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To study new collagen formation in the healing o f  anastomoses in 
the right colon, five male Sprague-Dawley rats had single-layer 
colonic anastomosis performed. Five additional rats had suture of 
the colon with interrupted sutures without transection of the 
colon. Ten animals served as controls. One week after surgery, 
animals were given aH-proline repeatedly to label new collagen 
formation during the second and third weeks. Animals  were 
sacrificed three weeks after suturing or anastomosis. Two- or 
10-mm segments were precisely excised on either side of  the 
suturing or anastomoses. Total collagen and its total radioactivity 
were measured per segment. Collagen hydroxyproline and its 
radioactivity increased (100 per cent) only within 1 cm of the 
anastomosis or suture alone. No local or distant decrease in colla- 
gen was observed. Collagen formation in colonic wounds appears 
to be a local process. 

THE VAST AMOUNT of  colonic surgery done  annually 
for  a variety o f  diseases and t rauma makes the under -  
s tanding of  colonic healing important .  As many as 69 
pe r  cent o f  colonic anastomoses leak? Despite the fact 
that 4 to 8 per  cent o f  anastomoses cause clinically 
significant complications, 2,3 n u m e r o u s  clinical and 
animal studies, 4-10 have not fully elicited causes or  
remedies  for  these serious complications. 

In ju ry  to the colon is healed by scar format ion  with 
collagen. T h e  rate o f  heal ing is very rapid,  as demon-  
strated by recovery  o f  burs t ing s t rength within five to 
seven days. 11" 12 The  role o f  new and old collagen in 
this healing process has been ill-defined. Some au- 
thors11, 13, 14 have proposed  a lysis o f  old collagen and 
format ion  of  new collagen. Others  Is have p roposed  
an increase in total collagen with a possible decrease 
in collagen concentrat ion.  Al though a decrease  in col- 
lagen concent ra t ion  dur ing  heal ing has been  sug- 
ges t ed  in oth 'er  sys tems,  16" 17 this has  no t  b e e n  
adequately evaluated in the colon. T o  fu r the r  def ine 
this problem,  the following study was under taken .  
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M e t h o d s  

Twenty  adult  male Sprague-Dawley rats weighing 
be tween  220 an d  2 5 0  g were  d iv ided  in to  t h r e e  
groups.  In the first g roup  of  five animals, r ight-sided 
colonic anastomoses were made  5 cm distal to the 
ileocecal valve. T h e  colon was divided and t h e n  resu- 
tu red  in a single-layer, end- to -end  anastomosis with 
in te r rup ted  6.0 pro lene  sutures. In the second group  
of  five animals, the same p ro ced u re  was followed ex- 
cept that the r ight  colon was not  divided, but  similar 
sutures wer e placed at the same location to s tudy the 
effect  o f  the su ture  alone without the stimulus o f  ac- 
tual colonic transection. Ten  animals served as con- 
trols; five controls were sacrificed at the beginning of  
the expe r imen t  and five controls at the conclusion, 
three  weeks later. 

Th i r ty  microcuries o f  3H-proline were injected sub- 
cutaneously into all animals three  times a week, start- 
ing one  week af ter  surgery and ending  three  days 
b e f o r e  sacrifice.  Five inject ions  to ta l ing  150 mi- 
crocuries were given to each rat. At three  weeks af ter  
surgery,  all animals were sacrified by in situ f ixation 
with g lu t a r a ldehyde  per fus ion ,  and  the area  sur- 
round ing  the anastomosis or  suture  was excised and 
divided precisely into 2-ram or  10-ram segments.  
Segments  were  h y d r o l y z e d  in 6 N HC1, and  hy- 
droxypro l ine  TM a n d  radioactivity 19 were measured  to 
reflect total collagen and new collagen format ion  per  
cent imeter .  

