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Postoperative intraperitoneal adhesions remain an important cause of morbidity in both human and veterinary 
surgery. The present study aimed to evaluate the effects of Turkish propolis on experimentally induced 
intraperitoneal adhesions in rats. Fifty male Sprague–Dawley rats were randomly divided into five groups 
(n=10). Adhesions were induced by standardized serosal abrasion and ischemic injury of the terminal ileum and 
cecum following median laparotomy under ketamine–xylazine anesthesia. Treatment groups received topical 
propolis, oral propolis (4 g/kg/day for 14 days), or a combination of both. Adhesions were evaluated 
macroscopically according to the Nair adhesion scoring system on postoperative day 14. Adhesion scores were 
highest in the control group (11.5 ± 6.1) and lowest in the oral propolis group (1.5 ± 1.2). Both topical and oral 
administration reduced adhesion severity compared with controls. Oral propolis showed the most pronounced 
protective effect. These findings suggest that Turkish propolis may represent a promising natural therapeutic 
agent for preventing postoperative intraperitoneal adhesion formation. 
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ÖZ 
Postoperatif intraperitoneal adezyonlar hem insan hem de veteriner cerrahisinde önemli bir morbidite nedeni 
olmaya devam etmektedir. Bu çalışmada, deneysel olarak oluşturulan intraperitoneal adezyonlar üzerine Türk 
propolisinin etkilerinin değerlendirilmesi amaçlandı. Çalışmada elli adet erkek Sprague–Dawley rat rastgele beş 
gruba ayrıldı (n=10). Adezyonlar, ketamin–ksilazin anestezisi altında median laparotomi sonrası terminal ileum 
ve çekumda standartlaştırılmış serozal abrazyon ve iskemi oluşturularak meydana getirildi. Tedavi gruplarına 
topikal propolis, oral propolis (14 gün boyunca 4 g/kg/gün) veya her iki uygulamanın kombinasyonu verildi. 
Adezyonlar postoperatif 14. günde Nair adezyon skorlama sistemine göre makroskopik olarak değerlendirildi. 
Adezyon skorlarının kontrol grubunda en yüksek (11.5 ± 6.1), oral propolis grubunda ise en düşük (1.5 ± 1.2) 
olduğu belirlendi. Hem topikal hem de oral propolis uygulamalarının kontrol grubuna kıyasla adezyon şiddetini 
azalttığı, en belirgin koruyucu etkinin ise oral propolis grubunda gözlendiği tespit edildi. Bu bulgular, Türk 
propolisinin postoperatif intraperitoneal adezyon oluşumunun önlenmesinde umut verici doğal bir terapötik 
ajan olabileceğini düşündürmektedir. 
 
 
Anahtar Kelimeler: Deneysel cerrahi, İntraperitoneal adezyon, Propolis, Rat. 

 
a  mail: nkilic@adu.edu.tr  ORCID: 0000-0001-8452-161X   b  mail: abelge@adu.edu.tr  ORCID: 0000-0003-3346-6926 
c  mail: ryaygingul@adu.edu.tr  ORCID: 0000-0001-7402-9031   d  mail: busra.kibar@adu.edu.tr  ORCID: 0000-0002-1490-8832 
e  mail: selim.tekin8719@gmail.com  ORCID: 0009-0004-9785-9897    

 
How to Cite: Kılıc N, Belge A, Yangıngul R, Kıbar B, Tekin S (2026) Investigation of the Effectiveness of Turkish Propolis on Experimentally Induced 

Intraperitoneal Adhesions in Rats, Turkish Veterinary Journal, 8(1): 14-19 

Introduction 

Postoperative intra-abdominal adhesions remain one 
of the most common complications following abdominal 
surgery in both human and veterinary medicine. 
Adhesions develop in a substantial proportion of patients 
following abdominal procedures and may result in 
serious clinical consequences such as intestinal 
obstruction, infertility, chronic abdominal pain, and 
complications during reoperative surgery (Dijkstra et al., 
2000; Vrijland et al., 2003). In veterinary species, 
particularly horses, postoperative adhesions represent a 
major cause of morbidity and mortality associated with 

intestinal obstruction and recurrent colic syndromes 
(Rizzo et al., 2010). 

