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Abstract 
 
 

Postoperative peritoneal adhesions remain a significant clinical challenge, often leading to 

serious complications such as chronic pain, intestinal obstruction, and infertility. Evidence 

indicates that oxidative stress and inflammation are key drivers of postoperative peritoneal 

adhesion formation. This study investigated the therapeutic potential of intraperitoneal 

administration of Tannic Acid (TA)-loaded selenium nanoparticles (SeNPs), in a rat model 

of surgically induced peritoneal adhesions. Thirty male Wistar rats (n=6 per group) were 

randomly divided into five groups to evaluate potential anti-adhesion therapies: sham (no 

adhesion induction), control (adhesion induction without treatment), SeNPs (1 mg/kg, 

single intraperitoneal (i.p.) dose after adhesion), tannic acid (TA, 20 mg/kg, single i.p. dose 

after adhesion), and a combination group (SeNPs + TA at the same doses, single i.p. dose 

after adhesion). All animals were killed 7 days later and cecum tissue samples were 

collected for biochemical and molecular analyses. Biochemical findings revealed a marked 

attenuation of oxidative stress, as evidenced by a significant decrease in xanthine oxidase 

activity and malondialdehyde levels in the SeNPs+TA group compared with the control 

group (P < 0.05). Gene expression analysis revealed a synergistic anti-inflammatory effect 

for the SeNPs+TA combination, which induced significantly greater downregulation of key 

pro-inflammatory mediators (particularly IL-1β and IL-6) compared to either monotherapy. 

At the level of upstream regulation, NF-κB expression followed a similar but non-significant 

decreasing trend, a finding that may reflect the limited duration of the single-dose treatment 

protocol. Collectively, these results suggest that tannic acid-loaded selenium nanoparticles 

exert potent antioxidant and anti-inflammatory actions, effectively targeting the principal 

molecular pathways involved in postoperative adhesion formation. Therefore, this 

combinatorial nanotherapeutic approach shows considerable promise as a therapeutic 

strategy for the management of postoperative peritoneal adhesions. 
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Introduction  
 

Peritoneal adhesions are abnormal fibrous bands between 

tissues and organs, primarily resulting from peritoneal 

injury during surgery, infection, inflammation, or radiation 

(1). They form rapidly, often within 5–7 days, and occur in 

over 90% of patients after abdominal or pelvic operations 

(1, 2). Clinically, adhesions cause serious complications 

such as bowel obstruction, chronic pain, infertility, and 

organ injury. They also complicate future surgeries by 

increasing the risk of bowel perforation and extending 

operative time, presenting major clinical and economic 

challenges (3). 

     While the precise pathogenesis of postoperative 

peritoneal adhesions is not fully defined, their formation is 

generally attributed to an imbalance between fibrin 

deposition and degradation during peritoneal repair (4). The 

inflammatory response initiates this process, characterized 

by neutrophil and macrophage infiltration. These cells 

release cytokines, including IL-1β, TNF-α, TGF-β, and IL-

6, into the injury site (3, 5). Proinflammatory cytokines, 

notably IL-1β and TNF-α, strongly induce NF-κB 

activation, which triggers adhesion progression by 

upregulating adhesion molecules such as E-selectin, ICAM-

1, and VCAM-1 (6). These mediators, in turn, recruit more 

immune cells and stimulate mesothelial cell proliferation. 

Following the initial injury, tissue hypoxia, often 

accompanied by disrupted blood supply and subsequent 

reperfusion, triggers excessive reactive oxygen species 

(ROS) production, predisposing the peritoneum to adhesion 

development (7). Concurrently, fibrin deposits form a 

provisional matrix, leading to fibroblast infiltration and 

collagen deposition. By the second week, fibroblast activity 

decreases as mesothelial regeneration advances, resulting in 

mature fibrinous adhesions (5). 

     To address this issue, various pharmacological agents, 

such as fibrinolytics, anticoagulants, anti-inflammatory 

drugs, and antibiotics, have been widely studied and 

demonstrate promising therapeutic potential (8). However, 

their clinical efficacy is often limited by rapid systemic 

clearance. Furthermore, significant controversy surrounds 

the safety and effectiveness of certain therapies, particularly 

systemic fibrinolytics, due to the associated risks of 

postoperative hemorrhage and impaired tissue healing (9). 

