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Evaluation of agar films in the prevention of postoperative 
peritoneal adhesions in an animal model

Bir hayvan modelinde postoperatif periton yapışıklığının önlenmesinde 
agar filmlerinin değerlendirilmesi 
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AMAÇ
Peritoneal yapışıklıkları uzun sürede önemli postoperatif 
morbidite nedenidir. Bu çalışma, bir hayvan modelinde ka-
rın cerrahisinden sonra yapışıklık oluşumunun azaltılma-
sında agar plakalarının etkinliğini değerlendirmektedir.

GEREÇ VE YÖNTEM
Yapışıklıklar bir laparotomi işlem sırasında 20 C57/BL6 
farelerde, çekum abrazyonuyla oluşturuldu. Deneysel grup 
şeklinde 10 farede agar plakaları kullanıldı, 28 gün sonraki 
ikinci operasyonda, yapışıklıklar iki grupta derecelendiril-
di. Veriler, Student t testi kullanılarak analiz edildi.

BULGULAR
Çalışma süresince iki grubun kilosu açısından anlamlı bir 
fark yoktu. Yapışıklıkların morfolojik görünüm karşılaş-
tırmasında, iki grup arasında belirgin bir fark yoktu. Aynı 
zamanda, iki grup arasında yapışıklıkların insidans oranı 
veya cerrahi işlem sonrası adezyon skorları bakımından da 
hiçbir anlamlı fark yoktu (p>0,05).

SONUÇ
Sahip olduğu hidrojel özelliklerine karşın, agar, uygula-
mada peritoneal cerrahiden sonraki yapışıklık oluşumunun 
azaltılmasında başarılı olmamıştır. Biyolojik bir ürün olma-
sı nedeniyle, agar, peritondaki doğal immün sistem tarafın-
dan uyarılan bir hiperreaktiviteye yol açabilir. Bu yüzden, 
agar, klinik uygulamada peritoneal cerrahiden sonra yapı-
şıklık oluşumunun azaltılmasına yönelik olarak yararlı gibi 
görünmemektedir.
Anahtar Sözcükler: Agar; cerrahi yapışıklık; karın cerrahisi.

BACKGROUND
Peritoneal adhesions cause significant long-term postop-
erative morbidity. This study evaluates the efficacy of agar 
plates as the physical barrier in reducing adhesion forma-
tion after abdominal surgery in an animal model.

METHODS
Adhesions were induced, by cecum abrasion, in 20 C57/
BL6 mice during a laparotomy procedure. Agar plates were 
used in 10 mice as the experimental group. At a second 
operation, 28 days later, the adhesions were graded, in two 
groups. Data were analyzed by using Student t test.

RESULTS
There was no significant difference in weight gain of the 
two groups during the study period. A comparison of the 
morphological appearances of the adhesions demonstrat-
ed that there was no evident difference between the two 
groups. There was also no significant difference in the in-
cidence ratio of adhesions or postoperative adhesion scores 
between the two groups (p value >0.05).

CONCLUSION
Despite the hydrogel properties of agar, it was not success-
ful in practice in the reduction of adhesion formation after 
peritoneal surgery. Since agar is a biological product, it may 
cause a hyperreactivity induced by the innate immune system 
in peritoneum. Therefore, agar does not appear to be useful in 
clinical practice for the reduction of adhesion formation after 
peritoneal surgery.
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Dense peritoneal adhesions are usually well vascu-
larized and innervated fibrous bands of tissue, which 
join together previously separated intra-abdominal 
organs. They commonly occur after surgical trauma, 
developing in more than 90% of patients undergoing 
laparotomy.[1] Adhesions occur in 68-100% of patients 
undergoing one or more laparotomies.[1-3]

A third of intestinal obstructions and nearly a 
quarter of female infertility cases are a consequence 
of adhesion formation.[2] This widespread condition 
therefore represents a tremendous financial burden to 
health services, in terms of time a relaparotomy and 
the cost of treating adhesion complications.[4] How-
ever, despite their clinical importance, information 
regarding the molecular and cellular events regulating 
adhesion formation is limited, and current prevention 
is based on careful surgery and the occasional use of 
physical barriers that are effective in only a proportion 
of patients. 

Numerous products have been used to help mini-
mize the formation of adhesions. However, none of 
the barriers has yet achieved sustained success.[5,6] 
Current agents such as HA-CMC (sodium hyaluronate 
- carboxymethylcellulose) and icodextrin are widely 
used in clinical practice, but the results with respect 
to their antiadhesive efficacy and biocompatibility are 
conflicting. 

