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Effects of vitamin E, methylprednisolone and 
nedocromil sodium on healing of rats with 
experimentally created intraabdominal adhesions
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A b s t r a c t

Introduction: Intraabdominal adhesions are a condition that can occur af-
ter many surgical procedures and may cause complications in a  spectrum 
ranging from simple abdominal pain to ileus. For years, efforts have been 
made to prevent this complication. In this experimental study, the effects of 
methylprednisolone, vitamin E and nedocromil sodium on the improvement 
of intraabdominal adhesions in rats were investigated.
Material and methods: Twenty Wistar Albino rats weighing 280 to 330 g 
were divided into four equal groups. 5  ml of 0.9% NaCl was given to the 
control group, 5  ml of methylprednisolone was given to group 2, 5  ml of 
vitamin E to group 3 and 5 ml of nedocromil sodium to group 4 were given 
intraabdominally. On the 14th postoperative day, all rats were sacrificed and 
re-laparotomy was performed. Intraabdominal adhesions were scored ac-
cording to the Nair classification.
Results: When the groups were compared dyadically, the difference between 
group 1 and group 2 was found to be statistically significant (p = 0.011). The 
difference between group 1 and group 3 was statistically significant (p = 
0.011). The difference between group 1 and group 4 was statistically signif-
icant (p = 0.007). There was no statistically significant difference between 
group 2 and group 3, and group 2 and group 4, and group 3 and group 4  
(p < 0.05).
Conclusions: As a result, methylprednisolone, vitamin E and nedocromil so-
dium have been shown to have a healing effect on adhesions.

Key words: vitamin E, methylprednisolone, intraabdominal adhesion, 
nedocromil sodium.

Introduction

Abdominal and pelvic adhesions are the pathological structures be-
tween the peritoneal and pelvic cavity surfaces during the healing of 
peritoneal surface defects by scar formation. These ligaments may range 
from a thin connective tissue band to a thick, fibrosis or direct connec-
tion between two organ surfaces. Typically, adhesions occur between 
normal tissues that are in contact with areas that cannot be covered by 
normal mesothelium, such as on the injured peritoneal surface [1, 2].

Intraabdominal adhesions are most commonly secondary to abdomi-
nal operations, and although in many patients intraabdominal adhesions 
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are asymptomatic, they may cause serious com-
plications with an increased risk of small intestine 
obstruction, fistula development, chronic abdom-
inopelvic pain, infertility, ureteral obstruction and 
prolonged operation time, postoperative bleeding, 
and increased intestine perforation [3–9].

Material and methods

In this study, 20 Wistar Albino female rats 
weighing between 280 and 330 g were used af-
ter obtaining the approval of the ethics commit-
tee. The experiments were carried out in a  lab-
oratory with temperature and humidity control, 
12 h light and 12 h dark cycle. All subjects were 
fed with the same standard feed and city water 
supply. The rats were fasted for 12 h before the 
experiment. The experimental animals were sep-
arated into randomized groups which consisted 
of 5 rats each. 
–  group 1 (n = 5): control group, intraabdominal  

5 ml of 0.9% NaCl administered group,
–  group 2 (n = 5): methylprednisolone group, in-

trabdominal 5 ml methylprednisolone adminis-
tered group,

–  group 3 (n = 5): vitamin E group, intraabdominal 
5 ml vitamin E administered group,

–  group 4 (n = 5): nedocromil sodium group, in-
traabdominal 5 ml nedocromil sodium adminis-
tered group.
Subjects were anesthetized with intramuscu-

lar 5 mg/kg xylazine hydrochloride (Alfazyne 2%, 
Alfasan – 20 mg/ml) and 30 mg/kg ketamine hy-
drochloride (Ketalar – 50 mg / ml). Following anes-
thesia, the subjects were positioned supine on the 
surgical table and fixed with a patch on the four 
extremities. Surgery was performed under clean 
but non-sterile conditions. After the anterior wall 
of the abdomen was shaved with an electric razor, 
the work area was cleaned with povidone-iodine. 
Laparotomy was performed in the midline with 
about a  40 mm incision. The trauma to the an-
timesenteric face of the cecum was traumatized 

and placed again in the anatomic location of the 
abdomen. 5 ml of 0.9% NaCl was given to the con-
trol group, 5 ml of methylprednisolone was given 
to group 2 rats, 5  ml of vitamin E was given to 
group 3 rats and 5 ml of nedocromil sodium was 
given to group 4 rats intraabdominally. The fascia 
2/0 PDS was then closed with skin 3/0 silk. Ani-
mals were awakened and each group was placed 
in a  separate cage. In the postoperative period, 
all animals were administered with analgesia 
by drinking water with paracetamol for 12-hour 
intervals. On the 14th day of the operations, rats 
were sacrificed by carbon dioxide gas and relapa-
rotomy was performed and a third person exam-
ined the adhesions in the abdomen. Intra-abdom-
inal adhesions were scored according to the Nair 
classification.