The pathogenesis of intraperitoneal adhesion 
formation involves a complex interaction between 
inflammatory mediators, fibrin deposition, fibroblast 
proliferation, angiogenesis, and impaired fibrinolytic 
activity following peritoneal injury (Chegini et al., 2001). 
Under normal physiological conditions, fibrin deposits 
formed after peritoneal trauma are removed by plasmin-
mediated fibrinolysis; however, suppression of 
fibrinolytic activity results in persistence of fibrin bridges 
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and subsequent formation of permanent fibrous 
adhesions (Vipond et al., 1990). Factors such as tissue 
ischemia, infection, foreign body reactions, and surgical 
manipulation play a critical role in promoting adhesion 
formation (Hellebrekers & Kooistra, 2011). 

Recent studies have provided a more comprehensive 
understanding of the molecular mechanisms involved in 
postoperative adhesion formation. In addition to 
impaired fibrinolysis and fibrin persistence, transforming 
growth factor-beta (TGF-β), vascular endothelial growth 
factor (VEGF), inflammatory cytokines, and oxidative 
stress have been identified as major contributors to 
fibroblast activation and excessive extracellular matrix 
deposition. Despite advances in minimally invasive 
surgical techniques and the development of anti-
adhesion barrier materials, postoperative adhesions 
remain a significant clinical challenge. Therefore, the 
search for novel therapeutic agents with anti-
inflammatory, antioxidant, and antifibrotic properties 
continues to attract considerable scientific interest 
(Hellebrekers & Kooistra, 2011; Coccolini et al., 2013; Ten 
Broek et al., 2014). 

Propolis is a natural resinous substance collected by 
honeybees (Apis mellifera) from plant exudates and has 
attracted considerable scientific interest because of its diverse 
biological properties. Previous studies suggest that propolis 
may possess antimicrobial, antioxidant, anti-inflammatory, and 
immunomodulatory activities, although its biological effects 
can vary depending on geographical origin and chemical 
composition (Çelik et al., 2009; Zulhendri et al., 2021; Al-
Hatamleh et al., 2020). Among its bioactive constituents, caffeic 
acid phenethyl ester (CAPE) has been associated with 
modulation of inflammatory pathways, including inhibition of 
nuclear factor-kappa B (NF-κB) activation and reduction of pro-
inflammatory mediator production (Natarajan et al., 1996; Al-
Hatamleh et al., 2020). Furthermore, propolis has been 
reported to support wound healing processes through 
antioxidant activity, regulation of inflammatory responses, and 
promotion of tissue repair mechanisms (Przybyłek & Karpiński, 
2019; Zulhendri et al., 2021). These properties suggest that 
propolis may have potential value in reducing postoperative 
adhesion formation. 

Although propolis has been evaluated in several 
experimental models of inflammation and tissue repair, studies 
investigating the effects of Turkish propolis on experimentally 
induced intraperitoneal adhesions remain limited. Therefore, 
the present study aimed to evaluate the effects of topical and 
oral administration of Turkish propolis on intraperitoneal 
adhesion formation in rats. 

 
Materials and Methods 

 
Ethics Statement 
This study was carried out with the approval of 

Aydın Adnan Menderes University Animal Experiments 
Local Ethics Committee (ADU-HADYEK) numbered 
(Approval No: 64583101/2018/020, Approval Date: 
30/01/2018). 

Chemical analysis of propolis 
The chemical composition of the propolis extract 

was analyzed using gas chromatography–mass 
spectrometry (GC–MS). Briefly, 1 mg of propolis extract 
was derivatized with 50 μL pyridine and 100 μL 
bis(trimethylsilyl) trifluoroacetamide (BSTFA) containing 
trimethylchlorosilane (TMCS) and incubated at 100°C 
for 30 minutes prior to analysis. One microliter of the 
derivatized sample was injected into a GC–MS system 
(Agilent 6890 Gas Chromatograph coupled with Agilent 
5973 Mass Selective Detector). Chromatographic 
separation was performed using a capillary column (30 
m × 0.25 mm internal diameter × 0.25 μm film 
thickness). Helium was used as the carrier gas at a flow 
rate of 1 mL/min. The oven temperature program was 
set as follows: initial temperature 100°C (held for 5 
min), increased to 150°C, followed by gradual 
increments of 2°C/min up to 280°C and held for 60 
minutes. Peaks were identified by comparison with 
reference spectral libraries (Banskota et al., 2001; 
Kumazawa et al., 2004). 

