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Introduction: Oral mucosal wounds present significant clinical challenges due to their susceptibility to infection, inflammation, and
delayed healing. The limitation of standard anti-inflammatory drugs (both steroidal and non-steroidal) highlights the urgent need for
plant-derived alternative therapies. Granola potato (Solanum tuberosum L.) from Pangalengan, West Java, Indonesia, has shown
promise due to its bioactive compounds. However, its potential for wound healing and anti-inflammatory effects, specifically for oral
mucosal wounds, remains largely unexplored.

Purpose: To evaluate the wound healing and anti-inflammatory activity of Granola potato peel ethanol extract (GPPEE) on the oral
mucosa of Wistar rats based on histopathological analysis.

Materials and Methods: Forty-cight Wistar rats were wounded on the palatal mucosa using a 4 mm punch biopsy and subsequently
divided into four groups: placebo gel, 0.1% triamcinolone acetonide ointment (TCA), 4% GPPEE gel, and 6% GPPEE gel. The rats
were euthanized on days 0, 1, 3, 7, and 14. Histopathological parameters assessed included fibroblast proliferation, collagen
deposition, angiogenesis, and the presence of inflammatory cells.

Results: Phytochemical screening revealed the presence of phenolic compounds, flavonoids, tannins, and alkaloids in the Granola
potato peel ethanol extract (GPPEE). Significant differences in the number of inflammatory cells were observed on days 1, 3, 7, and 14
(p<0.05), with the groups treated with 4% and 6% GPPEE gel initially exhibiting pro-inflammatory effects on day 3, followed by
significant anti-inflammatory effects on days 7 and 14. The 6% GPPEE gel treatment demonstrated a notable increase in fibroblasts on
days 1, 7, and 14 (p<0.05), as well as collagen deposition on days 7 and 14 (p<0.05). However, no significant difference was observed
in angiogenesis (p>0.05).

Conclusion: The application of 4% and 6% GPPEE gel demonstrated superior wound healing efficacy compared to 0.1% TCA and
exhibited comparable anti-inflammatory activity to 0.1% TCA.
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Introduction

Wound healing is a meticulously regulated process to restore tissue integrity following an injury. Regardless of the tissue

type affected, this process is divided into four overlapping phases: hemostasis, inflammation, proliferation, and remodel-

ing. Each phase involves specific cellular and molecular mechanisms, including various signaling pathways.' The oral

cavity environment is highly dynamic, rendering some treatments less effective for managing oral mucosal wounds.’
Oral ulceration is the most prevalent form of oral mucosal wound lesions, frequently leading patients to seek care

from a dentist or oral medicine specialist. Oral ulceration may present as a single lesion or in clusters. It can occur at
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various sites within the oral cavity, including the buccal mucosa, labial mucosa, tongue, gingiva, and palate.® Several
causes of oral ulceration exist, including inflammatory conditions (eg, traumatic ulcers, aphthous stomatitis), viral
infections (eg, herpes simplex virus, herpes zoster), bacterial infections (eg, syphilis, tuberculosis), autoimmune diseases
(eg, pemphigus vulgaris, mucous membrane pemphigoid, oral lichen planus), and malignancies.* Oral traumatic ulcers
are among the most common lesions, with a prevalence of approximately 24% in the population, followed by recurrent
aphthous stomatitis (RAS), which has a prevalence of 20%.”

The treatment of oral ulceration depends on the severity of the lesion, however, in most cases, the primary goal is to
reduce pain and the duration of the ulcer by decreasing the local immune response and preventing secondary infections.
Topical corticosteroids, topical anesthetics, and analgesics are recommended treatments, but long-term use of these
medications may lead to drug resistance, an imbalance in oral flora, and secondary fungal infections.” Therefore, due to
the growing incidence of adverse effects associated with synthetic drugs, there is increasing interest in developing plant-
based or herbal medicines as promising alternatives.®

Potatoes (Solanum tuberosum L.) rank as the fourth most significant agricultural product globally, with an annual
production of approximately 388 million tons, half of which is consumed fresh. According to the Food and Agriculture
Organization (FAO), potato production exceeded 300 million tons in 2016.” The substantial consumption of processed
potato products, such as fries, potato chips, and frozen potatoes, generates large quantities of potato peel waste annually.®
Traditionally, this waste is used for low-value applications like animal feed, fertilizer, or biogas production, leading to the
underutilization of the nutritious components in potato peels. These peels are rich in antioxidants, antibacterial agents,
apoptotic inducers, possess chemopreventive and anti-inflammatory properties.’

