
PROPERTIES OF THE MESOTHELIUM OF THE SEROUS 

MEMBRANE OF THE LIVER DURING EXPERIMENTAL 

LIVER PATHOLOGY 

M. V.  R u d e n s k a y a  UDC 616.36-018.74-092.9 

In expe r imen ta l  d i s tu rbances  of the hemodynamics ,  of the sec re t ion  of bi le ,  o r  of prote in  
m e t a b o l i s m  the meso the l ium of the se rous  m e m b r a n e  of the l iver ,  which is normal ly  fiat,  
swel ls ,  m i to ses  appea r  in it, and its su r face  a r e a  i n c r e a s e s  through the appearance  of ex-  
t e rna l  folds and channels with a meso the l ia l  wall .  These channels appear  as a r e su l t  of 
contact  be tween the apex of the fold of the se rous  m e m b r a n e  with its sur face  and they are  
located in the comlective t i ssue .  Init ial ly numerous  and g rea t ly  dilated,  they col lapse  and 
undergo reduct ion  as r e p a i r  p r o c e s s e s  begin or  when advanced changes have taken place in 
the l iver .  Judging f r o m  the morphologica l  evidence,  the e x c r e t o r y  meso the l ium of the l ive r  
exe r t s  a dra inage function a t  ce r t a in  s tages  of the pathological  p r o c e s s .  

According to the few facts  avai lable  the meso the l ium of the l ive r  has ce l l s  which a re  not f lat  but 
cubical  or  cyl indr ica l  in shape [4], it does not contain mul t inuc lear  cel ls ,  and it accordingly  shows a ve ry  
low level  of physiological  act ivi ty  in r e sponse  to d i r ec t  s t imula t ion  [9, 10]. A close connection has  been  
found between the continuous meso the l i a l  l aye r  and the lymphat ic  cap i l l a r i e s  of the pe r i toneum cover ing the 
l iver  [11], evidently indicating that  the meso the l ium plays a role  in exchanges between the t i ssue  and per i -  
toneal  fluids. 

This paper describes the results of observations on the mesothelium of the serous membrane of the 
liver in dogs with various types of experimental pathology~ 

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

Material was obtained by biopsy (280 specimens) and at autopsy (i00 specimens) from 125 dogs with 
various experimental disturbances of liver function: portocaval anastomosis, constriction of the inferior 
vena cava or compression of the hepatic veins, ligation of the common bile duct, intravenous injection of 
an excess of amino acids and polypeptides, injection of a sclerosing substance, etc. Pieces of liver were 
fixed in 10% formalin solution and in a mixture of ethanol with formalin and acetic acid. Frozen and paraf- 
fin sections of these tissues, 5-10 p in thickness, were stained with hemotexylin-eosin, basic brown, Sudan 
III, carmine by Best's method, and pierofuchsin by Van Gieson's method. To describe the morphological 
characteristics of the mesothelium, measurements were made with an ocular micrometer. 

EXPERIMENTAL RESULTS 

In the healthy dogs before the experimental procedures the mesothelium of the serous membrane was 
flat. With the ordinary stains it appeared in the sections as a syncytium up to 2-3 # in thickness, with fiat- 
oval nuclei 7-10 p and 2-3 p in diameter without figures of mitosis and amitesis. Neither glycogen nor fat 
could be found in the mesothelial cells, and they gave a weak positive reaction for acid mucopolysaccharides. 
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Fig. i. Mesothelium of serous 
membrane of the dog liver: a) 
above hemorrhage; b) swollen; c) 
swollen with cell borders; d) with 
phagocytosis of leukocyte. Hema- 
toxylin-eosin, biopsy, 630• (im- 
mersion). 

In some intact dogs and also in dogs under experimental 

conditions (after injection of an excess of protein, or of sclerosing 
solution, or in the picture of "meat poisoning" after portocaval 
anastomosis) the formation of a type of brush border was observed 
on the surface of the liver mesothelium. A similar brush border 
was detected experimentally by Anikin [I] in the mesothelium of 
the spleen.  According to Anikin i t  developed as the r e su l t  of the 
accumula t ion  and excre t ion  of u rea .  The appearance  of a s t r u c -  
~ r e  typical  of e x c r e t o r y  organs  sugges ts  that  the meso the l ium of 
of the l ive r  is capable of excre t ion.  Under pathological  conditions 
of the l iver  the thin l ayer  of meso the l ium rema ined  intact  even 
above foci of edema  and h e m o r r h a g e  (Fig. l a ) .  Where the m e s e -  
the l ium WaS absent ,  this was mainly  clue to i ts  s t r ipping off during 
r e m o v a l  of the piece of t i ssue  or  his tological  t r ea tmen t .  

