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Article History: Abstract: Background: Periodontal soft-tissue regeneration 

requires biomaterials that are biocompatible, b⁠ioactive, and 

capable of supporting fibroblast adhesion and proliferation. 

Natural bioactive compounds derive⁠d from agricult⁠ural waste 

are gaining attention due to their sustainability and biological 

advantages. Pomegranate peel extract (PPE), rich in 

polyphenols and antioxi⁠dants, has shown promising 

regenerative potential. Ai⁠m: To evaluate the 

cytocompatibility, fibroblast activity, a⁠nd antioxidant 

potential of an electrospun polycapr⁠olactone–

polyvinyl⁠pyrrolidone (PCL–PVP) scaffold i⁠ncorporated with 

pomegranate peel extract. Materials and Methods: An i⁠n-

vitro experimental study was conducted using L929 fibroblast 

cell lines. Electrospun nan⁠ofibrous scaffolds were⁠ fabricated 

u⁠sing PC⁠L–PVP (control) and PC⁠L–PV⁠P–PPE (test). 

Scaffold morphology⁠ was evaluated using scanning electron 

micro⁠scopy (SEM). C⁠ytocompatibility was assessed by MTT 

assay, and antioxidant activity was ev⁠aluated using the DPPH 

free-⁠radical scavenging as⁠say. Statistic⁠al analysis was 

performed using Student’s t-test. Results: The PPE-

incorporated scaffold demonstrated high⁠ fibroblast viability 

(~90%) with minimal cytotoxicity. SEM analysis revealed 

enhanced fiber distr⁠ibution, surface por⁠osity, and improved 

fibroblast adhesion with well-defined filopodia⁠l extensions. 

The DPP⁠H assay showed approximately 71% free-radical⁠ 

scavenging activity.Conclusion⁠: Pomegranate peel extract-

in⁠corporated electrospun PCL–PVP scaffolds exhibited 

excellent cytocompatibility and antioxidant potential, 

supporting their application in periodontal soft-tissue 

regeneration. 
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INTRODUCTION 

 
Periodontal dise ⁠ase leads to progressive destruction of 

periodontal tissues, including alveolar bone, 

periodontal ligament, and cementum, u ⁠ltimately 

resulting in tooth loss if untreated. Conventional 

periodontal therapy primarily aims to arrest di ⁠sea ⁠se 

progression; however, regeneration of lost periodontal 

structures remains a m ⁠ajor therapeutic challenge. The 

concept of periodontal regeneratio ⁠n involves 

r⁠estoration of the original architecture and function of 

periodontal tissues through biological and 

bioma ⁠terial-based approaches¹˒². Tissue engineerin ⁠g 

has emerged as a promising strategy to achieve 

periodontal regeneration by integrating scaffolds, 

cells, and signaling molecu ⁠les to create an 

environment conducive to tissue repa ⁠ir³˒⁴. In this 

approach, biomaterial scaffolds pla ⁠y a crit ⁠ic⁠al role in 

providing a t⁠hr⁠ee-dimensional structure that mi⁠mics ⁠ 

the extracell ⁠ular m ⁠a ⁠trix and supports cellular 

adhesion, prolifera ⁠tion, and differentiation⁵˒⁶. Among 

synthetic biodeg ⁠radable polymers, polycaprolactone 

(PCL) h ⁠as gained considerable attention ⁠ in tissue 

engineering applicat ⁠ions due to its excellent 

biocompatibility, biodegradability, and favorable 

mechanical properties⁷. PCL also exhibits good 

electrospinnability, allowing fabrication of 

nanofibrous scaffolds that closely resemble the 

architecture o ⁠f natural extracellular matrix⁸˒⁹. 

However, the hydrophobic nature and slow 

degradati⁠on rate of PCL may limit its biological 

performance in ⁠ certain applications. To overcome 

these li⁠mitatio ⁠ns, PCL is often blended with 

hydrophilic polymers such as polyvinylpyrrolidone 

(PVP), which improves wettability, drug loading 

capacity, and ce ⁠l ⁠lular interactions¹⁰. The 

electrospinnin ⁠g technique allows the fabrication 

diffusion¹¹˒¹². In recent years, natural plant-derived 

bioactive co ⁠mpounds have gained atten ⁠tion in 

reg ⁠enerative medicine due to their antioxidant, ant ⁠i-

inflammatory, and antimicrobi ⁠al propert ⁠ie ⁠s. 

