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Abstract

Objective: Effects of lycopene in prevention of intra-abdominal adhesion formation in a rat model. Methods: Twenty-eight rats 
were divided into four groups consisting of 7 rats each. Group 1 (only adhesion), Group 2 (adhesion + corn oil), Group 3 (adhe-
sion + 5 mg/kg lycopene), Group 4 (adhesion + 20 mg/kg lycopene). Adhesion score, histopathology, vascular endothelial growth 
factor (VEGF) H-score, malondialdehyde (MDA), total antioxidant capacity, and VEGF values were measured. Results: There 
were significantly higher extent, severity, degree, and total adhesion scores in the control and corn-oil group than in the low 
lycopene and high lycopene group. VEGF H-scores were significantly lower in lycopene-given groups, regardless of dose. When 
the low lycopene and high lycopene groups were compared in terms of anti-VEGF H-score, no significant difference was observed. 
Malondialdehyde levels were statistically significantly lower in the control and high lycopene group. Conclusions: Biochemical 
parameters, histopathological examination, and adhesion scoring revealed that lycopene significantly reduced adhesion formation.
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Resumen

Objetivo: Evaluar los fectos del licopeno en la prevención de la formación de adherencias intraabdominales en un modelo con 
ratas. Métodos: Veintiocho ratas se dividieron en cuatro grupos de siete cada uno: grupo 1, solo adhesión; grupo 2, adhesión 
más aceite de maíz; grupo 3, adhesión más 5 mg/kg de licopeno; y grupo 4, adhesión más 20 mg/kg de licopeno. Se midieron 
la puntuación de adherencia, la histopatología, la puntuación H del factor de crecimiento endotelial vascular (VEGF), el malo-
ndialdehído, la capacidad antioxidante total y los valores de VEGF. Resultados: Hubo puntuaciones de extensión, gravedad, 
grado y adhesión total significativamente más altas en los grupos control y con aceite de maíz que en el grupo con bajo y alto 
licopeno. Las puntuaciones VEGF H fueron significativamente más bajas en los grupos que recibieron licopeno, independiente-
mente de la dosis. Cuando se compararon los grupos con niveles bajos y altos de licopeno en términos de puntuación H anti-
VEGF, no se observaron diferencias significativas. Los niveles de malondialdehído fueron más bajos en los grupos de control 
y alto en licopeno, con una diferencia estadísticamente significativa. Conclusiones: Los parámetros bioquímicos, el examen 
histopatológico y la puntuación de adherencias revelaron que el licopeno redujo significativamente la formación de adherencias.

Palabras clave: Adhesión. Licopeno. Peritoneo. Rata. Factor de crecimiento endotelial vascular.
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Introductıon
Although our knowledge about peritoneal cavity 

physiology and peritoneal healing mechanisms is 
increasing, post-operative adhesions continue to be 
a problem for surgeons from different disciplines. In 
different studies, the direct relationship between 
intra-abdominal surgical interventions and adhesion 
formation has been revealed, and it has been stated 
that the most important cause of intestinal obstruction 
is adhesions due to previous surgeries.1,2 Post-
operative adhesions are fibrous connections that can 
be seen between organs that are not normally 
combined with each other and are surrounded by 
serous membranes following injury or surgical 
operations.1 Approximately 30% of intestinal 
obstructions develop due to intra-abdominal adhesion, 
and post-operative peritoneal adhesion occurs in 
more than 90% of all laparotomies. In addition, they 
may lead to post-operative mortality, morbidity, and 
cost increase due to their ability to extend the length 
of hospital stay.3 Despite advanced surgical 
techniques and medical treatment options, post-
operative intra-abdominal adhesions are still an 
unsolved problem. When the literature is searched, it 
is seen that many experimental, clinical studies, and 
theoretical reports on adhesion prevention have been 
published since the beginning of the century. Various 
chemical agents used as adhesion inhibitors prevent 
fibrin organization by inhibiting fibroblastic 
proliferation. Therefore, many agents such as non-
steroidal anti-inflammatory drugs, corticosteroids, 
calcium channel blockers, histamine antagonists, 
antibiotics, fibrinolytic drugs, antioxidants, and 
vitamins have been tried to inhibit this proliferation.4 
Lycopene is a pigment belonging to the carotenoid 
family, naturally found in vegetables and fruits. 
Lycopene is a potent antioxidant substance; besides 
protecting cells from free radical damage, it 
strengthens the bonds between cells and improves 
cell metabolism.5-10 There have been reports 
supporting lycopene’s effect on reduced risk of many 
diseases, including Alzheimer’s disease, peripheral 
nerve damages,11 cardiovascular disease, skin 
health,12,13 and even some types of cancer (breast and 
uterine).14 Lycopene also slows down the aging 
process with its antioxidant properties.15 In this 
observational rat study, we investigated the 
effectiveness of lycopene use in preventing adhesions 
after gynecological surgery.

