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• A study was designed to investigate the possibility of 
reducing peritoneal adhesion formation in mice by pretreat- 
ment with allopurinol. AIIopurinol, at a dose of 35 mg/kg of 
body weight/d significantly reduced the severity of perito- 
neal adhesions (P < .001), and also the neutrophil response 
to ischemia (P < .05}. Tissue myeloperoxidase activity at the 
site of ischemic injury was significantly lower in the allopuri- 
nol-treated mice at the end of 2 weeks (P < .001). However, 
xanthine oxidase was undetectable in both control and 
allopurinol-treated mice. These observations suggest that 
allopurinol reduces the severity of peritoneal adhesion forma- 
tion in mice, possibly by reducing the neutrophil response to 
ischemia. 
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p OSTOPERATIVE peritoneal adhesion forma- 
tion is a serious problem after abdominal sur- 

gery. Adhesions are the cause in 6% to 64% of cases 
of small bowel obstruction. 1 There is evidence to 
show that adhesion formation is the result of tissue 
ischemia, and that adhesions take the form of vascu- 
larized grafts to the ischemic tissues. Experimental 
animal models have shown adhesion formation as a 
result of ischemic injury to either bowel or perito- 
neum. 2 

Ischemic injury in tissues such as the heart, 3 intes- 
tine, 4 kidney, s pancreas, 6 and skin flaps 7 has been 
attributed to damage mediated by oxygen free radi- 
cals. These are generated during the reperfusion of 
an ischemic tissue. Xanthine oxidase is considered to 
play an important role in the production of free 
radicals, especially the superoxide radical, s 

Allopurinol, a xanthine oxidase inhibitor, has been 
used to provide protection to tissues that have suf- 
fered an ischemic insult. Its efficacy in this regard has 
been experimentally proved in the myocardium, 9 
kidney, 5 pancreas, 6 and skin flaps. 1°,11 The efficacy of 
the drug is greater when administered before the 
ischemic insult rather than during or after the insult. 6 

It was therefore postulated that pretreatment with 
allopurinol would result in a reduced incidence and 
severity of peritoneal adhesions caused by ischemia. 
A mouse model was designed to test this hypothesis 
(phase I). The results of the phase I experiment 
showed that allopurinol was effective in reducing the 
severity of adhesions and modifying the inflammatory 
response to peritoneal ischemia. A subsequent experi- 
ment was designed (phase II) to elucidate the mecha- 
nism of action of allopurinol in peritoneal ischemia. 

Allopurinol is known to be toxic in high doses. 11 To 

assess the dose of allopurinol that could be tolerated 
by mice, a pilot study was conducted before embark- 
ing on phase I of the experiment. 

MATERIALS AND METHODS 

All phases of the study were conducted using laboratory-born 
and -bred adult male white mice weighing 27 to 33 g each. Drug 
preparations were administered to the mice by a fine plastic tube 
passed from the mouth into the stomach. This was done by one of 
the investigators who was not involved in the surgical procedures, 
adhesion grading, histological grading, or biochemical estimations. 
The nature of the drugs given was not disclosed to the other 
investigators until the above assessments were over. 

Pilot Study 
A preliminary pilot study was conducted to determine the 

dosage of allopurinol that could be tolerated by mice. Previous 
investigators have used dosages ranging from 35 mg/kg of body 
weight/d to 100 mg/kg of body weight/d. 11 We tried out daily 
dosages of 35 mg/kg of body weight and 70 mg/kg of body weight in 
a total of 12 mice. The mice had a 50% mortality rate at the higher 
dosage. Those who completed the treatment course looked ill and 
lost weight. These animals were killed and their viscera examined. 
The kidneys were mottled in appearance. Histological examination 
showed crystal deposition and acute tubular necrosis. No such ill 
effects were observed in the group receiving 35 mg/kg of body 
weight/d. We decided to use 35 mg/kg of body weight/d in phases I 
and II of the experiment. 

Phase I experiment. Ninety mice were randomized into two 
equal groups and administered the following. Allopurinol-treated 
group: Allopurinol suspension at 35 mg/kg of body weight/& 
Allopurinol (Burroughs Wellcome, Bombay, India) powder was 
suspended in a carboxymethylcellulose-based syrup. Control group: 
An equal volume of earboxymethylcellulose-based syrup. The 
preparations were given once daily for 7 days. 

