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A B r o w n - P e a r c e  tumor, grafted into the wall of the t r ansve r se  colon in rabbits,  spreads  along ar t i -  
ficially c rea ted  and spontaneously developing adhesions into the stomach, but not into the liver.  Re t ro-  
grade metas tases  are fotmd in the wall of the intestine and stomach, the g rea te r  omentum, and the par ie tal  
per i toneum. The formation of new blood vesse ls  in the adhesions is investigated. 

The object of this investigation was to examine the importance of abdominal adhesions in the spread 
of cancer  cells. 

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

Exper iments  were  ca r r i ed  out on 37 rabbits .  After  laparotomy, a B r o w n - P e a r c e  tumor  was graf ted 
into the wall of the t r ansve r se  colon of 25 rabbits :  12 rabbi ts  were injected ~ t h  0.5 ml of emulsion, 13 
received pieces  of tumor measur ing  9• 4• 4 ram, in 13 rabbits  (6 receiving emulsion and 7 receiving f rag-  
ments) the wall of the intestine was sutured to an a rea  on the g rea t e r  curva ture  of the stomach denuded of 
its serous  membrane .  In the other  12 animals (6 with emulsion, 6 with pieces  of tumor) the a rea  of colon 
with the tumor  was sutured to the l iver  after dissect ion of the f ibrous capsule, and in 12 control  rabbi ts  no 
tumor was grafted but the intestinal wall was sutured to the s tomach wall denuded of its se rous  membrane  
or  to the l iver  after  dissect ion of its capsule.  

The rabbi ts  were  sacr i f iced and autopsied 5, 10, 15, 20, 25, and 30 days after  the operation. 

After  5 days adhesions were  found between the colon and the sutured organs,  while in some rabbi ts  
other spontaneous adhesions were  d iscovered  between var ious  organs.  In 13 experimental  and 6 control  
animals the blood vesse l s  of the adhesions were studied by injecting and aqueous suspension of ink into 
the thoracic  aor ta  and then making histological investigations.  In other animals the blood vesse l s  were 
not filled with ink. The histological sections were stained with hematoxyl in-eosin  and by Van Gieson 's  
method. In 6 control  animals the acid phosphatase of the adhesions was investigated by Gomor i ' s  method, 
and the mean activity of the enzyme was determined.  The fibrous f ramework  and blood vesse l s  of the 
adhesions were demonstrable  15 days after the operation.  By the 25th day, many blood vesse l s  13-72 
in d iameter  were found in the adhesions (Fig. 1). 

In the remaining 6 control  rabbits,  into which ink was injected, the blood vesse l s  of the adhesions 
were d iscovered  10 days after the operation. 

In the experimental  animals  5 days after  the operation the tumor  had spread from the submucosa  to 
invade the muscu la r  layer  of the intestinal wall in some places .  Ten days after suturing the colon to the 
s tomach in one rabbit  the tumor  had invaded the intestinM wall and reached the muscu la r  coat of the 
s tomach along the silk suture closing the operation wound. In another animM the intestinal tumor  had 
invaded another loop of large  intestine. The tumor did not penetrate  into the wall of the s tomach sutured 
to the colon. The blood vesse l s  of the organs  joined by adhesions were appreciably filled with ink. A few 
vesse l s  ran  toward the tumor f rom the intestinal wall. Blood capi l lar ies  were visible in the adhesions.  

After  suture of the colon to the liver,  penetrat ion of the lat ter  by the tumor was not observed.  Blood 
capi l lar ies  were  visible in the adhesions between the colon and l iver.  Blood vesse l s  ran  in a semic i rc le  
f rom the intestinal wall toward the tumor.  
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Fig .  1. A d h e s i o n s  be tween  t r a n s v e r s e  colon  
and s t o m a c h  25 days  a f t e r  o p e r a t i o n .  T o t a l  
p r e p a r a t i o n .  Blood  v e s s e l s  can  be  s e e n  in 
an  a d h e s i o n .  P h o t o m i c r o g r a p h .  G o m o r i .  
Ob jec t i ve  20, o c u l a r  5. 

F ig .  2. P e n e t r a t i o n  of  t u m o r  a long  a d h e s i o n s  
25 d a y s  a f t e r  g r a f t i n g  a c a r c i n o m a  into  wal l  
of  t r a n s v e r s e  co lon  and s u t u r e  of co lon  to 
s t o m a c h  wal l .  T u m o r  v i s i b l e  b e t w e e n  m u s -  
c l e s  of s t o m a c h  wal l .  B lood  v e s s e l s  of tu-  
m o r  and of m u s c l e  coa t  of  s t o m a c h  f i l l ed  
wi th  ink. P h o t o m i c r o g r a p h .  H e m a t o x y l i n -  
eos in .  O b j e c t i v e  20, o c u l a r  7. 