R e s u l t s  

By measur ing  hydroxypro l ine  and radioactivity as 
compared  with length  o f  intestine f rom anastomosis,  
d i f ferences  caused by changes in total dry weight are 
e l iminated.  Tota l  h y d r o x y p r o l i n e  pe r  cen t ime te r ,  
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F1G. 1. Collagen mass per centimeter in 
proximal and distal segments of the right 
colon, three weeks after suturing alone or 
after transection and anastomosis. Data are 
presented as mean _ SE. Increase in hy- 
droxyproline (collagen) immediately adja- 
cent to colonic anastomosis. * = P < 0.01. 
Key: - -  Control. - -  �9 - -  Anastomosis. 
- -  - -  Suture only. 

DISTAL 

r e p r e s e n t i n g  to ta l  c o l l a g e n ,  is s een  in  F i g u r e  1. Al l  
i nc reases  in c o l l a g e n  ( ] 0 0  p e r  cent )  o c c u r  w i th in  a 
c e n t i m e t e r  on  each  s ide  o f  the  a n a s t o m o s i s .  F u r t h e r  
d e f i n i n g  the  s e g m e n t s  in m i l l i m e t e r s ,  as s een  in Fig-  
u r e  2, shows  t ha t  e s sen t i a l ly  all i n c r e a s e s  o c c u r  w i th in  
2 to 4 m m  (P < 0.05) .  S imi l a r l y  local  i n c r e a s e s  in  
c o l l a g e n  o c c u r  wi th  s u t u r i n g  a lone .  

W h e n  the  l oca t i on  o f  r a d i o a c t i v i t y  is e x a m i n e d ,  a 
s imi la r  p a t t e r n  e m e r g e s .  W h e n  1 c m  s e g m e n t s  a r e  
t aken ,  on ly  t he  s e g m e n t  o n  each  s ide  o f  t h e  anas -  
t omos i s  shows a s i gn i f i c an t  i n c r e a s e  (P < 0.05)  (Fig.  
3). W h e n  2 m m  s e g m e n t s  a r e  e x a m i n e d  (Fig.  4), all  
i nc reases  a r e  wi th in  4 m m  o f  t he  a n a s t o m o s i s  o r  su-  
tu re .  T h e  s e g m e n t  w i th in  2 m m  inc rea se s  m o r e  t h a n  
twice (P < 0.01) a n d  is s ign i f i can t ly  i n c r e a s e d  o v e r  t he  
s u t u r e  i n j u r y  a l o n e  (P < 0.05).  

R a n d o m  d i s t a n t  s e g m e n t s  f a i l e d  to  s h o w  a n y  
c h a n g e s  o f  c o l l a g e n  mass  o r  u p t a k e  o f  r ad ioac t iv i t y ,  
s h o w i n g  the  s tabi l i ty  o f  d i s t a n t  co l l agen .  

D i s c u s s i o n  

A t t e m p t s  to i m p r o v e  h e a l i n g  a n d  t e c h n i q u e  o f  co- 
Ionic  r e p a i r  m u s t  b e g i n  wi th  a bas ic  u n d e r s t a n d i n g  o f  
t he  h e a l i n g  p r o c e s s  o f  t he  co lon .  T h e  r a t e  o f  co lon ic  
h e a l i n g ,  as m e a s u r e d  by  b u r s t i n g  s t r e n g t h ,  t1'12 is 
m u c h  f a s t e r  t h a n  w o u l d  be  e x p e c t e d  i f  c o m p a r e d  wi th  
h e a l i n g  in  skin,  t e n d o n ,  o r  b o n e .  t1,2~ I n  fact ,  t he  