On the seventh day of treatment, the mice were anesthetized 
with an intraperitoneal dose of sodium pentobarbitone at 30 mg/kg 
of body weight, their abdominal hair was clipped, and their skin 
was painted with povidone iodine. A 3-cm-long midline laparotomy 
incision was made. The right parietal peritoneum was pinched with 
a right-angled clamp and ligated with 3/0 silk. 2 The abdominal 
muscle was closed in one layer with continuous 4/0 nylon, and the 
skin was closed with continuous 40 cotton. The mice were returned 
to their cages and normal feeds commenced 3 hours later. No drugs 
were administered postoperatively. 

From the Departments of Pediatric Surgery, Physiology, Pathology, 
and The Wellcome Trust Research Laboratory, Christian Medical 
College Hospital, Vellore, Tamilnadu, India. 

This project was funded by the FLUID Research Grant, Christian 
Medical College, Vellore, Tamilnadu, India. 

Address reprint requests to A. Rijhwani, MS, MCh, 91 Wheeler Rd, 
Cox Town, Bangalore 560005, India. 

Copyright © 1995 by W.B. Saunders Company 
0022-3468/95/3004-0005503. O0 / 0 

Journal of Pediatric Surgery, Vo130, No 4 (April), 1995: pp 533-537 533 



534 

Table 1. Macroscopic Grading of Adhesions 

Adhesion 
Grade Description 

No adhesion 
Single flimsy adhesion 
More than one flimsy adhesion, or a single firm adhe- 

sion involving bowel, omentum, liver, mesentery, or 
pelvic fat 

More than one firm adhesion involving bowel, 
omentum, liver, mesentery, or pelvic fat 

A dense adhesion mass in which individual bowel 
loops could not be separated (Fig 1) 

Two weeks after the initial laparotomy, each mouse was anesthe- 
tized again, and the abdomen opened. The abdominal cavity of 
each mouse was inspected macroscopically and the adhesions 
graded (Table 1) (Fig 1). The mice were then killed with chloro- 
form. The area of the suture was excised en bloc along with any 
adherent viscera for histological examination. The specimens were 
placed in 10% formalin, paraffin sections taken, and H&E 
staining done. The sections were examined for the nature and 
severity of the inflammatory response (Table 2) (Figs 2 and 3). 

Phase H experiment. Thirty-eight mice were randomized into 
two equal groups and underwent treatment with either allopurinol 
at 35 mg/kg of body weight/d or carboxymethylcellulose-based 
syrup. On the seventh day of treatment, they were anesthetized, 
and a midline laparotomy was performed as described above. 
Peritoneal tissue was taken from three mice in each group to 
provide baseline biochemical values. The other 32 mice were 
subjected to peritoneal ligation and abdominal closure as in the 
phase I experiment. A repeat laparotomy was performed in 3 mice 
from each group at intervals of I hour, 3 hours, and 24 hours after 
peritoneal ligation, and in seven mice from each group after 2 
weeks. At this procedure, the knuckle of peritoneum distal to the 
silk ligature was excised for biochemical investigations. After the 
harvest of peritoneal tissue, all of the animals were killed. The 
peritoneal tissue harvested was stored at -70°C, and tissue levels 
of xanthine oxidase, myeloperoxidase, and malondialdehyde were 
estimated. 
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Table 2. Histological Grading of Inflammatory Response at the 
Ligation Site 

Histological 
Grade Description 

I 

II 

III 

IV 

V 

Mild lymphocytic infiltrate, well localized by fibrosis 
(Fig 2 )  

Moderate lymphocytic infiltrate, moderate fibrosis, less 
localized than grade I 

Mixed lymphocytic and neutrophilic infiltrate; minimal 
fibrosis; no localization 

Acute inflammatory neutrophilic response; necrosis 
may be present 

Acute inflammatory neutrophilic response with 
necrosis and abscess formation (Fig 3) 

Biochemical Estimations 

The samples were homogenized in normal saline (pH 7.1), and 
the homogenate was used for the assays. All chemicals used were 
purchased from Sigma Chemical Co, St Louis, MO. 