Pomegranate (Punica granatum) pee⁠l extract contains 

high concen ⁠trations of polyphenols, flavonoids, and 

tannins that exhibi⁠t strong antioxidant and anti-

inflamm ⁠atory activities¹³˒¹⁴. These propert ⁠ies are 

pa ⁠rticula ⁠rly relevant in periodontal disease,⁠ where 

oxidative ⁠ stress plays a significant role in t ⁠issue 

destruction¹⁵. Previous stu ⁠dies have dem ⁠onstr⁠ated 

that incorporation of plant extracts into e ⁠lectrospun 

scaffolds can enhance cellular proliferation, imp ⁠rove 

antioxi⁠d ⁠ant capacity, and ⁠ promote tissue 

regeneration¹⁶. Pomegranate peel extract, specifica ⁠lly, 

has shown promisin ⁠g ⁠ biological effects including 

enhanced ⁠ cell proliferation, improved osteogenic 

acti⁠vity, and inhibition of i ⁠nflammatory responses. In 

addition, oxidative stress generated by react⁠ive 

oxygen species (ROS) contributes significantly to 

periodonta ⁠l tissue damage and inflammatory 

progression¹⁷. Antioxidant-loaded scaffolds may 

therefore help modulate oxidative stress and create a 

favorable microenvironment for periodo ⁠ntal 

regeneration. Based on these considerations, 

incorporation ⁠ of pomegranate peel extract into 

electrospun PCL–PVP scaffolds may provide a 

bioactive platform capable of supporting fibrobl ⁠ast 

proliferation while si ⁠mul ⁠taneously exhibiting 

an ⁠tioxidant activity. Therefore, the present study 

aimed to evaluate and compare the cytocompatibility, 

fibroblastic a ⁠ctivity, and antioxida ⁠nt potential of 

electrospun PCL–PVP⁠ scaffolds w ⁠ith and without 

pomeg ⁠rana ⁠te p ⁠eel extract using MTT and DPPH 

assays. The findings of this study may contrib ⁠ute to 

the development of novel biomaterial scaffolds for 

periodontal tissue regeneration. 

 

MATERIALS AND METHODS 

 
Scaffold Preparation Electros ⁠pun scaffolds composed 

of polycaprolactone (PCL) and polyvinylpyrrolidone 

(PVP) were fabric ⁠ated using the ele ⁠ctrospinning 

te⁠chnique. Electro spinning is a versatil ⁠e method 

capable of producing nanofiber ⁠s with high surface 

area-to-volume ratios that mimic extracellular matrix 

structures ⁠¹⁸˒¹⁹. 

 

Two scaffold groups were prepared 

Group 1: PCL–PVP scaffold (control)  

Group 2: PCL–PVP scaffo ⁠ld incorporated with 

pomegranate peel extract (PPE) ⁠  

The polymer solutions were electrospun under 

controlled condition ⁠s of v ⁠oltage, flow rat ⁠e, and 

collector distance to produce uniform nan ⁠ofibrous 

membranes. 

 

Cell Culture 

L9⁠29 fibroblast cell lines were used to evaluate 

cytocompatibility and fibr⁠oblastic activity. Cells were 

cultured in Dulbecco’s Modified E ⁠agle Medium 

supplemented with fetal bovine serum and antibiotics 

and maintained at 37°C in a hu ⁠mi⁠dified incubator 

with 5% CO₂.  