Within 24 hours of HA-CMC application, the film 
becomes a hydrophilic gel that is absorbed by the body 
within 7 days and eliminated within 28 days. It has 
been shown to reduce the incidence of adhesions dur-
ing gynecological and bowel surgery.[7,8] However, 
these studies have been limited to laparotomy, and the 
stiff nature of HA-CMC complicates its use during 
laparoscopy. Moreover, several studies have shown 
conflicting results.[9-11] Signs of severe inflammations 
and abscess formation are reported.[10,11] Thus, research 
continues to find more suitable biophysical barriers 
for post-surgical adhesion prevention. One of the most 
significant criteria about such materials is that most of 
them can produce a hydrogel barrier on the target site. 
In this regard, an agent with the property of producing 
hydrogel under the condition that it does not react with 
the injured organ or stimulate the immune system can 
be considered as a proper antiadhesive barrier.

Agar is a polymer made up of subunits of the sug-
ar galactose, and is a component of the cell walls of 
several species of red algae that are usually harvested 
in eastern Asia and California. Dissolved in boiling 
water and cooled, laboratory agar looks gelatinous. 
Agar, unlike gelatin, will not be degraded (eaten) by 
bacteria, so despite its protein component, it cannot 
be used as a nutrient by bacteria in the abdomen. In 
this study, we decided to use agar in the form of agar 

plates for prevention of post-surgical adhesion in an 
animal model.

MATERIALS AND METHODS
Animals 
Twenty C57BL adult female mice 10-12 weeks 

of age and weighing 25-30 g were used in the study 
groups and purchased from Pastor Ltd., Tehran, Iran. 
All mice were maintained under standard conditions 
of food and water ad libitum on a 12-hour day-night 
cycle. The animals were randomly divided into control 
and experiment groups. 

Materials
A commercially available agar powder (Sigma Co. 

Ltd, USA) was used in this study. 0.75 mg of agar was 
dissolved in 100 ml normal saline and boiled. The so-
lution was poured into a network plate with 1 x 1 cm 
nets, and autoclaved for 20 minutes (min). Then, the 
plate was kept at room temperature for 20 min till the 
agar plates changed into a gel form. The agar plates 
were kept in sterile normal saline before use in the ab-
domen of animals.

Procedure
All animal experiments were approved by the med-

ical ethics committee of Isfahan University of Medical 
Sciences. Anesthesia was produced using an 80 mg/kg 
ketamine and 10 mg/kg xylazine intraperitoneal injec-
tion. The abdominal area of each animal was shaved 
with an electric clipper before operation. 

All mice underwent a midline laparotomy, and the 
cecum was identified and scored using an abrasive 
pad until serosal bleeding was noted on the anterior 
surface. The laparotomy site was then closed in two 
layers after an agar film barrier (1 × 1 cm) was laid be-
tween the cecum and peritoneum. In the control group, 
there was no barrier between the layers. Twenty-eight 
days later, the mice were sacrificed under ether anes-
thesia and underwent a second laparotomy by a sur-
geon blinded to the group assignment in order to eval-
uate the extent of abdominal adhesions qualitatively 
and quantitatively under the following guidelines:[12]

1. The general overall health of the test animals in-
dicated by their weight gain after the initial surgery. 

2. The incidence ratio of adhesions recorded as the 
number of animals with adhesions divided by the total 
number of animals in the group. 

3. The quality of adhesions on the previously 
abraded cecal side with a numeric score of 0-3 (0 = no 
adhesion, 1 = thin and filmy, 2 = significant and filmy, 
and 3 = severe with fibrosis) (Method I).

Additionally, the adhesion scores were qualitative-
ly measured using another 0-3 point scale for the fol-
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lowing four states:[13] no adhesion (0); slight adhesion 
(1+): adhesion of ~1 mm; moderate adhesion (2+): ad-
hesion of ~2 mm; and severe adhesion (3+): adhesion 
of >3 mm (Method II).

Statistical Analysis
Statistical evaluation was performed using SPSS 

13.0 for Windows. All quantitative data were report-
ed as mean ± SD. Student t test was performed for 
comparison of the results between the two groups. A p 
value less than 0.05 was considered significant.

RESULTS 
Our surgical procedure was well tolerated by the 

animals. There was no mortality during or after sur-
gery. All laparotomy sites were intact and none of the 
mice had dehiscence during the study period. Mean 
weight of mice was 28.1±2.4 g and 27.1±1.2 g (in con-
trol and experimental groups, respectively) before sur-
gery, and there was no significant difference between 
the two groups. Mean weight of mice was 32.8±0.2 g 
and 30.7±0.8 g at the end of the study period (28 days) 
in the control and experimental groups, respectively. 
There was no significant difference in the weight gain 
of the two groups during this time. Figure 1 shows the 
morphological appearance of the adhesions in the two 
groups. In the experimental group, we found fibrosis, 
vascularization and inflammation in adhesion bands 
(Fig. 2). None of the mice in the control group showed 
complications, abscess formation, peritonitis, or any 
sign of febrile morbidity, while peritonitis was seen in 
4 mice in the experimental group. 