Since adhesion formation is a multifactorial process 

primarily driven by inflammatory responses and oxidative 

stress, antioxidant and anti-inflammatory agents represent a 

critical strategy for its prevention and management (7). 

Indeed, nanotechnology has revolutionized therapeutic 

approaches by enhancing drug efficacy, reducing systemic 

toxicity, and enabling controlled release, thereby 

transforming treatment paradigms (10). Selenium 

nanoparticles (SeNPs), composed of elemental selenium 

(Se⁰ ), offer a promising biomedical platform due to their 

favorable bioavailability and significantly reduced toxicity 

compared to other forms of selenium (10, 11). 

     SeNPs directly scavenge free radicals and enhance 

endogenous antioxidant defenses (11). They also potently 

suppress pro-inflammatory cytokines, demonstrating 

significant anti-inflammatory effects (12). Additionally, 

tannic acid (TA) is a water-soluble plant polyphenol with 

notable biological properties. Its structure features a D-

glucose core fully esterified with galloyl groups, enabling 

potent free radical scavenging activity (13) .TA effectively 

inhibits migration and invasion in murine colon carcinoma 

cells by preserving tight junction integrity and 

downregulating key mesenchymal adhesion proteins, such 

as N-cadherin and integrins (14). In addition, TA has been 

effectively integrated into hydrogel systems for managing 

postoperative abdominal adhesions, where its 

anti-inflammatory activity underlies significant therapeutic 

efficacy (15). Building on this evidence, this study evaluates 

TA-loaded SeNPs as a novel strategy for preventing 

postoperative peritoneal adhesions in a rat model. 

 

Materials and Methods 
 

Synthesis of SeNPs and TA 
 

Synthesis of the nanoparticles was performed according to 

the protocol previously reported by Shirian et al. (2024) 

(16). Briefly, 100 mg of chitosan was dissolved in 100 mL 

of a 1% (v/v) acetic acid solution, followed by the addition 

of 387 mg of ascorbic acid as a reducing agent. The mixture 

was stirred at 25 × g at room temperature, after which 5 mL 

of sodium selenite solution (11 mg/mL) was added 

dropwise under continuous stirring. The resulting SeNPs 

were collected by centrifugation, washed repeatedly with 

distilled water to remove unreacted precursors and residual 

reagents, and then re-dispersed prior to further 

physicochemical and analytical characterization. 

 

Surface Modification of Nanoparticles Using TA 
 

The synthesized SeNPs were resuspended in 30 mL of 

sterile normal saline. Surface functionalization was 

achieved by adding 600 mg of TA, followed by an 

esterification reaction conducted under continuous stirring 

for 24 h (overnight). Each experimental animal (rat) 

received a single dose of 0.25 mL of the final formulation, 

which contained 0.2 mg of SeNPs and 5 mg of TA per 

administered volume. 
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Animal Experimental Design 
 

The study was approved by the Ethics Committee of 

Shahrekord University (Approval Code: 

IR.SKU.REC.1403.004). Thirty male Wistar rats, weighing 

250–300 g and aged 6–8 weeks, were acclimatized for one 

week in stainless steel cages prior to experimentation. The 

animals were maintained under standard laboratory 

conditions, including a 12 h light/12 h dark cycle, a relative 

humidity of 65% ± 3%, and a controlled temperature of 23 

± 2 °C, with ad libitum access to standard rodent chow and 

water. Prior to intraperitoneal administration, all injectable 

solutions were sterilized by passage through a 0.22 µm 

sterile syringe filter under aseptic conditions. The rats were 

randomly allocated into five experimental groups (n = 6 per 

group) as follows: Group A (Sham) underwent a midline 

laparotomy without cecal abrasion. Group B (Control) was 

subjected to adhesion induction without any therapeutic 

intervention. Group C (SeNPs) received a single 

intraperitoneal injection of SeNPs (1 mg/kg, dissolved in 

250 µL of sterile distilled water) immediately after adhesion 

induction, whereas Group D (TA) received a single 

intraperitoneal injection of TA (20 mg/kg, dissolved in 250 

µL of sterile distilled water) immediately after adhesion 

induction. Group E (SeNPs–TA) received a single 

intraperitoneal injection of a combination of SeNPs (1 

mg/kg) and TA (20 mg/kg), dissolved in 250 µL of sterile 

distilled water, following adhesion induction (17, 18). All 

animals were included in the experimental analyses, and no 

mortality or significant postoperative complications were 

observed throughout the experimental period. 

