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ABSTRACT

Objective: This study evaluates the antimicrobial activity of pomegranate (Punica granatum L.) peel extract in vitro and the anti-inflammatory
effects of its nano gel formulation in vivo on gingival inflammation in male wistar rats.

Methods: The antimicrobial activity was tested against Aggregatibacteractinomycetemcomitans, Porphyromonasgingivalis, and Fusobacterium
nucleatum using ethanol, ethyl acetate, and n-hexane extracts at concentrations of 0.8-25%. The anti-inflammatory effect was assessed using
pomegranate peel extract nano gel (6.25%, 12.5%, and 25%) in a ligature-induced gingivitis model in Wistar rats, with Gengigel as a positive
control. Evaluation parameters included inhibition zone diameters for antimicrobial activity, while histological analysis of lymphocyte, neutrophil,
and macrophage counts was conducted on days 3 and 7 to assess anti-inflammatory effects.

Results: The 25% ethanol extract exhibited the highest antimicrobial inhibition zones (16.95 mm for A. actinomycetemcomitans, 16.83 mm for P.
gingivalis, and 16.35 mm for F. nucleatum, p<0.05). The 25% nano gel formulation significantly reduced inflammatory cell counts compared to the
control (p<0.05), showing reductions in lymphocytes (4.33+1.53), neutrophils (1.00+0.00), and macrophages (1.67+0.57) by day 7.

Conclusion: Pomegranate peel extract demonstrated potent antimicrobial properties, especially in ethanol-based formulations. The nano gel
formulation exhibited significant anti-inflammatory effects, with the 25% concentration proving the most effective in reducing gingival

inflammation. These findings highlight its potential as a natural therapeutic agent for periodontal disease management.
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INTRODUCTION

In recent years, the growing interest in natural ingredients for
medicinal purposes has been primarily driven by the "back-to-
nature” movement and the economic challenges that have reduced
purchasing power. Numerous studies have demonstrated the
potential of these natural ingredients as effective antimicrobial,
antibacterial, and anti-inflammatory agents, providing affordable
and sustainable alternatives to synthetic drugs. Among the most
promising of these ingredients is pomegranate (Punica granatum L.),
particularly its peel, which is rich in bioactive compounds such as
flavonoids, phenolic acids, tannins, anthocyanidins, ellagic acid,
quercetin, gallic acid, catechins, and vitamin C. These compounds are
concentrated in the peel, making it a potent source of polyphenols
like ellagitannins and ellagic acid. These bioactive components
exhibit potent anti-inflammatory, antioxidant, and antibacterial
properties. Furthermore, utilizing pomegranate peel, often
discarded as waste, offers environmental benefits by transforming
waste into a valuable product [1-3].

Inflammation is a complex immune response involving various
immune cells, such as lymphocytes, neutrophils, and macrophages,
along with inflammatory mediators such as cytokines and chemokines.
When this response occurs in the gingival tissue, it causes gingivitis, a
condition generally characterized by swelling, redness, and bleeding of
the gums [4]. This inflammation is often exacerbated by pathogenic
bacteria such as Aggregatibacteractinomycetemcomitans,
Porphyromonasgingivalis, and Fusobacterium nucleatum, which play
essential roles in the onset and progression of periodontal diseases,
including gingivitis and periodontitis [5, 6].

These bacteria trigger and exacerbate the immune response in the
gingival tissue. A. actinomycetemcomitans releases toxins that cause
immune cell infiltration and tissue damage, while P. gingivalis
interferes with immune regulation, leading to chronic inflammation. F.

nucleatum, which often acts as a bridge organism, facilitates
colonization by other pathogens, further amplifying the inflammatory
response. Together, these pathogens contribute to periodontal tissue
destruction, leading to progressive destruction of the periodontal
ligament and alveolar bone, which can worsen if left untreated [7].

The inflammatory process begins with neutrophil infiltration within
24-48 h of bacterial invasion, followed by macrophages replacing
the neutrophils and clearing debris. Lymphocytes then migrate to
the inflamed area, peaking on the third day and gradually decreasing
after the fifth day. This immune response is further exacerbated by
pro-inflammatory cytokines, such as IL-1f3, TNF-a, and IL-6, released
in response to these pathogens [8, 9]. If left untreated, the ongoing
inflammatory response destroys gingival tissue and can lead to
periodontitis.

Current treatment of gingivitis involves mechanical plaque removal
and maintaining proper oral hygiene practices. However, certain
patients, particularly those with physical disabilities or plaque
retention factors such as dental caries or ill-fitting crowns, find it
challenging to maintain good oral hygiene. Additional therapeutic
approaches have been developed to address this, including using
antiplaque and anti-inflammatory agents in toothpaste,
mouthwashes, or gels. These agents can support mechanical plaque
removal and reduce inflammation [10]. Despite these interventions,
many conventional formulations have bioavailability, retention time,
and targeted delivery limitations, necessitating exploring alternative
drug delivery systems that can enhance treatment efficacy.

