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Scanning e lec t ron  m i c r o s c o p y  (SEM) has recent ly  found wide applicat ion in the investigation of var ious  
biological  objects  [3], but the s tomach  has  not yet been adequately studied by this  method.  There  have been 
only i so la ted  r e p o r t s  in which SEM of the normal  gas t r i c  m u c o s a  and of i ts  changes in r e s p o n s e  to acute injury 
have been desc r ibed  [6-12]. 

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

E x p e r i m e n t s  we re  c a r r i e d  out on 15 albino r a t s  weighing 195-210 g in which chronic gas t r i c  u lce r s  were  
produced by the method of Okabe and Pfe f f fe r  [14], by appl icat ion of acet ic  acid to the se rous  m e m b r a n e .  The 
an imals  were  killed 1 h, 10 days,  and 3 and 7 months  l a t e r .  Under e ther  anes thes ia  l apa ro tomy  was p e r f o r m e d  
and the s tomach  per fused  through the aor ta  initially with phosphate buffer,  pH 7.2, and l a t e r  with 2.5% g lu t a r -  
aldehyde in the s ame  buffer  for  2 mill .  The s tomach was fi l led with 2.5% glutaraldehyde and, a f t e r  2 h, it was 
washed in phosphate buffer ,  pH 7.2, for  5 rain; p ieces  were  then exc ised  f rom the fundus of the s tomach  and 
f rom the f loor  and m a r g i n s  of  the u lce r ,  and i m m e r s e d  in 2% o s m i u m  solution for  1.5 h, then washed twice 
o r  t h ree  t i m e s  with the s a m e  buffer .  Dehydrat ion was c a r r i e d  out in 30, 50, 80, and 100% acetone for  ]~ h in 
each solution, and this was followed by f r e e z e - d r y i n g  in l iquid ni t rogen and by spraying  with gold.  S o ~ e  of 
the m a t e r i a l  was broken in liquid n i t rogen and the f r a c t u r e  su r face  was sprayed .  Ord inary  paraff in  sect ions ,  
glued to cove r s l i p s ,  a lso were  s p r ayed  with gold [5]. The m a t e r i a l  ~ was studied in the HSM-2 Hitachi  scanning 
e lec t ron  m i c r o s c o p e .  Invest igat ions  were  c a r r i e d  out in the e lec t ron  m i c r o s c o p y  l a b o r a t o r y  (Head, Candidate 
of  Technical  Sc iences  B. N. Smirnov) ,  Al l -Union R e s e a r c h  Insti tute of E l ec t roca rbon  Produc t s .  

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

The su r face  of  the ga s t r i c  m u c o s a  in the control  an imals  was fo rmed  of  c lose ly  packed swollen cel ls ,  
c r ea t ing  a p ic ture  r e s e m b l i n g  paving with cobble s tones  [6]. The ce l l s  sur rounded  the o r i f i ces  of  the g a s t r i c  
pi ts  concen t r i ca l ly  and were  round, oval,  o r  s l i t - l ike  in shape.  Usual ly  one pit opened into the or i f ice ,  but 
s o m e t i m e s  two pits  sha red  a common or i f ice  on the su r face  of the mucous  m e m b r a n e .  A thin c re s t ,  l ined 
with epithelial  ce i l s  of sl ightly s m a l l e r  volume than the sur face  mucoc~4es,  was p re sen t  in the depth of the 
or i f ice .  If  the b lock was ti l ted, the inner  su r face  of the pits  also could be seen.  It  was  cove red  by f la t t e r  
cel ls ,  la id one above the other ,  l ike t i l e s .  Mucus could be seen in the fo rm of smal l  heaps and thin th reads  
on the su r face  epi thel ium and in the lumen of the pi ts .  Numerous  shor t  m i c r o v i l l i  could be dist inguished on 
the su r face  of the epi thel ium lining the rugae  of the s tomach.  Meanwhile dist inct ive swell ings (Fig. lb), due 
to accumulat ion of mucus  in the apical  pa r t  of the cel ls ,  could also be seen.  P i c t u r e s  of  this  so r t  m u s t  be 
i n t e rp re t ed  as the s tage preceding  ext rus ion  of the secre t ion .  L a t e r  the ou te r  m e m b r a n e  rup tu red  and the 
sec re t ion  was se t  f r ee .  Under  high power,  g ranules  of sec re t ion  could be seen beneath the to rn  ou te r  m e m -  
b r a n e  (Fig. lc)  in the apical  pa r t  of  the cel ls .  Such p ic tu res  a r e  r ight ly  r e g a r d e d  as a ref lec t ion  of m i c r o -  
apocr ine  secre t ion ,  which has not p rev ious ly  been desc r ibed  in the epi thel ium of the s tomach  (which is c h a r a c -  
t e r i z ed  by m e r o c r i n e  sec re t ion  [4, 13]). To judge f rom the fact  that  signs of  m i c r o a p o c r i n e  sec re t ion  were  
c o m p a r a t i v e l y  r a r e l y  found, and that  smal l  pores  on the su r face  of the cei ls  (Fig. ld) were  a constant  finding, 
it m u s t  be concluded that  the  basic  type of l ibera t ion  of sec re t ion  is m e r o c r i n e .  

