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Background: Adhesion formation is an important complication of abdomino-pelvic surgery. Green tea
(Camellia sinensis) has anti-oxidant and anti-inflammatory effects which prevent production and accu-
mulation of collagen and, thus, may reduce adhesion formation. The present study examined the effect of
green tea alcoholic extract on intra-abdominal adhesion formation. Total phenolic, flavonoid and flavonol
contents as well as anti-oxidant activity were also evaluated.
Methods: Thirty healthy male Wistar rats were randomly assigned to two equal groups of green tea (A)
and distilled water (B). After anesthesia, the abdominal wall was opened and three shallow longitudinal
and transverse incisions of 2 cm in length were made on the right side of the peritoneum by scalpel
blade. A 2 � 2 cm square of the left abdominal wall peritoneum was removed by surgical scissors. Green
tea extract or distilled water was introduced into the abdominal cavity of each rat. The rats were
sacrificed two weeks post-laparotomy and adhesion bands were scored according to severity, extent and
appearance. Fibrosis and inflammation were also scored via histopathological examination.
Results: There was a significant difference in mean adhesion scores between the green tea and distilled
water groups (3.2 � 3.503 and 7.33 � 0.51, respectively) (p ¼ 0.001). In terms of fibrosis (p ¼ 0.002) and
inflammation (p ¼ 0.003) a statistically significant difference was also seen between the two groups
following histopathological examination.
Conclusion: Green tea extract reduces intra-peritoneal adhesions in an animal model.

Crown Copyright � 2013 Published by Elsevier Ltd on behalf of Surgical Associates Ltd. All rights
reserved.
1. Introduction

Adhesions develop following 50e97% of abdominal1 and 60e
90% of gynecological operations.2 These adhesions develop due to
incomplete lysis of fibrin and cellular exudates arising from peri-
toneal damage.2 Adhesions are the leading cause of small bowel
obstruction, accounting for 65e80% of cases.1 Chronic pelvic pain,
ureteral obstruction and voiding dysfunction are also associated
with adhesions.2 Intra-peritoneal adhesions can also prevent
effective intra-peritoneal chemotherapy.2 Adhesion prevention is a
topic of ongoing interest.2,3 Many potential preventive agents have
been investigated, including glucocorticoids, heparin, dextran 70,
arsaei), karimi.mehrdad89@
. Asadi), rafieian@yahoo.com

013 Published by Elsevier Ltd on b
Ringer’s lactate, antibiotics, promethazine, antihistamines, prosta-
glandin synthesis inhibitors, ringer lactate, calcium channel in-
hibitors,1 rofecoxib,4 methyl blue,5 carboxy methyl chitosan and
octreotide.6,7

Green tea has long been consumed by Eastern Asian people as a
drink to promote health and increase longevity.8,9 The plant,
abundant in Asia, produces one of the most easily available drinks
worldwide.8,10,11 It has anti-bacterial, anti-inflammatory and anti-
oxidant effects, mainly due to polyphenolic compounds, in partic-
ular, the catechin contents, in its leaves.12e16 As a result of anti-
oxidant activities, even low doses of the main green tea com-
pounds, i.e., epicatechin, epicatechin gallate, epigallocatechin, and
epigallocatechin gallate are capable of increasing collagen volume
and assisting wound healing.17 Given its anti-oxidant and anti-
inflammatory activities,18 green tea could useful as an intra-
abdominal adhesion inhibitor. Among other green tea compounds
are theophylline, L-theanine, tannins, gallic acid, oxalic acid, pectin,
fluoride, minerals and vitamins such as B1, B2, C, and E,17 which
ehalf of Surgical Associates Ltd. All rights reserved.
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Table 1
Macroscopic criteria for adhesions’ scaling.

Score Appearance Extent Strength

0 No No No
1 Filmy, avascular <25% Separated easily
2 Dense, avascular 25e50% Separated by traction
3 Dense, capillary

vascularization
50e75% Sharp dissection needed

for separation
4 Dense, vascular >75% Sharp dissection needed

for separation
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assist wound healing and inhibit intra-abdominal adhesion for-
mation. Green tea may help in wound healing through production
and accumulation of collagen10,16 as well as prevention of complete
fibrin lysis. However, these same properties may encourage adhe-
sion formation. Therefore, the present study aimed to examine the
effect of green tea extract on post-laparotomy adhesions. Total
phenolic, flavonoid and flavonol contents as well as anti-oxidant
activities of the extract were also evaluated.