Potato peels are a rich source of phytochemicals with biological activity, including phenolic acids and flavonoids.”'”
According to Albishi et al, phenolic compounds are more abundant in potato peels compared to potato flesh.'" The anti-
inflammatory properties of flavonoids are attributed to their role as antioxidants, which neutralize free radicals that
mediate the inflammatory process.'” Phenolic compounds also exhibit potential antimicrobial, antioxidant, and regen-
erative properties, making them promising bioactive compounds for application in wound dressings.'?

Our previous study investigated the efficacy of Granola potato peel ethanol extract gel (GPPEE) at concentrations of
2%, 4%, and 6% for promoting wound contraction in the gingival mucosa of Wistar rats. The results showed that the 6%
GPPEE gel produced the most significant wound contraction, as measured macroscopically by wound length on the 3rd,
7th, and 14th days.'* However, our previous study only observed wound healing at the macroscopic level without
accompanying microscopic observations such as fibroblast count, inflammatory count, and angiogenesis. Therefore, our
recent study was conducted to evaluate the wound healing and anti-inflammatory properties of Granola potato peel
ethanol extract gel at the microscopic level. To the best of the authors’ knowledge, this is the first study to analyze the
wound healing and anti-inflammatory activity of ethanol extract from the peel of the Granola variety of potato, sourced
from Pangalengan, West Java, through histopathological examination. This study aims to evaluate the wound healing and
anti-inflammatory properties of ethanol extract gel derived from Granola potato peel by assessing epithelialization,
angiogenesis, and inflammation in Wistar rat models.

Materials and Methods
Ethical Approval

This study received approval from the Health Research Ethics Committee (HREC) of Universitas Padjadjaran, with the
ethical clearance number 1236/UN.KEP/EC/2023. The guideline followed by the welfare of the laboratory animal was
The Eighth Edition of the Guide for the Care and Use of Laboratory Animals (NRC 2011).

Plant Material

Granola variety potatoes were obtained from Pangalengan, Bandung, West Java, Indonesia, during the dry season. The
samples used in this study were potato peels (Figure 1). The identification of the potato plants was conducted at the
Generasi Biologi Indonesia Laboratory (Certificate No: 08.159/Genbinesia/1/2023).
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Figure | Preparation of GPPEE. (A) Cleaned potatoes; (B) Fresh Granola potato peels. (C) Dried Granola potato peels. (D) Granola potato peel extraction results. (E)
Concentrated Granola potato peel ethanol extract.

Preparation of Extract

The potato peels were dried in an oven at 40°C for 24 hours. The dried peels were then ground to an approximate size of
4 mm. A total of 300 grams of the ground potato peels were subjected to extraction using the maceration method with
96% ethanol as the solvent. The sample-to-solvent ratio was maintained at 1:10. The maceration process was carried out
for 72 hours, with the solvent refreshed every 24 hours. The extract was then concentrated using a rotary evaporator at
75 rpm and 45°C. Subsequently, the concentrated extract was further thickened using a water bath at 60°C.

Preliminary Phytochemical Analysis

Phytochemical screening of the GPPEE was conducted to identify the major classes of compounds present in the extract
using standard protocols. The extract underwent qualitative analysis, with visual observations of color changes and
precipitate formation following the addition of specific chemical reagents. This process was used to detect the presence
of alkaloids, phenolics, flavonoids, saponins, tannins, steroids, and triterpenoids. The tube test method was employed for
these analyses.

Phenolic Test

A total of 0.2 grams of the sample was extracted with 5 mL of methanol, then filtered using filter paper and transferred to
another tube. Subsequently, 2-3 drops of 5% FeCl; were added. A positive result for phenolic compounds was indicated
by a color change to dark blue or dark green.

Flavonoid Test
Concentrated HCl and Mg reagent: A total of 0.2 grams of the sample was extracted with 5 mL of methanol, then filtered using
filter paper and transferred to another tube. Subsequently, 1-2 drops of concentrated hydrochloric acid (HCI) were added, and
the solution was shaken and mixed with a small amount of Mg powder. The mixture was shaken again. A positive result for
flavonoids was indicated by a color change to orange and the formation of abundant foam.

2N H,S04 reagent: A total of 0.2 grams of the sample was extracted with 5 mL of methanol, then filtered using filter
paper and transferred to another tube. Subsequently, 2—3 drops of 2N sulfuric acid (H,SO,) were added. A positive result
for flavonoids was indicated by a color change to yellow, red, or brown.

10% NaOH reagent: A total of 0.2 grams of the sample was extracted with 5 mL of methanol, then filtered using filter
paper and transferred to another tube. Subsequently, 2—3 drops of 10% sodium hydroxide (NaOH) were added. A positive
result for flavonoids was indicated by a color change to yellow, red, green, or brown.

