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Purpose: Postoperative intraabdominal adhesion formation
is a major clinical problem. No previous study was found,
reporting the relationship between adhesion formation and
melatonin administration, but melatonin, a strong antioxidant,
is recognized to have certain effects on the progression of
adhesion formation mechanism. It was therefore decided to
investigate the effects of melatonin on postoperative adhesion
formation. Materials and Methods: A total number of 24
Spraque-Dawley rats were utilized. Three groups, described as:
Group A, sham laparatomy (n=8), Group B, rats that
underwent only ischemia-reperfusion (n = 8) and Group C, rats
that underwent ischemia- reperfusion and were given 10 mg/kg
melatonin solution i.v. (n=38). For Groups B and C, the
ileocolic vessels were clamped. Blood glutathione peroxidase
levels of all study groups were assessed, then microscopic and
macroscopic adhesion scores were evaluated. Results: Gluta-
thione peroxidase levels of the melatonin-treated group were
significantly higher and fibroblast proliferation and macro-
scopic adhesion scores were significantly lower, than in the
melatonin-free group. Conclusion: The results of this study
supported the hypothesis, that melatonin administration may
prevent intraabdominal adhesions resulting from surgery.

Key Words: Intraabdominal adhesion, melatonin, ischemia-
reperfusion injury

INTRODUCTION

Adhesions subsequent to abdominal surgery
occur as a reaction of the peritoneum to trauma
resulting from abnormal connection of the tissues
and the organs in the abdomen. The rate of
intraabdominal adhesions, following various cases

Received July 24, 2003

Accepted February 27, 2004

Reprint address: requests to Dr. Zeliha Ttirkydmaz, Depart-
ment of General Surgery, Trakya University, Medical Faculty,
22030 Edirne, Turkey. Tel: 90-284-2260007, Fax: 90-284-2357655,
E-mail: turkyilmazz@yahoo.com

of abdominal surgery, has been reported to be as
high as 60-95%."> Adhesions are the most fre-
quent cause of medical problems, such as,
intestinal obstruction, infertility and pelvic pain,
which invariably require surgical intervention or
hospitalization.*

Major factors recognized in the etiology of
adhesions, such as, ischemia, infection, presence
of a foreign body, mechanical trauma and other
factors, are known to trigger an inflammatory
reaction in the peritoneum. This leads to loss of
mesothelial cells in the peritoneal tissue and then
to a discharge of fibrin-rich exudative fluid.*”
Coagulation of intraabdominal exudate and the
reduced fibrinolytic activity of the injured perito-
neum occurs within hours after peritoneal injury.
This sequence of events quickly leads to a fibrin-
ous connection between adjacent intraabdominal
viscera. Light and electron microscopic studies
reveal fibroblast infiltration and collagen deposi-
tion following the peritoneal injury.” Fig. 1 shows
the adhesion formation steps and the factors
affecting the adhesion formation mechanism.’
Melatonin inhibits fibroblast proliferation, platelet
aggregation and secretion, and prostaglandin syn-
thesis; which all belong to the adhesion formation
mechanism.”"

Recently oxygen-derivated free radicals, re-
sulting from ischemia-reperfusion, have been re-
ported to trigger the tissue injury. Melatonin, as
well as a direct oxygen-derivated free radical
scavenger, indirectly prevented oxygen-derivated
free radical formation by increasing the activity of
antioxidant enzymatic systems (superoxide dis-
mutase and glutathione peroxidase among
others)."™"

In the light of the above considerations,
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melatonin was hypothesized to assist in the pre-
vention of postoperative intraperitoneal adhesion
formation. No previous study was found that
reporting adhesion formation and melatonin
administration relationship. Melatonin, a strong
antioxidant, is recognized to have certain effects
on the sequence of the adhesion formation mecha-
nism. This study was undertaken to investigate
the effects of melatonin administration on intra-
abdominal adhesion formation resulting from
ischemia-reperfusion (I-R).

MATERIALS AND METHODS

A total number of 24 Spraque-Dawley rats
recruited from the Animal Research and Care Unit
of Trakya University Faculty of Medicine,

Yonsei Med J Vol. 48, No. 4, 2007

Fig. 1. Current hypothesis of adhesion formation (from Holmdahl et al.®).

weighing 180 - 220g, were included in this study.
Trakya University Local Ethical Committee
approved the animal experiments described in
this study. Prior to and throughout the research,
the rats were housed in (40 X 60 X 40 cm) zinc
cages at a room temperature of (24C) and were
fed with standard rat chow and water ad lib. The
animals were kept under 12 hr light/12 hr dark
conditions, and after 15 days of acclimatization
they were divided into 3 groups. Table 1 presents
the three experimental groups.