p o s t - a n a s t o m o t i c  b u r s t i n g  s t r e n g t h  r e t u r n s  to  n o r m a l  
in e i g h t  to 12 days  a f t e r  i n ju ry .  11"22 T h i s  i n d i c a t e s  an  
e x t r e m e l y  r a p i d  sy s t em o f  w o u n d  h e a l i n g .  
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FIG. 2. Collagen mass per 2 mm in 
proximal and distal segments of the right 
colon, three weeks after suture alone or 
after transection and anastomosis. Data are 
presented as mean _ SE. Increase in hy- 
droxyproline is seen only within the first 2 
mm around the anastomosis. ** = P < 0.01. 
* = P < 0.05. See key to Figure 1. 
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FIG. 3. Radioactive collagen mass per 
centimeter in proximal and distal segments 
of the right colon, three weeks after suture 
alone or after transection and anastomosis. 
Data are presented as mean --_ SE. Increase 
in acutely labeled hydroxyproline (repre- 
senting new collagen) is seen near the anas- 
tomosis. * = P < 0.05. See key to Figure 1. 
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I t  has b e e n  di f f icul t  to e v a l u a t e  the  a m o u n t  of  col- 
l agen  f o r m a t i o n  because  mos t  a u t h o r s  have used  col- 
l a g e n  c o n c e n t r a t i o n  ( a m o u n t  of  c o l l a g e n  p e r  d r y  
weight)  to r e p o r t  the i r  da t a}  1"13" ~4,2o,~3,24 Factors  such 

as e d e m a  d u e  to i n j u r y  a n d  surgery ,  f lu id  excesses or  
def iciencies ,  m a l n u t r i t i o n ,  a n d  o thers  may  grea t ly  af- 
fect wet  weight  a n d  d ry  weight  ( and  so affect  conce n -  
t r a t i o n )  w i t h o u t  h a v i n g  a n y  e f f ec t  o n  the  a c t u a l  
a m o u n t  o f  co l l agen  p resen t .  T h u s ,  the ac tua l  co l lagen  

a m o u n t  is no t  o b t a i n a b l e  f r o m  c o n c e n t r a t i o n  meas-  
u r e m e n t s .  T o  follow actual  co l l agen  p resen t ,  the  col- 

l agen  shou ld  n o t  be r e p o r t e d  as c o n c e n t r a t i o n ,  b u t  
r a t h e r ,  a m o r e  r e p r o d u c i b l e  un i t ,  such  as l e n g t h ,  

s h o u l d  be used.  T h e n  c h a n g e s  in  we igh t  d u e  to a ny  
fac tor  o t h e r  t h a n  co l lagen  will no t  a f fec t  the i n t e r p r e -  
t a t ion  o f  data .  

W h e n  co l l agen  is m e a s u r e d  pe r  u n i t  l e n g t h  in co- 

Ionic in ju ry  and repair ,  as in the present  study, a new 
pat tern  emerges.  Colonic collagen mass does not  ap- 
p ea r  to be d ec r ea sed  because  o f  in jury.  Ra ther ,  
edema  and its accompanying proteins may decrease 
the concentra t ion,  but  the preexist ing collagen, ex- 
pressed as mass per  unit  volume or  length, appears  to 
be stable. New collagen,  as r e p r e s e n t e d  by acute 
labeled 3H-hydroxyprol ine ,  is fo rmed  in an area very 
close to the injury and limited to that area. Distant 
collagen shows no change in am o u n t  and no uptake  
o f  new radioactive collagen. Thus ,  there  is no appar-  
ent  format ion  or  breakdown of  distant collagen in 
response to an isolated injury. This  local phenome-  
non o f  colonic healing is similar to that observed in 
the heal ing  o f  skin w o u n d  a and  t e n d o n  wound ,  ~ 
where healing also r ep resen ted  a localized phenome-  
non in regard  to collagen dynamics. 

FIG. 4. Radioactive collagen mass per 2 
mm in proximal and distal segments of the 
right colon, three weeks after suture alone 
or after transection and anastomosis. Data 
are presented as mean + SE. New collagen 
is localized to the first 2 mm surrounding 
colonic anastomosis. ** = P < 0.01. * = P < 
0.05. See key to Figure 1. 
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