Methods

Ethical statement

This study was approved by our University Animal 
Experiments Local Ethics Committee (April 26, 2017, 
Protocol No: 2017/011).

Study design

Twenty-eight female Wistar albino rats were included 
in the study. Inclusion criteria in the study were as 
follows: the animals were female Wistar albino spe-
cies, weighing between 160 and 250 g, and survived 
from the beginning to the end of the study. The exclu-
sion criteria were as follows: the animals were out of 
the female Wistar albino species, their weight was not 
between 160 and 250  g, and they died before the 
study was completed. Experimental animals were kept 
in our University Animal Laboratory at a room tem-
perature of 24°C and a 12/12 h day and night cycle. 
Fed with standard rat food and water without restric-
tions. Each rat was anesthetized with ketamine hydro-
chloride (40 mg/kg IV). Before surgery, the abdominal 
area of the rats was shaved and wiped with 1% povi-
done iodine and prepared for the operation. Approxi-
mately 4 cm lower midline laparotomy was performed 
on the umbilical region. Before surgery, the rats were 
randomly divided into four groups each consisting of 
7 rats. The operations performed on groups of rats 
were as follows:
−	 Control group (CG): a standard adhesion was 

created; no adjuvant was given. Corn oil group 
(CoG): After the injury, 1 mL of corn oil was ad-
ministered daily by direct intraperitoneal injection 
method. The same dose was continued intraperi-
toneally for 14 days

−	 Low-dose lycopene group (LLG); After the injury, 
5 mg/kg lycopene was administered daily by di-
rect intraperitoneal injection method. The same 
dose was continued intraperitoneally for 14 days

−	 High-dose lycopene group (HLG): After injury, 
only a single dose of 20  mg/kg lycopene was 
administered intraperitoneally.

Lycopene is a powder compound. It has been used 
in a liquid-based substance, corn oil, to make lyco-
pene suitable for intraperitoneal injection. To deter-
mine the effect of corn oil alone, the CoG was created 
as a separate group. The dose of lycopene was 
chosen based on a previous study.16
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After a 4 cm abdominal incision, the uterine horns 
were exposed and a lesion was created on the 
antimesenteric surface of each uterine horn (free part 
of the bicornual rat uterus in the pelvic area) surface 
with the help of a 10-volt bipolar cautery as previously 
described.17 At the same time, extra adhesion was 
created by scraping operations on the visceral surface 
until serosal bleeding occurred. After the procedure 
was completed, the abdomen was closed continu-
ously using 4.0 Vicryl. The rats were then allowed to 
recover for 2 weeks. A total of 4 animals died of lung 
infection before starting the experiment. Animals that 
died were excluded from the study. After the recovery 
period, the animals were sacrificed and evaluated for 
adhesion formations. The researchers who evaluated 
the adhesions had no prior knowledge of which group 
the rat belonged to. Adhesion scoring based on extent, 
severity, and resistance to applied force is summa-
rized in table 1.18,19

The sum of the three parameters was used as the 
total score for each group. Tissue samples taken from 
the peritoneum and adhesion area were sent for his-
topathological examination. Adhesion examples are 
shown in figure 1.