Saponin Test
A total of 0.2 grams of the sample was weighed and dissolved in 5 mL of distilled water. The test tube was then sealed
with plastic wrap and shaken vigorously. A positive result for saponins was indicated by the formation of abundant foam.

Tanin Test

A total of 0.2 grams of the sample was extracted with 5 mL of methanol, then filtered using filter paper and transferred to
another tube. Subsequently, 2-3 drops of 1% FeCl; were added. A positive result for tannins was indicated by a color
change to dark blue or dark green.
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Triterpenoid and Steroid Tests

A total of 0.2 grams of the sample was weighed and dissolved in 5 mL of ammoniacal chloroform, then filtered using filter
paper. The filtrate was placed on a spot plate and allowed to dry. Subsequently, one drop of concentrated sulfuric acid
(H,SO,) and one drop of anhydrous acetic acid were added. A positive result for triterpenoids was indicated by a color
change to brown or red, while a positive result for steroids was indicated by a color change to green, purple, or blue.

Alkaloid Test

A total of 0.2 grams of the sample was weighed and dissolved in 5 mL of ammoniacal chloroform, then filtered using
filter paper. The solution was transferred to another test tube and fractionated using 2N sulfuric acid (H,SO,). The
sulfuric acid fraction was transferred to another test tube, and 2—3 drops of Dragendorft’s reagent were added. A positive
result for alkaloids was indicated by the formation of a red precipitate.

Cytotoxicity Assay

The cytotoxicity assay was conducted using the CV-1 cell line (ATCC CCL-70) derived from monkey kidney fibroblasts.
CV-1 cells were cultured in liquid Roswell Park Memorial Institute Medium (RPMI) supplemented with 10% Fetal
Bovine Serum (FBS, Gibco 10270-106) and antibiotics at a concentration of 50 uL/50 mL (Sigma Aldrich P4333). The
culture was maintained at 37°C in a humidified atmosphere with 5% CO,.

The CV-1 cell plates were treated with GPPEE at concentrations of 1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL,
62.5 pg/mL, 31.25 pg/mL, 15.63 pg/mL, and 7.81 pg/mL. Cell viability was assessed using the Presto Blue Cell Viability
Reagent (Thermofisher A13262), and incubated for 1-2 hours. Absorbance was measured to determine the reduction of
resazurin to resorufin. The absorbance was read at a wavelength of 570 nm using a Multimode Reader. The cell viability
percentage was calculated using the formula: Viability % = (Absorbance of treated group / Absorbance of the control
group) x 100%.

Wound Healing Study

Animals

Male albino Wistar rats (Rattus norvegicus), aged 6—8 weeks and weighing between 150-250 grams, were used in this
study. The rats were maintained under optimal conditions with controlled humidity and a 12-hour light/dark cycle. Prior
to treatment, the rats were acclimatized for 7 days. During acclimatization, the rats were fed standardized pellets
containing low fiber (5%), protein (20%), and fat (5-10%), and provided with water ad libitum. The cages and water
dispensers were cleaned regularly.

Preparation of Wound Healing Ointment

The gel was prepared by dispersing Carbomer 940 into distilled water, followed by homogenization. Methylparaben and
propylparaben were then added to the mixture and stirred until homogeneous. Subsequently, the Granola potato peel
ethanol extract was dissolved in glycerin and combined with the pre-prepared gel base. The mixture was then homo-
genized again until a uniform gel formulation was achieved.'*'> The gel concentration used in this study was determined
based on previous research literature, with modifications made to align with the objectives of this study.'®'® Gel
formulations are shown in Table 1.

Animal Groups

Based on Federer’s sample size calculation formula,'*"?

a total of 48 rats were used in this study. The rats were randomly
divided into four test groups (n = 12 per group) as follows:

Group 1 (G1): Wounded and treated with placebo gel (negative control)

Group 2 (G2): Wounded and treated with 0.1% triamcinolone acetonide ointment (positive control)

Group 3 (G3): Wounded and treated with 4% Granola potato peel ethanol extract gel

Group 4 (G4): Wounded and treated with 6% Granola potato peel ethanol extract gel
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Table | GPPEE Gel Formulation

Material Purpose Fl (%) | Fll (%)
Granola potato peel ethanol extract (GPPEE) | Active ingredient 4 6
Carbomer 940 Gel base | |
Methylparaben Preservative 0.18 0.18
Propylparaben Preservative 0.02 0.02
Glycerin Humectant 3 3
Triethanolamine Emulsifying agent | |
Distilled water Solvent 100 Ad | 100 Ad

Notes: In this formulation, the percentages denote the concentration of each component in the final gel
product. The active ingredient, Granola potato peel ethanol extract, varies between formulations Fl and
Fll, with Fl containing 4% and Fll containing 6%. The gel base is consistent with 1% Carbomer 940, while
methylparaben and propylparaben are used as preservatives. Glycerin serves as a humectant, and
triethanolamine acts as an emulsifying agent. Distilled water is used as the solvent to complete the
formulation.