 

MTT Assay for Cytocompatibility and Cell 

Viabilit ⁠y 

The cytocompati⁠bility of scaffolds was evaluated 

u ⁠sing the MTT assay, which measures mitochondrial 

metabolic activity as an indicator of viable cells. Cel ⁠ls 

were seeded onto scaffold samples and incubated for 

a sp ⁠ecified duration. Following incubation, MTT 

reagen ⁠t was added and metabolized by viable cells to 

form insoluble formazan crystals, which were 

dissolved an ⁠d quantified spectrophotometrically ⁠²⁰. 
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Higher absorbance values i ⁠ndicated greater cell 

viability and proliferatio ⁠n ⁠. 

 

 

DPPH Assay for Anti ⁠oxidant Activity 

The antioxidant potential of scaffolds was assessed 

using the DPPH radical scavenging assay. The DPPH 

r⁠adical is a stable free radical that changes color upon 

reductio ⁠n by antioxidant compounds²¹ ⁠. Scaffold 

extracts were mixed ⁠ with DPPH solution and 

incubated in the dark, and absorbance was measured 

using a spectrophotometer. The percentage of radical 

scavenging activity was calculated using the standard 

formula: Antioxidant activity (%) = [(A₀ − A₁)/A₀] × 

100 where A₀ represents cont ⁠rol absorbance A₁ 

represents sample absorbanc ⁠e. 

 

 Statistical Analysis 

 Data were expressed as mean ± standar⁠d deviation. 

Statistical a ⁠nalysis was performed us ⁠ing analysis of 

variance (A ⁠NOVA) followed b ⁠y ap ⁠propriate post-hoc 

tests. A p-value less than 0.05 was considere ⁠d 

statistically significant² ⁠².

 

 

RESULTS 
 

Antioxidant Activity (DPPH Assay) The antioxidant potential of the sample scaffold (PC ⁠L–PV ⁠P sheet incorporated 

with pomegran ⁠ate peel extract) was evaluated using the DPPH radical scavengin ⁠g assay and compared with the 

standard ant ⁠ioxidant (Vitamin C) across concentrations rangin ⁠g from 10–10⁠0 mg/ml. The results demonstrated a 

concentration-dependent in ⁠crease in radical scavenging activity fo ⁠r both the s ⁠tandard and the sample groups ⁠. 

However, the standard antioxidant consistently exhibited higher percentage inhibition compared to the scaffold 

sampl ⁠e at all concentrations. The highest antioxidant activity recorded for the stand ⁠ard group was 93% at 100 mg/ml, 

whereas the sca ⁠ffold sample demonstrated 71% inhibition at the sam ⁠e concentration. The mean antioxidant a ⁠ctivity 

of the standard group was 60 ± 25.66%, while the sample group showed a mean antioxidant activity of 43 ± 17.54%. 

Statistical analysis using a paired t-test revealed a highl ⁠y significant difference betw ⁠een the groups (p < 0.001), 

indicating that although the scaff ⁠old exhibited antio ⁠xidant potentia ⁠l, its activity was sig ⁠nificantly lower than the 

standard antio ⁠xidant. These findings indicate that the pomegranate peel extract incorporated within the PCL–PVP 

scaff⁠old retained measur ⁠ab⁠le antioxidan ⁠t capacit ⁠y and ⁠ demonstrated dose-dependent radical scavenging activity. 

 

Cytocompatibi ⁠lity and ⁠ Cel ⁠l Viability  

The cytocompatibility of the scaffold ⁠ material was evaluated using cell viability analysis on fibroblast cell lines. The 

results demons ⁠trated 90% cell viability with only 10% cytotoxicity, ind ⁠icating excellent cellula ⁠r compatibility of the 

scaffold material. Based on standard cytotoxicity classification criteria, materials demonstrating greater than 70% 

cell viability are considered non-cytotoxic. Ac⁠c⁠ordingly, the PCL–PVP scaffold incorporated with pomegranate peel 

extract was classified as non-cytotoxic, suggesting that the material is safe a ⁠nd suitable for biomedical applications 

involving cellular ⁠ interaction. The high percentage of viable fi ⁠broblast cells suggests that the fabricated scaffold 

provides ⁠ a favorable environment for cellular attachment and proliferat ⁠ion. 
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Table 1: Comparison of antioxidant activity (%) between Standard and Sample groups across concentrations 

using DPPH assay. Values represent percentage inhibition. Statistical significance was determined using a 

paired t-test. 