A f t e r  15 d a y s  the  t u m o r  in one r a b b i t  had not p e n e -  
t r a t e d  into the  a t t a c h e d  wal l  of  the  s t o m a c h .  T iny  b lood  
v e s s e l s  f i l l ed  wi th  ink w e r e  v i s i b l e  in the a d h e s i o n s .  
T h r e e  b lood  v e s s e l s  w e r e  found in the a d h e s i o n s  of a n -  
o t h e r  a n i m a l .  The  g r a f t e d  t u m o r  b e g a n  to p e n e t r a t e  f r o m  
the  co lon  into t h e  a d h e s i o n s .  

Blood v e s s e l s  w e r e  a l s o  found in the a d h e s i o n s  a f t e r  
s u t u r e  of the  colon  to  the  l i v e r .  The  t u m o r  d id  not p e n e -  
t r a t e  into the l i v e r .  The  p e r i p h e r y  of the t u m o r  was  
s t a i n e d  uneven ly  wi th  ink. The  s t r u c t u r e  of  the  b lood  v e s -  
s e l s  in the t u m o r  w i l l  i l l - d e f i n e d .  In one r a b b i t  s p o n t a n e -  
ous  a d h e s i o n s  w e r e  f o r m e d  b e t w e e n  the l i v e r  and o t h e r  

l o o p s  of the l a r g e  i n t e s t i n e .  Few b lood  v e s e l s  w e r e  s een  
in t h e s e  a d h e s i o n s .  

On the  20th day a f t e r  s u t u r e  of the co lon  to the s t o m -  
a c h  the t u m o r  had p e n e t r a t e d  into a d h e s i o n s  be tween  the 
o r g a n s .  The  b lood  v e s s e l s  in the  a d h e s i o n s  w e r e  s m a l l .  
A t  the  p e r i p h e r y  of the  t u m o r ,  b lood  v e s s e l s  cou ld  be 
s een  in the f o r m  of a r c s  of  d i f f e r e n t  s i z e s ,  and  s m a l l  v e s -  
s e l s  w e r e  p r e s e n t  a l s o  in a s p o n t a n e o u s  a d h e s i o n  be tween  
the g r e a t e r  o m e n t u m  and l i v e r .  M e t a s t a s e s  had f o r m e d  
in a s econd  r a b b i t  in the  t r a n s v e r s e  m e s o c o t o n .  The  tu -  
m o r  did  not  p e n e t r a t e  into the  s t o m a c h  Wall s u t u r e d  to 
the  colon .  

A f t e r  s u t u r e  of the  co lon  to the l i v e r ,  m e t a s t a s e s  
w e r e  found in the s e r o u s  m e m b r a n e  of the  t r a n s v e r s e  . 
co lon  of the f i r s t  r a b b i t ,  and i nvas ion  of  the whole  i n t e s -  
t i na l  wa l l  by the t u m o r  was  d i s c o v e r e d  wi thout  p e n e t r a -  
t ion  into the  a t t a c h e d  l i v e r .  S t r u c t u r e l e s s  a r e a s  Were  
p r e d o m i n a n t  in the  t u m o r ,  s t a i n e d  wi th  b lood  and ink. 
Blood  v e s s e l s  of the  a d h e s i o n  r a n  t o w a r d  t h o s e  of the 
t u m o r .  In the  m e s o c o l o n  a m e t a s t a s i s  cou ld  be  s een .  In 
the  s econd  a n i m a l  the  t u m o r  had not  p e n e t r a t e d  f r o m  the 
co lon  into the l i v e r .  

On the  25th day  a f t e r  s u t u r e  of the  i n t e s t i n e  to the 
s t o m a c h ,  in one r a b b i t  the  t u m o r  had s p r e a d  a long  the 
a d h e s i o n  into the m u s c u l a r  l a y e r  of the  s t o m a c h .  Blood 
v e s s e l s  f i l l ed  wi th  ink r a n  a l m o s t  to the c e n t e r  of  the tu-  
m o r ,  and showed  v a r i c e s ,  which  in s o m e  p l a c e s  a p p e a r e d  
to have been  cut  off. H e r e  and  t h e r e  b e t w e e n  the t u m o r  
t i s s u e  w e r e  a r e a s  of  s t o m a c h  m u s c l e s  wi th  b lood  v e s s e l s  
(F ig .  2). In th i s  s a m e  r a b b i t  m e t a s t a s e s  had d e v e l o p e d  in 
the  g r e a t e r  o m e n t u m  and a v a s c u l a r i z e d  a d h e s i o n  had 
f o r m e d  be tween  a loop of l a r g e  i n t e s t i n e  and the p e r i t o -  
neum of the o p e r a t i o n  s c a r .  In a n o t h e r  a n i m a l  m e t a s t a s e s  

w e r e  found in the  g r e a t e r  o m e n t u m  and on the  a n t e r i o r  wa l l  of the  s t o m a c h .  The g r a f t e d  t u m o r  p e n e t r a t e d  
the  s t o r e ;  2h m u s c l e s  m a i n l y  a long  the  t r a c k  of  the  s i lk  s u t u r e .  