 

Surgical Procedure 
 

Anesthesia was induced by intraperitoneal administration of 

ketamine (70 mg/kg) and xylazine (10 mg/kg). After 

shaving and aseptic preparation of the abdominal area, rats 

were positioned supine, and the operative field was 

disinfected with a freshly prepared 1:20 povidone–iodine 

solution. A 3-cm midline laparotomy was performed to 

expose the cecum, which was gently exteriorized and kept 

moist with sterile saline-soaked gauze. A 2 × 1 cm serosal 

area of the cecum was abraded for 30 s using a sterile soft 

nylon dental brush to induce the cecal scratch model; the 

presence of petechial subserosal hemorrhages confirmed 

successful induction (16). The cecum was then returned to 

the abdominal cavity, and the assigned treatment was 

administered intraperitoneally as a single dose according to 

the experimental protocol. The abdominal wall was closed 

in two layers using absorbable 3-0 sutures. The animals 

were allowed to recover under standard conditions. One 

week postoperatively, the rats were euthanized by 

intraperitoneal administration of a ketamine–xylazine 

combination at a dose 10-fold higher than that used for 

anesthesia. The abdomen was then reopened via a U-shaped 

incision for blinded macroscopic evaluation, followed by 

the collection of cecal tissues for biochemical analyses and 

RNA extraction. 

 

Biochemical Analysis in Cecal Homogenates 
 

Cecal tissues were homogenized in ice-cold 0.1 M 

phosphate buffer (pH 7). Biochemical determinations were 

performed on the supernatants obtained after centrifugation 

of the homogenates at 18,000 × g for 3 min. These 

supernatants were subsequently used to assess xanthine 

oxidase (XO) activity and malondialdehyde (MDA) levels. 

 

Evaluation of XO Activity 
 

XO activity was measured using a commercially available 

assay kit (ZellBio GmbH, Ulm, Germany). This method is 

based on a coupled enzymatic reaction that produces a 

colorimetric signal measured at 575 nm, which is directly 

proportional to the amount of hydrogen peroxide generated 

during xanthine oxidation. One unit (U) of xanthine oxidase 

activity was defined as the amount of enzyme required to 

catalyze the oxidation of xanthine, resulting in the formation 

of 1 µmol of uric acid and hydrogen peroxide per minute at 

25 °C, according to the manufacturer’s instructions. XO 

activity was calculated using the following equation: 

Xanthine oxidase activity (U/mL) = (OD₂  − OD₁ ) × 800 

where OD₂  represents the absorbance of the sample and 

OD₁  represents the absorbance of the corresponding blank. 

 

Protein Quantification in Cecal Tissue 
 

Total protein concentration in the cecal tissue homogenates 

was determined using the Bradford colorimetric method 

(17). Briefly, 10 µL of the supernatant was mixed with 200 

µL of Coomassie Brilliant Blue G-250 reagent, and 

absorbance was measured at 595 nm using a microplate 

reader. Protein concentrations were calculated from a 

standard calibration curve generated with bovine serum 

albumin (BSA) and expressed as milligrams of protein per 

milliliter. All biochemical parameters were subsequently 

normalized to the total protein content. 

 

Determination of Malondialdehyde (MDA) Levels 
 

MDA levels were determined according to the method of 

Peeri, et al. (2012) with minor modifications (20). Briefly, 

1 mL of tissue homogenate was mixed with 2 mL of TBA 

reagent (15% trichloroacetic acid, 0.375% thiobarbituric 

acid, and 2.08 mL of 37.7% HCl), vortexed thoroughly, 
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transferred to sealed tubes, and heated in a water bath at 95 

°C for 15 minutes. After cooling to room temperature, the 

samples were centrifuged at approximately 100 × g for 10 

min, and the absorbance of the supernatant was measured at 

535 nm. MDA concentration was calculated by dividing the 

absorbance measured at 535 nm by the molar extinction 

coefficient (1.56 × 10⁵  M⁻ ¹ cm⁻ ¹). The resulting value 

was then multiplied by 10⁶  to convert the concentration to 

µM and normalized to tissue weight, and expressed as µM 

per mg of tissue. 

