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INTRODUCTION

Nowadays, postsurgical adhesion formation has
become an important challenge in surgery and occurs in
almost 97% of all abdominal surgeries.!'! Development
of adhesion after any surgical process is influenced
by various factors, such as, complexity of operation,
extent of peritoneal trauma, previous illness, and poor
nutritional status.™

The definite pathogenesis of adhesion formation
is not yet clear; however, there are some theories
about the role of the immune system, which reveals
that severe immune system reaction in response
to peritoneal damage is the pathophysiology of
adhesion formation.®* Another theory in this field
deduces that adhesion formation is a pathological
part of healing.®!

During abdominal surgery, for prevention of
adhesion formation, damage to the peritoneum

and use of foreign body should be decreased and
careful hemostasis and repeated irrigation should
be performed.! There are some agents that are
used before and after surgery fo the purpose of
adhesion formation. Attempted drug treatments
are antibiotics and immune system inhibitors, such
as, corticosteroids, histamine receptor antagonists,
vitamins, and hormones.*? Although several
researches have been performed in this field, an ideal
strategy for its prevention is still unknown.

Among the drugs that are mentioned above, recent
researches have mainly focused on the inhibition of
the inflammatory system.*371% Although they have
mentioned their role in adhesion reduction, the balance
between systemic side effects and reduction of adhesion
formation is still a major concern.?'"3!

On the other hand agents that change the healing process
may influence adhesion formation; few studies have
evaluated this matter.
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Vitamin A is an agent known to be required for epithelial
tissue development, and it also facilitates normal wound
repair.! Vitamin C is an essential cofactor of collagen
synthesis and other components of connective tissues and
plays an important role in the wound healing process.!"™
There is only one study on the role of vitamin A in adhesion
formation and there is no data available about the role of
vitamin C.['6]

Our purpose, in this study, is to evaluate the effect of the
optimal healing process (by using Vitamin C and Vitamin A)
on post surgery abdominal adhesions and wound integrity.

MATERIALS AND METHODS

A total of 60 male Wistar rats weighing between 250 to
350 g were used in this study. The rats were housed at a
temperature of 26 + 1°C and relative humidity of 40%. All
the rats were fed a standard diet and had free access to
food and water. The rats were acclimatized to this diet one
week before the experiment. Ethical approval for this study
was obtained from the Ethics Committee of the Isfahan
University of Medical Sciences.

Experiments

The anesthesia procedure was performed using 0.02 mg/kg
intramuscular Acepromazine (Woerden-The Netherlands)
and 50 mg/kg Ketamine (Woerden-The Netherlands).
The abdomens were shaved and prepared with betadine
solution and to remove the powder particles, the gloves
were washed with normal saline (Razi-Iran). All the surgical
procedures were carried out under sterile conditions. The
adhesion formation procedure was performed using the
method described by Whang et al..'”] The rats underwent
laparotomy via a 4 cm midline incision. A 2 x 2 cm part
of the peritoneum, with the underlying muscle layer, was
resected. The cecum was identified and exposed, and an
area of serosa measuring 2 x 2 cm was abraded using a
gauze until bleeding was observed."® Then the cecum
was returned to its anatomical position and the abdominal
cavity was closed in two layers with simple continuous
sutures of nylon 3-0 (SUPA-Iran). The rats were randomly
assigned to four groups (15 in each group). In group 1
(vitamin A), the rats received 2000 units/kg intramuscular
injection of vitamin A (Osveh-Iran) daily, for two weeks,
after surgery; in Group 2 (vitamin C), they received
100 mg/kg oral vitamin C (Osveh-Iran) daily, for two weeks,
after laparotomy; in the third group (vitamin A and C),
the rats received 2000 units/kg intramuscular injection

After two weeks, the rats were sacrificed and a U-shaped
incision was made under the anesthesia that was described
above. Photographs were taken and used for the grading
of adhesion by a second surgeon, who was blinded about
the drugs that had been used in each rat. The scoring
systems that were used in this research project [Table 1]
were used in several studies with the same purpose and
have been validated within the literature.”*! In this scoring
system [Table 1]: Score 0: No adhesion, score 1: Thin filmy
adhesion; score 2: More than one thin adhesion; score 3:
Thick adhesion with focal point; score 4: Thick adhesion
with planar attachment score 5: Very thick vascularized
adhesions or more than one planar adhesion.

