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Abstract

Introduction: Postoperative peritoneal adhesions remain a major clinical challenge following
abdominal surgery, frequently leading to intestinal obstruction, chronic pain, and infertility.
Oxidative stress and inflammation are known to play central roles in the pathogenesis of
adhesion formation. This study evaluated the preventive effects of selenium nanoparticles and
coenzyme Q10, administered individually and in combination, in a rat model of peritoneal
adhesions.

Methods: This was a randomized, controlled experimental study. Sixty male Wistar rats were
divided into six groups (n = 10 per group; 5 rats per time point): Sham, Control, Solvent, SeNPs
(0.2 mg/kg), CoQ10 (10 mg/kg), and Mix (SeNPs + CoQ10). Adhesions were induced using
the cecal scratch model. Treatments were administered intraperitoneally for four consecutive
days. On days 7 and 14, adhesion severity was assessed macroscopically, and tissue samples
were collected for histopathological evaluation of inflammation, vascularization, and
fibroplasia. Antioxidant enzyme activities (SOD, GPx), malondialdehyde levels, and pro-
inflammatory cytokines (TNF-a, IL-1B, IL-6) were measured. Statistical analysis was
performed using SPSS, version 27.0 and one-way ANOVA, followed by Tukey's post hoc test
was used for normally distributed data, whereas the Kruskal-Wallis test followed by the Mann—
Whitney U test with Bonferroni correction was used for non-normally distributed data.

Results: The combination therapy significantly reduced adhesion severity compared with the
control and monotherapy groups on both days 7 and 14 (P < 0.05). Histopathological analysis
revealed that the combination group exhibited the highest fibroplasia scores (least fibrosis),
which were comparable to those of the sham group. Biochemical analyses showed that the
combination treatment normalized malondialdehyde levels, restored SOD and GPx activities,
and significantly suppressed TNF-a, IL-1B3, and IL-6 levels (P < 0.05), reaching levels
indistinguishable from those of the sham group.

Conclusions: Co-administration of selenium nanoparticles and coenzyme Q10 exerts
synergistic protection against peritoneal adhesions by enhancing antioxidant defenses and
suppressing pro-inflammatory cytokines. This combination represents a promising dual-agent
strategy for preventing postoperative peritoneal adhesions.
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Introduction

Postoperative peritoneal adhesions are fibrotic
bands that develop between abdominal organs and
the peritoneal surface following surgical trauma.
These adhesions affect up to 90% of patients
undergoing abdominal surgery and impose a
substantial clinical burden, manifesting as intestinal
obstruction, chronic pelvic pain, female infertility,
and increased technical difficulty in subsequent
surgical procedures [1, 2]. Despite considerable
advances in surgical techniques and the introduction
of various barrier materials, effective prevention
remains an unmet clinical need, underscoring the
urgent demand for novel therapeutic strategies [3, 4].

The pathogenesis of peritoneal adhesions is a
multifaceted process initiated by peritoneal injury.
Surgical manipulation disrupts the mesothelial
barrier, triggering an inflammatory cascade
characterized by the release of pro-inflammatory
cytokines (TNF-a, IL-1B, 1IL-6) and the
extravasation of fibrin-rich exudate [5]. Under
physiological conditions, this fibrin matrix is
degraded by the fibrinolytic system, primarily
through the activity of tissue plasminogen activator.
However, peritoneal injury suppresses tissue
plasminogen activator activity and upregulates
plasminogen activator inhibitors (PAI-1, PAI-2),
shifting the balance toward persistent fibrin
deposition [6]. This persistent fibrin scaffold serves
as a substrate for fibroblast infiltration,
myofibroblast  differentiation, and excessive
collagen deposition, ultimately resulting in dense,
permanent adhesions [7, 8].

Oxidative stress plays a pivotal role in this
process. Surgical trauma generates reactive oxygen
species through ischemia-reperfusion injury and
inflammatory cell infiltration [9]. Excessive levels
of reactive oxygen species deplete endogenous
antioxidants, promote lipid peroxidation, activate
NF-kB, and upregulate TGF-B1, a master regulator
of fibrosis [10, 11]. This interconnected oxidative-
inflammatory-fibrotic axis represents a critical
therapeutic target for adhesion prevention [12].