Recent advances in drug delivery systems, such as nano gel, offer a
promising approach to enhancing the efficacy of topical treatments.
Nano gels are hydrogels with particle sizes ranging from 1 to 1000
nm, capable of encapsulating and protecting drug molecules. Due to
their biocompatibility and high water content, nano gels facilitate
the targeted delivery of active compounds to tissues while
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minimizing premature drug release. This makes nano gels
particularly effective for delivering anti-inflammatory agents,
including natural products such as pomegranate peel extract [11-
14]. Previous studies have demonstrated that nanoformulations
improve drug retention and controlled release in periodontal
therapy. Solanum nigrum-based selenium nanoparticles and
lycopene-chitosan nanoformulations have shown superior anti-
inflammatory activity in vitro, highlighting their potential in
periodontitis management. Furthermore, nano gel formulations
have been explored for sustained drug delivery in gingival
applications, proving their efficacy in reducing inflammation and
enhancing bioadhesion, thus improving treatment outcomes in
periodontal disease. These findings reinforce the role of nano gels as
an optimized delivery system for targeted gingival inflammation
therapy [15, 16].

This study evaluates the antimicrobial potential of pomegranate
(Punica granatum L.) peel extract and its nano gel formulation as an
anti-inflammatory agent for gingivitis treatment. While pomegranate
peel extract has known antimicrobial and anti-inflammatory
properties, its application in gingival therapy remains limited,
especially in a nano gel system for controlled and sustained drug
release. To address this gap, this study assesses its antimicrobial
activity against Aggregatibacteractinomycetemcomitans,
Porphyromonasgingivalis, and Fusobacterium nucleatum using various
solvents (ethanol, ethyl acetate, and n-hexane), followed by in vivo
testing of a nano gel formulation in a ligature-induced gingivitis model
in male Wistar rats. Key inflammatory markers, including
lymphocytes, neutrophils, and macrophages, were evaluated. By
integrating pomegranate peel extract into a nano gel system, this study
aims to enhance bioavailability, retention, and targeted therapeutic
effects, offering a natural alternative for gingivitis treatment.

MATERIALS AND METHODS
Chemicals, reagents, and equipment

All chemicals, reagents, and diagnostic kits were obtained from
reputable suppliers and used per manufacturer guidelines.
Pomegranate peel (Punica granatum L.) was sourced from a local
supermarket in Medan, Indonesia. Extraction used ethanol, ethyl
acetate, and n-hexane, while nano gel formulation included Carbopol
940, HPMC K4M (Sigma-Aldrich, USA), TEA (Merck, Germany),
glycerin (Brataco, Indonesia), Nipagin, and Nipasol (Sigma-Aldrich,
USA) in distilled water. Nutrient Agar (NA) and Nutrient Broth (NB)
(Seaweed Solution Laboratories) were used for bacterial culture,
and strains of A. actinomycetemcomitans, P. gingivalis, and F.
nucleatum obtained from the microbiology laboratory of the medical
faculty of the university Sumatera Utara. HandE staining kits (Sigma-
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Aldrich, USA) were used for histological analysis, with tissue
preserved in 10% formalin (Merck, Germany). Equipment included a
rotary evaporator (Heidolph, Germany), a freeze dryer for sample
processing, Petri dishes, micropipettes, and vortex mixers for
bacterial testing.

Preparation and characterization extract

Fresh pomegranate peel (Punica granatum L.) was washed, dried,
and ground into a powder, with its botanical identity confirmed and
registered under voucher specimen number 283/MEDA/2024. A
500 g sample underwent successive percolation extraction using n-
hexane, ethyl acetate, and 70% ethanol to obtain extracts with
different bioactive compound profiles. N-hexane extracted non-polar
compounds, ethyl acetate targeted semi-polar compounds like some
polyphenols, while ethanol, a polar solvent, maximized the
extraction of flavonoids, phenolic acids, and tannins, which are
known for their antimicrobial and anti-inflammatory properties.
Each extraction lasted 24 h, and the percolate was concentrated
using a rotary evaporator at <40 °C before freeze-drying. The
extracts were then tested for antimicrobial activity against A
actinomycetemcomitans, P. gingivalis, and F. nucleatum, revealing
that ethanol extract showed the highest inhibition zones, indicating
superior antimicrobial efficacy. Based on these results, ethanol was
selected as the extraction solvent for the active ingredient in the
nano gel formulation. The final extract was subjected to
phytochemical screening and FTIR analysis [17].

Preparation of extract nano gel

The selection of nano gel concentrations (6.25%, 12.5%, and 25%)
was based on preliminary antibacterial testing and formulation
feasibility. Initially, pomegranate peel extract was prepared at six
concentrations (25%, 12.5%, 6.25%, 3.125%, 1.6125%, and 0.8%)
through serial dilution in nutrient broth. These concentrations were
tested for antibacterial activity, and the three most effective
concentrations (25%, 12.5%, and 6.25%) were chosen for nano gel
formulation. Further formulation trials revealed that concentrations
exceeding 25% failed to achieve the desired gel consistency and did
not meet critical evaluation parameters such as pH stability,
viscosity, and particle size distribution. Therefore, the selected
concentrations represent the optimal balance between antibacterial
efficacy and formulation stability, ensuring a nano gel with suitable
physicochemical properties for gingival application.

Before designing the nano gel formula, the gel formula is first
oriented to obtain the best material composition for this nano gel
[18]. The pomegranate peel extract nanogel formulationis detailed
in table 1 below.

