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Amaç: Abdominal cerrahi girişimler sonrası gelişebilen intraabdominal adezyonlar halen ciddi morbidite ve mortaliteye yol açmaktadır. Biz bu 
çalışmada hyaluronik asitli adezyon bariyeri ile Calendula officinalis ekstraktının (COE) deneysel adezyon modeli oluşturduğumuz ratlardaki adezyon 
önleyici etkisini araştırıp karşılaştırmayı amaçladık.
Yöntem: Otuz rata laparatomi yaptık ve bu ratlarda scraping model oluşturarak postoperatif intraabdominal adezyonu indükledik. Hayvanları rastgele 
10 rattan oluşan 3 eşit gruba ayırdık. Kontrol grubu olan grup 1’e sadece çekal abrazyon oluşturup herhangi bir madde uygulamadık. Grup 2’ye çekal 
abrazyonu takiben hyalurinik asitli adezyon bariyeri uyguladık. Grup 3’e çekal abrasyonu takiben COE uyguladık.

ABSTRACT

ÖZ

Aim: Intra-abdominal adhesions that develop after abdominal surgery are still a cause of serious morbidity and mortality. This study compared the 
efficacy of a hyaluronic acid adhesion barrier and Calendula officinalis extract (COE) for inhibiting adhesion in rats.
Method: We performed laparotomies in 30 rats and induced postoperative intraabdominal adhesions using a scraping model. The animals were 
divided randomly into 3 groups of 10 rats each. We performed only caecal abrasions and did not apply any substance in the control group (group 
1). In group 2, we performed caecal abrasion and then applied the hyaluronic acid adhesion barrier to the abraded area. In group 3, we applied COE 
after the caecal abrasions.
Results: There were no significant differences among the groups in terms of the macroscopic adhesion score. Histopathologically, there was a 
significant difference in microscopic adhesion scores between groups 1 and 2 (p=0.044). There was also a significant difference between groups 1 and 
3 (p=0.010). There was no significant difference between groups 2 and 3 (p=1). Group 1 had the highest score for adhesions between the abdominal 
wall and intra-abdominal organs.
Conclusion: Both the COE and hyaluronic acid adhesion barrier significantly reduced the incidence of postoperative intra-abdominal adhesions in a 
rat scraping model. Although the mechanism is not clear, the COE applied in the peritoneal cavity reduced the development of adhesions. There was 
no significant difference between the COE and hyaluronic acid adhesion barrier in terms of preventing adhesions. Although the COE is less expensive 
than hyaluronic acid adhesion barrier, toxicology studies must be performed before it is used in humans.
Keywords: Calendula officinalis, hyaluronic acid, postoperative intra-abdominal adhesion, scraping model
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Introduction
Despite advances in the surgical techniques and instruments 
used, postoperative adhesions are unpredictable 
consequences of laparotomies. Postoperative intra-
abdominal adhesion formation remains an important cause 
of morbidity and mortality. The reported incidence of 
adhesions in patients after laparotomy ranges from 32.6% to 
90%.1,2 While some of these patients have no complaints, a 
significant proportion will develop small bowel obstruction, 
bowel infarction, pain, constipation, or infertility in 
women.3 The time required for treatment results in a loss of 
labour, and the costs of treatment constitute an economic 
loss.4 Several agents and barrier systems have been 
developed to reduce the incidence of adhesions, but none 
is 100% effective. The hyaluronic acid containing adhesion 
barrier (HAAB) is widely used worldwide.5 Although HAAB 
significantly reduced the formation of adhesions in some 
animal studies and clinical trials, it does not completely 
inhibit the formation of adhesions.

Calendula officinalis extract (COE) is an herbal agent that 
has anti-inflammatory, anti-oedema, and antimicrobial 
activities experimentally and clinically, and it is used 
traditionally in many parts of the world for healing 
wounds, peptic ulcers, and venous ulcers in the feet 
and legs of diabetics, preventing skin ulcers caused by 
radiotherapy for breast cancer, and improving colitis 
in inflammatory bowel disease. It was effective in the 
treatment of experimental oral mucositis in hamsters and 
in the treatment of second and third degree burns in ra
ts.6,7,8,9,10,11,12,13,14,15,16,17,18,19 Long-term studies have shown 
that the acute and chronic toxicity of oral COE is very low 
in female and male rats and rarely leads to anaphylactic 
reactions, uterotonic effects in pregnancies, hypotension, 
or sedation.20,21,22,23 The efficacy of COE in the treatment 
of many different pathological conditions has been 
demonstrated experimentally and clinically. However, few 
studies have examined the anti-adhesion activity of COE. 
Therefore, this study investigated the efficacy of COE in 

preventing postoperative intra-abdominal adhesions and 
compared it with the anti-adhesive efficacy of HAAB.