Despite the individual benefits of selenium
nanoparticles and coenzyme Q10, their combined
effects on peritoneal adhesions remain unexplored.
Given their complementary mechanisms of action,
with selenium nanoparticles primarily enhancing
enzymatic antioxidant defenses and coenzyme Q10
acting as a direct radical scavenger and membrane
stabilizer, we hypothesized that co-administration
would  exert  synergistic  protection by
simultaneously  targeting  oxidative  stress,
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inflammation, and fibrosis [13]. To our knowledge,
this is the first study to evaluate the preventive
efficacy of this combination in a peritoneal adhesion
model. Therefore, this study aimed to evaluate the
preventive efficacy of selenium nanoparticles and
coenzyme Q10, individually and in combination, on
experimentally induced peritoneal adhesions in rats.

Methods

Animals and Experimental Design

This was a randomized, controlled experimental
study. Sixty male Wistar rats (10-11 weeks, 250 +
20 g) were obtained from the institutional animal
facility and maintained under standard conditions
(23 £ 2°C, 12:12-h light/dark cycle, food and water
ad libitum) for one week prior to experimentation.
All procedures were approved by the Institutional
Animal Ethics Committee
(IR.JAU.SHK.REC.1405.097) and conducted in
accordance with ARRIVE guidelines [14]. All
efforts were made to minimize animal suffering and
reduce the number of animals used in accordance
with the 3Rs principle (Replacement, Reduction,
Refinement). Anesthesia and euthanasia were
performed using approved methods to ensure
humane treatment.

Sample size (n=5 per group per time point) was
determined based on previous studies in similar
experimental models of peritoneal adhesion, which
demonstrated sufficient statistical power (=80%) to
detect significant differences in adhesion scores and
biochemical parameters with n = 5-8 animals per
group [15-17]. This sample size is consistent with
published studies in the field and is sufficient for
non-parametric statistical analyses. The sample size
of 5 animals per group per time point was chosen to
ensure adequate statistical power while minimizing
animal use in accordance with the 3Rs principle.

Rats were randomly allocated into six groups
(n=10 each, 5 per time point): (A) Sham
(Laparotomy only); (B) Control (Adhesion
induction without treatment); (C) Solvent (distilled
water + Tween 80); (D) SeNPs (Selenium
nanoparticles (0.2 mg/kg)); (E) CoQ10 (Coenzyme
Q10 (10 mg/kg)); (F) Mix (SeNPs + CoQ10 at the
same doses).

The study duration was 14 days, with animals
evaluated at two time points (day 7 and day 14).

Adhesion Induction and Treatment
Briefly, under anesthesia with ketamine (70
mg/kg) and xylazine (10 mg/kg), a midline
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laparotomy was performed. The cecum was
exteriorized, and its serosal surface was scratched
with a sterile scalpel until petechial hemorrhages
appeared. The cecum was returned to its anatomical
position, and the abdomen was closed in layers using
absorbable sutures [18].

Treatments were administered intraperitoneally
(0.5 mL) for four consecutive days following
surgery. The 4-day treatment period was selected
based on previous studies demonstrating that the
critical window for adhesion formation and the
inflammatory response peaks within the first 3-5
days postoperatively [9, 12]. This duration has been
successfully used in similar experimental models for
evaluating  anti-adhesion  agents [8, 10].
Additionally, the intraperitoneal administration of
selenium nanoparticles and coenzyme Q10 provides
sustained  local  effects,  with  previous
pharmacokinetic studies showing that selenium
nanoparticles remain detectable in peritoneal tissues
for up to 72 hours post-administration [19]. This
short treatment protocol was chosen to target the
early inflammatory phase while minimizing
potential systemic toxicity and animal stress
associated with prolonged daily injections. On days
7 and 14, five rats per group were euthanized using
an anesthetic overdose for tissue collection [15].