In the b iopsy  m a t e r i a l  taken during the expe r imen t s  las t ing 
f r o m  a few days to 3 y e a r s  the l i ve r  meso the l ium was swol l en  in 
some  places  or  ove r  a wide a r e a  (Fig. lb) .  Somet imes  cell  bound- 
a r i e s  appeared  in i t  without any spec ia l  s taining,  outlining the 
cubical  or  cyl indr ica l  shape of the swollen ce l l s  (Fig. lc)o In r e -  
sponse to sudden changes in the hemodynamics  or  in prote in  
me tabo l i sm ,  the meso the l ium swelled within 1.5-2 h, whereas  un- 

de r  o ther  condit ions,  during dilation of the s tomach,  for example ,  no changes were  obse rved  during an e x -  
p e r i m e n t  las t ing 5-6 h, although swell ing neve r the l e s s  did appea r  a f te r  4-15 days (liver biopsy) .  The swol-  
len meso the l ium contained many vacuolated cel ls  with po lymorphonuc lea r  leukocytes  in the vacuoles  (Fig. 
ld);  mi tot ical ly  dividing and b inuc lear  ce l l s  also were  observed .  F igures  of mi tos i s  were  found not only 
on the 1s t  days ,  but  even in l a t e r  s tages  a f t e r  the beginning of the expe r imen t s .  

Folds of the se rous  m e m b r a n e  appeared  on the sur face  of the l iver  under  pathological  conditions 
(Fig. 2a-f). By con t r a s t  with vil l i  [2] they did not pos se s s  an organoid s t ruc tu re  and they evidently a p -  
peared  as the r e su l t  of mi to t ic  act ivi ty  of the mesothe l ium.  Simultaneously in the connect ive t i ssue  of the 
l i ve r  capsule ,  and frequent ly  in the immedia te  vicini ty of loci of h e m o r r h a g e ,  cavi t ies  lined with m e s o t h e -  
l ium were  found. They were  round or  oval in f rontal  sect ions  (Fig. 2d, h) and elongated in saggi tal  sec t ions  
(Fig. 2g), and they were  evidently divided tubular  s t r uc tu r e s .  The meso the l ium inside them was fiat,  e s -  
pecia l ly  on the inner  wall ,  or  cubical ,  and it was ce l lu la r  o r  syncyt ia l  in s t ruc tu re ,  s o m e t i m e s  with a b rush  
b o r d e r  (Fig. 2ft. Sol i tary  leukocytes ,  e ry th rocy t e s ,  de squamated mesothe l ia l  ce l ls ,  a finely g ranu la r ,  
r e t i cu l a r  m a s s ,  and s o m e t i m e s  long, b i r e f r ingen t  c ry s t a l s  were  seen  in the lumen.  Acid m u c o p o t y s a c -  
char ides  were  c l ea r ly  vis ible  in the s t r u c t u r e s  with a widely dilated lumen.  

As a r e s u l t  of these observa t ions  the appearance  of tubular  s t ruc tu re s  lined with meso the l ium in the 
l ive r  capsule  can be connected with the fo rmat ion  and growth of ex terna l  folds on its su r face .  It will be 
c lea r  f r o m  Fig. 2a-d  that  the morphologica l  p ic ture  can be compiled by t rac ing  the individual s tages  of 
this p roce s s :  iolding of the se rous  m e m b r a n e ,  lengthening, followed by i ts  a s suming  a sloping and, l a te r ,  
hor izonta l  posi t ion.  When its apex comes  into contact  with the sur face  of the mesothe l ium,  a cavi ty  lined 
with meso the l ium is c losed between them.  sepa ra t ed  f r o m  the meso the l i a l  l aye r ,  it may  re t a in  its angular  
outline for  some t ime  at  the points where  it has  been  cut off (Fig. 2f). Since the inner  wall of these cavi t ies  
is pa r t  of the l i ve r  su r face ,  it is a lways at  the same  level  (Fig. 2h). After  separa t ion  of the mesothe l ia l  
cavi t ies  on the l ive r  su r face ,  f r esh  folds can f o r m  above them,  and in these  cases  the cavi t ies  fo rmed  with 
the i r  par t ic ipa t ion  a r e  also as the s a m e  level ,  but this t ime  in a l aye r  above.  The tubular  s t r uc tu r e s  with 
the i r  meso the l ia l  wall  r e m a i n  within the connect ive- t i ssue  capsule of the l iver .  

Cavi t ies  a r i s ing  beneath  the thin folds lie c lose  to the sur face  of the l iver .  They a re  not c o m m o n l y  
seen  for  they a re  eas i ly  ruptured,  together  with the sur face  l ayer  of meso the l ium,  if c a r e  is not exe rc i sed  
when the sec t ion  is  p r epa red .  In the thickened l iver  capsule  the meso the l ia l  tubules r e m a i n  intact  if the 
sur face  meso the l ium is torn .  The i r  sec t ions  a r e  frequently seen  at  the boundary  with the p a r e n c h y m a  
(Fig. 2h). This may  be the r e s u l t  of edema or  s c l e r o s i s  of the capsule ,  and also of the fo rmat ion  of the 
tubules with the aid of thick hor izonta l  folds (Fig. 2e). Apar t  f rom the i r  connection with the mesothe l ium,  
they r e s e m b l e  a typical ly  s i tuated bi le  ducts ,  which is what the w r i t e r  or iginal ly  cons idered  them to be [5], 