Abbreviations: Fl, formulation I; Fll, formulation II.

Excision Wound Model

A total of 48 rats were anesthetized intraperitoneally using ketamine (45 mg/kg) and xylazine (0.35 mg/kg) before the
induction of oral ulceration. Antisepsis of the rat palatal mucosa was performed using a 10 mm round cotton swab
moistened with 0.2% chlorhexidine gluconate mouthwash solution. Oral ulcers were induced in the median palatal region
using a single-use punch biopsy (Mentok Co., Ltd., India) with a diameter of 4 mm and an excision depth of
approximately 2 mm. The mucoperiosteal specimens were dissected using sharp instruments.”*?" After the punch biopsy
procedure, the ulcer induction area was cleaned using 0.9% NaCl solution administered with a syringe fitted with a blunt
end. The area was then dried using sterile gauze while gently applying pressure to control bleeding. Once the bleeding
ceased, each group was treated with the respective topical agent according to their assigned treatment group.”> Without
touching the wound, 1 mL of the test topical agent was directly applied to the wound using a syringe with a blunt cannula

until the wound was completely covered.?’ Induction of the palatal mucosal wound is shown in Figure 2.

Hematoxylin-Eosin (HE) Staining and Scoring

Gingival tissue samples were collected on days 0, 1, 3, 7, and 14. The histological preparation of the rat oral mucosa was
performed using the paraffin method and Hematoxylin-Eosin (HE) staining. The first step involved decalcification by
immersing the specimens in 14% EDTA solution, followed by fixation, dehydration, and clearing processes.
Subsequently, the tissues were embedded in paraffin and sectioned. The tissue sections were stained with Hematoxylin-
Eosin (HE). The number of inflammatory cells, fibroblasts, and new blood vessels was manually counted using

a binocular microscope. Complete re-epithelialization is characterized by a continuous, newly formed epithelial layer
23-25

that fully covers the wound surface. Clinically, it is indicated by minimal or no defects on the tissue surface.

—4mm—

Ulcer depth: 2mm

Figure 2 Induction of palatal mucosal ulcer in rats. (A) Graphic illustration of palatal ulcer induction in Wistar rat. (B) Palatal mucosa of a Wistar rat before wound
induction; (C) Palatal mucosa of a Wistar rat after ulcer induction using a 4 mm punch biopsy; (D) Palatal mucosa of a Wistar rat after application of the topical agent.
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Masson’s Trichrome Staining for Collagen

Masson’s Trichrome staining was performed on 5 um thick tissue sections following standard procedures to determine
collagen synthesis in each group. The tissue sections with wounds were stained with Weigert’s hematoxylin for
approximately 10 minutes and rinsed under running tap water for 5 minutes, followed by a wash with distilled water.
Subsequently, the sections were stained with Biebrich scarlet for 5 minutes and rinsed with distilled water.

The slides were then immersed in freshly prepared phosphotungstic/phosphomolybdic acid for 10 minutes. Following
this, the slides were transferred directly to aniline blue for 5 minutes and rinsed with distilled water. The slides were then
dipped in 1% acetic acid for 1 minute and rinsed with distilled water. Finally, the sections were dehydrated in absolute
ethanol, cleared with xylene, and mounted with DPX. In the stained sections, nuclei appeared black, cytoplasm, muscle,
and erythrocytes were red, and collagen was stained blue.

Statistical Analysis

Data analysis was performed with a confidence level of 95% (a = 0.05). For normally distributed data, parametric
statistical analysis was conducted using One-Way ANOVA to assess variance. If the data were not normally distributed,
the Kruskal-Wallis test was used for variance analysis. Post hoc analysis was performed using Bonferroni correction or
t-tests as appropriate.

Results

Phytochemical Screening Results

Qualitative phytochemical screening of the GPPEE indicated strong positive results for phenolic compounds and
alkaloids, moderate positive results for flavonoids (using 10% NaOH reagent), and weak positive results for tannins
and triterpenoids (Table 2).