Histopathological examination

Tissues were fixed with formaldehyde for 48 h and 
washed with phosphate-buffered saline at pH  7.4. 
Dehydration was achieved by passing the tissues 
through increasing concentrations of ethyl alcohol 
(from 80%, 90%, 90%, 96% and to 96%) for 45 min 
in each ethanol series. After dehydration, specimens 
were cleared in xylene and embedded in paraffin 
wax.20 Paraffin tissue blocks (5-μm thickness) were 
cut using a rotary microtome. Tissue sections were 
stained with hematoxylin and eosin staining for 
histomorphological analysis.21 Tissue slides were 
visually assessing with a Nikon Eclipse 80i image 
analysis system. A total of 100 fields were scored per 
tissue in 10 random slide of view taken with a ×10 
objective for evaluation of tissue inflammation and 
edema.

Anti-vascular endothelial growth factor 
(VEGF) ımmunohistochemical staining

For immunohistochemistry (IHC), sections were 
incubated with H2O2  (3%) for 30  min to eliminate 
endogenous standard activity and blocked with protein 

Table 1. Macroscopic adhesion scoring method

Score Extend Severity Degree

0 No No No

1 < 25% Filmy avascular Detached with 
gentle traction

2 Between 25 and 
50%

Opaque, translucent, 
avascular

Detached with 
moderate traction

3 Between 50 and 
75%

Vascular or opaque Detached with 
sharp traction

4 More than 75% Opaque, thick veins 
available

‑

The adhesion score is equal to the sum of the scores from each part of the adhesion. 
The highest possible score is 11

block for 20 min at room temperature. Later, sections 
were incubated with primary antibody (anti-VEGF, 
Santa Cruz Biotechnology, Inc.; dilution 1/100) 
overnight at 4°C. Antibody detection was performed 
with the UltraTek HRP Anti-Polyvalent Staining System 
(ScyTec Inc., USA), and 3,30-diaminobenzidine was 
used to visualize the final product.22

Immunostaining was evaluated semiquantitatively 
using H-score analysis. Immunostaining intensity was 
categorized under the following scores: 0 (no stain-
ing), 1 (weak staining), 2 (moderate staining), and 3 
(intense staining). H-score value was derived for each 
specimen by calculating the sum of the percentage of 
cells for the cytoplasmic and nuclear immunoreaction 

Figure 1. Adhesion examples. A: adhesions between bowel and uter-
ine horn. B: fibrous adhesion between bowel and uterine horn. C and 
D: complete adhesion to the anterior abdominal wall and bowel.

BA

C D



Cirugía y Cirujanos. 2026;94(3)

296

of the sections that were stained at each intensity 
category multiplied by its respective score, by means 
of the formula H-score = ΣPi (i + 1), where i = intensity 
of staining with a value of 1, 2, or 3 (weak, moderate, 
or strong, respectively) and Pi is the percentage of 
stained cells for each intensity, varying from 0% to 
100%. For each slide, 10 different fields were 
microscopically evaluated at ×20 magnification. 
H-score evaluations were independently performed by 
at least two investigators blinded to the source of the 
samples as well as to each other’s results.

Biochemical analysis

Measurement of lipid peroxide level

Measurement of lipid peroxides in tissue samples 
was made by the Uchiyama and Mihara methods.23 
Malondialdehyde (MDA) levels in the samples were 
calculated from the calibration curve prepared from 
standard solutions. Results are given as nmoL/mg 
protein.

Measurement of VEGF level

Measurement of VEGF levels in tissue samples was 
carried out with an enzyme-linked ımmunosorbent 
assay (ELISA) kit (Sun Red, Shanghai Sunred 
Biological Technology Co. Ltd.). First of all, standard 
samples were prepared. Standard prefixes of 50, 100, 
200, 400, 800, and 1600 ng/L were prepared from the 
stock solution. 0.05 mL standard and 0.05 mL HRP-
streptavidin were added to the wells determined in the 
ELISA plate. Samples were pipetted. The plate was 
covered and incubated at 37°C for 90 min. For tissue 
samples, 0.04 mL of sample, 0.01 mL VEGF antibody, 
and 0.05 mL of the HRP-streptavidin were added. The 
ELISA plate was incubated at 37°C for 60  min. At 
the end of the period, all samples were removed from 
the ELISA plate with a pipette and washed 3  times 
with washing buffer. At the end of the washing process, 
chromogen A (0.05  mL) and B solutions (0.05  mL) 
were added to the wells, and the plate was incubated 
at 37°C for 15-30  min. At the end of the period, the 
reaction was stopped by adding 0.05  mL of stop 
solution to the wells. The optical density of the 
resulting yellow color was read in a microplate reader 
(Thermo Scientific® Multiskan Go) at 450  nm 
wavelength. Results were evaluated according to the 
standard calibration curve.