A f t e r  s u t u r e  of the  co lon  to  the  l i v e r  in  one r a b b i t  m e t a s t a s e s  w e r e  found in the  m e s e n t e r y  and wa l l  
of  the  t r a n s v e r s e  colon,  in the g r e a t e r  omen tum,  and n e a r  the  h i lum of the  l i v e r .  The  l i v e r  was  j o ined  by  
a d h e s i o n s  to  the p a r i e t a l  p e r i t o n e u m .  The  t u m o r  had not p e n e t r a t e d  f r o m  the colon  into the  l i v e r .  Blood 
v e s s e l s  i nvaded  the t u m o r  f r o m  the co lon  and a p p r o a c h e d  i t  c l o s e l y  f r o m  the  a d h e s i o n s .  
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Fig. 3. Metastasizat ion of tumor  in 
the p resence  of adhesions 25 days 
after graft ing ca rc inoma into wall of 
t r a n s v e r s e  colon and suturing colon 
to l iver .  1) Adhesions between t rans -  
ve rse  colon, liver, and stomach;  2) 
r e t rog rade  me ta s t a se s  in anter ior  
wall of s tomach;  3) r e t rog rade  me-  
t as tases  in wall of small  intestine. 
~Iacrophotograph. 

In another rabbit  adhesions were found between the 
t r ansve r se  colon and the an ter ior  s tomach wall near  the 
pylorus  and the large intestine. Metas tases  were  visible in 
the serous  membrm~e of these organs  and the g rea t e r  omen- 
turn (Fig. 3). The tumor did not spread f rom the colon into 
the l iver  along the adhesions. 

Three  rabbi ts  were sacr i f iced 30 days after  suturing 
the colon to the stomach.  In the f i rs t  animM the blood vesse l s  
were injected with ink. The tumor  had spread f rom the colon 
into the s tomach muscles .  Blood vesse l s  of the stomach had 
joined those of the tumor.  Metas tases  were  also found in a 
vascu la r ized  adhesion between the t r a n s v e r s e  colon near  the 
grafted tumor  and the per i toneum of the r ight hypochondrium. 
Metas tases  had also formed in the per i toneum around the ad- 
hesions. They were found in the g rea t e r  omentum and in the 
wall and mesen te ry  of the t r a n s v e r s e  colon. In the second 
rabbit  the vesse l s  also were  filled with ink. The cha rac t e r  of 
spread of the ca rc inoma was s imi lar  to that in the previous  
experiment .  In the third rabbit  me ta s t a se s  were predominant  
in the g rea te r  omentum, the anter ior  s tomach wall, and the 
wall and mesen te ry  of the t r a n s v e r s e  colon. The grafted 
tumor had p~netrated the s tomach muscles ,  and in some places  
its mucous membrane  also. 

Two rabbi ts  were sacr i f iced 39 days after suture of the colon to the l iver .  Widespread ca rc inoma 
had developed in one animal. The greater omentmn consisted of a mass covering the site of operation, 
adherent to the abdominal wall and to loops of intestine and invading the retroperitoneal space. Many 
metastases were found in the lesser omentum, the stomach wall, and the mesentery. The tumor did not 
penetrate from the colon into the liver. Blood vessels filled with ink were seen in the adhesion, and the 
liver contained metastases of the carcinoma with blood vessels entering them. In another rabbit the 
transverse colon was adherent to other loops of intestine. Metastases were found in the stomach wall, the 
liver, mesentery, wall of the intestine, parietal peritoneum, mud greater omentum. The carcinoma had 
spread in the cranial porLon of the abdomen. Several metastases were found in the right portion of the 
retroperitoneal space. The tumor grafted into the intestine had attained a large size but had not invaded 
the liver sutured to the colon. 

Hence, blood vessels are formed by the 10th-15th day in adhesions produced artificially by opera- 
tion, growing in from the sutured organs. A tumor grafted into the large intestine grows in its wall and 
spreads into the adhesions. After ten days blood vessels from the intestinal wall grow into the tumor. 
Vessels from the adhesions penetrate later. No appreciable difference is found in the times of formation 
of blood vessels in the adhesions with or without grafting of a tumor. Growth of the tumor is irregular. 
Foei of normal tissues with blood vessels penetrating them can be seen between different parts of the 
tumor. The fact that a tumor from the colon penetrated into the stomach w~l but not into the liver may 
be explained by the compensatory powers of the liver cells [2]. Differences in the localization of identical 
tumors in the body lead to changes in their biological properties and in the structure of their blood ves- 
sels [I]. Metastasization began after the 20th day', and its less marked orthograde type in the mesocolon 
can be explained by the predominantly retrograde movement of the cancer cells along the adhesions. 
Metastases were commonest in the wall of the intestine and stomach, the greater omentum, and the par- 
ietal peritoneum. 
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