2. Material and methods

After obtaining approval from Shahrekord University of Medical Sciences
(SKUMS) Ethics Committee (Ethical code: 90-5-3), this preclinical study was con-
ducted in the Medical Plants Research Center of SKUMS and Islamic Azad University,
Shahrekord, Iran. Throughout the experiments, we tried to follow all ethical prin-
ciples of working on laboratory animals to impose the lowest possible stress on
them.

2.1. Extract preparation

The maceration method was employed to prepare the extract. For this purpose,
1 l ethanol (70%) was added to 100 g green tea (Herbarium No. 304, Medical Plants
Research Center, SKUMS, Iran) and the solution was left at laboratory temperature
for 48 h. Then, the extract was filtered through filter paper and the pulp was
squeezed to discharge. The extract was concentrated by a rotary evaporator,19 frozen
and stored at �20 �C until use. A 4% solution was made from this extract when
needed, using distilled water.20

2.2. Measurement of phenolic compounds

The phenolic compounds were evaluated equivalent to gallic acid using the
FolineCiocalteu colorimetry method of Shirzad et al.,21 with some modifications.
Different concentrations of standard gallic acid (12.5, 25, 50, 62.5, 100 and 125 ppm
inmethanol 60%) were prepared. Then, 0.1ml from each samplewas transferred into
a test tube and 0.5 ml FolineCiocalteu 10% was added as a reactive agent. The so-
lutions were left for 8 min at room temperature and then 0.4 ml sodium carbonate
7.5% was added. The tubes were maintained for 30 min at laboratory temperature
and then assayed in three intervals by a spectrophotometer (Unico UV 2010) at
765 nmwavelength. To measure the total phenolic contents in the extracts, 0.01 g of
the extract was dissolved in 60% methanol, reaching 10 ml and then, using the
FolineCiocalteumethod, the total phenolic contentwasmeasured. However, instead
of using the standard solution, 0.1 ml extract was added. Finally, the total phenolic
content was evaluated from the read optical density in mg/g extract in gallic acid
equivalent.

2.3. Measurement of flavonoid compounds

Total flavonoids were evaluated equivalent to Rutin, using the chloride
aluminum colorimetry method.22 First, different concentrations of standard “Rutin”
(25, 50, 100, 250 and 500 ppm) were prepared in methanol 60%. Then, from each
solution, one ml was transferred into test tube and mixed with 1 ml of chloride
aluminum 2%. Afterward, 6 ml potassium acetate 5% was added and the optical
density level was read after 40 min at 415 nmwavelength. The concentration levels
of the standard solutions were assayed in three intervals. In order to measure the
total level of flavonoids in the extract, 0.01 g of the extract was dissolved inmethanol
60%, reaching 10 ml. Then, using chloride aluminum colorimetry, the total level of
flavonoids was measured. However, instead of using the standard solution, 1 ml of
the extract was added. The total flavonoid level was calculated in mg per 1 g of the
extract, equivalent to Rutin.

2.4. Measurement of flavonol compounds

The total flavonol was also measured using chloride aluminum colorimetry and
Rutin procedure, however the optical density level reading, was obtained after 2.5 h
at 440 nm wavelength.23

2.5. Measurement of anti-oxidant activity

A b-carotene model was employed to measure the anti-oxidant activity of the
extract.24 0.5 ml chloroform, 5 ml b-carotene (0.2 mg), 20 ml linoleic acid (20 mg)
and 0.2 ml Tween 40 were mixed in a suitable container and incubated at 50 �C for
10 min in order to remove the solvent. The solution was diluted with distilled water
and mixed in 4 ml aliquots in the following manner. The control solution was pre-
pared including 0.2ml ethanol and 0.2ml of the extract samplewith 0.15ml ethanol.
The optical density of the control group was recorded at t0 and t90 at 470 nm, similar
to the standard group. The samples were incubated in a bain-marie at 50 �C. The
anti-oxidant activity was measured on the basis of the ability of the samples in
preventing thewashing of b-carotene. The anti-oxidant activity was calculated using
the following formula:

AA ¼ 100
�
1� ðAo � AtÞ=

�
Ao
o � Ao

t
��
;

where, Ao is the optical density at t0, At is optical density of the sample at t90, Ao
o and

At
o are optical density values in the control samples at t0 and t90, respectively.
2.6. The animals and their maintenance

