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The duodenal mucosa  of r a t s  was s tudied e l e c t r o n - m i c r o s c o p i c a l l y  a f t e r  exposure  to s t r e s s  
( immobi l iza t ion  on a spec i a l  f rame)  fo r  24 h. Modera te ly  s e v e r e  changes were  found in the 
en te rocy te s ,  man i fes t ed  chief ly  as focal  des t ruc t ion  of the mi tochondr ia l  c r i s t a e  and an in-  
c r e a s e d  number  of l y sosomes .  The r e s u l t s  c o r r e l a t e  with r e s u l t s  of h i s t ochemica l  i nves t i -  
gat ions of the same  object  publ ished p rev ious ly .  Changes a r e  a lso  d e s c r i b e d  in the goblet  
ce l l s  and blood v e s s e l s .  
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The pa thogenes is  of acute u lce ra t ive  les ions  of the ga s t ro in t e s t i na l  t r a c t  is  being in tens ive ly  s tudied at  
the p r e s e n t  t ime  [1, 3-7] and p a r t i c u l a r  at tent ion is being paid to the mucous membrane  of the s tomach,  where  
acute u l ce ra t ive  les ions  a r e  mani fes ted  mos t  c l e a r l y  under  s t r e s s .  Changes in the duodenal mucosa  under  
s t r e s s  ve ry  r a r e l y  r each  the degree  of e ros ion ,  but they a re  usual ly  mani fes ted  as hype remia ,  edema,  in-  
c r e a s e d  round-ce l l  in f i l t ra t ion  of al l  l a y e r s  of the mucosa,  and var ious  types of d i s tu rbance  of t i s sue  me tabo-  
l i sm  [2]. 

In o r d e r  to s e a r c h  for  subce l l u l a r  equivalents  of these  metabol ic  d i s tu rbances  an e l e c t r o n - m i c r o s c o p i c  
study was made of the duodenal  mucosa  of ra t s  under  s t r e s s  induced by immobi l iza t ion .  This  model  of s t r e s s  
was used  in p r e f e r e n c e  to o thers  because  it g ives  r i s e  to acute u lce ra t ive  defects  in the mucous m e m b r a n e  of 
the s tomach much more  often than o ther  types  of s t r e s s  [3]. 

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

Nine male  W i s t a r  ra t s  weighing 150-200 g were  used. F ive  ra t s  were  exposed to s t r e s s  by fixing them 
to a spec i a l  f r ame  for  24 h [10] and four  in tac t  r a t s  ac ted  as the control .  At  the end of exposure  the cont ro l  
and expe r imen ta l  ra t s  were  decap i ta ted  s imul taneous ly .  P ieces  of the duodenal wall  taken  f rom the p r o x i -  
mal  pa r t  of the organ were  fixed in 3% glu ta ra ldehyde  solut ion in 0.1 M buffer (pH 7.4) for  2.5 h, then r insed  
in buffer with the addit ion of 6.8% s u c r o s e  solut ion and pos t f ixed for  2 h in a 1% buffered solut ion of OsO 4. 
Af ter  dehydra t ion  in alcohols  of i nc rea s ing  s t rength ,  with the addit ion of u ranyl  ace ta te  and absolute  acetone,  
the t i s sue  was embedded in a mix ture  of Epon and Ara ld i t e  [8]. In eve ry  case  before  the final sharpen ing  of 
the p y r a m i d s  a sec t ion  was cut f rom each block, 1 p in th ickness ,  s ta ined  with methylene blue, and examined 
in the light m i c r o s c o p e  to provide  p r e c i s e  o r ien ta t ion  in the spec imen.  Ultra thin sec t ions  obtained on the 
LKB-III  u l t r a tome  were  counte rs ta ined  with lead [9] and examined and photographed in the HU-IIEs e l ec t ron  
mic roscope.  

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

In many mi tochondr ia  in en te rocy tes  of the e xpe r i m e n t a l  an imals  focal  des t ruc t ion  of the e r i s t a e  was 
observed ,  usual ly  accompanied  by i nc r ea sed  t r ans lucency  in these  a r e a s  of the m a t r i x  (Fig. la ) .  Other  mi to -  
chondr ia  and even other a r e a s  of the changed mi tochondr ia  were  f ree  f rom defects  and there  was no change in 
the s ize  of t he i r  o rgane l l e s .  The number  of l y sosomes  and l y s o s o m e - l i k e  bodies on the whole was increased ;  
myel in  f igures  were  more  f requent ly  seen  than in the control .  The p ro f i l e s  of the g r a n u l a r  endoplasmic  r e t i c -  
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Fig. 1. Enterocytes and goblet cell of rat  with induced stress:  a) focal destruction 
of mitochondrial cr is tae of enterocytes (17,000 • b) t ransverse  section through mi- 
crovilli  of brush border of enterocyte,  intact double plasma membrane (58,000 x); 
c) heterogeneity of drop of secret ion of goblet cell at apex of villus (12,200 x). M) 
Mitochondrion; A) autophagolysosome; L) lysosome-like bodies. 