Table 1: Formulation of pomegranate peel extract nanogel preparations

Material Formula

F1 F2 F3
Pomegranate peel extract(g) 6.25 12.5 25
Carbopol940(g) 0.625 0.625 0.625
HPMCK4M(g) 0.625 0.625 0.625
TEA(g) 1 1 1
Gliserin(g) 10 10 10
Nipagin(g) 0.1 0.1 0.1
Nipasol(g) 0.1 0.1 0.1
Aquadesad (g) 100 100 100

Nanogel evaluation

The nanogel evaluation involved several physical tests to determine
its characteristics, including particle size, organoleptic properties,
homogeneity, pH, viscosity, and spreadability. Particle size was
measured using a particle size analyzer (Fritsch Analysette 22
NanoTec) for each formulation. Organoleptic properties, including
shape, color, and odor, were assessed through visual and olfactory
observation of the nanogel. Homogeneity was tested by applying a
sample to glass or transparent material to ensure uniform
distribution without visible coarse particles. The pH was measured

using a pH meter (AZ Instrument 86502), with readings indicating
the acidity or alkalinity of each nano gel preparation. Viscosity was
evaluated with an NDJ-8S viscometer, using 100 g of nano gel on
spindle 4 at a set speed to determine consistency and flow
characteristics. Spreadability was assessed by placing 1 g of nano gel
in the center of a 20x20 cm glass plate with a millimeter grid,
allowing it to sit for 60 seconds, and then measuring the diameter of
the spread. Additional measurements were taken by placing
protective plastic over the sample and applying 100 g and 150 g
weights for another 60 seconds before recording the spread
diameter [18].
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In vitro antibacterial activity

The pomegranate peel extract was prepared and diluted to target
concentrations by dissolving 1.25 g of extract in 5 ml of nutrient
broth to obtain a 25% solution, followed by serial dilution to achieve
concentrations of 12.5%, 6.25%, 3.125%, 1.6125%, and 0.8%.
Nutrient agar was prepared by dissolving 28 g of nutrient agar
powder in 1,000 ml of distilled water, heated to boiling, and
sterilized at 121 °C under 2 atm pressure for 15 min. The sterilized
medium was cooled and stored at 4 °C until use. Bacterial strains
(Aggregatibacteractinomycetemcomitans, Porphyromonasgingivalis,
and Fusobacterium nucleatum) were cultured in anaerobic
conditions at 37 °Cand bacterial suspensions were standardized to
0.6 McFarland (1x10® CFU/ml) using 0.9% NaCl solution to ensure
uniform inoculum density. The bacterial suspensions were spread
evenly onto nutrient agar plates, and sterile paper discs were placed
on the agar surface. Each disc was loaded with 10 pl of pomegranate
peel extract at its respective concentration, followed by a drying
period of 15-20 min before incubation in a CO, incubator at 37 °C
for 18-24 h. A negative control (sterile disc with distilled water) was
included to confirm that any observed bacterial inhibition was due
to the extract and not the solvent alone, ensuring the validity of the
antimicrobial findings. After incubation, the inhibition zones were
measured using a caliper, ensuring consistent readings from the
edge of the clear zone to the edge of bacterial growth. All tests were
conducted in quadruplicate to ensure reproducibility, and the
average inhibition zone diameters were recorded for further
statistical analysis [6, 19].

Preparation of test animals and in vivo anti-inflammatory
activity

The study was conducted following ethical approval from the Health
Research Ethics Committee of Universitas Sumatera Utara (No.
225/KEPK/USU/2024). Male Wistar rats (Rattus norvegicus), aged
3-4 mo and weighing 150-200 g, were obtained from the Animal
House of the Faculty of Pharmacy, Universitas Sumatera Utara. All
animals were acclimated to the experimental environment for 7
days under controlled conditions: temperature (22+2 °C), humidity
(50+10%), and a 12-hour light/dark cycle. Rats were housed in
cages with free access to standard laboratory chow and water.

The sample size was determined using Federer's formula, resulting
in 25 rats divided into five groups (n = 5 per group). The study
included 25 rats divided into five groups: a negative control
(aquades application), a positive control (Gengigel treatment), and
three treatment groups receiving pomegranate peel extract nano gel
at concentrations of 25%, 12.5%, and 6.25%. Randomization was
performed using a computer-generated random number table to
allocate rats into groups, ensuring an unbiased distribution.

Procedures for inducing gingival inflammation were conducted
under aseptic conditions to ensure animal welfare. Rats were
anesthetized with 0.2 ml of intramuscular ketamine before a ligature
wire was placed around the cervix of the first incisor of the
mandibular to induce gingival inflammation without irritating. The
plaque was removed using a cotton roll, and treatments were
applied daily to the subgingival area on the labial side for 7 d.
Gengigel was selected as the positive control due to its hyaluronic
acid content, which promotes wound healing and modulates
inflammation, serving as a benchmark for comparison. The negative
control (aquades) was used to assess the natural progression of
inflammation without treatment, providing a baseline for evaluating
the anti-inflammatory effects of both Gengigel and the pomegranate
peel extract nano gel. Humane endpoints were continuously
monitored to minimize suffering throughout the study. On the third
and seventh days post-treatment, rats were euthanized, and
mandibular tissue samples were collected for histological analysis to
evaluate lymphocyte, neutrophil, and macrophage counts,
determining the anti-inflammatory efficacy of the nano gel [20, 21].