Histopathological examination

Histopathological examinations were performed using light
microscopy. The resected tissues, including the adhesion site,
adhesion band, and cecal wall were fixed in 10% formalin
and embedded in paraffin. The paraffin-embedded tissues
were cut into 5 um slices and sustained with Hematoxylin
and eosin and Masson’s trichrome dyes and reviewed by a
single expert pathologist, who was blinded about the study
groups. Fibrosis and inflammation were graded using a
semi-quantitative system.?! With regard to the scoring
of the inflammation scoring system [Table 1], Score 0: No
inflammation; Score 1: Mild inflammation (only a few
scattered inflammatory cells were found); Score 2: Moderate
inflammation (small groups of inflammatory cells in many
high power fields).); Score 3: Severe inflammation (many
inflammatory cells in diffuse pattern or in large groups).

Fibrosis was evaluated using the Masson’s trichrome
sustained sections of the Fibrosis scoring system [Table 1].

Table 1: Adhesion, fibrosis, and inflammation scoring
systems

Score Definition
Adhesion 0 No adhesion
score 1 Thin filmy adhesion
2 More than one thin adhesion
3 Thick adhesion with focal point
4 Thick adhesion with planar attachment
5  Very thick vascularized adhesions or more than
one planar adhesion
Fibrosis 0 Small scattered area of green staining
score 1 Thin band of green staining
2 Thicker connected band of green staining

3 Thick and dense area of green staining
Inflammation Score Definition Microscopic findings

score 0 No inflammation None

of vitamin A and 100 mg/kg oral vitamin C daily, for two 1 Mild Only a few scattered
weeks, after laparotomy. In Group 4 (Sham), the rats did inflammation  inflammatory cells were found
not receive any drugs. The doses of drugs that had been 2 Moderate Small groups of inflammatory
used in this study were determined according to those used inflammation  cells in many high power fields
previously in this field 19201 3 Severe ' Many |nf|ammatory cells in a

inflammation diffuse pattern or in large groups
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Score 0: Small scattered area of green staining; Score 1:
Thin band of green staining; Score 2: Thicker connected
band of green staining; Score 3: Thick and dense area of
green staining.

We also evaluated the Wound disruption strength (F-max)
by the method that was first described by Greenhalgh
et al.® and has been used in similar studies.?®! Skin strips
for testing were cut at right angles to the long axis of the
wound with cutters. The cutters are dumbbell shaped, with
the narrower portion containing the incision, measuring
4 mm across. The wider portions of the skin strips were
placed in the jaws of a tensiometer (Zwick-1406) and were
stretched at a constant rate (3 cm/minute) until disruption
occurred. Wound breaking strength was determined by a
digital readout as F-max in cN [Figure 1].

Sample size and statistical analysis

For the comparison of adhesion, fibrosis, inflammation, and
F-max among the study groups, after consultation with the
study statistician, the sample size was determined to be
11 in each group, and after considering the post surgery
mortality, 15 rats were selected to enroll in each group.
Statistical analyses were performed using the statistical
software (SPSS version 16.0; SPSS, Inc., Chicago, IL), by
ANOVA, and Tukey HSD tests, and p <0.05 was considered
to be significant.

RESULTS

Of the total of 60 rats in the four groups that were included
in the study, nine died in the two-week interim after the

in the adhesion formation score (p < 0.0001) and fibrosis
score among the study groups (p < 0.0001). Vit C group
had the lowest mean adhesion formation score and fibrosis
among the study groups. The Tukey test confirmed that this
difference was present in comparison with each of the other
three groups. Detailed data are shown in Figures 1 and 2.

With regard to the inflammation score, we found that the
mean inflammation score was lower in vit C group than
in the others, however, this difference was not statistically
significant (p = 0.558) [Figure 3].