Materials and Methods
This study was conducted in the Animal Research Laboratory 
of Kahramanmaraş Sütçü İmam University after obtaining 
permission from the Ethics Committee. Thirty 10-12-week-
old male Wistar Albino rats, each weighing 300-350 grams, 
were used. The animals were divided into three groups of 10 
rats each. In group 1 (control group) only the scraping model 
was applied. In group 2, the scraping model was applied, 
and then HAAB was applied to the abraded bowel. Similarly, 
group 3 was subjected to scraping, and then the COE was 
applied. We used two gel preparations of The HAAB (Heine 
Medizin Adhesion Barrier Gel) (Figures 1, 2). The COE 
was obtained from the leaves of marigold plants (Calendula 
officinalis). Since a pure extract could not be obtained, it 
was obtained in a 4/3 ratio of pure olive oil to COE from an 
herbalist in Italy. A detailed biochemical analysis could not 
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Bulgular: Gruplar arasında makroskopik adezyon skorlaması açısından istatistiksel olarak anlamlı fark bulunamadı. Histopatolojik inceleme neticesinde 
mikroskopik adezyon skorları karşılaştırıldığında grup 1 ile 2 arasındaki istatistiksel fark p=0,044 olup anlamlıydı. Grup 1 ve 3 karşılaştırıldığında 
p=0,010 olup istatistiksel olarak anlamlıydı. Grup 2 ve 3 karşılaştırıldığında p=1 olup istatistiksel olarak anlamsızdı. Grup 1 abdominal duvar ve karın 
içi organlar arasındaki en yüksek adezyon skoru sergiledi.
Sonuç: Bu çalışma COE’nin ve hyalurinik asitli adezyon bariyerinin her ikisininde scraping modelli ratlarda postoperatif intraabdominal adezyonların 
insidansını önemli derecede azalttığını göstermiştir. Mekanizma açık olmamasına rağmen peritoneal kaviteye uygulanan COE adezyon gelişimini 
azaltmıştır. COE ile hyaluronik asitli adezyon bariyerinin arasında adezyonu önleme açısından istatistiksel anlamlı bir fark bulunamamıştır. Ancak 
COE maliyet açısından hyaluronik asitli adezyon bariyerinden daha çok avantajlı olmasına rağmen insanlar üzerinde uygulanmadan önce toksikoloji 
çalışmaları mutlaka yapılmalıdır.
Anahtar Kelimeler: Calendula officinalis, hyalurinik asit, postoperatif intra-abdominal adezyon, scraping model

ÖZ

Figure 1 and 2. The hyaluronic acid adhesion barrier (Heine Medizin 
Adhesion Barrier Gel)
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be performed. We also have no information on the altitude 
or region in Italy where the marigolds were grown. The rats 
were anaesthetised with 50 mg/kg ketamine hydrochloride 
(Ketalar, 50 mg/mL; intramuscular; Parke-Davis, İstanbul, 
Turkey) and 5 mg/kg xylazine (Xylazine-20 injection; 
Butler, Columbus, OH, USA).

A 3 cm midline incision was made after disinfecting the 
animal’s abdominal skin with povidone iodide. The terminal 
ileum and cecum were held in a wet sponge and mobilised. 
Both sides of a 5~10 cm segment of the terminal ileum and 
cecum were irritated with a sponge until a pellet formed on 
the serosal surface. The scraped segment was clamped for 1 
minute to create arterial transient ischemia (scraping model, 
Figure 3). The control group was subjected to scraping 
only. The scraped area was covered with 3 mL of COE in 
the COE group or 1 mL of adhesion barrier in the HAAB 
group. The abdominal incisions were closed with two layers 
of continuous 3/0 silk sutures. All rats were allowed to feed 
daily until they were sacrificed 15 days postoperatively. 
After sacrifice, an inverted U-shaped incision was made 
in the anterior abdominal wall to allow maximal exposure 
of the abdominal cavity. The adhesions were examined 
macroscopically by three independent investigators (A.E., 
A.I., and A.N.Ş.) and rated using the Blauer and Collins scale 
(Table 1). Adhesion-containing tissue samples were excised 
and fixed in 10% formaldehyde solution. The samples were 
embedded in paraffin and dehydrated. Then, 5 μm cross 
sections were prepared with a microtome. After staining 
with haematoxylin eosin, the samples were examined by 
the same pathologist (A.Y.B.) under light microscopy for 
their general structure, amount of fibroblast activity, and 
presence of fibrosis (Table 2). A fibrosis score for each rat 
was calculated according to these criteria.

