
U L T R A S T R U C T U R A L  C H A N G E S  IN T H E  M U C O S A  

O F  T H E  G A L L  B L A D D E R  D U R I N G  T E M P O R A R Y  

E X P E R I M E N T A L  I S C H E  MIA 

V. K.  L i  m UDC 616.366-005.4-092.9-07 : 616.366-018.73-091.8 

T e m p o r a r y  i sehemia  of the gall b ladder  was produced in rabbi ts  by applicat ion of a s i lk  
l iga ture  to the cyst ic  a r t e ry .  Histological  examinat ion r evea led  vascu la r  d is turbances ,  con- 
s is t ing  of hype remia ,  s t a s i s  of blood, and focal  hemor rhages .  E l e c t r o n - m i c r o s c o p i c  inves-  
t igation showed an inc rease  in the number  of dark  epithelial  ce l ls ,  widening of the in te rce l -  
lular  space ,  and loosening of the s t ruc tu re  of the basement  membrane  with the format ion  of 
defects in it and invaginat[on of epithel ial  cells into the submucosa .  The most  marked  
changes were  found af ter  occlusion of the cyst ic  a r t e r y  for 30 rain on three  occasions.  The 
s eve r i t y  of the des t ruct ive  changes depend not so  much on the duration of i sehemia  as on the 
number  of occlusions.  
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An important  ro le  in the development  of eholecyst[ t is  is a sc r ibed  at the p resen t  t ime  to c i rcu la to ry  
d i so rde r s .  In medica l  p rac t i ce ,  cholecyst i t is  is found to occur  in pat ients  with ca rd iovascu la r  d iseases  [4, 
10]. Marked des t ruc t ive  changes have been obse rved  [6, 7] in the wall  of the gall b ladder  1-14 days a f te r  
l igat ion of the cyst ic  a r t e ry .  Meanwhile, initial changes in the mucosa ,  mani fes ted  as a rule  at the u l t r a -  
s t ruc tu ra l  level  during hemodynamic  d i so rde r s ,  st i l l  r e m a i n  inadequately explained. 

The object  of this investigation was to s tudy the u l t r a s t ruc tu re  of the wall  of the gall b ladder  during 
exper imenta l  i schemia .  

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

The cyst ic  a r t e r y  was occluded t e m p o r a r i l y  in 30 rabbi ts  by means  of a s i lk  l igature .  Depending on 
the number  and duration of the occlusions the an imals  were  divided into five groups:  group 1) four occlu-  
sions each of 10 rain, group 2) four each of 20 rain, group 3) three  each of 30 rain, group 4) two each of 40 
rain, and group 5) two each of 50 rain. The interval  between occlusions was always the same ,  10 min. The 
animals  were  killed 30 rain af ter  the l as t  occlusion.  Pieces  of t i s sue  were  cut f r o m  the wall  of the fandus 
and neck of the gall b ladder  and fixed for  histological  examinat ion in 10% neutra l  fo rmal in  and for  e l ec t ron -  
m i c r o s c o p i c  examinat ion in 1% OsO 4 solution by Canlfield 's  method. Elec t ron mie rog raphs  were  obtained 
with the UEM-100-V e lec t ron  mic roscope  under a magnif icat ion of 10,000-100,000 • 

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

On histological  examinat ion of the wall  of the gall b ladder  des t ruc t ive  changes were  found in the mu-  
cosa  together  with vascu la r  d i so rde r s  of varying seve r i ty .  After  shor t  per iods  of i schemia  (group 1) s l ight  
h y p e r e m i a  of the vesse l s  and edema were  observed .  In the animals  of group 2, pa r t i a l  desquamation of the 
epi thel ium was seen.  The mos t  m a r k e d  changes were  found in the rabbi t s  of group 3: extensive desquama-  
tion of the epi thel ium of the mucosa  of the gall b ladder  in the region of the fundus and par t ia l  desquamation 
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Fig. 1 Fig. 2 

Fig. 1. Dark and pale epithelial cells of mucosa of gall bladder during tempory 
isehemia: EC) epithelial cell; MV) mierovillus; M) mitochondrion; 20,000 x. 

Fig. 2. Myelin figures in cytoplasm of epithelial cells and in cavity of gall bladder 
100,000 • 

Fig. 3. Invagination of epithelial  cells 
through defects in ba semen t  m e m b r a n e :  
BM) basemen t  m e m b r a n e ;  EC epithelial  
cell ;  20,000 • 

in the region of its neck. In the animals  of groups 4 and 5 
the changes in the mucosa  were  less  marked ,  but h e m o r r h a -  
gic foci were  seen  a lmos t  invariably.  

The ea r l i e s t  and mos t  constant fea tures  of e l ec t ron -  
mic roscop ic  examinat ion of the gall b ladder  wall  were  
changes in the epithelial  ce l ls ,  which were  s i m i l a r  in type 
a f t e r  different per iods  of i schemia  and differed only in thei r  
sever i ty .  In all groups the number  of so -ca l l ed  dark  cells 
was constantly inc reased  by compar i son  with normal .  The 
cy top lasm of these  cells was e x t r e m e l y  dense and o smio -  
phil ic and it contained many r i bosomes  and mitochondria .  
The mitochondria  were  en la rged  and fo rmed  c lus te rs  in the 
pe r inuc lea r  zone. The nuclei of the dark cells were  reduced  
in s ize  but had high e lec t ron  density (Fig. 1). 