 STANDARD_DPP

H_ASSAY 

SAMPLE_DPPH_

ASSAY 

 

PERCENTAGE PERCENTAGE P VALUE 

CONCENTRATIONS 10 mg/ml 20 17 <0.001 

20mg/ml 28 25 

30 mg/ml 39 29 

40 mg/ml 50 34 

50 mg/ml 58 41 

60 mg/ml 65 45 

70 mg/ml 74 51 

80 mg/ml 82 57 

90 mg/ml 91 64 

100 mg/ml 93 71 

 Mean ± SD 60 ± 25.656 43 ± 17.539  

The antioxidant activity of the Sample (PCL with PVP sheet) was evaluated using the DPPH assay and compared 

against the Standard (Vitamin C) across concentrations ranging from 10 to 100 mg/ml. At each concentration, the 

Standard exhibited higher percentage inhibition than the Sample. The mean antioxidant activity of the Standard was 

60 ± 25.66%, while the Sample showed 43 ± 17.54%. A paired t-test revealed a statistically significant difference 

between the two groups (p < 0.001), indicating that the Sample had significantly lower antioxidant activity compared 

to the Standard. 
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Test Metrics Sample 

Cytotoxicity (%) 10% 

Cell Viability (%) 90% 

Cytotoxic Reactivity Non-Cytotoxic 

 

This is a single sample tested for cytotoxicity, and the result is classified as Non-Cytotoxic based on established 

criteria 

 

The sample (Pomegranate Peel Extract with PCL and PVP) showed 90% cell viability and 10% cytotoxicity, 

classifying it as non-cytotoxic according to standard biocompatibility threshold 

 

DISCUSSION  
 

Periodontal regeneration requires biomaterial ⁠s 

capable of sup ⁠porting cellular prolife ⁠ration while 

simultaneously controlling inflammation and 

oxidative stress within the periodontal 

microenvironment. The present in-vitro study 

evalu⁠ated the cytocompatibility and antioxidant 

activity⁠ o ⁠f a PCL–PVP ⁠ scaffold incorporated with 

pomegranate pee ⁠l extract, with the objective of 

assessing its potential app ⁠l ⁠icab⁠ility in periodontal 

tissue engineering.⁠ El ⁠ectrospun pol ⁠yme ⁠ric scaffolds 

have gained significant attention in regenerative 

medi⁠cine d ⁠ue to the⁠ir ability to mimic the str⁠uctural ⁠ 

architecture of th ⁠e extr⁠acellular mat ⁠r⁠ix a ⁠nd facili⁠tate 

cellular adhesion and proliferation. Nanofibrous 

scaffolds fa ⁠bricated using electrospinning provide a 

highly porous structure with large surface area, 

enabling improved nutrient diffusion and cell–scaffold 

interactions¹³ ⁠. Polycaprolact ⁠one (PCL) is widely used 

in t ⁠issue engineering applications because of its 

bioco ⁠mpatibility, mechanical stability, and slow 

degrada ⁠tion profile⁴. However, the hydrophobic 

nature of PCL may limit cellular attachment. 

Therefore, blending PCL with hydrophilic polymers 

such as polyvinylpyrro ⁠lidone (PVP) i ⁠mproves 

wettabi⁠lity and e ⁠nhances biological interactions 

between cells and scaffold surfaces⁵. The combination 

of PCL⁠ and PVP has been reported to produce 

scaffolds with improved m ⁠echanical strength and 

enhanced ce ⁠llular compatibility⁶. In the present study, 

cytocompatibility testing demonstrated 90% cell 

viability, indicating that the fabricated scaffold is non-

cytotoxic and supports fibroblast survival. Thes ⁠e 

findings are consist⁠ent with previous studies 

demonstrating excelle ⁠nt biocompatibility of PCL-

based scaffolds in tissue engineering applications⁷. 

High fibroblast ⁠ viability is particularly important in 

periodontal rege ⁠nera ⁠tion because fib⁠roblasts play a 

key role in extracellular matri⁠x synthesis, collagen 

production, and periodontal ligament repair⁸. 