Statistical Analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used to analyse 
the data. The Kruskal-Wallis H-test was used for the 
nonparametric tests with the Monte Carlo simulation 
technique, and Dunn’s test was used for the post hoc 
analyses. Quantitative variables are shown as the median 
(range), and categorical variables as a number. Variables 
were examined at the 95% confidence level, and a p value 
≤0.05 was considered significant.

Results
All 30 rats survived until the repeat laparotomy. Table 1 
shows the Blauer and Collins macroscopic adhesion scores. 
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Figure 3. Scraping model

Table 1. Macroscopic adhesion assessment scores for the three 
groups

Macroscopic findings
(Blauer and Collins 
scale)

Calendula 
officinalis 
extract 
group 
(n=10)

Hyaluronic 
acid 
adhesion 
barrier group 
(n=10)

Control 
group 
(n=10)

No adhesions 2 3 –

Slender or narrow, easily 
separable adhesions

3 3 4

Thick adhesions in a 
limited area

3 1 2

Widespread thick 
adhesions

2 3 1

Widespread thick 
adhesions connecting 
organs with the anterior or 
posterior abdominal wall

– – 3

Total 10 10 10

Table 2. Scores for adhesions in the three groups based on 
macro- and microscopic findings

 Group n Microscopy Macroscopy

Median 
(range)

Median 
(range)

Control 10  0.5 (0-2) 1.5 (0-3)

Hyaluronic acid 10 1 (1-3) 1 (0-3)

Calendula officinalis 10 2 (1-2) 2 (1-4)

Total 30 1 (0-3) 1.5 (0-4)

p values (overall) 0.004 0.266

Pairwise 
comparisons

I&II 0.044 ns

I&III 0.010 ns

II&III 1 ns

Kruskal–Wallis test (Monte Carlo), Dunn’s post hoc test

ns: Not significant



Grade 4 adhesions were seen only in three rats in the control 
group. The adhesions were grade 0-4 in 0, 4, 2, 1, and 3 rats 
in the control group, 3, 3, 1, 3, and 0 rats in the HAAB group, 
and 2, 3, 3, 2, and 0 rats in the COE group, respectively. 
There were no differences in the Blauer and Collins scores 
among the groups (Table 2; Figure 4). Table 3 summarises 
the results of the histopathological examinations in terms of 
the general structure of the adhesions, amount of fibroblast 
activity, and presence of fibrosis. Respective microscopic 
adhesion assessment scores of 0 to 3 were seen in 2, 4, 4, 
and 0 rats in the control group, 0, 6, 3, and 1 rats in the 
HAAB group, and 5, 4, 1, and 0 rats in the COE group 
(Figures 5, 6, 7). Histopathologically, the fibrolipomatous 
tissue of the adherent areas of rats in the control group 
showed a decrease in fat tissue, with moderate fibrosis and 
fibroblast accumulation and a moderate mixed infiltration 
of lymphocytes, plasma cells, and polymorphonuclear 
leukocytes (Figure 7). The density of inflammatory cells 
and fibroblasts was decreased in the HAAB and COE groups 
(Figure 5). Comparison of the microscopic adhesion scores 
based on the histopathological examination revealed 
significant differences between groups 1 and 2 (p=0.044) 
and between groups 1 and 3 (p=0.010), but not between 
groups 2 and 3 (p=1). Group 1 had the highest score for 
adhesions between the abdominal wall and intra-abdominal 
organs (Table 2). COE and HAAB significantly reduced 
the incidence of intra-abdominal peritoneal adhesions 
in scraping-model rats when compared with the control 
group (Graph 1).

Discussion
Although the mechanism is not clear, COE administered in 
the peritoneal cavity significantly reduced the development 
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Table 3. Microscopic adhesion assessment scores in the three 
groups

Microscopy findings Calendula 
officinalis 
group

Hyaluronic 
acid adhesion 
barrier group

Control 
group

No inflammation 5 – –

Large cells, rare scattered 
lymphocytes and plasma 
cells

4 6 4

Large cells together with 
an increased number of 
lymphocytes, neutrophils, 
eosinophils, and plasma 
cells

1 3 6

Multiple and mixed 
inflammatory cells, 
micro-abscesses

– 1 -

Total 10 10 10

Graph 1. Calendula officinalis extract and hyaluronic acid adhesion 
barrier significantly reduced the incidence of intra-abdominal peritoneal 
adhesions in scraping-model rats when compared with the control group

Figure 4. According to Blauer and Collins classification, at groups a) 
first degree, b) second degree, c) third degree, and d) fourth degree of 
adhesion observed