976 



Fig. 2. Stages of fo rmat ion  and morphologica l  p rope r t i e s  of m e s o t h e -  
lial channels:  a, b) fo rmat ion  and growth of folds of s e rous  m e m b r a n e  
(frontal sect ions  through the l iver) ;  c) c losure  of cavity lined with m e s e -  
thel ium between a hor izonta l  fold and the l ive r  sur face ;  d) cavi t ies  cut 
off f rom the sur face ;  e) fo rmat ion  of a meso the l ia l  cavi ty  with the p a r -  
t ic ipat ion of a thick hor izonta l  fold; f) p r e s e r v a t i o n  of the angular  ou t -  
line of the cavi ty  at p laces  where  it is cut off f rom the sur face ;  g) 
mesothe l ia l  channel in a sagi t ta l  sect ion through the l iver ;  h, i) m e s o -  
thelial  channels in the connective t i ssue  of the l ive r  capsule  of the same  
dog 2 and 2.5 years after the third interavenous injection of sodium 
salieylate. Frontal sections through the liver. Hematoxylin-eosin (a, 
b, e, d, e, g, h, 9, Van Gieson (fl~ Biopsy, 280x (a, b, c, e, f, g); 140x 
(d, h, i). 

for the appearance of tubular structures in liver pathology is interpreted in the literature as the "new for- 
mation of bile ducts" (one of the features of regeneration). It was only after the individual stages of forma- 
tion of the corresponding structures had been discovered on the surface of the liver that it was concluded 
that their lining is mesothelial in origin. 

This view regarding the method of formation of mesothelial cavities differs from hypotheses put for- 
ward earlier to the effect that tubular structures with a mesothelial wall are formed as a result of patho- 
logical changes in the reactive structures of the serous membranes [2], growth of the mesothelium in the 

same way as fibrin during its organization [7, 12], or invasion of the underlying tissue by the mesothelium 
followed by its separation from the main layer [6]. These conclusions were drawn from the results of in- 
vestigation of the serous membranes of other organs: the heart, lungs, ovaries, etc. 

The folds and cavities with their mesothelial lining described above were found mainly on the dia- 
phragmatic surface of the liver; on the visceral surface changes in the mesothelium were more often re- 
stricted to swelling and infiltration with leukocytes. Mesothelial tubules, often sharply dilated, were most 
numerous during the development of hemodynamic and structural changes in the peritoneum covering the 
liver (Fig. 2h). In later biopsies, when the picture of well-defined pathological changes could be identified, 
or, on the contrary, there was evidence of normalization of the blood and lymph circulation and resolution 
of the fibrosis, they were rare, their lumen was collapsed, and they were difficult to distinguish (Fig. 2i). 
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The i m p r e s s i o n  is gained f r o m  an ana lys i s  of these observa t ions  that  with the development  of l ive r  
pathology not only does the meso the l ium r e m a i n  intact,  but it becomes  act ivated so that its su r face  a r e a  is 
i nc rea sed  (folds, tubules with a meso the l i a l  walD. The method of fo rmat ion  of the meso the l ia l  tubules on 
the sur face  of the l iver  does not rule  out the probabi l i ty  that  they communica te  with the per i toneal  cavi ty  
even a f t e r  they have bur rowed  into the underlying t i ssue .  This a s s u m e s  the possibi l i ty  of an additional 
drainage of t i s sue  fluid f r o m  the l ive r  along the channels lined with e x c r e t o r y  mesothe l ium.  In other  words ,  
the morphologica l  findings sugges t  that with the development  of l iver  d i sease  the e x c r e t o r y  capaci ty  of the 
meso the l ium is inc reased ,  so that  it b ecom es  a s ignif icant  dra inage function. Evidence that this a s s u m p -  
tion may be valid is given not only by the act ive s ta te  (sharp dilation, appearance  of acid m u c o p o l y s a c -  
char ides ) ,  but also by the c loseness  of the channels to the "suction ho les"  of the d iaphragm.  Indi rec t  con- 
f i rmat ion  of the act ive  drainage function of the meso the l ium is given by the fact  that  the channels appear  
only at ce r t a in  s tages  of deve lopment  of the pathological  p r o c e s s ,  and they evidently tend to d i sappear  in 
the p r e s e n c e  of m a r k e d  decompensa t ion  or  during r e s t o r a t i o n  of the no rma l  mic roscop i c  s t ruc tu re  of the 
l ive r .  It is t he re fo re  mos t  l ikely that  the mesothe l ia l  nature of ce r t a in  s t r u c t u r e s  known as "newly formed 
bile ducts"  may account  for  the well-known fact  of the i r  reduct ion with the onset  of r e p a i r  p r o c e s s e s  in the 
l ive r  [3, 8]. It is l ikewise not imposs ib le  that  the dra inage function of the meso the l ium may be one fac tor  
r e spons ib le  for  the fo rmat ion  of a sc i t e s  where  marked  dynamic d i s tu rbances  a re  p resen t  in the l ive r .  

However ,  the quest ion of whether  this function of the meso the l ium of the l ive r  is an essen t i a l  fac tor  
in the pathogenesis  of a se i t e s  r equ i r e s  spec ia l  invest igat ion.  
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