Histological preparation of lower jaw tissue

The lower jaw separation and histological analysis began with
euthanizing the rats via cervical dislocation, followed by severing
the neck with surgical scissors. The lower jaw was isolated using
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scissors, and all remaining tissue was carefully removed with a
scalpel. After thoroughly cleaning with water to remove blood and
muscle remnants, the jaw segment was dried and immersed in 10%
formalin for 24 h for preservation. Each jaw segment underwent
decalcification for histological preparation to soften the bone for
easier sectioning, followed by placement in cassettes for processing.
The tissue then passed through a series of fixation, dehydration,
clearing, and embedding steps. Fixation was achieved with 10%
formalin to maintain tissue integrity, while dehydration involved
successive immersion in 70%, 80%, 95%, and 100% alcohol to
remove water. The clearing was done with xylol to eliminate
residual dehydrates, and tissues were embedded in molten paraffin
for stability.

Once the paraffin block solidified, it was trimmed to a 2 mm margin
and sectioned with a microtome to a thickness of 6-10 microns.
Sections were floated on a 46 °C water bath to flatten, mounted onto
polylysine-coated glass slides, and dried on a hotplate at 58 °C-60 °C
for 15-30 min. For staining, sections were treated with xylol to
dissolve paraffin and rehydrated through alcohol washes and water
rinses. They were stained with Mayer's hematoxylin for 15 min to
delineate cellular structures, followed by eosin for 15 seconds to 2
min to provide contrast. The stained slides were dehydrated and
cleared through graded alcohols and xylol, ensuring the tissue's
visibility under a microscope for analysis. This procedure enabled
precise examination of the gingival tissue's cellular and structural
integrity in response to treatment [22, 23].

Observation and lymphocyte, neutrophil, and macrophage
count analysis

Histological preparations were examined under a binocular
microscope at 400x magnification. Cell counts for lymphocytes,
neutrophils, and macrophages were performed systematically
across three fields of view for each sample, beginning from the left
and moving horizontally and vertically to ensure all areas were
observed. The average count for each cell type was calculated by
averaging the counts from the three fields, providing an accurate
measure of cell presence in each sample [24].

Statistical analysis

All statistical analyses were performed using SPSS version XX
(replaced with the actual version used). Data normality was
assessed using the Shapiro-Wilk test, and variance homogeneity was
evaluated with Levene's test, revealing that the data were not
normally distributed (p<0.05), necessitating non-parametric tests.
The Kruskal-Wallis test was used to compare inhibition zone
diameters among different extract concentrations and solvents
(ethanol, ethyl acetate, and n-hexane), followed by Dunn's post-hoc
test for pairwise comparisons. Similarly, for the in vivo anti-
inflammatory study, lymphocyte, neutrophil, and macrophage
counts were analyzed using Kruskal-Wallis, with the Mann-Whitney
U test applied for pairwise comparisons. To strengthen result
interpretation, effect sizes (n® for Kruskal-Wallis, Cohen's d for
Mann-Whitney U) and 95% confidence intervals (Cls) were reported
alongside p-values, with statistical significance set at p<0.05. All
statistical methods were selected based on data distribution to
ensure robust and reliable conclusions.

RESULTS AND DISCUSSION
Preparation and characterization extract

The results of the phytochemical screening of simplicia and extracts
are presented in table 2, while the FTIR spectrum of the
pomegranate peel extract is shown in fig. 1, highlighting the
functional groups responsible for the bioactive compounds
identified.

Phytochemical screening results showed that pomegranate peel
extract contains flavonoids, saponins, glycosides, and tannins, while
alkaloids, steroids, and triterpenoids were undetected. The presence
of compounds, such as flavonoids, saponins, glycosides, and tannins,
indicates the potential for significant antioxidant, antimicrobial, and
anti-inflammatory activities. The FTIR spectrum supports these
phytochemical screening results by showing relevant peaks, such as
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the peak at 3408.22 cm™ indicating the presence of O-H groups, and
the peak at 1641.42 cm™ indicating carbonyl bonds (C=0),
confirming the presence of flavonoids and tannins. In addition, the
peaks in the 854.47 cm™ and 567.07 cm™ indicate aromatic
structures, common in polyphenolic compounds and tannins [25].
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Evaluation test

This study evaluated the quality of pomegranate peel extract nano
gel preparations, including organoleptic tests, homogeneity, pH,
viscosity, spreadability, and particle size analysis. The results of
these evaluations are summarised in table 3.