Preparation of propolis extract 
Raw propolis samples were collected manually from 

Apis mellifera colonies located in regions dominated by 
Populus spp. vegetation. The samples were ground into 
powder using a mortar and pestle. Thirty grams of 
powdered propolis were extracted with 100 mL ethanol 
and kept in darkness at room temperature for one 
week. The extract was then filtered through filter paper 
and centrifuged at 1000 rpm for 5 minutes. Ethanol was 
removed using a vacuum evaporator at 50–60°C. The 
purified extract was used for preparation of topical 
propolis ointment using vaseline as a carrier material. 
The extraction and preparation procedures were 
performed according to previously described methods 
with minor modifications (Marcucci, 1995; Banskota et 
al., 2001). 

Experimental animals 
A total of 50 male Sprague–Dawley rats weighing 

250–300 g and aged 6–12 months were used in this 
study. The animals were obtained from the 
Experimental Animal Unit of Aydın Adnan Menderes 
University Faculty of Veterinary Medicine. Rats were 
housed individually under controlled environmental 
conditions (temperature 15–20°C, humidity 50–60%) 
with a 12-hour light/dark cycle and had free access to 
standard laboratory feed and water. Animals were 
allowed to acclimatize to laboratory conditions for 14 
days prior to the experiment. 

Experimental design and induction of 
intraperitoneal adhesions 

Animals were randomly divided into five groups (n = 
10 per group). General anesthesia was induced using 
intramuscular ketamine (50 mg/kg) and xylazine (5 
mg/kg). Following median laparotomy, the cecum and 
terminal ileum were exposed. Standardized serosal 
injury was created by gentle abrasion using sterile 
gauze on the terminal ileum (last 10 cm) and cecum. 
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Local ischemia was induced by applying vascular 
compression with an alligator clamp for 1 minute. 

Animals in the control group received no treatment 
following adhesion induction. In the sham group, 5 mL 
vaseline was applied intraperitoneally. In the topical 
propolis group, propolis ointment was applied directly 
to the injured surfaces. In the oral propolis group, 
propolis extract was administered via nasogastric tube 
at a dose of 4 g/kg/day for 14 days. In the combined 
topical + oral propolis group, both topical propolis 
ointment and oral propolis extract were administered. 

Following treatment, the abdominal incision was 
closed routinely and animals were allowed to recover 
under standard laboratory conditions. The experimental 
adhesion model was established based on previously 
reported methods for inducing postoperative 
intraperitoneal adhesions in laboratory animals (Nair et 
al., 1974; Liakakos et al., 2001). 

Macroscopic evaluation of adhesions 
On postoperative day 14, relaparotomy was 

performed under the same anesthesia protocol. 
Adhesions between the terminal ileum, cecum, and 
surrounding abdominal tissues were evaluated 
macroscopically according to the Nair adhesion scoring 
system. Adhesions were graded according to the Nair 
adhesion scoring system as follows: Grade 0 (no 
adhesion), Grade 1 (single adhesion band), Grade 2 
(two adhesion bands), Grade 3 (more than two 
adhesion bands), and Grade 4 (viscera directly adherent 
to the abdominal wall) (Nair et al., 1974) (Figures 1–4). 

 

Figure 1. Grade 1 adhesion formation according to the Nair 
adhesion scoring system. A single fibrous adhesion band 

between the visceral surface and the parietal peritoneum is 
visible (arrow). 

 

Figure 2. Grade 2 adhesion formation according to the Nair 
adhesion scoring system. Two fibrous adhesion bands between 

intestinal loops and adjacent peritoneal tissues are observed 
(arrows). 

 

 

Figure 3. Grade 3 adhesion formation according to the Nair 
adhesion scoring system. Multiple fibrous adhesion bands 

between intestinal loops and adjacent peritoneal tissues are 
observed, resulting in moderate adhesion formation (arrows). 

 

 

Figure 4. Grade 4 adhesion formation according to the Nair 
adhesion scoring system. Extensive and dense fibrous adhesions 

involving multiple intestinal loops and surrounding peritoneal 
structures are observed. 
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At the end of the evaluation period, animals were 
euthanized by intraperitoneal administration of 
pentobarbital sodium (100 mg/kg). 

Statistical analysis 
Statistical analyses were performed using SPSS software 

(Version 12.0, IBM Corp., Armonk, NY, USA). Adhesion 
scores obtained according to the Nair adhesion scoring 
system were expressed as mean ± standard deviation (SD). 
Since the adhesion scores represented ordinal data and the 
sample size per group was limited (n = 10), non-parametric 
tests were used for statistical evaluation. 