Data analyses showed that the wound disruption strength
differed significantly among the study groups (p=0.027) and
the Tukey test showed that this difference was significant
between the vit C and the Sham groups. More detailed data
are given in Figure 4.

DISCUSSION

Nowadays, it is recognized that adhesion formation is a part
of healing imbalance. In this study we aimed to determine
the possible role of vitamin A and C on the postsurgical
adhesion formation. We found that administration of oral
vitamin C reduced adhesion formation and fibrosis among
the study rats, and also, in the vitamin C group, the wound
healing that had been evaluated by tensiometry was better
than in the other study groups.

Table 2: Means of variable in different groups

. . Groups Adhesion Fibrosis Inflammation F max (cN
first surgery. Three of tthem belonged to the vit A group, P score score (ch)
one rat died from the vit C group, three from the vitAand  \iamin A~ 4.740.32 2.25:0.21  15+0.28  1023.58+53.75
C, and two from the Sham group. The means of variables  vitamin ¢ 1$0.29  0.5+0.17  1.14x0.31 1188.70+75.34
are shown in Table 2. Vitamin A and  4+0.49  2.08+0.28  1.67+0.25 1162.49+110.19

Vitamin C
After evaluation by the ANOVA test, the analysis of variance ~ Sham 3+0.43  1.77#0.25  1.61+0.28  893.04+51.99
showed that there was a statistically significant difference p-value <0.0001  <0.0001 0.558 0.027
5.00 P<0.0001 P=0.003 3.00
450 P<0.0001 P<0.0001 P=0.002
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Figure 1: Adhesion score among the study groups. Data are presented as mean
+ standard error. vit A = Vitamin A; vit C = Vitamin C; vit A and C = Vitamin A and
vitamin C; sham = Sham group.*: p < 0.05 considered significant
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Figure 2: Fibrosis score among study groups. Data are presented as mean +
standard error. vit A = Vitamin A; vit C = Vitamin C; vit A and C = Vitamin A and
vitamin C; sham = Sham group.*: p < 0.05 considered significant
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Figure 3: Inflammation score among study groups. Data are presented as mean
+ standard error. vit A = Vitamin A; vit C = Vitamin C; vit Aand C = Vitamin A and
vitamin C; sham = Sham group.*: p < 0.05 considered significant

By considering that cytokines and inflammation play
an important role in the adhesion formation process,
previous studies mainly focused on the inhibition of the
inflammatory system to reduce adhesion formation. In
this study we focused on the improvement of wound
healing by vitamin A and C and their effect on adhesion
formation.

There are few studies in this field. One study that was
performed by Demetriou et al. reveals that administration
of vitamin A, of more than 150 mg orally, daily, increases
adhesion formation and lower doses do not influence
adhesion formation.!"" In line with this study we have found
that by the administration of vitamin A, adhesion formation
does not decrease and even increases, however, this change
is not statistically significant.

It is well-known that vitamin C is an important cofactor
for the synthesis of collagen, although the previous
studies only mention its role in wound healing and none
of them have evaluated its effect on adhesion formation.[*!
Lima et al.’s study revealed that vitamin C has an anti-
inflammatory and healing effect and improves skin wound
healing.™! In another study, performed by Petrinau et al.,
they have found that oral vitamin C increases the intestinal
anastomotic resistance in rats.®! In our study we have
found that vitamin C reduces adhesion formation and also
increases the wound integrity, which has been assessed
by tensiometry. This finding is against the theory which
mentioned that adhesion formation is the pathological
aspect of healing. In our study, administration of vitamin
A and vitamin C has decreased adhesion formation, but it
is not significant.

CONCLUSION

In conclusion, we deduce that administration of oral
vitamin C reduces adhesion formation and improves
wound healing, and administration of vitamin A does
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Figure 4: F-max among study groups. Data are presented as mean + standard
error. vit A = vitamin A; vit C = Vitamin C; vit Aand C = Vitamin A and vitamin C;
sham = Sham group.*: p < 0.05 considered significant

not reduce adhesion formation. On the other hand the
use of a combination of vitamin A and vitamin C does
not reduce adhesion formation nor does it increase
wound integrity.
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