Table 2: Phytochemical screening

No Compound classes Ethanol extract
1 Flavonoid +
2 Saponin +
3 Alkaloids -
4 Glycosides +
5 Tannin +
6 Steroids and triterpenoids -
Description:+: Presence of compound, -: Absence of compound
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Fig. 1: FTIR spectrum
Table 3: Nano gel evaluation test
Parameter F1 (6.25%) F2 (12.5%) F3 (25%)
Color Brown Brown Brown
Smell Typical smell Typical smell Typical smell
Consistency Semisolid Semisolid Semisolid
Homogeneity Homogeneous Homogeneous Homogeneous
pH 6.56+0.21 6.56+0.11 6.56+0.06
Viscosity (mPas) 3603+4.56 2788+7.28 2821+5.49
Spreadability (cm) 5.5+0.1 (100g). 5.9+0.1 (150g) 6.0+0.1(100g). 6.5+0.1 (150g) 6.0£0.1 (100g). 7.0+0.1 (150g)
Particle size (nm) 465+0.55 904+0.49 849+0.58

The organoleptic evaluation of the pomegranate peel nano gel
formulations (6.25%, 12.5%, and 25%) showed consistent physical
characteristics across all concentrations, including a brown color,
distinctive smell, and semisolid consistency, making them suitable
for topical application. These formulations displayed good
homogeneity with no visible coarse particles, ensuring an even
distribution of active ingredients. The pH analysis revealed a stable
value of 6.56 for each formulation, aligning with the physiological pH
range (4.5-7.5), which minimizes the risk of skin or mucosal
irritation [26, 27].

Viscosity, a critical parameter influencing gel consistency and
application ease, was measured using an NDJ-8S viscometer. The
viscosity values ranged from 2,788 to 3,603 mPas, appropriate for
semisolid applications (2,000-50,000 mPas). This range provides a
balanced consistency that allows smooth, even application on
gingival tissue without excessive fluidity or stiffness. The
spreadability test further confirmed the practicality of the nano gels
for topical use, with measurements ranging from 5.5 to 7.0 cm under

100 g and 150 g loads, falling within the ideal range for semisolids.
This spreadability ensures that the nano gel can be applied evenly
and retains an optimal layer over the treatment area [26, 27].

Particle size analysis showed the nano gels had sizes of 465 nm
(6.25%), 904 nm (12.5%), and 849 nm (25%), all within the
acceptable range for nano gel systems (1-1000 nm). Smaller particles,
as in the 6.25% formulation, offer better penetration and faster drug
release due to their higher surface area-to-volume ratio, whereas the
larger particles in the 12.5% and 25% formulations support a more
sustained release, beneficial for prolonged anti-inflammatory effects.
Nano gels' biocompatibility and high water content enhance drug
solubility and bioavailability, making them highly effective for
controlled topical drug delivery. This design optimizes therapeutic
benefits while minimizing toxicity risk [26, 27].

In vitro antibacterial activity

The effectiveness of pomegranate peel extract at concentrations of
25%, 12.5%, 6.25%, 3.125%, 1.6125%, and 0.8% was tested against
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A. actinomycetemcomitans, P. gingivalis, and F. nucleatum using
ethanol, ethyl acetate, and n-hexane as solvents. The diameter of the
inhibition zone around each concentration and solvent combination
was measured to assess the antimicrobial activity, with larger
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diameters indicating greater effectiveness in inhibiting bacterial
growth. The results of these measurements are summarised in table
4 and fig. 5, and inhibition zones for each bacteria and concentration
are illustrated in fig. 2, 3, and 4.

Fig. 4: Diameter of inhibition zone of extract on F. nucleatum

The inhibition zone diameters for A actinomycetemcomitans, the 25%
ethanol extract produced the highest inhibition zone of 16.90 mm. In
contrast, n-hexane and ethyl acetate at the same concentration yielded
inhibition zones of 1145 mm and 11.05 mm, respectively. Lower

concentrations showed progressively smaller inhibition zones, with no
inhibition detected at 0.8% concentration. This suggests that ethanol as a
solvent enhances the antimicrobial efficacy of pomegranate peel extract,
particularly at higher concentrations, potentially due to its effectiveness
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in dissolving a broad range of bioactive compounds present in the
extract. Ethanol's high polarity likely facilitates the extraction of polar

Int ] App Pharm, Vol 17, Issue 3, 2025, 189-199

compounds, which may contribute to the antibacterial activity against A.
actinomycetemcomitans [22, 28].

Table 4: The diameter of the inhibition zone of each concentration of extract with ethanol, n-hexane, ethyl acetate

Extract A. actinomycetemcomitans P. gingivalis F. nucleatum
concentration Ethanol n-hexane Ethyl Ethanol n-hexane Ethyl Ethanol n-hexane Ethyl
acetate acetate acetate
25% 16.90+0.12 11.45+0.1 11.05+0.25  16.8+0.35 13.7+0.4 12+0.35 16.35+0.55 11.2+0.15 10.67+0.43
13% 12.25+0.19 10.35+0.48 10.4+0.07 12.6+0.6 11.8+0.38 10.45+0.37 11.35%0.1 9.25+0.25 8.85+0.30
6% 9.30£0.22 7.95+0.17 8.15+0.25 8.35+0.53 7.740.45 6.8+0.35 7.8+0.38 7.55+0.25 7.67+0.42
3% 7.47+0.26 7.1+0.15 6.9+0.27 6.6+0.3 6.4+0.45 6.05+0.4 6.75+0.75 6.0£0.3 6.00+£0.30
2% 7.30+0.20 6.15+0.4 6.3+0.28 0+0 0+0 0+0 0+0 0+0 0+0
1% 6.00+0.09 00 0+0 0+0 0+0 0+0 0+0 0+0 0+0
n = 3; values are expressed as mean+SD
A. actinomycetemcomitans P. gingivalis
20.00 20,00
s 5
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£ _ £ 7
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Fig. 5: Inhibition zones of pomegranate peel extract against periodontal pathogens using different solvents and concentrations, n = 3,
values are expressed as mean*SD