In this study, 30 healthy Wistar male rats, weighing 200e250 g, were randomly
assigned into two equal groups of intervention (A) and control (B). The rats had no
history of surgery and other medical interventions. They were kept on standard
conditions, were fed by pelleted diet (Razi Co., Karaj, Iran) and water, at 23 � 2 �C
temperature.
2.7. Induction of adhesion lesions

Adhesion lesions were fashioned on anaesthetized rats. The operations were
performed according to a standardized protocol.25 Rats, in both groups, were
anaesthetized by a combination of 2 mg/kg ketamine 10% (Alfasan Co., Netherlands)
and xylazine 2% (Alfasan Co., Netherlands), administered intramuscularly. While
anaesthetized, each rat was laid flat on the back in dorsal recumbency position, on a
surgical table, the abdominal skinwas disinfected with Betadine 10% (Tolid Daru Co.,
Iran), and the hair of the given area of the skinwas completely shavedwith a razor to
make a 3 cm incision on the midline of the abdomen to access the peritoneal sur-
faces. After entering the abdominal cavity of the right wall of peritoneum, three
shallow transverse incisions (2 cm in length) were made with a scalpel No. 24
longitudinally and transversely and a 2 � 2 piece was taken from peritoneal surface
on the left side of the abdominal wall with surgical scissors. Then, to prevent
stimulation of peritoneal adhesions formation due to presence of surgical suture
material, 4 sutures at 1 cm intervals were placed using absorbable catgut (Kamran
Teb Co., Iran). Fascia and skin were closed with 4 sutures at 1 cm intervals using a
non-absorbable silk (Kamran Teb Co., Iran). Finally, the given area of the skin was
again disinfected and the rats were left at a suitable temperature to become
conscious. External sutures were removed at 7th day of the treatment, under general
anesthesia.25
2.8. Treatment

Four ml of the Green tea extract solution or distilled water, was administered,
immediately after making lesions, into abdominal cavity of groups A or B, respec-
tively and the abdominal cavity was sutured. The animals were left in normal
conditions for fourteen days, when the second laparotomy was performed on the
rats for evaluation of adhesion.
2.9. Macroscopic examinations

A second laparotomywas performed after 14 days. For this, the abdomen of each
rat was opened and adhesions severity, extent and appearance were evaluated by a
blinded observer (Table 1). The total degree of adhesions, ranging from 0 to 11, was
calculated by adding the three measurements parameters (severity, extent and
appearance of the adhesion bands) in each rat.26
2.10. Histopathological examinations

A sample of adhesion tissue from each animal was harvested at the second
laparotomy and put into a fixator (10% Neutral Buffered Formalin). Tissue processing
was done by paraffin and wax. Then, 5 mm thick transverse incisions were made by
means of a Microtome fixed blade. All incisions of samples were stained by hema-
toxylin and eosin. Histopathological evaluations of fibrosis and inflammation, were
undertaken by a blinded pathologist (Table 2).



Table 2
Histopathological criteria for adhesions’ scaling.

Score Degree of inflammation Degree of fibrosis

0 No inflammation No fibrosis
1 Giant cells, lymphocytes, and

plasma cells
Mild

2 Giant cells, plasma cells, eosinophils,
and neutrophils

Moderate

3 Inflammatory cell infiltration and
microabscess formation

Severe

Table 3
The comparison of adhesion degrees’ frequencies between the two groups.

Adhesion degree Intervention group
number (frequency percent)

Control group number
(frequency percent)

0 5 (33.33%) 0 (0%)
1 0 (0%) 0 (0%)
2 0 (0%) 0 (0%)
3 6 (40%) 2 (13.33%)
4 0 (0%) 0 (0%)
5 0 (0%) 2 (13.33%)
6 0 (0%) 3 (20%)
7 2 (13.33%) 0 (0%)
8 2 (13.33%) 2 (13.33%)
9 0 (0%) 2 (13.33%)
10 0 (0%) 2 (13.33%)
12 0 (0%) 2 (13.33%)
Mean score 3.2 7.33
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2.11. Data analysis

Data analysis was performed through SPSS v16 using ManneWhitney test and
p < 0.05 was considered statistically significant.
Total 15 (100%) 15 (100%)
3. Results

The total phenolic content of green teawas 76.3 mg/g Gallic acid
equivalent, its total flavonoid content was 17.4 mg/g Rutin equiv-
alent/g, and the total flavonol contentwas 45mg/g Rutin equivalent
(based on dry extract). The anti-oxidant activity of the green tea
extract was 47% of b-carotene.

