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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 1.929 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.

Keywords:Periodontal regeneration, electrospinning,
pomegranate peel extract, fibroblasts, antioxidant activity,
tissue engineering.
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INTRODUCTION

Periodontal disease leads to progressive destruction of
periodontal tissues, including alveolar bone,
periodontal ligament, and cementum, ultimately
resulting in tooth loss if untreated. Conventional
periodontal therapy primarily aims to arrest disease
progression; however, regeneration of lost periodontal
structures remains a major therapeutic challenge. The
concept of periodontal regeneration involves
restoration of the original architecture and function of
periodontal  tissues through biological and
biomaterial-based approaches!.2. Tissue engineering
has emerged as a promising strategy to achieve
periodontal regeneration by integrating scaffolds,
cells, and signaling molecules to create an
environment conducive to tissue repair®.*. In this
approach, biomaterial scaffolds play a critical role in
providing a three-dimensional structure that mimics
the extracellular matrix and supports cellular
adhesion, proliferation, and differentiation®.°. Among
synthetic biodegradable polymers, polycaprolactone
(PCL) has gained considerable attention in tissue
engineering applications due to its excellent
biocompatibility, biodegradability, and favorable
mechanical properties”. PCL also exhibits good
electrospinnability, allowing  fabrication  of
nanofibrous scaffolds that closely resemble the
architecture of natural extracellular matrix®.°.
However, the hydrophobic nature and slow
degradation rate of PCL may limit its biological
performance in certain applications. To overcome
these limitations, PCL 1is often blended with
hydrophilic polymers such as polyvinylpyrrolidone
(PVP), which improves wettability, drug loading
capacity, and cellular interactions'®.  The
electrospinning technique allows the fabrication
diffusion’!.'?, In recent years, natural plant-derived
bioactive compounds have gained attention in
regenerative medicine due to their antioxidant, anti-
inflammatory, and  antimicrobial  properties.
Pomegranate (Punica granatum) peel extract contains
high concentrations of polyphenols, flavonoids, and
tannins that exhibit strong antioxidant and anti-
inflammatory activities!.!*, These properties are
particularly relevant in periodontal disease, where
oxidative stress plays a significant role in tissue
destruction’. Previous studies have demonstrated
that incorporation of plant extracts into electrospun
scaffolds can enhance cellular proliferation, improve
antioxidant  capacity, and promote  tissue
regeneration!, Pomegranate peel extract, specifically,
has shown promising biological effects including
enhanced cell proliferation, improved osteogenic
activity, and inhibition of inflammatory responses. In
addition, oxidative stress generated by reactive

oxygen species (ROS) contributes significantly to
periodontal tissue damage and inflammatory
progression'’. Antioxidant-loaded scaffolds may
therefore help modulate oxidative stress and create a
favorable  microenvironment for  periodontal
regeneration. Based on these considerations,
incorporation of pomegranate peel extract into
electrospun PCL-PVP scaffolds may provide a
bioactive platform capable of supporting fibroblast
proliferation ~ while simultaneously exhibiting
antioxidant activity. Therefore, the present study
aimed to evaluate and compare the cytocompatibility,
fibroblastic activity, and antioxidant potential of
electrospun PCL-PVP scaffolds with and without
pomegranate peel extract using MTT and DPPH
assays. The findings of this study may contribute to
the development of novel biomaterial scaffolds for
periodontal tissue regeneration.

MATERIALS AND METHODS

Scaffold Preparation Electrospun scaffolds composed
of polycaprolactone (PCL) and polyvinylpyrrolidone
(PVP) were fabricated using the -electrospinning
technique. Electro spinning is a versatile method
capable of producing nanofibers with high surface
area-to-volume ratios that mimic extracellular matrix
structures'®, ?.

Two scaffold groups were prepared

Group 1: PCL-PVP scaffold (control)

Group 2: PCL-PVP scaffold incorporated with
pomegranate peel extract (PPE)

The polymer solutions were electrospun under
controlled conditions of voltage, flow rate, and
collector distance to produce uniform nanofibrous
membranes.

Cell Culture

1929 fibroblast cell lines were used to evaluate
cytocompatibility and fibroblastic activity. Cells were
cultured in Dulbecco’s Modified Eagle Medium
supplemented with fetal bovine serum and antibiotics
and maintained at 37°C in a humidified incubator
with 5% CO..

MTT Assay for Cytocompatibility and Cell
Viability

The cytocompatibility of scaffolds was evaluated
using the MTT assay, which measures mitochondrial
metabolic activity as an indicator of viable cells. Cells
were seeded onto scaffold samples and incubated for
a specified duration. Following incubation, MTT
reagent was added and metabolized by viable cells to
form insoluble formazan crystals, which were
dissolved and quantified spectrophotometrically?®.
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Higher absorbance values indicated greater cell
viability and proliferation.