In testing P. gingivalis, a similar trend was observed, with the 25%
ethanol extract showing the largest inhibition zone of 16.8 mm,
followed by n-hexane at 13.7 mm and ethyl acetate at 12 mm. At a
lower concentration of 12.5%, the ethanol extract maintained
substantial activity (12.6 mm), although it decreased with n-hexane
(11.8 mm) and ethyl acetate (10.45 mm). The inhibition effect
diminished with lower concentrations, with no inhibition observed at
1.6125% and 0.8%. These results indicate that the minimum
inhibitory concentration (MIC) for P. gingivalis with ethanol is 3.125%,
while n-hexane and ethyl acetate are less effective at this
concentration. Ethanol's higher efficacy in this context suggests that it
is more effective in preserving or extracting antimicrobial agents from
pomegranate peel, leading to increased bacterial inhibition [6, 19].

In testing For F. nucleatum, the 25% ethanol extract again
demonstrated the highest inhibition zone at 16.35 mm, with n-
hexane and ethyl acetate following at 11.2 mm and 10.67 mm,
respectively. Lower concentrations exhibited reduced effectiveness,
with no inhibition at 1.6125% and 0.8%. The MIC for ethanol against
F. nucleatum was also identified at 3.125%, while higher
concentrations were required for n-hexane and ethyl acetate. This
pattern suggests that ethanol's solvent properties enhance the
extract's bioavailability and bioactivity, maximizing its antimicrobial

potential at higher concentrations [6, 19].

Ethanol emerged as the most effective solvent across all tested
bacteria, producing the most significant inhibition zones, especially
at the 25% concentration. This may be attributed to ethanol's ability
to extract a broader range of polar bioactive compounds from
pomegranate peel, which are likely responsible for the antibacterial
properties. In comparison, n-hexane and ethyl acetate showed
limited efficacy, likely due to their lower polarity and restricted
ability to dissolve certain active compounds. The MIC for ethanol
was lowest for A. actinomycetemcomitans at 0.8%, indicating this
bacterium's higher sensitivity to the extract. For P. gingivalis and F.
nucleatum, the MIC was 3.125% in ethanol, with n-hexane and ethyl
acetate showing higher MICs for all bacteria, further supporting
ethanol's superior solubilizing capacity [28, 29].

In vivo anti-inflammatory activity

The anti-inflammatory effect of pomegranate peel extract (Punica
granatum L.) nanogel on gingival tissue was investigated by
measuring lymphocyte, neutrophil, and macrophage cell counts in
male wistar rats. This study assessed how different concentrations
of pomegranate peel extract nanogel (6.25%, 12.5%, and 25%)
influenced cellular inflammatory markers over twotime points: the
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third and sevent days following induction of gingival inflammation
with a ligature. The results provide insight into the dose-dependent
anti-inflammatory properties of pomegranate peel extract and its
potential as a natural anti-inflammatory agent.

Thirty male wistar rats were divided into five groups, each
consisting of six rats. The groups included a negative control
(receiving no active treatment), a positive control (treated with
Gengigel, a hyaluronic acid-based gel known for its anti-
inflammatory effects), and three treatment groups with
pomegranate peel extract nano gel at concentrations of 6.25%,
12.5%, and 25%. Gingival inflammation was induced by placing a
ligature wire around the cervical region of the mandibular incisor,
which remained in place for seven days to promote a stable
inflammatory response. This ligature placement generated plaque
accumulation, promoting ulceration and triggering periodontal
tissue breakdown, thereby mimicking chronic inflammatory

Int ] App Pharm, Vol 17, Issue 3, 2025, 189-199

conditions suitable for studying anti-inflammatory agents.

Histological evaluation of lymphocyte, neutrophil, and macrophage
cell counts was conducted at 400x magnification on days 3 and 7.
The characteristics of each cell type facilitated precise identification:
lymphocytes were identified by their round heterochromatic nuclei
and limited cytoplasm, neutrophils by their multi-lobed nuclei and
presence of pink or purple granules, and macrophages by their
irregular nuclear shapes and larger cell bodies. Cell counts were
taken across three fields of view to obtain an accurate mean count
per sample. The data presented in table 5summarise the mean cell
counts of lymphocytes, neutrophils, and macrophages for each
group on days 3 and 7, and significant differences between
treatment groups were identified using the Kruskal-Wallis test, with
further comparisons made using the Mann-Whitney U test where
appropriate. Images showing the presence of cells can be seen in the
fig. below [22, 23].