Feeding was ceased 12 hours before the time of
the operation. After premedication with 1 mL/kg
Xylazine (Rompun-Bayer), the rats were anaes-
thetized with 10 mg/kg Ketamine hydrochloride
(Ketalar-Eczacibagi). Talcum powder on the gloves
was washed off with sterile saline water. The
abdominal area of each rat was shaved and
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Table 1. Experiment Groups

Group Procedure n
A Operation, no I-R 8
B I-R 8
C Melatonin+1- R 8
Total 24

prepped with povidon iodine and a 3 cm midline
incision was made for abdominal surgery.

In research Groups B and C, the omentum and
the small intestines were explored. Ileocolic
vessels were found, prepared and occluded with
a vascular clamp for 45 minutes.”* Five minutes
before the release of the clamp and the reper-
fusion of the intestine, the tail veins of Group C
rats were injected with melatonin solution at 10
mg/kg. For glutathione peroxidase levels, 1cc
blood samples were collected from each rat in
Group A following exploration, and from Group
B and C rats at the 60" min of reperfusion.

Melatonin (Sigma Chemical Co., M 5250) was
kept at 0C. The stock melatonin solution was
diluted in ethanol and 0.9% NaCl (1/5) mixture.”
The solution was freshly prepared before use.
Glutathione peroxidase levels were assessed with
RanSOD kit (Randox Comp., SD 125) in a UV-120
spectrophotometer (Shimadzu). Glutathione pero-
xidase values were calculated and expressed as
the U/gr.Hb values.

15 days later, all of the animals underwent a
secondary surgery via an incision made on the left
side of the first incision. Gross adhesive areas
were removed. The examiner evaluated the
adhesions, without knowing to which group the
animals belonged. Nonparametric ANOVA test
(Kruskal Wallis-ANOVA) performed to compare
the results from three groups.

Oelsner et al."® has described a scale for post-
operative adhesion formation. Oelsner’s scale was
graded separately for each uterine horn. Oelsner’s
scale was used as a guide and a modified
macroscopic adhesion scale is given in Table 2. In
this scale, the thickness of the adhesion was taken
as the major criterion instead of vascularity and
starting point.

The samples for histopathological evaluation

Table 2. Macroscopic Adhesion Scale Modified from
Qelsner’s Adhesion Scale

Score Description

0 No adhesion

I Thin strip of adhesion

I Wide strip of adhesion
111 Dense, opaque adhesion

were taken from the most dense adhesion areas.
Microscopic assessment of the adhesions, was
done by another investigator who was unaware as
to which adhesion came from which animal. The
tissue samples were fixed with 10% formaline and
paraffin blocks were prepared. The cross-sections
were stained with IHematoxylene-Eosin (IH&E)
and were examined under light microscopy. They
were evaluated according to fibroblast prolifera-
tion, as slight (+), moderate (++) or intense (+++).
The data obtained was statistically evaluated by
the Chi-Square test. Evaluation of the entire statis-
tical data was carried out by Trakya University,
Faculty of Medicine, Public Health Department of
T.U. SPSS for Windows ver. 8.0 (licence no:
10592). All data is expressed as mean * SD.

RESULTS

The average adhesion scores were found to be
21 + 0.6in Group A, 34 + 0.7 in Group B and 2.5
+ 0.7 in Group C (Table 3). Upon macroscopic
evaluation of all of the groups, the adhesion scale
for both Group A and Group C adhesion forma-
tion was found to be significantly reduced com-
pared to Group B (x”=8.591, p = 0.014). Group A
presented no difference in adhesion formation
compared to Group C (p > 0.05). This indicated
that melatonin administration prevented adhesion
formation.

The glutathione peroxidase levels were 49.1 +
15.5; 28.3 £ 10.7 and 47.3 + 15.3 for Groups A, B,
and C, respectively (see Table 4 for individual
values). When all groups were evaluated ac-
cording to their glutathione peroxidase levels, the
glutathione peroxidase level of Group B was
found to be significantly lower than those of both
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Group A and Group C (x”=7.293, p = 0.026). No
statistical difference has been found between
Groups A and C in terms of glutathione pero-
xidase levels (p > 0.05).

The results obtained from the fibroblast pro-
liferation evaluation of the tissue samples of the
gross adhesive areas of peritoneum, viscera and
fibrous bands, are presented in Table 5.