Measurement of total antioxidant capacity 
(TAC)

Measurement of TAC in tissue samples was performed 
spectrophotometrically with a commercial kit (Rel Assay 
Diagnostics). According to the principle of this method, 
the antioxidant molecules in the studied sample cause 
the formation of a lighter colored compound by reducing 
the dark blue-green colored ABTS radical. The 
absorbance of the resulting color is read in the 
spectrophotometer at a wavelength of 660  nm.24 The 
level of antioxidant molecules in the sample is calibrated 
with the stable antioxidant compound Trolox Equivalent 
(a vitamin E analog) present in the kit.

Statistical analysis

The Statistical Package for the Social Sciences 25 
(SPSS 25) (IBM Corp. Released 2017. IBM SPSS Sta-
tistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp. The statistical package program was used to 
evaluate the data. Histopathological changes between 
experimental groups were analyzed comparatively. 
Experiments were done independently in 6 replicates. 
Variables are expressed using mean ± standard devi-
ation, percentage, and frequency values. Variables 
were evaluated after checking the preconditions for 
normality and homogeneity of variances (Shapiro Wilk 
and Levene test). For comparison of three or more 
groups, the one-way ANOVA test and the Tukey Hon-
estly Significant Difference test, one of the multiple 
comparison tests, were used. For the significance 
level of the tests, p < 0.05 and p < 0.01 values were 
accepted.

Results

The results obtained from the present study are 
shown in table 2. The total adhesion scores were 5.86 
± 1.21 for the CG, 6.29 ± 1.49 for the CoG, 2.6 ± 1.14 
for the LLG, and 2 ± 1.41 for the HLG. There were 
statistically significant differences between 
macroscopic adhesion scores between groups. 
A  statistically significant decrease was found in all 
adhesion scores in rats given lycopene compared to 
groups not given lycopene, regardless of dose. There 
were significantly higher extent (p < 0.05), severity 
(p < 0.05), degree (p < 0.05), and total adhesion 
(p < 0.05) scores in the CG and CoG than in the LLG 
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Table 2. Macroscopic adhesion score, biochemical, histopathological findings, and VEGF H‑score results

Variable Mean ± standard deviation p* p**

CG CoG LLG HLG

VEGF (ng/L) 283.75 ± 69.88 351.42 ± 96.47 313 ± 45.4 295 ± 86.44 p = 0.427

TAC (mmoL trolox Eq/L) 0.77 ± 0.32 0.58 ± 0.13 0.68 ± 0.37 0.74 ± 0.32 p = 0.636

MDA (nmoL/mL) 13 ± 3.82a 20.48 ± 5.29a, b 16.08 ± 4.27 11.47 ± 1.47b p = 0.005*** pa = 0.014***
pb = 0.007***

Adhesion score
Extend

Severity

Degree

Total

2.71 ± 0.48b,c

1.71 ± 0.48b

1.42 ± 0.78b

5.85 ± 1.21b,c

2.85 ± 0.37d,e

2 ± 0.81d,e

1.42 ± 0.78e

6.28 ± 1.49d,e

1.4 ± 0.54c,d

0.8 ± 0.44d

0.4 ± 0.54

2.6 ± 1.14c,d

1.4 ± 0.54b,e

0.4 ± 0.54b, e

0.2 ± 0.44b,e

2 ± 1.41b,e

p = 0.000***

p = 0.001***

p = 0.007***

p = 0.000***

pb = 0.001***
pc = 0.001***
pd = 0.001***
pe = 0.001***
pb = 0.007***
pd = 0.015***
pe = 0.001***
pb = 0.029***
pe = 0.029***
pc = 0.002***
pb = 0.000***
pd = 0.001***
pe = 0.000***