Adhesion Scoring and Histopathology

Histopathological evaluation scored
inflammation, vascularization, and fibroplasia on a
0-5 scale by a blinded observer [17].
Histopathological evaluation of inflammation,
vascularization, and fibroplasia was performed by a
blinded observer using a 0-5 scale, where higher
scores indicated better outcomes (less pathology), as
follows: (A) Inflammation: 0 = very extensive, 1 =
extensive, 2 = severe, 3 = moderate, 4 = mild, 5 =
none; (B) Vascularization: 0 = abundant, 1 =
marked, 2 = moderate, 3 = mild, 4 = minimal, 5 =
none; (C) Fibroplasia: 0 = extensive, 1 = marked, 2
= moderate, 3 = mild, 4 = minimal, 5 = none.

Biochemical Analyses

Cecal tissue was homogenized in phosphate
buffer. Superoxide dismutase and glutathione
peroxidase activities, malondialdehyde levels, and
pro-inflammatory cytokines (TNF-qa, IL-1B, IL-6)
were measured using commercial ELISA kits
(Navand Salamat Co., Iran) according to the
manufacturer's instructions [20, 21].

Statistical Analysis

Statistical analysis was performed using SPSS
version 27.0 (IBM Corp., Armonk, NY, USA).
Normality of data distribution was assessed using
the Shapiro-Wilk test (P > 0.05 considered normally
distributed). Homogeneity of variances was
evaluated wusing Levene's test. For normally
distributed data with homogeneous variances, one-
way ANOVA was used followed by Tukey's post-
hoc test. For non-normally distributed data, the
Kruskal-Wallis test was used, followed by the
Mann-Whitney U test with Bonferroni correction for
pairwise comparisons. Histopathological data were
analyzed using non-parametric tests. A P-value of
less than 0.05 was considered statistically
significant. Results are presented as mean + SD or
median (min-max).

Results

Macroscopic Adhesion Scores

On day 7, adhesion scores differed significantly
among groups (P < 0.001). The control and solvent
groups exhibited severe adhesions, while all
treatment  groups  (selenium  nanoparticles,
coenzyme Q10, and combination) showed
significantly lower scores (P < 0.001). The
combination group demonstrated significantly fewer
adhesions than both monotherapy groups (P <
0.05), suggesting a synergistic effect (Figure 1).

On day 14, the combination group maintained
significantly lower adhesion grades compared to
selenium nanoparticles and coenzyme Q10 alone (P
=0.031). The control and solvent groups continued
to show severe adhesions, whereas the sham group
consistently exhibited minimal adhesion formation
(Figure 2).

Histopathological Findings
Adhesion severity was assessed macroscopically
using a validated five-grade scoring system (5 = no
adhesion, 1 = most severe) [22]. Tissue samples
were fixed in 10% formalin, processed, sectioned (5
pm), and stained with hematoxylin and eosin. On
day 7, the combination and sham groups exhibited
the highest fibroplasia scores (indicating the least
fibrosis), significantly outperforming the control and
solvent groups (P = 0.009-0.016). Inflammation
scores were highest in the sham group, with the
combination and coenzyme Q10 groups showing
significant improvement over the control group (P =
0.009-0.037). Vascularization scores were lowest in
the sham group (P = 0.009), with no significant
differences observed among the other groups (P =
0.009) (Table 1 and Figure 3).
Journal of Surgery and Trauma. 2027; 15(1) I 31


http://jsurgery.bums.ac.ir/article-1-566-en.html

[ Downloaded from jsurgery.bums.ac.ir on 2026-11-03 ]

Javdani et al.

Table 1. Median (min-max) scores for inflammation,
vascularization, and fibroplasia on day 7.