 

Evaluation of NF-κB, IL-1β, IL-6, and TNF-α Gene 

Expression 
 

Total RNA was extracted from 100 mg of cecal tissue using 

RNX-plus reagent (Yekta Tajhiz, Tehran, Iran) following 

the manufacturer’s instructions. The purity and 

concentration of RNA were assessed by measuring optical 

density using a NanoDrop spectrophotometer, and the RNA 

was subsequently reverse-transcribed into cDNA using a 

commercial cDNA synthesis kit (Yekta Tajhiz Azma Co., 

Iran). The synthesized cDNA was stored at –70 °C until 

further use. Primers for each gene were designed using 

Allele ID software (Premier Biosoft, CA, USA) and 

validated by NCBI BLAST; their sequences, accession 

numbers, annealing temperatures, and product lengths are 

summarized in Table 1. For gene expression analysis, 2 μL 

of cDNA was mixed with 6 μL of 2X SYBR Green Master 

Mix and 0.5 μL of 5 mmol/L solutions of each forward and 

reverse primer in a final reaction volume of 12 μL. 

Quantitative real-time PCR was performed using a Roche 

qRT-PCR system (Roche Diagnostics, Mannheim, 

Germany) under the following conditions: initial 

denaturation at 95 °C for 10 min, followed by 40 cycles of 

95 °C for 10 s, 60 °C for 20 s, and 72 °C for 20 s, with 

fluorescence detection at the end of each extension step. All 

reactions were performed in triplicate, and the specificity of 

PCR products was confirmed by melting curve analysis. 

Relative gene expression was calculated using the 2−ΔΔCt 

method, with beta-actin serving as the housekeeping gene 

and internal control (21). 

 

Statistical Analysis 
 

All statistical analyses were performed using the SPSS 

software version 23.0 (SPSS Inc., Chicago, IL, USA). The 

data were expressed as mean ± SD. Statistical analysis was 

performed using One-way analysis of variance (ANOVA) 

followed by Tukey’s post hoc tests for comparison of the 

means between the groups. A value of P < 0.05 was 

considered statistically significant. 

 

Table 1. Primers for quantitative real-time PCR 

 

Results 
 

MDA Levels 
 

As shown in Figure 1, MDA levels were significantly 

elevated in the control group relative to the sham group. In 

contrast, the combined treatment group showed a significant 

reduction in MDA compared to the control group (P < 

0.05). Treatment with SeNPs or TA did alone not result in 

any significant differences compared to the control. 

 

 

Assessment of XO Activity 
 

Figure 2 demonstrates that XO activity was significantly 

elevated in the control group relative to the sham group. 

Treatment with either SeNPs–TA or selenium alone 

effectively attenuated this increase, resulting in a significant 

reduction in XO activity. Considering the central role of XO 

in catalyzing the production of reactive oxygen species, this 

pharmacological suppression of enzymatic activity likely 

represents a key mechanism for alleviating oxidative stress, 

a major contributor to the pathophysiology of the disease 

(22). 

Genes Forward primer Reverse primer 

NF-kΒ 5′-AGCACCAAGACCGAAGCAA-3′ 5′-TCTCCCGTAACCGCGTAGTC-3′ 

IL-1β 5′-GGAAGGCAGTGTCACTCATTGTG-3′ 5′-GGTCCTCATCCTGGAAGCTCC-3′ 

IL-6 5'-GCCCTTCAGGAACAGCTATGA-3' 5'-TGTCAACAACATCAGTCCCAAGA-3' 

TNF-α 5′AGCCCTGGTATGAGCCCATGTA3′ 5′-CCGGACTCCGTGATGTCTAAGT-3′ 

Beta-actin 5'-GTCAGGTCATCACTATCGGCAAT-3' 5'-AGAGGTCTTTACGGATGTCAACGT-3' 
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Figure 1: MDA levels in cacal tissue homogenate of rats at 7 days after the surgery-induced peritoneal adhesions in rats. Data are presented 

as mean ± SD. Different letters indicate significant differences among experimental groups, while * indicates a statistically significant 

difference compared with the control group (P < 0.05). 