Statistical analysis

The statistical evaluation of the data was per-
formed using the SPSS 14 software. The signifi-
cance of the difference between the groups was 
compared with the Mann-Whitney U and Kruskal- 
Wallis tests. The error level was accepted as 0.05.

Results

A  total of 20 rats with 5 rats in each group 
were used in the experiment. During the study, 
no subjects were lost. None of the rats devel-
oped a wound infection. When the scores of the 
groups were compared, the difference between 
the groups was found to be statistically significant  
(p < 0.05). When the groups were compared statis-
tically, the difference between group 1 and group 
2 was found to be statistically significant (p = 
0.011). The difference between group 1 and group 
3 was statistically significant (p = 0.011). The dif-
ference between group 1 and group 4 was statis-
tically significant (p = 0.007). There was no statis-
tically significant difference between group 2 and 
group 3, and group 2 and group 4, and group 3  
and group 4 (p < 0.05) (Figures 1–4, Table I).

Figure 1. Adhesion image of rat in control group Figure 2. Adhesion image of rat in methylprednis-
olone group
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Discussion

Postoperative intraabdominal adhesions are 
an important cause of long-term morbidity and 
therefore there have been many studies on the 
prevention of adhesions in the scientific litera-
ture. Postoperative peritoneal adhesions occur as 
a result of damage to any single-layer mesotheli-
al cells (mechanical, ischemic, chemical, infective, 
inflammatory, etc.) that form the peritoneum. Fi-
brin-rich exudation occurs in the damaged area. 
Fibrin forms bands between other peritoneal sur-
faces that come into contact with this area. Fibrin 
bands and the hyaluronic acid-rich matrix that fills 
the gap between them provide a very suitable en-
vironment for collagen synthesis. Real adhesions 
occur by synthesis of collagen [10–14]. Abdominal 
adhesions can cause chronic pain, intestinal ob-
struction, fistulas, and infertility. For these reasons, 
patients are treated as outpatients or are hospi-
talized and some patients have to be operated on 
again [15]. Apart from the additional morbidities 
brought by the patients, the financial burden on 
the economies of the country is also important. 
A  method to prevent intraabdominal adhesion 
formation will eliminate the reoperation and the 
morbidity and financial burden associated with it 
[16]. In a study conducted by Beart in Los Angeles, 
the USA of 2645 autopsy records, incisions due to 
abdominal surgery were detected in 32% of the 
patients who underwent autopsy [17]. According 
to this study, approximately one-third of the adult 
population can be said to be at risk of intraabdom-

inal adhesions. Although intraabdominal adhe-
sions are usually asymptomatic, even a low rate of 
morbidity in such a large population will result in 
a very serious surgical workload and cost.

Several techniques, materials, and agents have 
been tried to prevent adhesions: various surgical 
methods, minimally invasive and laparoscopic 
techniques, pharmacological agents targeting the 
inflammatory response and/or fibrin formation 
after mesothelial cell trauma, liquids, gels, and 
solids that form a  mechanical barrier between 
mesothelial surfaces. Although useful techniques 
or agents were found, no complete success was 
achieved and the results were not reflected in sur-
gical practice except adhesion barriers [18–20]. It 
is recommended to give importance to medical 
prophylaxis in the prevention of postoperative 
peritoneal adhesions. The success of medical 
prophylaxis lies in the reduction of fibrinous ex-
udation and inflammatory reaction, inhibition of 
coagulation, stimulation of fibrinolytic activity, in-
hibition of fibroblastic proliferation, and mechan-
ical separation of serosal surfaces [11, 21–24]. 
Steroid anti-inflammatory drugs block the forma-
tion of inflammatory mediators such as prosta-
glandin, prostacyclin, thromboxane, and leukot-
riene, which are formed in the catalytic process of 
lipoxygenase and cyclooxygenase enzymes in the 
inflammatory process, the first step of adhesion 
development, called eicosanoids. Due to these 
properties, steroids are used to inhibit inflamma-
tory reactions in clinics, to eliminate the effects of 
inflammation mediators and to prevent the pro-
liferation of fibroblasts [11, 18, 25–30]. They can 
prevent adhesion development because of these 
properties.

Methylprednisolone is one of the steroidal an-
ti-inflammatory drugs, which blocks the initiation 
of peritoneal adhesion events by blocking the en-
zyme phospholipase, which mediates the release 
of inflammation mediators during serosal destruc-
tion [25–28, 31, 32].