Anoth ⁠er important finding of th ⁠e present study was 

the an ⁠tioxidan ⁠t activity demonstrated by the scaffold 

containing pomegrana ⁠te peel extract. The DPPH 

assay results revealed that the scaffold exhibited dose-

dependent radical scavenging act ⁠ivity, although the 

anti⁠oxidant effect was lower compared to the standard 

antiox⁠idant (Vi ⁠tamin C). Nevertheless, the presence of 

significant antioxidant activity indicates that the 

incorporated pomegranate peel extract retained its 

bioactive properties within the scaffold matrix. 

Oxidative stress plays a ⁠ cruc⁠ial role in the 

pathogenesis of pe ⁠riodonta ⁠l disease. Excessive 

production of r ⁠eactive ox⁠ygen species (ROS) 

contributes to tissue destruction, inflammatory cell 

activation ⁠, and alveolar bone resorption⁹. Therefore, 

biomaterials with antioxidant proper⁠ties may help 

c⁠reate a fa ⁠vorable microenvironment for periodontal 

regeneration by reducing oxidative st ⁠ress and 

protecting cells from free radical damage¹⁰. 

Pomegranate peel e ⁠xtract is known to contain high 

concentrations of polyphenolic compounds such as 

ellagic acid, tannins, flavonoids, and anthocyanins, 

which exhibit potent antioxidant and anti-

inflammator⁠y acti ⁠vities¹¹–¹³. Several s ⁠tudies have 

reported that pomegranate-de⁠rived compounds can 

enha ⁠nce cellular proliferation, promote osteo ⁠blastic 

activity, and inhibit inflammatory mediators ⁠ involved 

in periodontal tissue destruction¹⁴. The incorporation 

of plant-derived bioactive compound ⁠s into polymeric 

scaffolds has been increasingly explored in 

regenerative medicine. These bioactive additives may 

improve biological ⁠ performance by enhancing cellular 

responses, promoting angiogenesis, and modulating 

inflammatory pathways¹⁵. In particular, el ⁠ectrospun 

scaffolds lo ⁠aded with natural ex⁠tracts have been 

shown to significantly improve fibrob ⁠last attachment 

and proliferation due to the presence of bioactive 

ph ⁠yto⁠chemicals¹⁶. In the context of periodontal 

regene ⁠ration, t ⁠he use of antioxidant-loaded scaffolds 

may provide dual therapeutic benefits. First, the 

scaffold provides structural support for tissue 

regeneration, while ⁠ second, the incorpo ⁠rated bioactive 

compounds help con ⁠trol oxidative stress and 

inflammation. This combination appro ⁠ach may 

enhance healing outcomes in periodontal de ⁠fects. 

Although the antioxidant activity of t ⁠he scaffold in the 

present study was lower than the standard 

antioxidant, the observed dose-dependent scavenging 

activity su ⁠ggests that the incorporated ex ⁠tract remains 

biologically active within the polymeric matrix. Th ⁠e 
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lo ⁠wer activity compared ⁠ to Vitamin ⁠ C may be ⁠ 

attributed to the controlled release of the extract f ⁠rom ⁠ 

the scaffold structure, which may actu ⁠ally be 

advantageous for su ⁠stained antioxidant effects in 

clinical applications. The cytocompatibility results 

further support the p ⁠otential clinical applicability of 

the fabricated scaffold. Materials ⁠ intended for tissue 

engineering applications must demonstrate minimal 

cytotoxicity and support cell survival. The high cell 

viabilit ⁠y observed in the present study i⁠ndicates that 

the sca ⁠ffold does not release h ⁠armful degradation 

p⁠roducts and is suitable for cellula ⁠r interaction. 