Differences among groups were analyzed using the 
Kruskal–Wallis test. When a significant difference was 
detected, pairwise comparisons between groups were 
performed using Dunn’s post hoc test. A value of P < 0.05 
was considered statistically significant. 
 

Results and Discussion 
 

Macroscopic evaluation of postoperative intraperitoneal 
adhesions demonstrated differences among the 
experimental groups according to the Nair adhesion scoring 
system (Table 1). The highest adhesion scores were 
observed in the control group (11.5 ± 6.1), whereas lower 
scores were detected in the sham group (5.7 ± 6.7) and 
treatment groups. Adhesion scores were 7.0 ± 6.7 in the 
topical propolis group, 1.5 ± 1.2 in the oral propolis group, 
and 2.0 ± 1.6 in the combined topical + oral propolis group. 
Table 1. Macroscopic adhesion scoring system (Nair et al., 1974) 
Grade Description 

0 No adhesions 

1 
Single adhesive band between organs or between an 

organ and the abdominal wall 

2 
Two adhesive bands between organs or between an 

organ and the abdominal wall 

3 
More than two adhesive bands between organs, or 

adhesions between intestinal loops without attachment 
to the abdominal wall 

4 Direct adhesion of viscera to the abdominal wall 

Statistical analysis using the Kruskal–Wallis test revealed 
a significant difference among groups (H = 15.44, P = 
0.0039). Post-hoc comparisons indicated that adhesion 
scores in the oral propolis group and the combined topical + 
oral propolis group were significantly lower than those in 
the control group (P < 0.05). No statistically significant 
differences were observed between the control group and 
the sham or topical propolis groups (P > 0.05) (Table 2). 
Table 2. Comparison of macroscopic intraperitoneal 
adhesion scores among experimental groups according to 
the Nair adhesion scoring system 

Group n 
Adhesion score 

(mean ± SD) 
Statistical 
grouping 

Control 10 11.5 ± 6.1 a 
Sham (Vaseline) 10 5.7 ± 6.7 ab 
Topical propolis 10 7.0 ± 6.7 ab 
Oral propolis (4 

g/kg/day) 
10 1.5 ± 1.2 b 

Topical + oral 
propolis 

10 2.0 ± 1.6 b 

Adhesions were evaluated macroscopically on postoperative day 14 using 
the Nair adhesion scoring system. Data are presented as mean ± standard 
deviation. Different superscript letters (a, b) indicate statistically significant 
differences between groups (P < 0.05; Dunn post-hoc test). 

The distribution of observed adhesion bands according 
to the Nair adhesion grading system is presented in Table 3. 
The frequencies shown in the table represent adhesion 
bands identified during macroscopic evaluation rather than 
the number of animals. Therefore, multiple adhesion bands 
could be recorded in a single animal. The frequencies 
represent adhesion bands identified during macroscopic 
evaluation rather than the number of animals. Higher-grade 
adhesions (Grade 3–4) were predominantly observed in the 
control group, whereas lower-grade adhesions (Grade 0–2) 
were more frequent in the propolis-treated groups. In 
particular, Grade 4 adhesions were not observed in the 
combined topical + oral propolis groups. Similarly, the 
frequency of Grade 3 adhesions was markedly reduced in 
these groups compared with the control group. 
Table 3. Distribution of observed adhesion bands according 
to the Nair adhesion grading system among experimental 
groups 

Group 
Grade 

0 
Grade 

1 
Grade 

2 
Grade 

3 
Grade 

4 
Control 0 2 3 4 6 

Sham 2 5 5 2 2 

Topical 
propolis 

1 6 2 0 3 

Oral propolis 3 6 1 0 0 
Topical + oral 

propolis 
1 5 3 1 0 

Data represent the distribution of adhesion bands observed macroscopically 
on postoperative day 14 in each experimental group. 

In contrast, the oral propolis group demonstrated the 
highest number of low-grade adhesions (Grade 0–1), 
indicating a reduction in adhesion severity. These findings 
support the macroscopic adhesion score results and further 
confirm the protective effect of Turkish propolis against 
postoperative intraperitoneal adhesion formation (Table 3). 