 

 

 
 

Figure 2: XO activity in cacal tissue homogenate of rats at 7 days after the surgery-induced peritoneal adhesions in rats. Data are presented 

as mean ± SD. Different letters indicate significant differences among experimental groups, while * indicates a statistically significant 

difference compared with the control group (P < 0.05). 

 

Gene Expression Analysis 
 

As illustrated in Figure 3, the control group exhibited a 

significant upregulation of the pro-inflammatory genes IL-

1β, TNF-α, and IL-6 compared with the sham group (P < 

0.001). Treatment with the SeNPs–TA intervention 

markedly attenuated the expression of all three genes 

relative to the control group (P < 0.001). Treatment with 

selenium and TA alone resulted in a significant reduction in  

TNF-α and IL6 gene expression compared with the control 

group (P = 0.001 and P < 0.05 respectively). However, the 

combined treatment of SeNPs–TA produced a more 

pronounced suppressive effect on IL-1β and IL-6 

expression than either TA or SeNPs alone (P ≤ 0.05). 

Evaluation of the relative expression of the NF-κB gene 

revealed no statistically significant differences between the 

treatment groups and the control group (P > 0.05). 
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Figure 3: The mRNA expression levels of IL-1β, TNF-α, IL-6, and NF-κB in cecal tissue of different groups at 7 days after the surgery-

induced peritoneal adhesions in rats. Data are presented as mean ± SD. Different letters indicate significant differences among experimental 

groups with *(P value < 0.05) and **(P value < 0.001) indicating statistically significant differences, respectively. 

 

Discussion 
 

In this study, the relative expression of NF-κB mRNA in 

cecal tissue was significantly higher in the control group 

compared with the sham group (p < 0.001), indicating 

activation of NF-κB in the early pathogenesis of peritonitis. 

NF-κB is a key nuclear transcription factor involved in the 

initiation and regulation of immune and inflammatory 

responses, promoting the transcription of pro-inflammatory 

cytokines such as TNF-α, IL-1β, and IL-6, particularly in 

macrophages (23). Consistent with our findings, Zhang et 

al. (2014) reported elevated NF-κB expression in 

inflammatory cells within peritoneal tissue during acute 

peritonitis (24). 

     In the present study, treatment with SeNPs, TA, and their 

combination resulted in a non-significant reduction in NF-

κB gene expression compared with the control group. The 

persistence of a baseline level of NF-κB expression, even 

after treatment, is likely essential for its homeostatic roles 

in tissue repair, cellular proliferation, and angiogenesis, 

which are critical processes during the resolution of 

inflammation and adhesion formation (25). Thus, the 

observed non-significant reduction could reflect a balance 

between suppressing detrimental inflammation and 

preserving essential repair functions. This outcome is 

consistent with the established principle that the 

immunomodulatory effects of SeNPs are highly dependent 

on dose and treatment duration. For example, a pivotal study 

demonstrated that the short-term administration of SeNPs 

(14 days) increases the mRNA levels of TNF-α, IL-1β, IL-

6, NF-κB, and SOCS3, whereas prolonged treatment (28 

days) significantly reduces their expression (26). Given this 

evidence, the non-significant reduction in NF-κB 

expression observed here may be directly attributable to the 

short-term nature of our treatment protocol, which was 

limited to a single dose on the day of surgery. 

     Nevertheless, the NF-κB pathway remains a well-

established and potent target for selenium-based 

interventions. Specifically, selenium is known to inhibit the 

binding of NF-κB to nuclear response elements, thereby 

downregulating the synthesis of pro-inflammatory cytokine 

mRNA (27). Furthermore, the close interconnection 

between NF-κB and other key signaling cascades, such as 

MAPK and JAK/STAT (28), means that targeting NF-κB 

with SeNPs can exert a broader anti-inflammatory effect by 

influencing these related pathways (28, 29). Notably, SeNPs 

have been shown to simultaneously inhibit MAPK, NF-κB, 

and STAT3 signaling, effectively disrupting the crosstalk 

among these critical pathways (29). In addition, interference 

with toll-like receptors (TLRs), which function as upstream 

activators of NF-κB signaling, has been proposed as another 

anti-inflammatory mechanism of nanoselenium (30). 