DPPH Assay for Antioxidant 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
reduction by antioxidant compounds?'. Scaffold
extracts were mixed with DPPH solution and
incubated in the dark, and absorbance was measured

scavenging activity was calculated using the standard
formula: Antioxidant activity (%) = [(Ao — A1)/ Ao] X
100 where Ao represents control absorbance A:
represents sample absorbance.

Statistical Analysis

Data were expressed as mean * standard deviation.
Statistical analysis was performed using analysis of
variance (ANOVA) followed by appropriate post-hoc
tests. A p-value less than 0.05 was considered
statistically significant?2.

using a spectrophotometer. The percentage of radical

RESULTS

Antioxidant Activity (DPPH Assay) The antioxidant potential of the sample scaffold (PCL-PVP sheet incorporated
with pomegranate peel extract) was evaluated using the DPPH radical scavenging assay and compared with the
standard antioxidant (Vitamin C) across concentrations ranging from 10-100 mg/ml. The results demonstrated a
concentration-dependent increase in radical scavenging activity for both the standard and the sample groups.
However, the standard antioxidant consistently exhibited higher percentage inhibition compared to the scaffold
sample at all concentrations. The highest antioxidant activity recorded for the standard group was 93% at 100 mg/ml,
whereas the scaffold sample demonstrated 71% inhibition at the same concentration. The mean antioxidant activity
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 highly significant difference between the groups (p < 0.001),
indicating that although the scaffold exhibited antioxidant potential, its activity was significantly lower than the
standard antioxidant. These findings indicate that the pomegranate peel extract incorporated within the PCL-PVP
scaffold retained measurable antioxidant capacity and demonstrated dose-dependent radical scavenging activity.

Cytocompatibility and Cell Viability

The cytocompatibility of the scaffold material was evaluated using cell viability analysis on fibroblast cell lines. The
results demonstrated 90% cell viability with only 10% cytotoxicity, indicating excellent cellular 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 and suitable for biomedical applications
involving cellular interaction. The high percentage of viable fibroblast cells suggests that the fabricated scaffold
provides a favorable environment for cellular attachment and proliferation.

PCL~PVP Scaffold PCL~PVP + PPE Scaffold

L ACP

—
-\

Figure 1. SEM images of electrospun scaffolds. (A) PCL—-PVP Scaffold, (B) PCL—PVP + PPE Scaffold
with pomegranate extract.
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PCL~PVP + PPE Scaffold

Figure 2. SEM images showing fibroblast cells seeded onto electrospun scaffolds. (A) Fibroblast attachment to
PCL—PVP Scaffold. (B) Fibroblast attachment to PCL—PVP + PPE Scaffold

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 | SAMPLE_DPPH_
H_ASSAY 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.

DPPH ASSAY

STANDARD_DPPH_ASSAY SAMPLE_DPPH_ASSAY
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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 biomaterials
capable of supporting cellular proliferation while
simultaneously controlling inflammation and
oxidative stress within the periodontal
microenvironment. The present in-vitro study
evaluated the cytocompatibility and antioxidant
activity of a PCL-PVP scaffold incorporated with
pomegranate peel extract, with the objective of
assessing its potential applicability in periodontal
tissue engineering. Electrospun polymeric scaffolds
have gained significant attention in regenerative
medicine due to their ability to mimic the structural
architecture of the extracellular matrix and facilitate
cellular adhesion and proliferation. Nanofibrous
scaffolds fabricated using electrospinning provide a
highly porous structure with large surface area,
enabling improved nutrient diffusion and cell-scaffold
interactions'®. Polycaprolactone (PCL) is widely used
in tissue engineering applications because of its
biocompatibility, mechanical stability, and slow
degradation profile*. However, the hydrophobic
nature of PCL may limit cellular attachment.
Therefore, blending PCL with hydrophilic polymers
such as polyvinylpyrrolidone (PVP) improves
wettability and enhances biological interactions
between cells and scaffold surfaces®. The combination
of PCL and PVP has been reported to produce
scaffolds with improved mechanical strength and
enhanced cellular compatibility®. In the present study,
cytocompatibility testing demonstrated 90% cell
viability, indicating that the fabricated scaffold is non-
cytotoxic and supports fibroblast survival. These
findings are consistent with previous studies
demonstrating excellent biocompatibility of PCL-
based scaffolds in tissue engineering applications’.
High fibroblast viability is particularly important in
periodontal regeneration because fibroblasts play a
key role in extracellular matrix synthesis, collagen
production, and periodontal ligament repair®.
Another important finding of the present study was
the antioxidant activity demonstrated by the scaffold
containing pomegranate peel extract. The DPPH
assay results revealed that the scaffold exhibited dose-