Protein was measured with the Folin phenol reagent using 
bovine serum albumin as the standard, t2 

Malondialdehyde was evaluated by the thiobarbituric acid reac- 
tion, t3 performed on 1 mg of the homogenized tissue. The amount 
of malondialdehyde formed was calculated from a standard curve 
prepared using 1,l ',3,3',tetramethoxypropane and values ex- 
pressed as nmol/mg protein. 

Xanthine oxidase was measured by a spectrophotometric as- 
say, 14 and was based on the production of uric acid at 295 nmol at 
25°C. One enzyme unit corresponds to one p~mol of urate formed/ 
min. 

The myeloperoxidase activity was measured using the O- 
dansidine method, t5 One unit of myeloperoxidase activity is de- 
fined as that degrading one ~mol of peroxide per minute at 25°C. 

R E S U L T S  

Phase I Experiment 

T h e r e  w e r e  9 d e a t h s ,  5 in  t h e  a l l o p u r i n o l - t r e a t e d  

g r o u p  a n d  4 in  t h e  c o n t r o l  g r o u p ,  e i t h e r  d u r i n g  

a n e s t h e s i a  o r  in  t h e  i m m e d i a t e  p o s t o p e r a t i v e  p e r i o d .  

A u t o p s y  s h o w e d  n o  s u r g i c a l  c a u s e  fo r  t h e  m o r t a l i t y .  

E i g h t y - o n e  m i c e  w e r e  s u b j e c t e d  to  ana lys i s .  T w e l v e  o f  

t h e s e  d i d  n o t  h a v e  a d h e s i o n s ,  5 in  t h e  c o n t r o l  g r o u p  

Fig 1. Dense mass of adhesions (grade 4) involving bowel loops 
and liver (arrow). 

Fig 2. Tissue around ligature (arrows) with mild lymphocytic 
reaction, localized by fibrosis (grade I histology). (H&E, original 
magnification x 40.) 
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Fig 3. Tissue around ligature (arrows) with severe neutrophilic 
inflammatory reaction, necrosis, and abscess formation, and no 
localization by fibrosis (grade V histology). (H&E, original magnifica- 
tion x 40.) 

and 7 in the allopurinol group. Of the 69 mice with 
adhesions, 44 had adhesions related to the ligature 
alone and 23 had adhesions related to both the 
ligature and the laparotomy wound. In only 2 mice 
was the ligature not involved in the adhesion, the 
viscera being adherent to the laparotomy wound. 
Adhesions of grades 3 and 4 were observed to involve 
the site of the ligature as well as the adjacent 
peritoneum. 

Table 3 shows the results of the macroscopic 
grading of the adhesions formed in the control and 
allopurinol-treated groups. The number of adhesion- 
free animals was not significantly different in the two 
groups. The severity of adhesions, however, was 
markedly reduced in the allopurinol-treated mice. A 
large proportion of allopurinol-treated mice formed 
flimsy adhesions or single firm adhesions (grades 1 
and 2). Dense adhesion masses were not observed in 
this group. In contrast, the mice in the control group 
often formed multiple firm adhesions or dense adhe- 
sion masses (grades 3 and 4). The distribution of the 
severity of adhesions observed in the two groups was 
significantly different (×2 test for homogeneity, 

P < .001). Results of the histological examination 
were available for 78 mice, 39 from the control group 
and 39 from the allopurinol group, and are shown in 
Table 4. Comparing the two groups, it was found that 
the distribution of histological grades showed a differ- 
ence that was statistically significant (×2 test for 
homogeneity, P < .05). 

The correlation between the histological grade of 
the inflammatory response and the macroscopic grade 
of adhesion was not statistically significant (weighted 
K, 0.21). 

Phase H Experiment 

Xanthine oxidase activity was not detectable in the 
peritoneal tissue, either before or after peritoneal 
ligation, in both the allopurinol and control groups. 
Tissue malondialdehyde levels, though detected, 
showed no significant difference between the two 
groups. Myeloperoxidase activity was first detected 24 
hours after peritoneal ligation in both groups. It was 
grossly elevated in the Control group when measured 
2 weeks after peritoneal ligation, with a mean value of 
0:740 units/mg protein (range, 0.303 to 0.947). The 
corresponding values in the allopurinol-treated group 
were suppressed, with a mean value of 0.154 units/mg 
protein (range, 0 t o  0.373): This difference in the 
mean values of myetoperoxidase activity 2 weeks after 
peritoneal ligation was statistically significant (t test, 
P < .001). 

