possible that absorpt ion of labeled cholera  toxin by the epithelium of the intermediate villi is a par-  
t icular  feature of interaction between cholera toxin and the epithelium of the Peyer '  s patch. 

The presence of react ion product in s t ruc tures  of the smooth endoplasmie ret ieulum of the epithelio- 
cytes and its absence in the intercel lular  spaces of the epithelium of P e y e r ' s  patch 60 rain after  injection of the 
toxin into the intes t inal  lumen suggest that the process  Of l iberation of cholera  toxin from the epithelioeytes 
takes place at la ter  t imes.  Such a possibility is indicated by observat ions made on other  models [11]. How- 
ever ,  the experimental  technique used, with ligation of the intestine, did not enable the subsequent fate of the 
cholera  toxin to be t raced because of hemodynamic dis turbances ar is ing in the intestinal wall with the passage 
of t ime. Of course  the possibili ty of re lease  of very small  quantities of labeled cholera  toxin from epithelio- 
cytes whichhad absorbed it cannot be ruled out, although probably these amounts could not be detected by the 
method used. 

It can be tentatively suggested that the mechanism of absorpt ion of labeled cholera toxin by the epi-  
thelium of P e y e r ' s  patches, as descr ibed above, also acts in the case of absorption of unlabeled cholera  toxin. 
This view is based on observat ions showing that cholera  toxin labeled with horserad ish  peroxidase p rese rves  
its toxic proper t ies  and its ability to bind with the specific Gml receptor  [12]. 
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