                                               

                                              

67 
 

      

    

    Moosa Javdani, et. al., (2026) 3(2); 61 – 70                  
     

   Veterinary and Comparative Biomedical Research                                                      

 

 

Antiadhesive activity of Tannic Acid–Selenium Nanoparticles 

via Oxidative & Inflammatory Regulation 

     Similarly, TA exerts potent anti-inflammatory effects by 

targeting the same key pathways. Its polyphenolic structure 

enables it to inhibit NF-κB and MAPK activation and 

suppress the production of inflammatory mediators (31). 

For example, it has been shown to attenuate dermatitis in 

murine models and reduce LPS-induced neuroinflammation 

in BV2 microglial cells through the inhibition of NF-κB 

signaling and pro-inflammatory cytokine production (32). 

Given these notable anti-inflammatory properties, it was 

hypothesized that a combination of SeNPs and TA would 

synergistically inhibit the production of major pro-

inflammatory cytokines. Therefore, the expression of TNF-

α, IL-6, and IL-1β was assessed in the experimental model. 

TNF-α plays a central role in initiating inflammatory and 

immune responses; however, its excessive production leads 

to sustained immune cell recruitment, chronic 

inflammation, and tissue damage (33). In this study, the 

expression levels of TNF-α, IL-6, and IL-1β were markedly 

increased in the control group following adhesion induction. 

In contrast, treatment with the combined SeNPs and TA 

group significantly reduced the expression of these pro-

inflammatory genes compared with the control group. 

These findings indicate that the anti-inflammatory effects of 

SeNPs were potentiated by the concomitant anti-

inflammatory activity of TA, highlighting the therapeutic 

potential of this combination in attenuating cecal tissue 

inflammation during peritonitis. Supporting these results, 

numerous studies have demonstrated that SeNPs inhibit the 

production of pro-inflammatory cytokines in various in 

vitro and in vivo inflammatory models (34, 35). 

Furthermore, SeNPs modulate immune cell function, 

particularly in macrophages, by promoting M2 macrophage 

polarization and suppressing the secretion of pro-

inflammatory cytokines such as IL-1β and IL-10 (36). 

SeNPs have also been shown to ameliorate metabolic 

inflammation induced by a fructose-rich diet by reducing 

IL-1β, TNF-α, and IFN-γ levels and alleviating oxidative 

stress (37). 

     ROS play a crucial role in activating inflammatory 

signaling pathways and inducing tissue injury (38). The 

anti-inflammatory effects of nanoselenium may therefore be 

mediated, at least in part, through modulation of ROS 

production. Selenium, as a component of selenoproteins 

such as glutathione peroxidase (GPX) and thioredoxin 

reductase (TrxR), contributes to the attenuation of oxidative 

stress and the suppression of inflammation (34). By 

scavenging excessive ROS, selenium may prevent the direct 

activation of NF-κB or indirect activation via IκBα 

phosphorylation and DNA damage sensors such as ATM 

and ATR kinases (39). Xanthine oxidase (XO), the rate-

limiting enzyme in purine catabolism, is a major source of 

ROS and plays an important role in immune responses and 

oxidative stress. Increased XO activity promotes NF-κB 

activation and subsequent release of pro-inflammatory 

cytokines (22). In the present study, XO activity was 

elevated in the control group following adhesion induction, 

whereas treatment with SeNPs, either alone or in 

combination with TA, significantly reduced XO activity. 

Selenium has also been shown to regulate oxidative stress 

in neutrophils by modulating TRPV1-mediated calcium 

influx, thereby reducing ROS generation and the activation 

of pro-oxidant enzymes such as XO (40). Consistent with 

these findings, Ghaffari et al. (2012) reported that combined 

vitamin E and sodium selenite supplementation modulates 

AO and XO activities (41). Although tannins exhibit weak 

to moderate direct XO inhibition, their antioxidant effects 

are primarily mediated through scavenging free radicals 

generated during enzymatic reactions (42). 

 

Conclusion 
 

The results of this study demonstrated that TA-loaded 

SeNPs exert remarkable effects in improving key 

parameters involved in adhesion formation. The superior 

efficacy of the combination treatment likely stems from a 

dual mechanism: the attenuation of oxidative stress markers 

and the downregulation of the pro-inflammatory cytokines. 

Despite these promising findings, the combined treatment 

did not produce a significant change in NF-κB expression, 

which may be attributable to the relatively short duration of 

the intervention. This limitation warrants further long-term 

investigation. 
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