Figure 5. Omental loose fibrolipomate tissue in adherence sites has 
been replaced by a fat reduced and vascularized granulation tissue. 
Fine fibrous bands (arrows) and scattered lymphocytes, histiocytes and 
plasma cell groups (intra-circle) were rated as score 1 (10x objective, 
hematoxylin eosin staining)
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of adhesions. There was no statistical difference between 
COE and HAAB at preventing adhesions. COE is less 
expensive than HAAB. Although no adverse effects were 
seen in the rats treated with COE, toxicology studies must be 
performed before it is administered to humans. In addition, 
studies should examine the effects of higher doses of COE 
on its efficacy and toxicity. The rate of obstruction caused by 
abdominal surgery-induced adhesions ranges from 92.9% to 
100%24,25 of which 60~70% are small bowel obstructions.25 
The relaparotomy rate due to obstruction is 29~50%.26,27 
Other adverse effects of adhesions include enterocutaneous 
fistulas, intra-abdominal abscesses, chronic abdominal 
pain, and infertility in females due to perforations caused 
by intestinal obstruction.28,29 The prolonged hospital stays 
and loss of labour are other important problems. Recurrent 

relaparotomy is also a major cause of mortality.28 Although 
there is now a fairly good understanding of how and why 
adhesions occur, and there are agents to reduce adhesion 
formation, no agent completely prevents adhesions. 
Foreign bodies, blood, tissue ischemia, infection, and some 
chemicals that cause irritation and damage the peritoneum 
are all responsible for the formation of adhesions.30,31 
There are many models of the formation of adhesions in 
experimental animals, including caecal scraping, caecal 
abrasion, uterine adhesion, peritonitis, and peritoneal defect 
models.32,33,34,35,36 We chose a scraping model that involved 
both ischemic and peritoneal injury (Figure 3) because 
ischemia and peritoneal damage frequently occur during 
abdominal surgery in humans. After abdominal surgery, 
adhesions form in an average of 7-10 days, and fibrosis with 
the formation of fibrotic bands occurs in 14 days. Therefore, 
we waited 15 days to perform the relaparotomies. There is 
no globally accepted scoring system for adhesions. Rather, 
different scoring systems are based on various parameters 
such as thickness, type, vascularisation, adhesiveness, 
density, and fibroblast density of the adhesions. The Mazuji 
adhesion scale ranges from 0 to 5, the Moreno score from 
2 to 7, the Bigatti score from 0 to 11, and the Blauer and 
Collins38 score from 0 to 4.37,38 We chose the scoring system 
of Blauer and Collins, which is used widely and is useful for 
assessing macroscopic and microscopic adhesions. Various 
agents have been used to prevent postoperative adhesions, 
including corticosteroids, antihistamines, dextran, saline, 
anti-cytokine agents, a recombinant tissue plasminogen 
activator, aprotinin, octreotide, heparin, and biorefined 
membranes modified from carboxymethyl cellulose, oxidised 
regenerated cellulose, polyethylene glycol, expanded 
polytetrafluoroethylene, and hyaluronic acid. However, no 
agent or system completely inhibits adhesions.39,40 Currently, 
hyaluronic acid preparations are among the most widely 
used. In this study, we compared the efficacy of HAAB 
at preventing postoperative intra-abdominal adhesions 
with that of COE, which has antimicrobial, anti-oedema, 
and anti-inflammatory activities. The results showed that 
intraperitoneal COE and HAAB both significantly reduced 
the development of adhesions compared with the control 
group. There was no difference in the inhibitory effect of 
the two agents. None of the rats died before the end of 
the experiment, suggesting that both agents were reliable 
in the quantities used. However, we cannot predict the 
effects of applying COE in different quantities. In our 
study, the use of HAAB within the peritoneal cavity gave 
results similar to those obtained in many previous studies, 
further demonstrating its efficacy in preventing adhesions. 
One of the major shortcomings of our study is the lack of a 
pre-application biochemical analysis of the COE obtained 
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Figure 6. According to score 1, thicker fibrotic bands (arrows) and 
increase in inflammatory cell accumulation (inside circle) were evaluated 
as score 2 (10x objective, hematoxylin eosin staining)

Figure 7. Intensive inflammatory cell accumulation with thick 
hyalinized fibrotic bands (arrows) and microabscess foci (in-the-circle) 
were assessed as score 3 (10x objective, hematoxylin eosin staining)



from an herbalist or knowledge of the region in Italy and 
the altitude where the COE we used originated. Since the 
content of many herbal agents can vary regionally and with 
altitude, precise information about these variables would 
enhance the value of future work. In summary, the COE 
reduced postoperative intra-abdominal adhesion formation 
but did not prevent it completely. The similarity of the 
results using HAAB and COE suggest that new agents should 
be investigated for this purpose. Further studies should also 
investigate the effectiveness of different quantities of COE. 
As predicted, COE reduced the development of adhesions, 
although it did not prevent them completely. Although our 
results show that COE is effective in preventing adhesions 
in rats, further studies are needed before it can be used in 
humans.
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