Group Inflammation Vascularization Fibroplasia

2 (2-3) 4 (3-4)y 3 (3-4))
Control Q1=2 Ql1=4 Q1=3
Q3=3 Q2=4 Q2=3
5 (4-5)° 2 (2-3)p 5 (4-5)
Sham Q1=5 Q1=2 Ql=4
Q3=5 Q2=2 Q2=5
3 (2-3) 4 (3-4)y 2 (2-4)y
Solvent Q1=2 Ql=4 Q1=2
Q3=3 Q2=4 Q2=3
3 (3-4) 3 (3-4) 4 (2-4)°
SeNPs Q1=3 Ql=4 Q1=3
Q3=4 Q2=4 Q2=4
4 (3-4) 3 (3-4) 4 (2-4)
CoQ10 Q1=3 Q1=3 Ql=4
Q3=4 Q2=4 Q2=4
4 (3-5) 4 (3-4)y 5 (4-5)
Mix Ql=4 Q1=3 Ql=4
Q3=5 Q2=4 Q2=5
P-value 0.003 0.009 0.026

Note: Different superscript letters within each column indicate
significant differences between groups (P < 0.05, Mann-
Whitney U test). Groups sharing the same letter are not
significantly different. All parameters were scored on a scale of
0-5, with higher scores indicating better outcomes (less
inflammation, less vascularization, and less fibroplasia).

On day 14, the combination and sham groups
maintained the highest fibroplasia scores,
significantly better than the control, solvent, and
selenium nanoparticle groups (P = 0.009-0.032).
Inflammation was similar across all groups by day
14 (P = 0.447). Vascularization was highest in the
control and selenium nanoparticle groups, while the
sham, coenzyme Q10, and combination groups
showed moderate levels (P = 0.005) (Table 2 and
Figure 4).

Oxidative Stress Markers

On day 7, superoxide dismutase activity was
significantly reduced in the control group compared
to the sham group (P < 0.05), while the combination
group showed no significant difference from the
sham group. The combination group showed a
60.2% reduction in MDA levels compared to the
control group (from 5.9 = 2.1 to 2.4 + 0.97 nmol/mg
protein), and a 15.8% increase in SOD activity
compared to the control group. Malondialdehyde
levels were significantly elevated in the control
group (5.9 £ 2.1) compared to the sham group (0.92
+ 0.49) and all treatment groups (P < 0.05).
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Glutathione peroxidase activity was lowest in the
control group (21.28 + 8.45) and highest in the sham
group (43.34 £ 6.9) (Table 3).

Table 2. Median (min-max) scores for inflammation,
vascularization, and fibroplasia on day 14.

Group Inflammation Vascularization Fibroplasia

5 (4-5) 5 (4-5) 3(3-4)y)
Control Ql1=4 Ql1=4 Ql1=3
Q2=5 Q2=5 Q2=3
5(5-5) 3 (2-3) 5 (4-5)
Sham Q1=5 Q1=3 Ql1=4
Q2=5 Q2=3 Q2=5
5 (4-5) 4 (3-4) 3(3-4))
Solvent Ql=4 Ql=4 Q1=3
Q2=5 Q2=4 Q2=3
5 (4-5) 5 (4-5) 3 (2-4)y
SeNPs Q1=5 Ql=5 Ql=3
Q2=5 Q2=5 Q2=4
5(4-5) 3(3-4)y 4 (2-4)°
CoQ10 QI1=5 QI1=3 Ql=4
Q2=5 Q2=4 Q2=4
5(5-5) 3 (2-4) 5 (4-5)
Mix QI1=5 Q1=2 Ql=4
Q2=5 Q2=4 Q2=5
P-value 0.447 0.005 0.016

Note: Different superscript letters within each column indicate
significant differences (P <0.05, Mann-Whitney U test). Groups
with the same letter are not significantly different. All
parameters were scored on a scale of 0—5, with higher scores
indicating better outcomes. All parameters were scored on a
scale of 0-5, with higher scores indicating better outcomes (less
inflammation, less vascularization, and less fibroplasia).