Cytotoxicity Assay Results
The antiproliferative test results indicated that the ICs,, value of the Granola potato peel ethanol extract was 235.80 pg/
mL (with cisplatin used as a reference at an ICs,, concentration of 44 uM). According to Figure 3, the percentage of cell
viability remained above 70% even after the administration of 100 mL of GPPEE at 125 pg/mL for 24 hours. However,
with increasing concentrations of the GPPEE, cell viability began to decrease at 250 pg/mL, dropping to only 6.05% at
a concentration of 1000 pg/mL.

According to Figure 4, the microscopic observations of CV-1 cells after 24 hours of incubation in different conditions
were analyzed. These conditions included the control (media only), 2% DMSO media, cisplatin, and various concentra-
tions of GPPEE (7.81 pg/mL, 15.63 pg/mL, 31.25 pg/mL, 62.50 pg/mL, 125 pg/mL, 250 pg/mL, 500 pg/mL, and

Table 2 Phytochemical Screening Results of GPPEE

No. | Phytochemical Test Testing Method Result
I Phenolic 5% FeCl; Reagent +++
2. Flavonoid a. Concentrated HC| + Mg Reagent -

b. 2N H,SO, Reagent -

c. 10% NaOH Reagent ++
3. Saponin Heated
4. Tannin 1% FeCl; Reagent
5. Triterpenoid H,SO, concentrated + Anhydrous CH;COOH
6. Steroid H,SO, concentrated + Anhydrous CH;COOH -
7. Alkaloid Dragendorff Reagent +

Notes: (-) Not detected; (+) Low; (++) Moderate; (+++) High.
Abbreviations: FeCls, ferric chloride; HCI, hydrochloric acid; Mg, magnesium; H,SO4,, sulfuric acid; NaOH,
sodium hydroxide; CH;COOH, acetic acid.
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Figure 3 Curve of GPPEE cytotoxicity test on CV-I cells.

Media + Cell 2% DMSO Cisplatin

GPPEE sample 250 pg/mL GPPEE sample 125 pg/mL

Figure 4 Documentation of CV-1 cell morphology following treatment with GPPEE.

1000 pg/mL). The cells were observed under a microscope at 400x magnification. Viable cells were identified as
cylindrical or elongated and adhered to the substrate, while non-viable cells appeared round and large.

Wound Healing Evaluation
Based on the clinical examination of the wound (Figure 5), gradual healing was observed in all treatment groups.
Macroscopically, the wound area was covered by fibrin tissue on days 1 and 3, and the wound edges appeared irregular
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Group 1 Group 2 Group 3 Group 4
Placebo 0,1% TCA 4% GPPEE 6% GPPEE

Day 0

Day 1

Day 3

Day 7

Day 14

Figure 5 Clinical observations of palatal ulcer induction in Wistar rats were conducted on days 0, I, 3, 7, and 14.

and began to migrate towards the center of the wound. The fibrin covering the center of the wound began to diminish
from day 7 to day 14. By day 14, the wound defect had fully closed, although slight redness was still visible in the
placebo gel group.
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Histopathological analysis (4x magnification) showed that the ulcer wound appearance on day 0 was similar across all
treatment groups (Figure 6), with a defect and loss of epithelium. On day 1, there was a thickening of the tissue in the
wound area and the beginning of inflammatory cell infiltration. By day 3, granulation tissue with denser inflammatory
cells and migrating edge epithelium towards the center was observed in the groups treated with 0.1% TCA (G2) and 6%
GPPEE gel (G4). On day 7, gradual epithelial proliferation to close the wound was noted, starting from the wound

Group 1 Group 2 Group 3 Group 4
Placebo 0,17% TCA 4% GPPEE 6% GPPEE

Day 0

Day 1

Day 3

Day 7

Day 14

Figure 6 Histological images of wound healing using Hematoxylin-Eosin (HE) staining at 4x magnification.
Abbreviations: F, fibroblasts; IC, inflammatory cells; BV, blood vessels.
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margins in all groups, with the most significant results in the 0.1% TCA (G2) and 6% GPPEE gel (G4) groups. By day
14, complete epithelialization was observed in all groups, but the 0.1% triamcinolone acetonide (G2) and 6% GPPEE gel
(G4) groups showed lower inflammatory cell infiltration compared to the other groups.

Effect of GPPEE Gel on the Number of Inflammatory Cells

Based on the research findings, both the 4% and 6% concentrations of the GPPEE gel exhibited pro-inflammatory effects
on days 1 and 3 of observation, similar to the group treated with 0.1% TCA (G2). The 6% GPPEE gel (G4) demonstrated
the highest pro-inflammatory activity during the initial period (days 1 and 3), followed by a marked anti-inflammatory
effect, as evidenced by a significant reduction in the number of inflammatory cells on days 7 and 14, compared to the
0.1% TCA group (G2). In contrast, the 4% GPPEE gel (G3) continued to exhibit pro-inflammatory effects on day 7,
which then diminished by day 14. Results are shown in Table 3 and Figure 7.