On broken f r agmen t s  of the mucous  m e m b r a n e  fundal glands a r r a n g e d  perpendicu la r ly  to the su r face  and 
interwoven with a ne twork  of connec t ive - t i s sue  f ibe r s  and blood v e s s e l s  could be seen.  The denses t  ne twork 
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Fig. 1. Surface of  normal  gas t r ic  mucosa ,  a) Or i f ice  of gas t r ic  pit: sur face  epithelium with 
c l ea r  cell  boundaries ,  pi le- l ike a r rangement  of mucocytes  forming pits (3000 • b) m i c r o -  
villi  and evagination of outer  membrane  of sur face  epithelium (20,000 • c) mic roapocr ine  
secre t ion:  outer  membrane  ruptured,  granules  of mucoid  visible in apical par t  of cel l  
(12,600 • d) m i c r o p o r e s  on sur face  of epithelium (21,100 • 

of f ibers  and vesse l s  was seen in the region of the neck of the glands (Fig. 2a), which they appeared to fix. 
Vesse ls  were  par t icu la r ly  numerous  around the germina t ive  cel ls  located in the f loor  of the pits and around 
the i r  neck. In this  way the i r  need for  a r ich  blood supply was sat isf ied [11]. 

The sur face  of  the mucosa  1 h a f te r  application of acid to the serous  membrane  of the s tomach became 
uneven because  of  regions  of hollows and evaginations.  The cel ls  were  inc reased  in volume, the i r  microvi l l i  
were  shortened,  and they became a lmost  indistinguishable. The in te rce l lu la r  spaces  were grea t ly  widened and 
in some places the cel ls  were  separa ted  by wide spaces  with uneven edges, c r o s s e d  by individual cytoplasmic 
br idges  (Fig. 2b). Widening of the in te rce l lu la r  spaces,  although less  marked ,  also is found in hypovolemic 
shock and a f te r  instal lat ion of ace ty lsa l teycl ic  acid into the s tomach [7]. The p re sence  of such spaces dis turbs  
the integri ty  of  the mucous b a r r i e r ,  as a r e su l t  of which conditions are  c rea ted  for the r e v e r s e  diffusion of 
hydrogen ions. The surface  of individual cel ls  was des t royed  sad m i c r o e r o s i o n s  were  fo rmed  (Fig. 2c). 
Breaking down of  s t ruc tura l  complexes  of fundal gland ce l l s  could be seen on the f r a c tu r e  sur faces  (Fig. 2d). 
At the pe r iphe ry  of the a rea  of injury the fundal gland remained  intact, but the in te rce l lu la r  junctions the re  
were  widened and individual cel ls  were  los t .  The lumen of the glands appeared  to be opened, its secre t ion  
could enter  the t i s sue ,  and digestion of the mucous membrane  within the t i s sue  i tself  could a r i se .  Confirmation 
of this  mechan ism was given by the dist inctive wedge-shaped appearance  of the nec ros i s  (with the apex of the 
wedge facing the sur face  of the s tomach),  r evea led  by histological  investigation [2], and ref lect ing the m o r e  
intensive pro teo lys i s  in the depth of the mucosa .  His tochemical  study showed that  the chief  ce l ls  on the boundary 
with the zone of nec ros i s  were  secre t ing  pepsinogen intensively.  The n e c e s s a r y  pH values to conver t  pepsino-  
gen into pepsin a re  mainta ined by diif~sion of H + through the in te rce l lu la r  spaces  revea led  by SEM. 