Table 3. Comparison of antioxidant enzyme activities on

day 7.
Group SOD MDA GPx
(U/mg protein) (nmol/mg  (U/mg protein)
protein)
Sham 93.8+17.83*  0.92 +0.49: 43.34+6.9
Control 34.92 +11.58° 59+2.1° 21.28 +8.45b

Solvent 44.46+14.14> 43 +1.48> 2532 +8.85%
SeNPs 50.69£16.47> 3.06+1.13¢  37.58+17.11»b
CoQ10  46.48+14.07° 3.06+1.27¢ 37.86+14.02+°

Mix 65.28+24.06+° 2.4+£0097 39.22+16.28b

Note: Data are presented as mean + SD (n = 5 per group).
Different superscript letters indicate significant differences
within each column (P < 0.05).
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Figure 1. Comparison of gross adhesion grades among the study groups on day 7.
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Figure 2. Comparison of gross adhesion grades among the study groups on day 14.
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Figure 3. Microscopic findings in different groups on day 7 (H&E staining; original magnification, x100). Sham group:
Delicate connective tissue fibers (black arrow) and newly formed blood vessels (red arrow). Control group: Dense collagen
fiber formation (white arrow) and inflammation (red arrow); Solvent group: Dense connective tissue formation (white
arrows), hyperemia (black arrow), and inflammation (red arrow); SeNPs group: Moderately dense connective tissue fibers
at the lesion site (white arrow); CoQ10 group: Moderately dense connective tissue at the site (white arrow); Mix group:
Presence of thin connective tissue fibers at the site (white arrow).

Control Solvent

Figure 4. Microscopic findings in different groups on day 14 (H&E staining; original magnification, x100). Sham group:
Absence of adhesion; Control group: High deposition of collagen fibers (white arrows); Solvent group: Presence of
connective tissue fibers at the lesion site (white arrow); SeNPs group: Presence of dense connective tissue and adhesions at
the site (white arrows); CoQ10 group: Moderately dense connective tissue and adhesion formation (white arrow); Mix group:
Presence of loose connective tissue fibers at the site (white arrow).
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On day 14, superoxide dismutase activity was
restored in all treatment groups to levels near those
of the sham group. Malondialdehyde levels
remained elevated in the control group (5.1 £ 2.18)
compared to the sham group (1.00 + 0.43) and the
combination group (2.08 = 1.27) (P < 0.05).
Glutathione peroxidase activity was significantly
increased in the selenium nanoparticle and
coenzyme Q10 groups compared to the control
group (P = 0.014 and P = 0.028, respectively), with
the combination group showing a trend toward

On day 14, TNF-a and IL-1f levels converged
across all groups. However, IL-6 remained
significantly elevated in the control group (66.20 +
18.61) compared to the sham group (25.88 £ 11.38)
and the combination group (28.72 £ 8.51) (P =0.001
and P = 0.002, respectively), indicating persistent
inflammation in untreated animals (Table 6).

Table 6. Comparison of pro-inflammatory cytokine
levels on day 14.

improvement (P = 0.065) (Table 4).

Table 4. Comparison of antioxidant enzyme activities on

Group TNF-a IL-1p (pg/mL) IL-6 (pg/mL)
(pg/mL)
Sham 43.08 £22.39*  41.88 £16.79* 25.88 +11.382
Control  82.02+40.17*@ 7338 £29.48* 66.20 £18.61°
Solvent 60.34 £29.950  50.44 +£21.67*>  44.56+13.772
SeNPs 62.64 +23.96* 40.94 £12.27>  48.60+10.782
CoQ10 64.14 +£25.21*  40.00 £16.03  47.00+14.822>
Mix 40.34 +£13.68°  47.36+10.80*  28.72 +8.51

day 14.
Group SOD MDA GPx
(U/mg protein) (nmol/mg  (U/mg protein)
protein)

Sham 93.22+£21.000  1.00+0.432 47.3+11.96*
Control 51.38 +10.78° 5.1+£2.18b 22.92 +6.14b
Solvent  62.28+12.85%* 338+ 1.45®  33.44+10.87:®
SeNPs 79.92+17.29:> 278 £1.03*> 4932 +12.8
CoQ10  85.16+18.43w 2.6+0980 4714 +13.82¢
Mix 72.12+18.162° 2.08+1.27¢ 4432 +£11.17#

Note: Data are presented as mean = SD (n = 5 per group).
Different superscript letters indicate significant differences
within each column (P < 0.05).

Cytokine Levels

On day 7, TNF-a, IL-1B, and IL-6 were
significantly elevated in the control group compared
to the sham group (P =0.013, P =0.003, P = 0.001,
respectively). The combination group effectively
reduced all three cytokines to levels
indistinguishable from those of the sham group,
demonstrating superior anti-inflammatory efficacy
compared to monotherapies (Table 5).