Effect of GPPEE Gel on the Number of Fibroblast

On day 0 of observation, significant differences were found between G3 and G1, G3 and G2, and G4 and G3, indicating that
G3 had a higher number of fibroblasts compared to G1, G2, and G4. On day 1, significant differences were observed between
G4 and G2, as well as between G3 and G2, with G4 (6% GPPEE gel) showing a lower number of fibroblasts compared to G2
(0.1% TCA). On day 3, there were no significant differences between the groups. On day 7, significant differences were
noted between G3 and G2, G4 and G2, and G3 and Gl1, suggesting that G3 and G4 continued significantly stimulate on

Table 3 Differences in the Number of Inflammatory Cells Between
Treatment Groups on Days 0, 1, 3, 7, and 14

Observation Inflammatory Treatment Groups p-value
Day Cell Count
Gl G2 | G3 | G4
%) | (%) | (%) | (%)
Day 0 None 0 0 0 0 1.000
Few 100 | 100 | 100 | 100
Moderate 0 0 0 0
Many 0 0 0 0
Day | None 0 0 0 0 | <0.001%*
Few 90 0 20 0
Moderate 10 100 | 80 30
Many 0 0 0 70
Day 3 None 0 0 0 0 <0.001*
Few 40 20 0 0
Moderate 60 80 80 10
Many 0 0 20 | 90
Day 7 None 0 0 0 0 <0.001*
Few 6,7 50 0 80
Moderate 53,3 | 50 40 | 20
Many 40 0 60 0
Day 14 None 0 13,3 ] 30 0 0.001*
Few 50 | 867 | 70 | 100
Moderate 50 0 0 0
Many 0 0 0 0

Notes: *Statistical significance was defined as p < 0.05. The Kruskal-Wallis test was used for
the analysis.

Abbreviations: G| = Group |, rats were given placebo gel; G2 = Group 2, rats were given
0.1% Triamcinolone acetonide; G3 = Group 3, rats were given 4% Granola potato peel ethanol
extract gel; G4 = Group 4, rats were given 6% Granola potato peel ethanol extract gel.
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Group 1 Group 2 Group 3 Group 4
Placebo 0,1% TCA 4% GPPEE 6% GPPEE
BY g
Day 0
Day 1
Day 3
Day 7
Day 14

Figure 7 Histological images of wound healing using Hematoxylin-Eosin (HE) staining at 400x magnification.
Abbreviations: F, fibroblasts; IC, inflammatory cells; BV, blood vessels.

fibroblast proliferation compared to G2 and G1. On day 14, significant differences were observed between G2 and Gl, as
well as between G3 and G2. These results indicate that G2 showed a significant increase in the number of fibroblasts
compared to G1, and G3 showed a higher number of fibroblasts compared to G2. Results are detailed in Table 4 and Figure 7.
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Table 4 Differences in the Number of Fibroblast Between Treatment Groups on Days 0, I,

3,7,and 14
Observation Day Fibroblast Count Treatment Groups p-value
Gl K2 | GI | K4
) | (%) | (%) | (%)
Day 0 None 100 | 100 | 60 | 100 [ 0.005*
Visible around the vascular area 0 0 40 0
<50% in the examined wound tissue 0 0 0 0
Day | None 30 0 40 | 70 0.017*
Visible around the vascular area 70 80 60 20
<50% in the examined wound tissue 0 20 0 10
Day 3 None 30 0 10 0 0214
Visible around the vascular area 50 60 40 50
<50% in the examined wound tissue 20 40 50 50
Day 7 None 20 40 0 0 | <0.001%*
Visible around the vascular area 53,3 60 30 30
<50% in the examined wound tissue | 26,7 0 70 70
Day 14 None 0 46,7 | 10 20 0.037*
Visible around the vascular area 90 | 46,7 | 60 80
<50% in the examined wound tissue 10 6,7 30 0

Note: *Statistical significance was defined as p < 0.05. The Kruskal-Wallis test was used for the analysis.

Abbreviations: G| = Group |, rats were given placebo gel; G2 = Group 2, rats were given 0.1% Triamcinolone
acetonide; G3 = Group 3, rats were given 4% Granola potato peel ethanol extract gel; G4 = Group 4, rats were given

6% Granola potato peel ethanol extract gel.