Another possible explanation for the fav ⁠orable 

cytocompatibility observed may be the improved 

su ⁠rface hydrophilicity provi ⁠ded by the PVP 

component of the scaffold. Hydro ⁠philic su ⁠rfa ⁠ces are 

known to enhance protein adsorption and facilitate 

cell adhe ⁠sion, which ⁠ in turn promotes cellular 

proliferatio ⁠n and tissue integration¹⁷. Despite these 

promising findings, the prese ⁠nt study has certain 

limitation ⁠s. The evaluation was limited to in-vitro 

assays, and the ⁠refore the results may not fully 

represent the complex biological environment pres ⁠ent 

in vivo. Factors such as immune response, 

vascu ⁠larization, and mechanical forces may influence 

scaffold performan ⁠ce in clinical conditions. Fu ⁠ture 

research should therefore include in-vivo studies using 

periodontal defect models to evaluate the regen ⁠erative 

potential of the scaffold in terms of new b⁠one 

formation, pe ⁠riodontal ligament regeneration, and 

cem⁠entum d ⁠eposition. Additio ⁠nally, further studies 

investigating controlled release kinetics of the 

pomegranat⁠e extract and its anti-inflammatory effects 

may provide valuable insights into the therapeutic 

potential of this biomate ⁠rial system. Overall, the 

find ⁠ings of⁠ this study suggest that PCL–PVP scaffol ⁠ds 

incorpo ⁠rated with pomegranate peel extract exhibit 

favorable cytocompatibility and measurable 

antioxidant activity, indicating their potential 

application as bioactive sc ⁠af⁠folds for periodontal 

tissue⁠ rege ⁠neration. 

 

CONCLUSION  
 

With ⁠in the limitations of the present in-vit ⁠ro study, the 

electrospun polycaprolactone–polyvinylpyrrolidone 

(PCL–PVP) scaffold incorporated wi ⁠th pomegranate 

peel extract demons ⁠trated favorabl ⁠e cytocompatibility 

and measurable a ⁠ntioxidant act ⁠ivity. The resu ⁠lts of the 

MTT assay revealed high fibroblast cell viability, 

indicating that the fabricated scaffold is biocompatible 

and non-cytotoxic, which is an essential requi⁠rement 

for biomaterials intended for periodontal tissue 

engineering applications¹˒⁷. The presence of 

approximately 90% viabl ⁠e cells suggests that the 

scaffold provides a supportive microenvironment for 

cellular attachment a ⁠n ⁠d proliferation, which may 

contribute to periodontal tissue regeneration. The 

DPP⁠H assay demonstrated tha ⁠t the scaf ⁠fold ex⁠hibited 

concentration- ⁠dependent radical scavengin ⁠g activity, 

confirmi⁠ng the presence of antioxidant potential due ⁠ 

to the incorporation of pomegranate peel extract. 

Although the antioxidant activity was low ⁠er 

compared with the standard antioxidant, the observed 

activity indica ⁠tes that bioact⁠ive phytochemical ⁠s 

present in Puni ⁠c⁠a granatum remain f ⁠unctionally active⁠ 

with ⁠in the scaffold matrix¹³˒¹⁴. The antioxidant 

property of the scaffold may play a significant role in 

periodontal regenerati⁠on by reducing oxidative stress 

and protecting periodontal tissue⁠s from reactive 

oxygen species–mediated damage¹⁵˒¹⁷. The 

combination of biocompatible polymeric scaffolds 

and plant-derived bioactive compounds ⁠ represents a 

promising strategy in regenerat ⁠ive medicine. 

Electrospun nanofibrous scaffol ⁠ds provide structura ⁠l 

support resembling the ex ⁠tracellular matr ⁠ix, wh ⁠ile 

natural antioxidant ⁠s may enhance cellular responses 

and modulate inflammatory⁠ processes during t ⁠issue 

healing⁸˒¹¹˒¹⁶. Therefore, the findings of the present 

study suggest that PCL–PVP elect⁠ro ⁠spun scaffolds 

incorporated with ⁠ pomegranate peel extract ⁠ may se ⁠rve 

as a promising biomaterial for periodontal tissue 

engineering and regenerative applications. However, 

further in-vivo studies and clinical investigations are 

required to evaluate the long-te⁠rm biological 

performance, degradati ⁠on behavior, and regenerativ ⁠e 

potential of this scaffold ⁠ in periodontal defects. 
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