Table 5. Comparison of pro-inflammatory cytokine
levels on day 7.

Group TNF-o(pg/mL) IL-1p (pg/mL) IL-6 (pg/mL)
Sham 41.82+£20.1640 39.54+16.34*  25.34+11.06°
Control 142.26+68.39> 95.68+25.95>  103.28+35.64°
Solvent  94.30+47.39®  70.74+21.832>  82.14+28.68
SeNPs 83.06+41.90>  54.72+14.45*  54.02+23.67*
CoQ10  78.82443.69®  58.40+19.29:® 53.98 +£25.39=
Mix 47.58 £51.600  53.46+23.87* 44.10+15.95*

Note: Data are presented as mean £ SD (n = 5 per group).
Different superscript letters indicate significant differences

within each column (P < 0.05).

Note: Data are presented as mean = SD (n = 5 per group).
Different superscript letters indicate significant differences
within each column (P < 0.05).

Discussion

The present study provides evidence that co-
administration of selenium nanoparticles and
coenzyme Q10 exerts synergistic protective effects
against postoperative peritoneal adhesions in a rat
model. The combination therapy significantly
reduced adhesion severity, attenuated oxidative
stress, suppressed pro-inflammatory cytokines, and
mitigated  fibrosis compared  with either
monotherapy. The significant reduction in adhesion
scores observed in the combination group (median:
4, range: 3-5 on day 14) compared with the control
group (median: 2, range: 2-3) demonstrates the
enhanced protective effect of combined therapy.
This finding is consistent with the biochemical

results showing complete normalization of
inflammatory  cytokines and restoration of
antioxidant enzyme activities. These findings

highlight the potential of this dual-agent approach
for adhesion prevention [23].

Although we did not directly measure TGF-f1
protein expression or NF-«xB activation in this study,
the observed suppression of pro-inflammatory
cytokines (TNF-a, IL-1B, IL-6) and the higher
fibroplasia scores (indicating reduced fibrosis) are
consistent with previously reported mechanisms of
action. Previous studies have demonstrated that
selenium nanoparticles suppress TGF-B1/Smad
signaling and inhibit NF-xB activation, while
coenzyme Q10 similarly modulates these pathways
[22, 24]. However, we acknowledge that direct
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immunohistochemical or immunoblotting analyses
would be required to confirm these mechanistic
inferences. The superior efficacy of the combination
can be attributed to the complementary mechanisms
of selenium nanoparticles and coenzyme Q10.

The antioxidant and broader biomedical potential
of selenium-based nanoparticles has also been
highlighted in previous reviews, supporting their
investigation as potential therapeutic agents in
oxidative stress-related conditions [25]. Selenium
nanoparticles enhance endogenous antioxidant
defenses by serving as a cofactor for glutathione
peroxidase, directly scavenging reactive oxygen
species, and modulating NF-xB and TGF-B1/Smad
signaling [19, 24]. Coenzyme Q10, as a
mitochondrial electron carrier, stabilizes cell
membranes, regenerates  other  antioxidants
(including vitamin E), and similarly suppresses NF-
kB activation and TGF-B1-mediated fibrosis [22,
26]. Their combined action likely produces more
comprehensive and sustained modulation of the
oxidative-inflammatory-fibrotic axis [13].

Our findings align with previous reports
demonstrating the individual anti-adhesive potential
of these agents. Kusaslan et al. reported that
coenzyme Q10 (30 mg/kg) significantly reduced
adhesion scores and improved histopathological
parameters in rats [22]. Historically, different
pharmacological strategies have been investigated to
prevent postoperative intraperitoneal adhesions,
including the use of proteolytic enzymes, reflecting
the longstanding interest in modifying the biological
processes involved in adhesion formation [27].
Shirian et al. demonstrated that selenium
nanoparticles combined with tannic acid effectively
reduced peritoneal adhesions through antioxidant
and anti-inflammatory mechanisms [8]. However,
our study extends these observations by
demonstrating that the combination of selenium
nanoparticles and coenzyme Q10 produces
synergistic effects exceeding those of either agent
alone.