In the pale epi thel ial  cells the microvi l l i  were  length-  
ened to 2.5 /2 and were  deformed.  Their  cy top lasm af ter  

b r i e f  i schemia  was osmiophobic;  the organel les  were  a r r anged  a considerable  distance apar t ,  indicating 
hydrat ion of the cell. A noteworthy fea ture  was var ia t ion in the degree  of dest ruct ion of the mitochondria  
depending on the duration of i schemia  and the f requency of occlusion of the cys t ic  a r t e r y .  With an inc rease  
in the duration of occlusion,  the swelling and f ragmenta t ion  of the mi tochondr ia  increased .  However,  with 
a dec rea se  in the number  of occlusions,  despite a longer  total  duration of i schemia  (100 min in group 5), 
these  changes were  l e s s  marked .  The s e v e r e s t  changes in the mitochondria  were  obse rved  in group 3. 

During i schemia  of the gall b ladder  cha r ac t e r i s t i c  myel in  f igures  were  seen  in the epithel ial  cel ls .  
Some were  connected with mi tochondr ia ,  o thers  lay f r ee ly  in the apical  par t  of the cytoplasm.  Some myel in  
f igures  were  adjacent  to the cy top lasmic  sur face  m e m b r a n e ,  causing it to bulge, or  lay within the cavi ty  of 
the gall b ladder  (Fig. 2). 
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Considerable widening of the in te rce l lu la r  space was a cha rac t e r i s t i c  fea ture  and s o m e t i m e s  the d is -  
tance between the cel ls  was 5-6 p, evidence of marked  hydrat ion of the epithel ial  l ayer  (Fig. 1). E lec t ron-  
t r a n s p a r e n t  ma te r i a l  was contained in the widened in te rce l lu la r  space .  The basemen t  membrane  of the epi -  
thelial  l aye r  had a more  winding prof i le  than normal ly .  Loosening of its texture  and an inc rease  in its 
th ickness  to 500-600 nm,  with rup tures  and the fo rmat ion  of defects up to 1 p in d iamete r  were  observed.  
Somet imes  islands of cy top la sm of the epithelial  cells pene t ra ted  into the submucosa  through defects in the 
basemen t  membrane .  These cy top lasmic  invaginations were  obse rved  as a rule  where  the capi l la r ies  of 
the submucosa l  l ayer  were  si tuated.  The subbasal  pa r t  of the epithelial  cells differed f r o m  the suprabasa l  
cy top lasm in its g r ea t e r  osmiophi l ia  (Fig. 3). 

During t e m p o r a r y  occlusion of the cys t ic  a r t e r y  marked  changes in the epithelial  cells a rc  thus ob- 
s e rved  in the wall  of the gall b ladder .  The changes in the wall  of the gall b ladder  at different t imes  of 
i schemia  indicate that the s e v e r i t y  of the des t ruc t ive  les ions depends mainly  on the number  of s t imula ted  
s p a s m s  r a the r  than on the duration of i schemia .  

Ear ly  i schemia  of the gall b ladder  is man i fes ted  as hydrat ion of epithel ial  ce l ls ,  which is evidently 
a s soc ia t ed  with hypoxia and inc reased  vascu la r  pe rmeab i l i t y  and is e x p r e s s e d  as increased  t rans lucency  of 
the cy top lasm and swelling of the mitochondria .  S imi lar  changes have been obse rved  in other cells in the 
ea r ly  s tages  of myocard ia l  i schemia  [8] and in hypoxic hypoxia of the hear t ,  lungs, panc rea s  [1, 11], and 
other  organs .  Dest ruct ive  changes in the organel les  a re  accompanied  by dis turbance of the normal  function 
and a reduct ion in the concentrat ing power  of the epithel ial  cel ls .  Depress ion  of the concentrat ion function 
of the gall  b ladder  during roentgenological  investigation is obse rved  in pat ients  with cholecyst i t is  [3] and 
in animals  with exper imenta l  cholecys t i t i s  [5, 9]. Water ,  l ipids,  and other components of the gall  b ladder  
a re  known to be t r anspo r t ed  under no rma l  conditions by epithelial  cel ls  f r o m  the cavity of the gall b ladder  
into the blood ves se l s  [2]. When the concentrat ing power  is dis turbed,  fluid can accumula te  in the cyto-  
p l a s m  of the epithelial  ce l l s ,  in the in te rce l lu la r  space ,  and in the subepithel ial  l aye r ,  increas ing  the hy- 
d.ration of the epi thel ium of the gall  b ladder  wall.  Considerable  in te rce l lu la r  and subepithel ial  edema is ac -  
companied by desquamat ion of the epi thel ium, as a r e su l t  of which the way is laid open for invasion by 
m i c r o o r g a n i s m s  and for the toxic action of bi le ,  panc rea t i c  enzymes ,  and so on, so  that the development  of 
cholecyst i t i s  is p romoted .  

In some  cases  myel in f igures  we re  found in the cy top lasm of the epithelial  cel ls .  Myelin f igures  a re  
cons idered  to be fo rm ed  by contact between phospholipids and an aqueous medium [12-14]. During hydra -  
tion, favorab le  conditions may  a r i s e  in the cy top lasm of the epithelial  cel ls  of the gall b ladder  for  absorbed  
components of the bile (lipids, sal ts) .  Myelin f igures ,  f requent ly  located beneath the sur face  cy toplasmic  
m e m b r a n e ,  f requent lybud off and a re  l ibe ra ted  into the cavity of the gall bladder .  Accumulat ions of myel in  
f igures  in the cavi ty  of the gall  b ladder  under ce r ta in  conditions may  provide  the nucleus for  stone f o r m a -  
tion and for  the development  of calculous cholecyst i t i s .  

C i rcu la to ry  d i s o r d e r s ,  s i m i l a r  to those produced exper imenta l ly ,  can develop in pat ients  as s p a s m s  
or  t h romboses .  The r e su l t s  of the invest igat ion indicate that  r epea ted  dis turbances  of the c i rcula t ion a r e  
one component  in the complex pathogenesis  of cholecyst i t i s .  
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