Effect of GPPEE Gel on Angiogenesis

Based on the observations, all groups showed an increase in the number of new blood vessels from day 1 to day 14. The
groups treated with 4% and 6% GPPEE gel exhibited a temporary decrease in the number of blood vessels on day 3,
followed by an increase on days 7 and 14. However, this increase did not show a statistically significant difference

compared to the other treatment groups. Results are shown in Table 5 and Figure 7.

Table 5 Differences in New Blood Vessel Formation (Angiogenesis) Between Treatment

Groups on Observation Days 0, 1, 3, 7, and 14

Observation Day New Blood Vessel Formation (Angiogenesis) p-value
Gl G2 G3 G4
Mean £ SD | Mean £ SD | Mean £ SD | Mean £ SD
0 8+2 9+5 14+ 1 2 0.299
| 17 £ 1 16 £2 12£5 4 0.122
3 14+2 121 17£3 +5 0.410
7 131 142 16 £5 13+£0 0.755
14 14+5 I £3 17 £ 4 18+ 1 0.243

Notes: p-value is greater than 0.05, indicating no statistically significant results. A One-Way ANOVA test was

used for the analysis.

Abbreviations: G| = Group |, rats were given placebo gel; G2 = Group 2, rats were given 0.1% Triamcinolone
acetonide; G3 = Group 3, rats were given 4% Granola potato peel ethanol extract gel; G4 = Group 4, rats were
given 6% Granola potato peel ethanol extract gel.
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Table 6 Differences in Collagen Percentage Between Treatment Groups on Observation Days 0, |,

3,7, and 14
Observation Day Collagen p-value
Gl G2 G3 G4
Mean * SD Mean = SD Mean * SD Mean * SD
0 9.940 + 2.883 4.527 + 1.437 7917 £0.188 8.027 + 1.445 0.143
| 20.785 £ 2.129 | 26.830 + 0.933 38.074 + 7.972 31.186 + 1.385 0.058
3 20.858 + 0.368 | 25.208 * 2.954 | 49.428 + 21.740 | 33.459 * 2.560 0.189
7 43239 £ 1.516 | 33.640 + 1.629 58.921 + 2613 53.975 £ 1.765 | <0.001*
14 45407 £ 2.933 | 49.042 + 4.342 55.791 + 3.625 59.344 £ 0418 0.031*

Notes: *Statistical significance was defined at p < 0.05. A One-way ANOVA test was used for the analysis.

Abbreviations: G| = Group |, rats were given placebo gel; G2 = Group 2, rats were given 0.1% Triamcinolone acetonide; G3 =
Group 3, rats were given 4% Granola potato peel ethanol extract gel; G4 = Group 4, rats were given 6% Granola potato peel
ethanol extract gel.

Effect of GPPEE Gel on the Number of Collagen

Based on the observations, the percentage of collagen on days 0, 1, and 3 showed an increase in each group, although
there was no statistically significant difference between the groups. On day 7, the groups treated with GPPEE gel at both
4% and 6% concentrations showed a significant increase in collagen percentage compared to the placebo gel and 0.1%
TCA groups. However, on day 14, only the 6% Granola potato peel extract gel group showed a significant increase in
collagen compared to the other treatment groups. Results are shown in Table 6 and Figure 8.

Discussion

The potatoes used in this study were sourced from potato farms in Pangalengan, Bandung Regency, West Java, and
cultivated at the same location to ensure consistent plant quality. The part used in this research was the potato peel.
Phytochemical screening of the ethanol extract of Granola potato peel revealed the presence of phenolic compounds,
flavonoids, alkaloids, terpenoids, and tannins. This finding is consistent with previous studies that reported higher levels
of phenolic compounds and flavonoids in potato peels compared to potato flesh.”?''**27 According to Akyol et al,
potatoes are an excellent source of phenolic compounds, with a higher total phenol content than other fruits and
vegetables such as carrots, onions, and tomatoes. The phenolic compounds found in potatoes include phenolic acids
and flavonoids, such as flavonols, flavanols, and anthocyanins. The chemical compounds in potato peels exhibit
significant anti-inflammatory properties, which are the second most prominent trait after their antioxidant capabilities.’

Wound healing begins with the hemostasis and inflammatory phases. Hemostasis in the wound area typically occurs
within a few minutes to several hours after injury.”® The inflammatory response is a natural and essential process that is
highly coordinated and necessary for healing. This phase facilitates healing at the wound base by removing necrotic
tissue, debris, and bacterial contaminants, while also recruiting and activating fibroblasts.”> Alongside the initial
hemostasis phase, the wound undergoes inflammatory infiltration immediately in response to chemokines in the injured
area. The inflammatory response peaks between 24 and 48 hours post-injury and can last up to one week.*® In our study,
inflammatory cells began to appear in small numbers in the wound area across all groups on day 0 of observation. The
number of inflammatory cells subsequently increased on days 1 and 3 of observation. The groups treated with 4% and
6% GPPEE, as well as the positive control group (0.1% TCA), exhibited a higher number of inflammatory cells
compared to the negative control group (placebo gel). This suggests that the active compounds in GPPEE may influence
the inflammatory process. The faster increase in inflammatory cells compared to the negative control group indicates that
GPPEE may accelerate the inflammatory phase.