DISCUSSION 

The enzyme xanthine oxidase plays an important 
role in the generation of free radicals in ischemic 
tissues. 8 We started the experiment with the postulate 
that allopurinol, by inhibiting xanthine oxidase, would 
reduce peritoneal adhesion formation. Our results 
show that pretreatment with ailopurinol significantly 
reduced the severity of adhesion formation (Table 3). 
We also have biochemical and histological proof that 
pretreatment with allopurinol suppresses the neutro- 
phil response to ischemia (Table 4). However, we 
could not show a significant association between the 
severity of adhesion formation and the severity of the 

Table 3. Adhesion Grades in the Control and AIIopurinol Groups 

No. of Animals 

Adhesion Grade Control Group Allopurinol Group 

Table 4. HistologiCal Grades in the Control and AIIopurinol Groups 

No. of Animals 

0 5 7 1 3 12 

1 3 9 II 12 13 

2 8 18 III 11 4 

3 15 6 IV 6 7 

4 10 0 V 7 3 

Total n = 41 n = 40 Total n = 39 n = 39 

Histological Grade Controt Group AIIopurinol Group 
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inflammatory response. Results of our phase II experi- 
ment indicate that xanthine oxidase was not detect- 
able in mouse peritoneum and is therefore unlikely to 
be involved in adhesion formation. 

Tissue malondialdehyde levels, an indicator of 
membrane lipid peroxidation, were not significantly 
altered in the ischemic peritoneum in both the 
control and allopurinol-treated groups. This, how- 
ever, does not rule out the involvement of free 
radicals in adhesion formation, because lipid peroxi- 
dation is not the only manifestation of free-radical- 
mediated damage, and the degree of lipid peroxida- 
tion depends on the presence of polyunsaturated 
fatty acid substrate present in the ischemic tissues. ~6 

Infiltrated neutraphils, rather than xanthine oxi- 
dase, have been implicated as the primary source of 
free radicals in ischemia reperfusion injury of the rat 
intestinal mucosa. ~7 Neutrophils could be the media- 
tors of tissue damage in ligated mouse peritoneum 
also. Thus, adhesion formation could be the result of 
the acute inflammatory reaction following ischemia 
rather than caused by ischemia itself. Xanthine oxi- 
dase was not detected in the mouse peritoneum, and 
because allopurinol decreased both the neutrophil 
response and the severity of adhesions, it is possible 
that allopurinol reduces adhesions by modifying the 
inflammatory response and resultant tissue damage, 
rather than by xanthine oxidase inhibition. Another 
possible mechanism for the protective action of allo- 
purinol is by the chelation of copper ions, reducing 
copper-mediated DNA breakage, is 

It is not clear how the administration of allopurinol 
before the onset of tissue ischemia influenced the 
neutrophil response up to even 2 weeks later. In 
human beings, allopurinol and its metabolite oxypuri- 
nol, which have similar actions, have half lives of 2 to 
3 hours and 18 to 30 hours, respectively. ~9 Both 
allopurinol and oxypurinol can directly act as free 
radical scavengers, 2°,21 and can inhibit free radical 
signals generated by activated neutrophils. 22 It is 
possible that allopurinol suppresses the initial burst 
of free radicals in the postischemic period, and this 
may result in reduced chemotaxis and infiltration by 
neutrophils. Another possibility is that the high doses 
of allopurinol used in our study resulted in the 
persistence of tissue levels for a few days after 
peritoneal ischemia, thereby affecting the neutrophil 
response. 

Further investigation is required to elucidate the 
mechanism by which allopurinol influences the neu- 
trophil response consequent to peritoneal ischemia. 
It would then be possible to decide the optimum 
dosage and time of administration of allopurinol. 
Allopurinol may then have a therapeutic role to play 
in the prevention of peritoneal adhesion formation. 
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