Postoperative intraperitoneal adhesions remain a 
significant clinical problem in both human and veterinary 
surgery despite improvements in surgical techniques and 
preventive strategies. Adhesion formation is primarily 
associated with peritoneal trauma, ischemia, inflammation, 
and suppression of fibrinolytic activity, resulting in excessive 
fibroblast proliferation and collagen deposition (Chegini et 
al., 2001). 

In the present study, experimentally induced 
intraperitoneal adhesions were successfully established 
using a standardized serosal abrasion and ischemia model. 
Macroscopic adhesion scores were significantly reduced in 
all propolis-treated groups compared with the control 
group. Among treatment modalities, oral administration of 
propolis produced the most pronounced reduction in 
adhesion formation, suggesting a potential systemic 
protective effect of propolis against postoperative adhesion 
development. 

Inflammatory cytokines such as tumor necrosis factor-α 
(TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6), and 
transforming growth factor-β1 (TGF-β1) play a critical role in 
adhesion formation by suppressing fibrinolytic activity and 
promoting fibroblast proliferation (Tietze et al., 1998; 
Chegini et al., 2001). Previous studies have suggested that 
propolis and its bioactive components, particularly caffeic 
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acid phenethyl ester (CAPE), inhibit activation of nuclear 
factor-κB (NF-κB) and reduce production of pro-
inflammatory cytokines involved in tissue injury and fibrosis 
(Cardile et al., 2003; Borrelli et al., 2002). Therefore, the 
anti-adhesive effects observed in the present study may be 
associated with the anti-inflammatory and antifibrotic 
properties of propolis (Cardile et al., 2003; Al-Hatamleh et 
al., 2020). 

Oxidative stress is another important factor contributing 
to postoperative adhesion formation. Reactive oxygen 
species produced after peritoneal injury enhance fibroblast 
activation and extracellular matrix deposition. Propolis has 
been reported to exhibit strong antioxidant activity due to 
its flavonoid and phenolic compound content, which may 
further contribute to its protective effects against adhesion 
development (Russo et al., 2002). 

Previous studies have investigated a wide range of 
strategies for the prevention of postoperative adhesions, 
including fibrinolytic agents, anticoagulants, anti-
inflammatory drugs, antioxidant therapies, and physical 
barrier materials. Although some approaches have shown 
beneficial effects in experimental and clinical settings, their 
efficacy has varied considerably among studies, and no 
universally accepted method has completely eliminated 
postoperative adhesion formation. Consequently, the 
development of novel therapeutic agents with anti-
inflammatory, antioxidant, and antifibrotic properties 
remains an important area of ongoing research (Ten Broek 
et al., 2014; Coccolini et al., 2013; Hellebrekers & Kooistra, 
2011). 

Interestingly, oral administration of propolis was found 
to be more effective than topical application alone. This 
finding suggests that systemic anti-inflammatory and 
antioxidant mechanisms may play a more prominent role 
than local effects in preventing adhesion formation 
(Etebarian et al., 2024) However, further experimental 
studies are needed to confirm this observation and to clarify 
the underlying mechanisms responsible for the enhanced 
protective effect of oral administration. 

The present study has some limitations that should be 
considered. First, the evaluation of adhesions was based on 
macroscopic scoring without histopathological examination. 
Second, biochemical markers of inflammation and oxidative 
stress were not analyzed. Future studies including 
histological evaluation and cytokine profiling may provide 
further insight into the mechanisms underlying the anti-
adhesive effects of propolis. 
 

Conclusion 
 

In conclusion, the present study demonstrated that 
Turkish propolis significantly reduced the severity of 
experimentally induced postoperative intraperitoneal 
adhesions in rats. Both topical and oral administration of 
propolis were effective in decreasing adhesion formation 
compared with the control group, with oral administration 
showing the most pronounced protective effect according 
to the Nair adhesion scoring system. 

The anti-inflammatory and antioxidant properties of 
propolis are likely to contribute to its protective role by 
modulating the early inflammatory response and reducing 
fibrin deposition during adhesion formation. These findings 
suggest that Turkish propolis may represent a promising 
natural therapeutic agent for the prevention of 
postoperative intraperitoneal adhesions. 

However, further experimental studies supported by 
histopathological and molecular analyses, as well as clinical 
investigations in larger animal models and humans, are 
required to clarify the mechanisms of action and evaluate 
the potential clinical applicability of propolis in routine 
surgical practice. 
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