A' W Qays3 W
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Fig. 6: Histological images of lymphocyte cells on days 3 and 7, (A) Negative control, (B) Positive control, (C) Pomegranate peel extract
nano gel 6.25%, (D) Pomegranate peel extract nano gel 12.5%, (E) Pomegranate peel extract nano gel 25%

Fig. 7: Histological images of neutrophil cells on days 3 and 7, (A) Negative control, (B) Positive control, (C) Pomegranate peel extract
nano gel 6.25%, (D) Pomegranate peel extract nano gel 12.5%, (E) Pomegranate peel extract nano gel 25%
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Fig. 8: Histological images of macrophage cells on days 3 and 7, (A) Negative control, (B) Positive control, (C) Pomegranate peel extract
nano gel 6.25%, (D) Pomegranate peel extract nano gel 12.5%, (E) Pomegranate peel extract nano gel 25%

Mean number of lymphocytes, neutrophils,and macrophages homogeneous. Next, a Kruskal Wallis test was used to determine if
there was a significant difference in the average number of
lymphocyte, neutrophil, and macrophage cells in the control group
andthe treatment group on days 3 and 7. The difference in the average
number of cells on days 3 and 7 can be seen in table 5 and fig. 9.

The normality test used in this research was the Shapiro Wilk, and the
homogeneity test used the Levene Test. Based on the normality test
results, p<0.05 means the data is distributed not normally and not
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Fig. 9: Comparison of lymphocyte, neutrophil, and macrophage counts on day 3 and day 7 after nanogel treatment, n = 3; values are
expressed as mean+SD
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Table 5: Mean number of cells in days 3 and 7 in the gingiva of male Wistar rats

Group Day Average lymphocytes+SD P Value Average neutrophils+SD P Value Average macrophages+SD P Value
F(-) Day 3 11.00+1.00 0.031* 6.00+0.00 0.025* 9.67+2.08 0.009*
F(+) Day 3 6.67+0.58 4.00+0.00 4.33+0.55

F1 Day 3 8.67+1.53 5.33x0.577 6.67+0.55

F2 Day 3 8.33+0.58 4.67+0.577 6.00+0.00

F3 Day 3 7.33£0.58 4.33+0.577 4.67+0.55

F() Day 7 9.67+0.58 0.015* 4.33+0.57 0.043* 7.67+0.577 0.034*
F(+) Day 7 3.33x1.15 0.67+0.57 1.00£0.00

F1 Day 7 7.00+0.00 3.00+1.00 4.00£0.577

F2 Day 7 6.00+1.00 2.00+0.00 3.33x0.577

F3 Day 7 4.33%1.53 1.00£0.00 1.67+0.577

n = 3; values are expressed as mean+SD, Description: Kruskal-Wallistest, *Significant if (P<0.05), F (-): Negative control, F(+):Positivecontrol, F1:

Pomegranate peel extract nano gel 6.25%, F2: Pomegranate peel extract nano gel 12.5%, F3:Pomegranatepeelextractnano gel 25%

Based on table 5 above, lymphocyte counts were notably higher in
the negative control group across both time points, which indicated
sustained inflammation due to the absence of active anti-
inflammatory treatment. By contrast, the positive control group,
treated with Gengigel, consistently showed the lowest lymphocyte
counts, reflecting Gengigel's efficacy in reducing lymphocyte
proliferation and mitigating inflammatory responses.

In the pomegranate peel nano gel treatment groups, lymphocyte
counts decreased as the concentration of the extract increased. On day
3, the 25% nano gel group exhibited significantly lower lymphocyte
counts than the 6.25% group (P<0.05), suggesting a dose-dependent
effect of the extract in modulating lymphocyte-mediated inflammatory
responses. By day 7, the trend was more pronounced, with the 25%
nano gel group approaching lymphocyte counts similar to the positive
control group, indicating the extract's potential to control
inflammation over time at higher concentrations [20, 21].

Neutrophil counts followed a similar pattern, with the highest levels
in the negative control group, indicating ongoing acute inflammation
without treatment intervention. The positive control group showed
the lowest neutrophil levels on both days, reflecting Gengigel's rapid
anti-inflammatory effect [23, 24]. In the nano gel-treated groups, a
decrease in neutrophil counts correlated with higher concentrations
of pomegranate peel extract. By day 7, the 25% concentration group
had significantly reduced neutrophil counts compared to the 6.25%
group (P<0.05), suggesting that higher concentrations of
pomegranate peel extract may accelerate the resolution of acute
inflammatory responses by reducing neutrophil infiltration. These
findings highlight the nanogel's capacity to suppress the activity of
acute inflammatory cells, likely contributing to tissue healing and
reduced tissue damage [23, 30].

Macrophage counts also revealed a clear pattern of inflammation
modulation. In the untreated negative control, macrophage levels
remained elevated across both days, consistent with chronic
inflammatory progression. The positive control group displayed the
lowest macrophage counts on both days, underscoring Gengigel's
capacity to suppress macrophage activity and promote tissue
regeneration. Among the treatment groups, the 25% nano gel
concentration showed the most significant reduction in macrophage
counts by day 7 compared to the lower concentrations (P<0.05). This
reduction aligns with the natural progression of inflammation, where
macrophages transition the response from inflammation to healing.
Higher concentrations of pomegranate peel extract accelerate this
transition, promoting a shift toward tissue repair [23, 24].

The comparative analysis between the pomegranate peel extractnanogel
and Gengigel revealed that while the nano gel effectively reduced
inflammatory cell counts, it did not achieve the same level of reduction
as Gengigel, particularly by day 3. This observation may be attributed to
Gengigel's hyaluronic acid component, which protects against bacterial
plaque and supports tissue regeneration through its viscoelastic
properties. The high adhesive nature of hyaluronic acid allows it to
remain in contact with the gingival tissue longer, optimizing its anti-
inflammatory and wound-healing effects [31].