No sign of ascites, intra-abdominal viscous fluid or mortality
was observed. Histopathological adhesion scaling results are
summarized in Table 2. The frequency of adhesion bands in
group A were considerably less (5 cases of zero [without
adhesion band]) (Photograph 1) than group B (all cases had
adhesion bands) (Table 3). Adhesion bands in group B cases also
encroached into bladder and some parts of bowel (Photograph
2) while no encroachment was detected in group A cases. The
mean adhesion degree score in the green tea group was 3.2
versus 7.33 in the distilled water group (p ¼ 0.001, Table 3).
Histopathological examinations demonstrated statistically sig-
nificant differences in fibrosis (p ¼ 0.002) and inflammation
(p ¼ 0.003) severity favoring the green tea group (Table 4).
Photographs 3 and 4 illustrate sample histological pictures of
histopathological criteria, i.e., fibrosis and inflammation, in both
groups.
Photograph 1. No adhesion in intervention group.
4. Discussion

The present study was conducted to examine the preventive
effect of green tea alcoholic extract on intra-abdominal adhesion
formation. The results suggest the efficacy of this extract on
intra-abdominal adhesion prevention. Intra-abdominal adhe-
sions are common following abdominal and pelvic surgery,
causing potentially fatal complications such as ileus, intestinal
obstruction and infertility.27,28 In a study on 2295 patients with
small bowel obstruction, 64% cases had intra-abdominal adhe-
sions and 84% of them had history of intra-abdominal surgery.29

It should be noted that post-operative adhesion formation is
favored by any factor which causes decreased tissue oxygenation,
leading to ischemia30 and free oxygen radical formation.31 The
source of superoxide and other free radicals can be mitochondrial
cytochrome oxidase, in endothelial cells of different tissues,
causing tissue damage.31 Hydrogen peroxide and superoxide
anion are both toxic for some cells such as endothelial cells,
platelets, and fibroblasts because of extra-cellular cytolysis
derived from cell membrane fat cytolysis and peroxidation, in-
crease in vascular permeability, and exudate formation, which
may initiate adhesion formation.18,32,33

No pharmacologic intervention has been so far able to
completely prevent intra-abdominal fibrosis. Possibly, reduction of
free radicals has been achieved through green tea’s polyphenolic
Photograph 2. Adhesion bands in control group.



Table 4
The comparison of (mean � standard) deviation of adhesion degree between the
two groups.

Group Adhesions’ scaling

Total scores of
macroscopic criteria

Fibrosis Inflammation

Green tea (A) 3.503 � 3.2 0.941 � 0.8 0.775 � 0.8
Control (B) 0.51 � 7.33 0.961 � 2.067 0.961 � 1.933

Photograph 4. In the intervention group, fewer inflammatory cells and decreased
fibrosis are seen (H/E staining) (�100).
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compounds (such as catechin), which are capable of absorbing free
radicals. This is supported by the very low inflammation severity of
pathological samples obtained from intervention cases in compare
to control ones. In Saffari and Sadrzadeh’s work, the anti-oxidant
effects of these compounds have been demonstrated.34 We used
distilled water as control because no report has observed any
relationship between distilled water exposure and adhesion
formation.25

On the other hand, theophylline, L-theanine, tannin, oxalic acid,
gallic acid, pectin, fluoride, minerals as well as vitamins B1, B2, C
and E are among other green tea’s compounds,34e36 which might
be helpful for intra-abdominal adhesion prevention via inhibition
of collagen production and accumulation in addition to complete
fibrin lysis.10,16 The statistically significant difference in fibrosis
severity between the two groups could be resulted from this
advantage of green tea.

Green tea’s wound healing effects have also been shown on
cutaneous wounds and ulcers.22,37 Although numerous studies
targeted at treating these lesions have been conducted, the
agents with anti-oxidant effects have not been satisfactorily
investigated. However, the positive inhibitory effects of fat per-
oxidation on rabbit intra-abdominal adhesions and melatonin’s
anti-oxidant-associated effects on post-laparotomy adhesions in
rats, consistent with the present study’s findings, have been
demonstrated.18,38 Further experimental work to evaluate
the potential of green tea as an adhesion prevention agent is
warranted.
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Photograph 3. In the control group, the infiltration of inflammatory cells and areas of
fibrosis consisting of fibroblasts are seen (marked with arrow) in the histopathological
examination (H/E staining) (�100).
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