Oxidative stress is a critical driver of peritoneal
adhesion pathogenesis [9]. Surgical manipulation
generates reactive oxygen species that deplete
antioxidants, promote lipid peroxidation, and
activate pro-inflammatory and pro-fibrotic signaling
pathways [10, 11]. Our biochemical analyses
confirmed that the control group exhibited
significantly elevated malondialdehyde and reduced
superoxide dismutase and glutathione peroxidase
activities. Importantly, all treatment regimens
normalized malondialdehyde levels, with the

36 I Journal of Surgery and Trauma. 2027; 15(1)

combination group showing the most consistent
restoration of antioxidant enzyme activities across
both time points. This sustained antioxidant
protection likely contributes to the enhanced anti-
adhesive efficacy of the combination.

Pro-inflammatory cytokines, particularly TNF-a,
IL-1B, and IL-6, play central roles in adhesion
formation by promoting leukocyte recruitment,
fibroblast proliferation, and fibrin deposition [5, 6].
The combination group demonstrated exceptional
anti-inflammatory efficacy, reducing all three
cytokines to levels indistinguishable from the sham
group on day 7 and maintaining IL-6 suppression
through day 14. This complete normalization of the
inflammatory response was not consistently
achieved by monotherapies, underscoring the
synergistic benefit of combined therapy.

The anti-fibrotic effects observed in the
combination group are particularly noteworthy.
Fibroplasia scores in the combination group were
comparable to the sham group on both days 7 and
14, despite only moderate vascularization. This
dissociation suggests that the combination reduces
fibrosis through mechanisms partially independent
of angiogenesis, possibly via direct inhibition of
fibroblast activation or TGF-1/Smad signaling [22,
24]. Previous studies have demonstrated that
selenium nanoparticles suppress TGF-fB1-induced
fibroblast-to-myofibroblast ~ differentiation and
collagen production, while coenzyme Q10 reduces
collagen I and III synthesis in experimental adhesion
models [13].

Several limitations warrant consideration. First,
the sample size (n=5 per time point) is relatively
small and may limit generalizability. Second,
molecular-level analyses (e.g.,
immunohistochemistry for TGF-B1, Smad proteins,
a-SMA) were not performed, which would have
provided direct evidence for the proposed
mechanisms [7]. Third, the 14-day study duration
may not capture long-term outcomes, including
adhesion reformation. Fourth, systemic toxicity and
pharmacokinetics  of  repeated  nanoparticle
administration were not assessed. Fifth, the
translational relevance of rodent adhesion models to
human clinical scenarios, while well-established,
may not fully recapitulate the complexity of
postoperative adhesion formation in patients with
comorbidities [28].

Future studies should focus on the following: (1)
elucidating the detailed molecular mechanisms,
particularly regarding TGF-B1/Smad signaling and
myofibroblast differentiation, using specific
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immunohistochemical and immunoblotting
techniques; (2) evaluating the safety and
pharmacokinetics of repeated selenium nanoparticle
and coenzyme Q10 administration; (3) optimizing
the formulation and dosing regimen for potential
clinical translation; (4) validating these promising
results in larger animal models; and (5) investigating
the potential of this combination in preventing
adhesion reformation following adhesiolysis [29,
30].

Conclusions

In conclusion, this study demonstrates that co-
administration of selenium nanoparticles and
coenzyme Q10 significantly reduces peritoneal
adhesion severity, attenuates oxidative stress,
suppresses  pro-inflammatory  cytokines, and
mitigates fibrosis in a rat model. The combination
therapy showed superior efficacy compared to either
monotherapy alone at both time points
evaluated. The ability of the combination therapy to
completely normalize inflammatory markers to
sham levels, maintain antioxidant capacity, and
consistently reduce fibroplasia underscores the
potential of combined selenium nanoparticles and
coenzyme QIl0 as a promising strategy for
preventing postoperative peritoneal
adhesions. These  findings  support  further
investigation of this combination for postoperative
adhesion prevention.
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