Histopathological findings and 
VEGF H‑score

Inflammation
Edema
VEGF H‑Score

4.21 ± 1.3
2.42.0 ± 2.2

271.30 ± 2.41

4.01 ± 2.30
2.33 ± 0.26

265.12 ± 0.96

3.9 ± 1.36
2.212 ± 0.72

152.23 ± 1.10g

1.10 ± 2.1f

0.11 ± 0.64f

132.56 ± 1.12g

pf = 0.005***
pf = 0.002***
pg = 0.01***

*Data were analyzed using one‑way ANOVA test.
**Data were analyzed using the Tukey HSD test.
***p‑value was considered statistically significant.
pa: comparison between CG and CoG.
pb: comparison between CG and HLG.
pc: comparison between CG and LLG.
pd: comparison between CoG and LLG.
pe: comparison between CoG and HLG. 
pf: comparison between CG, CoG, and LLG.
pg: comparison between CG and CoG.
CG: control group; CoG: corn oil group; LLG: low lycopene group; HLG: high lycopene group; VEGF: vascular endothelial growth factor; TAC: total antioxidant capacity; 
MDA: malondialdehyde.

and HLG. Although some adhesion scores (severity, 
degree, and total adhesion score) were lower in the 
HLG compared to the LLG, these differences were not 
statistically significant. P-values were 0.73, 0.97, and 
0.89, respectively. There was no significant difference 
between the CG and CoG in terms of all scoring. The 
line charts of the groups according to the adhesion 
score are shown in figure 2.

When histopathological findings are evaluated, a high 
level of inflammation was observed between the 
perimetrium and smooth muscles in the CG and CoG 
groups. Hyperemia and intense inflammatory cells have 
been detected in vascular structures. Moderate edema 
and thickening were also detected in the perimetrium. 
Similar to CG and CoG groups, high-level inflammation, 
hyperemia, and moderate edema were observed in the Figure 2. Line charts according to the adhesion score of the groups.
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perimetrium in the LLG. Inflammation (p = 0.005) and 
edema (p = 0.002) decreased statistically significantly 
(p < 0.05) in the HLG group compared to the other 
groups, including the LLG group. Symptoms of 
hyperemia almost disappeared (Table 2 and Fig. 3).

Anti-VEGF involvement was observed around the 
vascular structures and perimetrium in the anti-VEGF 
IHC staining of the uterine sections of the experimental 
groups. It was observed that VEGF H-score values of 
the CG and CoG groups were statistically significantly 
different from LLG (p = 0.01) and HLG (p = 0.01) groups 
(p < 0.05). VEGF H-scores were significantly lower in 
lycopene-given groups, regardless of dose. When LLG 
and HLG were compared in terms of anti-VEGF H-score, 
no significant difference was observed (Table  2 and 
Fig. 4). There was no significant difference between the 
groups in terms of VEGF and TAC in biochemical 
parameters except for MDA (Table 2). Compared to the 
CoG group, MDA levels were statistically significantly 
lower in the CG and HLG (p < 0.05). Line charts of the 
results of biochemical TAG, MDA, and VEGF markers 
according to the groups are shown in figure 5.

Discussion

Post-operative adhesions are a result of the cellular 
and biochemical response that occurs after peritoneal 
trauma while attempting to repair the peritoneum. 
Many methods have been used to reduce adhesion 

formation, such as reducing the initial inflammatory 
response, preventing fibrin formation, increasing fibri-
nolysis, preventing collagen deposition, and using a 
barrier against adhesion formation, and many studies 
have been conducted on them25 but today there is still 
no drug or method that can be used alone that can 
prevent adhesion formation satisfactorily. Many stud-
ies have shown that inflammatory cells and reactive 
oxygen species play a role in the formation of adhe-
sion. The anti-adhesion effects of antioxidants have 
been tested in various animal models.26 Heparin appli-
cation before and after the operation has been shown 

Figure 4. Anti-vascular endothelial growth factor immunohistochemi-
cal staining. A: control group. B: corn oil group. C: low-dose lycopene 
group. D: high-dose lycopene group, magnification of large pictures 
is ×10, thumbnails represent vascular structures belonging to groups.