Pomegranate peel extract contains various bioactive compounds,
including flavonoids and tannins, which exhibit strong antimicrobial

and anti-inflammatory properties. However, as a natural extract, its
effects may be influenced by the interaction of multiple compounds,
potentially leading to synergistic or antagonistic effects. The nano gel
formulation in this study was designed to enhance bioavailability and
controlled release, addressing the challenge of rapid degradation and
poor penetration of bioactive compounds when applied in
conventional formulations. The observed dose-dependent reduction in
inflammatory cells suggests that higher extract concentrations (25%)
optimize these effects, potentially compensating for the lower
bioavailability of active compounds relative to the highly purified
hyaluronic acid in Gengigel, which is known to promote wound
healing and modulate inflammatory responses. Prior studies, such as
those by Sayed et al. (2022), have demonstrated that pomegranate
peel extract significantly reduces inflammatory cytokines (IL-18 and
IL-6) and enhances antioxidant enzyme activities (SOD, GSH, and
catalase) in hepatotoxicity models [31, 32].

This aligns with our findings, where pomegranate nano gel
effectively suppressed lymphocyte, neutrophil, and macrophage
infiltration, indicating potent anti-inflammatory effects in gingival
inflammation. The mechanism of action is likely attributed to the
high tannin and flavonoid content, particularly ellagic acid and
punicalagin, which have been shown to inhibit NF-kB activation and
downregulate pro-inflammatory mediators. Additionally, the nano
gel delivery system prolongs retention time on gingival tissue,
allowing sustained release and enhancing penetration of bioactive
compounds. Compared to previous formulations of pomegranate
peel extracts in oral applications, this study provides novel insights
into the role of nanotechnology in optimizing the therapeutic
potential of natural bioactive compounds. Further research is
needed to explore pomegranate nano gel's pharmacokinetics and
long-term effects of periodontal therapy [31, 32].

The progression from acute to chronic inflammation typically
involves cellular responses. Neutrophils are the first responders,
peaking within 24-48 h and contributing to initial tissue cleanup and
immune signaling. In the present study, the reduction in neutrophils
in the higher concentration nano gel groups suggests that
pomegranate peel extract may facilitate an earlier transition to the
macrophage-dominated phase of inflammation, a hallmark of the
reparative phase.

Macrophages play a dual role in sustaining inflammation and
promoting repair by releasing cytokines that stimulate tissue
remodeling. By day 7, the 25% nano gel group demonstrated
reduced macrophage presence, indicating that pomegranate peel
extract may expedite the resolution of inflammation, thus advancing
the healing process. The reduction in lymphocytes further supports
this finding, as lymphocytes typically persist in areas of chronic
inflammation and contribute to ongoing immune responses. Lower
lymphocyte counts in the higher concentration groups suggest that
the extract effectively dampens the sustained immune response,
allowing tissue to transition into the healing phase [33, 34].

The results of this study indicate that pomegranate peel extract
nanogel, particularly at higher concentrations, holds promise as an
anti-inflammatory agent for gingival applications. The extract's
ability to reduce lymphocyte, neutrophil, and macrophage
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infiltration supports its potential for managing periodontal
inflammation. Although the nano gel's efficacy did not fully match
Gengigel's, its natural composition offers an alternative for patients
seeking plant-based treatments. Additionally, pomegranate peel
extract's antimicrobial properties further enhance its applicability in
treating gingivitis and periodontal disease, where bacterial
colonization exacerbates inflammatory responses [33, 34].

Based on the study's results, pomegranate peel extract nano gel
shows potential as an additional therapy in periodontal treatment,
especially for gingivitis, with significant antimicrobial and anti-
inflammatory effects. The efficacy of this nano gel shows that
nanotechnology-based formulations can improve retention,
bioavailability, and controlled release of bioactive compounds, thus
providing more optimal therapeutic benefits than conventional
preparations. However, this study has several limitations, including
animal models that may not fully represent human clinical
responses and the absence of direct comparisons with other natural
formulations or available commercial products. Therefore, further
research is needed to optimize the nano gel formulation, evaluate
pharmacokinetics and bioavailability in the oral environment, and
conduct clinical trials in humans to ensure its safety and
effectiveness in treating periodontal disease.

CONCLUSION

This study concludes that pomegranate (Punica granatum L.) peel
extract, particularly in a nano gel formulation, shows strong
potential as an antimicrobial and anti-inflammatory agent for
managing gingival inflammation. In vitro tests revealed that ethanol-
based pomegranate peel extract effectively inhibited A.
actinomycetemcomitans, P. gingivalis, and F. nucleatum, with optimal
activity at a 25% concentration. In vivo, the nano gel reduced
lymphocyte, neutrophil, and macrophage counts in a dose-
dependent manner, with the highest concentration (25%) yielding
significant anti-inflammatory effects. Although the nano gel did not
surpass the effectiveness of the hyaluronic acid-based Gengigel, its
natural bioactive compounds make it a promising alternative or
complementary treatment for gingivitis. Future research should
optimize the nano gel formulation for improved bioavailability and
retention in gingival tissue, enhancing its therapeutic efficacy in oral
health applications.
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