Fig. 2. Different states of capillaries of duodenal mucosa 
of rat  with induced s t ress :  a) lumen constricted by swell- 
ing of endothelium; b) lumen dilated, endothelium flattened 
(12,200 • 
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ulum were less frequently seen, whereas the number  of r ibosomes united to form polysomes was increased 
inconstantly. It must  be emphasized that all the changes observed were on the whole not severe  and they were 
frequently mosaic  in charac te r .  The microvi l l i  of the brush border  were  completely p rese rved  and in t r a n s -  
verse  sections their  membranes  were c lear ly  double in outline (Fig. lb). The terminal  network, the other 
organoids,  and the cell nuclei of the experimental  animals likewise were indistinguishable f rom the controls.  

In goblet cells located at the apices of the villi drops of secre t ion  were often distinguished by uneven 
density (Fig. lc) ,  which was r a re ly  seen in the control  animals.  

The number  of endocrine cells of different types and of eosinophils was inconstant and varied f rom ani- 
mal to animal and f rom block to block. 

The picture of the mucosal  blood vesse ls  Was highly polymorphic.  Besides capil lar ies  with the usual 
appearance other vesse ls  were seen with flattened endothelium and a wide lumen or,  by contrast ,  with a con- 
s t r ic ted  lumen as the resul t  of swelling of the endothelium, accompanied by the formation of numerous mic ro -  
projections (Fig. 2). The number  of pinocytotic vesicles  var ied considerably.  

The model of s t r e s s  used in this investigation was thus accompanied by severa l  u l t ras t ruc tura l  changes 
in the duodenal mucosa,  especial ly by injury to mitochondria.  It is important  to s t r e ss  that these changes in 
the mitochondria did not include swelling, and they were found incel ls  which satisfied the c r i t e r i a  of good fix- 
ation. 

These results  agree  with those obtained by Evdokimov [2] who found, by a cytospectrophotometr ic  
method, a decrease  in oxidoreductase activity of the enterocytes  in s t r e ss  induced by immobilization. 

The var ia t ion in density of the droplets of secre t ion  of the goblet cells may be evidence of var ia t ion  in 
their  maturat ion and also that when discharged into the lumen of the intestine not all the drops of secre t ion  
have reached the neces sa ry  degree of maturi ty.  The possibil i ty cannot be ruled out that this is the morpholog-  
ical  ref lect ion of an acce lera ted  life cycle  of the goblet cells. 

Within the l imits of this investigation it is impossible to say with confidence what are  the causes of the 
changes observed in the duodenal mucosa. However, the inequality in the filling of the vesse ls  with blood and 
the general ly  var ied  state of the vesse ls ,  in conjunction with the predominant  damage to the mitochondria,  
suggest  that hemodynamic disturbances play an important  role in the genesis of these changes, more  especial ly 
because the role of such dis turbances has been demonstra ted by the study of lesions of the gas t r ic  mucosa  in 
the same type of s t r e s s  [5-7]. 

Meanwhile the changes in the duodenum were much less severe  than in the stomach. There were no 
erosions,  ulcers ,  or  other gross  defects,  the morphological  changes observed were on the whole small ,  they 
were  found only at the u l t ras t ruc tura l  level, and they were  not total in cha rac te r  in the specimens examined. 
The concrete  mechanisms of the g rea te r  res i s tance  of the duodenal mucosa  than of the gas t r ic  to s t r e ss  must 
await fur ther  investigations for  their  elucidation. 

1. 

2. 

L I T E R A T U R E  C I T E D  

O. N. Zabrodin, "Destruct ive lesions induced in the s tomach wall by e lec t r ica l  st imulation of immobil -  
ized rats  and the action of neurotropic agents on their  development," Author 's  Abs t rac t  of Candidate 's  

Dissertat ion,  Leningrad (1965). 
V. V. Evdokimov, Abstracts  of Proceedings  of a Conference of Junior  Scientists of the No. 4 Chief Ad- 
minis trat ive Division, Ministry of Health of the USSR [in Russian], Moscow (1974), pp. 53-55. 
D. A. Brodie and H. M. Hanson, Gastroenterology,  38, 353 (1960). 3, 

4. D .A.  Brodie, J. Neuropsychiat . ,  4_, 388 (1963). 
5. H. Goldman and C. B. Rosoff, Am. J. Path., 52__, 227 (1968). 
6. T. Hase and B. J. Moss, Gastroenterology,  65._..~, 224 (1973). 
7. D .A.  Kriss t  and S. J. F re imark ,  Am. J. Path.,  73__, 411 (1973). 
8. H.H.  Mollenhauer, Stain Technol., 39, 111 (1964). 
9. E .S .  Reynolds, J. Cell Biol., 17_, 208 (1963). 

10. H. Selye, Brit. J. Exp. Path., 1.77, 234 (1936). 

780 