Since adhesions were identified in all mice in both 
groups, there was no significant difference between 
groups with regard to frequency of adhesion forma-
tion. The postoperative adhesion scores are shown 
in Table 1. The mice in the experimental group did 
not show a significant decrease in adhesion scores 
(by Methods I or II) compared with the control group 
(p>0.05).

DISCUSSION
According to the results of this study, the animal 

group treated with agar plates did not show any differ-
ences in postoperative adhesion formation in compari-
son with the control group. 

Barrier adjuvants are used to prevent adhesions 
by decreasing the contact between injured tissues that 
leads to adhesion formation. Over the past decades, 
many investigations have been conducted to find a 
treatment modality to prevent adhesions after intra-
abdominal surgery. However, the success of the cur-
rent methods in adhesion prevention has not been sat-
isfactory.[14,15]

The biocompatibility of the currently used antiad-
hesive products is not reliable. Several cases of post-
operative acute aseptic peritonitis have been reported 
after using HA-CMC (Seprafilm) or 4% icodextrin 
(Adept). Although products are commonly used in 
clinical practice worldwide, their efficiency and bio-
compatibility have been increasingly questioned re-
cently.[16-24]

Fig. 1. (a) Morphological appearance of the adhesions in the experimental (A) and control (B) groups. Adhesion bands are 
observed between the colon and peritoneal surface (arrows). (b) Morphological appearance of the adhesions in the 
experimental (A) and control (B) groups. Adhesion bands are observed between the colon and peritoneal surface (ar-
rows).   

(a) (b)

Fig. 2. Fibrosis, vascularization and inflammation in adhe-
sion bands of the experimental group (observed in 4 
of 10 mice).
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Other available products, such as Ringer’s lac-
tate or dextran, seem to reduce neither the incidence 
nor the severity of adhesions. Massive side effects of 
dextran such as pleural effusion, edema, abdominal 
complaints, and dyspnea have prohibited its use as an 
adhesion barrier.[25] Another product, sodium hyaluro-
nate (HA), was withdrawn from the market because of 
its side effects and its attribute of enhancing colorectal 
tumor cell adhesion to the peritoneum.[26] 

As mentioned before, agar is a polymer made up 
of subunits of the sugar galactose. Hence, regarding 
its carbohydrate structure, it seems that agar cannot 
stimulate the immune system like some protein com-
ponents that are used as antiadhesive barriers. In ad-
dition, the property of producing hydrogel in the wet 
environment makes it a proper candidate as an antiad-
hesive barrier in abdominal surgery. However, accord-
ing to the results of our study, agar is not a suitable 
barrier for post-surgical adhesion prevention, and this 
may be attributed to different reasons.

Although agar cannot be consumed directly by 
bacteria as a nutrient, it is a stable medium that can 
prevent macrophages from reaching the site of bacte-
rial growth, and therefore agar can be considered as 
a suitable medium for bacterial growth and infection.

On the other hand, agar is a polymer made up of 
subunits of the sugar galactose, and is a component of 
the cell walls of several species of red algae. Although 
impurities, debris, minerals, and pigment are reduced 
to specified levels during manufacture, there are some 
impurities in this biological substance that can result 
in immune system stimulation and induction of in-
flammatory reactions at the site of surgery. This event 
can lead to a greater increase in adhesion formation. 

The immune system is composed of two major 
subdivisions, the innate or nonspecific immune sys-
tem and the adaptive or specific immune system. The 
innate immune system is a primary defense mecha-
nism against invading organisms, while the adaptive 
immune system acts as a second line of defense. In 
spite of the adaptive immune system, the innate im-
mune system includes defenses that, for the most part, 
are constitutively present and mobilized immediate-
ly upon infection. Additionally, the innate system is 
not antigen-specific and reacts similarly to a variety 

of organisms. Innate immunity relies on genetically 
predetermined pattern recognition receptors (PRRs) 
that recognize carbohydrates, lipids and proteins that 
are not produced by the host. These macromolecular 
structures, usually found in the cell wall, are referred 
to as pathogen-associated molecular patterns.[27] Ac-
cording to this information, it can be considered that 
agar may stimulate the innate immune system and 
induce inflammation at the site of surgery, which can 
lead to post-surgical adhesions. However, evaluating 
factors related to this kind of immunity can be helpful 
in proving this hypothesis. 

In conclusion, according to the results of this study, 
agar is not a suitable physical barrier for preventing 
post-surgical adhesions in the case of abdominal sur-
gery. 
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