dependent radical scavenging activity, although the
antioxidant effect was lower compared to the standard
antioxidant (Vitamin 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 periodontal disease. Excessive
production of reactive oxygen species (ROS)
contributes to tissue destruction, inflammatory cell
activation, and alveolar bone resorption®. Therefore,
biomaterials with antioxidant properties may help
create a favorable microenvironment for periodontal
regeneration by reducing oxidative stress and
protecting cells from free radical damage!.
Pomegranate peel extract is known to contain high
concentrations of polyphenolic compounds such as
ellagic acid, tannins, flavonoids, and anthocyanins,
which exhibit potent antioxidant and anti-
inflammatory activities''-'*. Several studies have
reported that pomegranate-derived compounds can
enhance cellular proliferation, promote osteoblastic
activity, and inhibit inflammatory mediators involved
in periodontal tissue destruction'4. The incorporation
of plant-derived bioactive compounds 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 pathways!®. In particular, electrospun
scaffolds loaded with natural extracts have been
shown to significantly improve fibroblast attachment
and proliferation due to the presence of bioactive
phytochemicals'®. In the context of periodontal
regeneration, the use of antioxidant-loaded scaffolds
may provide dual therapeutic benefits. First, the
scaffold provides structural support for tissue
regeneration, while second, the incorporated bioactive
compounds help control oxidative stress and
inflammation. This combination approach may
enhance healing outcomes in periodontal defects.
Although the antioxidant activity of the scaffold in the
present study was lower than the standard
antioxidant, the observed dose-dependent scavenging
activity suggests that the incorporated extract remains
biologically active within the polymeric matrix. The
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lower activity compared to Vitamin C may be
attributed to the controlled release of the extract from
the scaffold structure, which may actually be
advantageous for sustained antioxidant effects in
clinical applications. The cytocompatibility results
further support the potential clinical applicability of
the fabricated scaffold. Materials intended for tissue
engineering applications must demonstrate minimal
cytotoxicity and support cell survival. The high cell
viability observed in the present study indicates that
the scaffold does not release harmful degradation
products and is suitable for cellular interaction.
Another possible explanation for the favorable
cytocompatibility observed may be the improved
surface hydrophilicity provided by the PVP
component of the scaffold. Hydrophilic surfaces are
known to enhance protein adsorption and facilitate
cell adhesion, which in turn promotes cellular
proliferation and tissue integration!’. Despite these
promising findings, the present study has certain
limitations. The evaluation was limited to in-vitro
assays, and therefore the results may not fully
represent the complex biological environment present
in vivo. Factors such as immune response,
vascularization, and mechanical forces may influence
scaffold performance in clinical conditions. Future
research should therefore include in-vivo studies using
periodontal defect models to evaluate the regenerative
potential of the scaffold in terms of new bone
formation, periodontal ligament regeneration, and
cementum deposition. Additionally, 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 biomaterial system. Overall, the
findings of this study suggest that PCL-PVP scaffolds
incorporated with pomegranate peel extract exhibit
favorable  cytocompatibility and  measurable
antioxidant activity, indicating their potential
application as bioactive scaffolds for periodontal
tissue regeneration.

CONCLUSION

Within the limitations of the present in-vitro study, the
electrospun polycaprolactone—polyvinylpyrrolidone
(PCL-PVP) scaffold incorporated with pomegranate
peel extract demonstrated favorable cytocompatibility
and measurable antioxidant activity. The results 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 applications'.”. The presence of
approximately 90% viable cells suggests that the
scaffold provides a supportive microenvironment for
cellular attachment and proliferation, which may

contribute to periodontal tissue regeneration. The
DPPH assay demonstrated that the scaffold exhibited
concentration-dependent radical scavenging activity,
confirming the presence of antioxidant potential due
to the incorporation of pomegranate peel extract.
Although the antioxidant activity was lower
compared with the standard antioxidant, the observed
activity indicates that bioactive phytochemicals
present in Punica granatum remain functionally active
within the scaffold matrix'?.'*. 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  damage!s.!”. The
combination of biocompatible polymeric scaffolds
and plant-derived bioactive compounds represents a
promising strategy in regenerative medicine.
Electrospun nanofibrous scaffolds provide structural
support resembling the extracellular matrix, while
natural antioxidants may enhance cellular responses
and modulate inflammatory processes during tissue
healing®.'!,'¢. Therefore, the findings of the present
study suggest that PCL-PVP electrospun scaffolds
incorporated with pomegranate peel extract may serve
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 Dbiological
performance, degradation behavior, and regenerative
potential of this scaffold in periodontal defects.
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