Af te r  7-10 days an u l ce r  morphological ly  s imi l a r  to a human gas t r ic  u l ce r  had fo rmed  [14]. At the edges 
of the u l ce r  r egenera t ion  of the mucosa  was observed:  a l a y e r  of f la t tened epithelium c rep t  ove r  the defect,  
forming crypts  distal ly.  SEM revea led  an unusual s t ruc tu re  of the sur face  in this area ,  in the fo rm of cy l indr i -  
cal  mounds with wide c r a t e r - l i k e  depress ions  (Fig. 3a). The sur face  mucocytes  were  reduced  in volume and 
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Fig. 2. SEM of gastric mucosa in experimental ulcer: a) control; vessels  and connective- 
tissue fibers weaving around fnndal glands (tissue fracture  surface, 2000 x); b) 1 h af ter  ap- 
plication of acetic acid, swelling and beginning of breakdown of surface epithelium (6000 x); 
c) formation of microerosion (6300 x); d) breakdown of cells of fundal gland (tissue fracture  
surface, 6000 x)~ 

Fig. 3, SEM of gastric ulcers:  a) 10 days after  application of 
acid - cylindrical mounds and c ra te r - l ike  depressions on sur-  
face of mucous mellqbrane at edge of ulcer  (3000x); b) multiple 
erosions of epitheliocytes of newly formed mucosa (3000 x), 
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their  outer membrane was crinkled without definite microvill i ,  and with solitary pores.  In other areas the 
newly formed mucosa resembled wide, twisting ridges. In these areas,  at a distance of a few mil l imeters  
from the ulcer ,  the apical membrane of many epitheliocytes was destroyed (Fig. 3b). These defects were con- 
fined to individual cells and did not spread to their  neighbors. Injuries of this type can be called apical "ero-  

sions" of the cells, and they evidently precede erosions of the mucous membrane penetrating into the tunica 
propria~ Large areas of such erosions can rightly be regarded as an early sign of centripetal progression 
of the ulcer,  as a resul t  of which it r ecur s  and does not heal in the course of several months. By contrast  
with the pores described above, the surface of the apical erosions of the cells  was considerably larger ,  and 
their  edges were always i r regular ,  as it were eaten away, although the mechanism of their  formation may 
be the same (apocrine secretion). 

The formation of apical erosions has been regarded as dystrophy in situ, preceding desquamation of the 
cells [10]. 

On the f rac ture  surface in the floor and edges of the ulcer  numerous interweaving fibers and vessels  of 
varied caliber could be seen. Occasional short  deformed glands, interwoven by a denser network of collagen 
fibers and vessels  than in the control, could be seen in the edges. 

Later  (3-7 months) the normal structure of the surface of the mucosa was not restored.  The orif ices 
of the pits were greatly widened to resemble cra ters ,  surrounded by elevated ridges of epitheliocytes, r e -  
duced in volume and almost completely without microvill i .  Larger  "c ra te r s"  were seen into which 3 or  4 pits 
opened, separated by wide necks. The central parts of the healing ulcers  were somewhat depressed, the 
mucous membrane hung over  them, and from its edges spread out thin bands, with wavy outlines. On the sur-  
face of individual mucocytes apical erosions could still be seen even 7 months later,  and this could be inter-  
preted as an early sign of recur rence  of the ulcer .  

By SEM it is thus possible to study the nature of formation and healing of gastric ulcers ,  to detect the 
structure of the outer membranes of the regenerating epithelium, and to observe early changes in the ceils 
preceding the formation of erosions. 
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