For the fibroblast proliferation in Group B, a
statistically significant increase was detected when
compared to Group A (x°=13.9, p=0.001). A
statistically significant increase was also detected
when Group B was compared to Group C (x°=
7.2, p=0.03). There was no significant difference

Table 3. Evaluation of Groups Withusing the Macro-
scopic Adhesion Scale

Score Group A Group B Group C
0 1 - -
I 5 1 5
I 2 3 2
I - 4 1
Mean =+ SD 21 £ 06 34 0.7 25 0.7

Upon evaluation of all of the groups by the macroscopic adhe-
sion scale, both Group A and Group C adhesion formation was
significantly reduced compared to Group B (¥’ =8591, p=
0.014). Group A presented no difference in adhesion formation
compared to Group C (p > 0.05).

Table 4. Glutathione Peroxidase Levels of All Groups

between Group A and Group C (p > 0.05). Con-
sequently, for fibroblast proliferation, in the is-
chemia-reperfusion group, a statistically signifi-
cant increase was detected when compared to the
sham laparatomy group. In Group C, there was
no significant increase in fibroblast proliferation
when the ischemia-reperfusion was established
after melatonin administration.

DISCUSSION

The formation of intraabdominal adhesions
following abdominal surgery is inevitable in many
cases, despite the improvement of surgical tech-
nique and equipment. Intra-abdominal adhesions
can result in intestinal obstruction, infertility and
chronic pelvic pain. In many cases, surgery is
required and that increases the rate of morbidity
and mortality.*

Substances such as octreotid, nonsteroidal anti-
inflammatory drugs, corticosteroids, calcium
channel blockers, L-arginine and pentoxifylline
which are also successful in reducing postopera-
tive adhesions, inhibit fibroblastic proliferation
and the inflammatory reaction."”"”" Cubukcu et
al.” demonstrated the decrease of postoperative
intraabdominal adhesion and fibroblast prolifera-
tion in their study concerning the use of Mito-
mycin-C. Carissino et al,” in their research on

Glutathione peroxidase levels (U/gram of Hb)

Case No.

Group A Group B Group C
1 59.75 2494 62.07
2 29.58 22,62 42.37
3 29.58 22,62 42.37
4 51.63 30.74 56.27
5 2437 14.50 55.11
6 70.19 34.22 49.31
7 53.95 50.47 2494
8 58.59 22.04 63.42
Mean + SD 491 £ 155 283 £ 107 473 £ 153

The glutathione peroxidase level of Group B was found to be significantly lower than that of both Group A and Group C (x°
=7.293, p=10.026). No statistical difference has been found in the glutathione peroxidase level of Group A compared to that of

Group C (p > 0.05).
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Table 5. Fibroblast Proliferation Levels of the Groups

Fibroblast proliferation Group A Group B* Group C
Slight 5 - 3
Moderate 3 3 4
Intense 5 1

*The fibroblast proliferation level of Group B was found to be significantly lower than both Group A and Group C.

Fig. 2. An area of the fibrous band
and/or peritoneum. H&E stain
(original magnification 100 x). (A)
Microscopic view of a subject from
the ischemia-reperfusion group. (B)
Microscopic view of a subject in
which ischemia-reperfusion was es-
tablished after melatonin admini-
stration. Significant fibroblast proli-
feration was observed in A com-
pared to B.

healthy individuals and patients with systemic
sclerosis, reported that high doses of melatonin
reduced fibroblast proliferation. In this present
study, it was observed that in the melatonin
group, fibroblast proliferation and intraabdominal
adhesion were reduced, compared to the is-
chemia-reperfusion group (Fig. 2).

In addition, antioxidants such as vitamin E,
L-arginin and pentoxifylline have been used suc-
cessfully. Melatonin is one of the most powerful
antioxidants known to date. Both in vivo and in
vitro studies have showed that melatonin not only
serves particularly as a direct free radical scav-
enger but also as an indirect antioxidant.""***

Melatonin is known to be effective in reducing
oxidative ~damage in ischemia-reperfusion.
Sawerynek et al.” have reported that exogenous
melatonin effectively reduces oxidative damage in
ischemia-reperfusion damage of the liver. Cabeza
et al.” reported that in rats subjected to gastric
ischemia-reperfusion damage, the melatonin
treated group showed a higher antioxidant en-
zyme activity than the untreated group. De La
Lastra et al.” reported that in rats subjected to

gastric ischemia reperfusion, there was no de-
crease in the glutathione peroxidase levels with
melatonin use. In this present study, glutathione
peroxidase levels of the melatonin group were
not reduced compared to the ischemia-reper-
fusion group.

In conclusion, the glutathione peroxidase levels
of the melatonin-treated group were significantly
higher and fibroblast proliferation and macro-
scopic adhesion scores were significantly lower,
than in the melatonin-free group. These findings
suggest that melatonin administration has bene-
ficial effects on postoperative intraabdominal
adhesions.
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