BA

C D

Figure 3. A: control group (CG), black arrow; high level of inflammation in the perimetrium and between smooth muscles, arrowhead; moderate 
edema, h; hyperemia magnification ×4. B: CG black arrow; high level of inflammation in the perimetrium and between smooth muscles, arrow-
head; moderate edema, magnification ×10. C: corn oil group (CoG), black arrow; high level of inflammation in the perimetrium and between 
smooth muscles, h; hyperemia magnification ×4. D: CoG arrowhead; moderate edema, magnification ×10. E: low-dose lycopene group (LLG), 
black arrow; high level of inflammation in the perimetrium, h; hyperemia magnification ×4. F: LLG black arrow; high level of inflammation in the 
perimetrium, arrowhead; medium edema magnification ×10, G: high-dose lycopene group (HLG) black arrow; low level inflammation in the peri-
metrium ×4. H: HLG black arrow; low-level inflammation in perimetrium, magnification ×10, hematoxylin and eosin staining.

A B C D

E F G H
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to have anti-adhesive efficacy in a rat adhesion model 
made by Başbuğ et al.27 In another anti-adhesion 
model with quercetin, the adhesion scores of the 
Quercetin + Surgicel group were reported to be lower 
than the quercetin group.17 In this study, we tried to 
examine the potential effect of lycopene, a potent 
antioxidant, antiproliferative, anticarcinogenic, and 
anti-inflammatory, on adhesion formation in rats with 
traumatized uterine serosa.15 To our knowledge, the 
present study is the first study that used lycopene as 
an adhesion inhibitor in an animal model.

MDA is produced by cells involved in the inflamma-
tory response. It is a by-product formed by oxygen 
radicals breaking down lipid-containing structures such 
as plasma and cell membranes. It is a parameter used 
in evaluating both tissue damage and inflammation 
severity.28 In our study, a significant difference was 
observed between the HLG and CG in terms of MDA 
levels (p = 0.007). Although MDA levels were found to 
be lower in the HLG than in the LLG, this difference 
was not statistically significant.

VEGF is an angiogenic cytokine that participates in 
the process of adhesion formation through the forma-
tion of new vessels.29 In this study, although there was 
no statistical difference between the groups in terms 
of VEGF release, numerically, more VEGF-positive 
cells were encountered in the treatment groups com-
pared to the CG. We think that the biochemical and 
histopathological VEGF analysis differences between 
the experimental groups are due to the difference in the 
number of samples evaluated statistically.

Substances that prevent oxidation caused by free 
radicals and have the ability to capture and stabilize 
free radicals are called “antioxidants.” The total effect 
of all antioxidants in body fluids is called total TAC.30 
In this study, there was no significant difference 
between the groups in terms of TAC. Higher TAC lev-
els were detected in the HLG but it was statistically 
insignificant.

Various methods have been used for grading intra-
abdominal adhesions. The systems that are made 
according to the percentage of traumatized adherent 
area used by Linsky et al.31 and Leach et al.18 systems, 
consisting of three different parameters, are the most 
commonly used methods.31 We used the system of 
Leach et al.18 In this system, adhesions are scored in 
three separate categories according to type, preva-
lence, and easy or difficult separation. In our study, 
adhesion scores were significantly lower in the lyco-
pene groups compared to the CG, which indicates the 
effectiveness of lycopene alone in reducing adhesion 
formation, in line with other studies.32 In in vitro stud-
ies, it was found that vitamin E has antioxidant, anti-
inflammatory, anticoagulant, and antifibroblastic 
effects to a similar effect of Lycopene. Yetkin et al. 
demonstrated that intraperitoneal vitamin E injection 
and human amniotic membrane separately reduced 
post-operative adhesion in rats; however, a synergistic 
increase in their effects could not be demonstrated 
with their co-administration.33 The results of our study 
are consistent with these studies.

Our study had some limitations. First, it was the 
route of application of the anti-adhesion agent. We 
chose this method in our study because the intraperi-
toneal route is generally used in the literature. Another 
limitation is that the dose of intraperitoneal lycopene 
required to prevent adhesion is unknown. In this study, 
we used the doses used in animal models of oxidative 
stress.

Conclusions

Histological and mechanical parameters obtained in 
our study suggest that lycopene, which we use as an 
anti-adhesion agent, is effective in preventing intra-
abdominal adhesions and does not negatively affect 
wound healing.

Funding
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Figure 5. Line charts of the results of biochemical TAG, MDA, and 
VEGF markers according to groups. MDA: malondialdehyde; TAC: 
total antioxidant capacity and VEGF: vascular endothelial growth 
factor.
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