Kappas et al. applied hydrocortisone sodium 
succinate at a dose of 50 mg/kg in rats and de-

Figure 4. Adhesion image of rat in Nedocromil so-
dium group

Figure 3. Adhesion image of rat in vitamin E group

Table I. Nair’s intraabdominal adhesions score in 
each group

Group Minimum Maximum

1 1.00 2.00

2 0.00 1.00

3 0.00 1.00

4 0.00 1.00
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termined that adhesion developed in 6 of the  
20 rats given hydrocortisone [27]. Avşar et al. 
detected that antihistaminic (diphenhydramine 
HCl) and steroids (methylprednisolone) alone and 
when used in combination with peritoneal adhe-
sion stops the formation of adhesion in rats by 
preventing the occurrence of inflammation [21]. 
Alkan et al. applied 15 mg/kg methylprednisolone 
to rats experimentally induced with adhesions and  
found that adhesion development was significant-
ly lower than in the control group [33]. In a study 
conducted by Küçüközkan et al. it was observed 
that the combination of saline and sodium cromo-
glycate administered intraperitoneally decreases 
pelvic adhesions [34]. When dexamethasone was 
added to this combination, it was found that ad-
hesions decreased significantly, but since steroids 
were not used alone in this study, it is not possible 
to make a definitive interpretation of the efficacy 
of the steroid alone. In a study of Kırkak et al. with 
different doses of methylprednisolone, no differ-
ence was found between high and low dose meth-
ylprednisolone in terms of healing of adhesions, 
and fewer adhesions were observed than in the 
control group [35]. In this study, methylpredniso-
lone, which is a steroid derivative, was used and 
the probability of peritoneal adhesion was signifi-
cantly lower than in the control group. This result 
is similar to most of the previous studies done. 

Vitamin E, a  fat-soluble vitamin, has been ar-
gued to play an important role in maintaining cell 
integrity. In addition, it is suggested that vitamin E  
protects the cell membrane against its free oxi-
dizing effects such as superoxide, peroxide and 
hydroxyl radicals, and this feature plays a  role 
in preventing or reducing peritoneal adhesions. 
Kagoma et al. suggest that vitamin E reduces 
thromboplastin and fibrin formation by inhibiting 
platelet aggregation. These researchers reported 
the peritoneal adhesion rate in the series’ control 
group as 95% and 58% in the vitamin group [36]. 
According to Ellis, fibrins play an important role in 
the first stage of intraperitoneal adhesion forma-
tion. Vitamin E inhibits thromboplastin and fibrin 
production by inhibiting platelet aggregation and 
thrombus formation [11]. Yetgin et al. used vita-
min E and human amniotic membranes in their 
studies and they used both agents individually 
and together [37]. As a result, they found that both 
vitamin E and human amniotic membrane were 
effective in preventing intraperitoneal adhesions 
but they did not have a synergistic effect. In the 
study of Corrales et al., vitamin E was compared 
with carboxymethylcellulose in the prevention of 
intraperitoneal adhesions and was found to be as 
effective as carboxymethylcellulose [38]. In the 
De la Portilla et al. study, vitamin E was adminis-
tered intraperitoneally and intramuscularly and it 

was observed that the administration of vitamin 
E by intraperitoneal administration decreased the 
adhesion development, but the same effect could 
not be obtained by intramuscular administration 
[39]. In this study, vitamin E was administered in-
traperitoneally and it was found that the rate of 
adhesion development in rats treated with vita-
min E was significantly lower than in the control 
group. The results are similar to a  few previous 
studies conducted on this subject.

Nedocromil sodium blocks the chlorine chan-
nels in many cells such as mast cells, epithelial 
cells and neurons [40]. In the Liebman et al. study, 
nedocromil was compared with sodium saline and 
was found to be effective in preventing postopera-
tive peritoneal adhesions [6]. In the study of Rasti 
et al. nedocromil sodium and diphenhydramine 
HCl were compared in terms of preventing perito-
neal adhesions, and the study showed that nedo-
cromil sodium is more effective in the prevention 
of adhesions than both the control group and the 
diphenhydramine HCl group [41]. In this study, the 
rate of postoperative adhesion in the nedocromil 
sodium group was significantly lower than in the 
control group as well. This result is similar to two 
previous studies conducted. However, there was 
no difference between methylprednisolone and 
vitamin E groups. 

As a  result of this study, three of the agents 
that were thought to have a positive effect on the 
prevention of postoperative peritoneal adhesions, 
methylprednisolone, vitamin E and nedocromil so-
dium, were found to have healing effects on ad-
hesions. However, none of these three agents was 
found to be superior to the others. 

There are some limitations of this study. The 
small number of subjects in the groups and the 
examination of the early postoperative adhesions 
are limitations of this study. However, we believe 
that this study will contribute to the literature be-
cause there is no study on adhesion with these 
three agents.

In conclusion, we believe that methylpredniso-
lone, vitamin E and nedocromil sodium are effec-
tive in preventing peritoneal adhesions by using 
different mechanisms and can be used in clinical 
practice. These three agents could not be found 
to have any superiority to each other. However, 
we believe that it is necessary to obtain more in-
formation about these agents by performing dif-
ferent experimental studies using different doses 
of different agents, and of course, we believe that 
clinical studies should be done to support these 
findings, and only this way do we believe that 
these agents can be used on humans.
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