Flavonoids in potato peels act as anti-inflammatory agents. The anti-inflammatory mechanism of flavonoids involves the
inhibition of cyclooxygenase and lipoxygenase pathways, as well as the suppression of histamine release and leukocyte
accumulation, which are crucial in combating inflammation and allergic symptoms. Additionally, flavonoids inhibit the
secretion of arachidonic acid and lysosomal enzymes.*' Garcia-Lafuente et al found that most flavonoids are potent inhibitors
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Group 1 Group 2 Group 3 Group 4
Placebo 0,1% TCA 4% GPPEE 6% GPPEE

Day 0

Day 1

Day 3

Day 7

Day 14

Figure 8 Histological images of wound healing using Masson’s Trichrome (MT) staining to observe collagen content. Yellow arrows indicate collagen stained in blue.
(Magnification 100x).

of arachidonic acid, phospholipase A2, cyclooxygenase, and nitric oxide synthase (NOS). This inhibition reduces the
production of prostaglandins, leukotrienes, and nitric oxide (NO), which are key inflammatory mediators.>?

Flavonoids decrease the release of arachidonic acid metabolites and chemokines, thereby reducing leukocyte
infiltration and edema. Additionally, Ferrali et al reported that flavonoids chelate iron and inhibit complement system
activation, thus reducing inflammation. Flavonoids also chelate transition metals, thereby decreasing the formation of
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reactive oxygen species (ROS).! Furthermore, a study by Li et al found that flavonoids can reduce the expression of pro-
inflammatory cytokines such as IL-6, IL-8, TNF-a, IL-1, and monocyte chemoattractant protein-1 (MCP-1) in RAW
macrophages, peripheral blood mononuclear cells, and Jurkat T cells.*’

The flavonoid content in potato peel extract is associated with anti-inflammatory, antibacterial, and antioxidant
activities. As anti-inflammatory agents, flavonoids can shorten the inflammation stage, allowing for a quicker transition
to the proliferation and remodeling stages, thus accelerating the wound healing process. The antibacterial activity of
flavonoids also supports wound healing. As antibacterial agents, flavonoids can form complexes with bacterial cell
membrane proteins. Flavonoids act as antioxidants by binding to free radicals, thereby preventing oxidative stress.>* Free
radicals are reactive molecules with antibacterial properties in the form of reactive oxygen species (ROS). However,
excessive ROS can cause damage to the wound area, slowing the healing process.** Therefore, the antioxidant activity of
flavonoids in plant extracts can help prevent oxidative stress.>*> Flavonoids can donate electrons to ROS, preventing
ROS from taking electrons from tissue-forming molecules such as DNA, proteins, and lipids.*

From days 5 to 7, fibroblasts begin to form new collagen and glycosaminoglycans. In addition, re-epithelialization
occurs as cells migrate from the periphery of the wound and adjacent edges. Initially, only a thin layer of epithelial cells
forms, but over time, a thicker and more durable layer bridges the wound. Furthermore, neovascularization takes place
through angiogenesis, which is the formation of new blood vessels from existing ones, and vasculogenesis, the formation
of new blood vessels from endothelial progenitor cells (EPC).*® Fibroblast proliferation contributes to the occurrence of
angiogenesis.>’ Vascular restructuring in wounds commences immediately following injury, with heightened activity
during the proliferative phase. This process supplies the oxygen and nutrients essential for cell migration, proliferation,
and the synthesis of extracellular matrix components. Secreted mediators, including VEGF and angiopoietins, stimulate
endothelial cell proliferation and contribute to the restructuring of the vascular system at the wound site.*® Once collagen
fibers are established on the fibrin framework, the wound enters the maturation phase. Wound contraction begins,
facilitated by the ongoing deposition of fibroblasts and myofibroblasts.>®

On day 7, the number of inflammatory cells in the GPPEE gel and 0.1% TCA treatment groups was lower compared
to the negative control group (placebo gel). Meanwhile, the number of fibroblasts and the amount of collagen in the 4%
and 6% GPPEE gel treatment groups were higher than in both the negative control (placebo gel) and 0.1% TCA groups.
This suggests that the 4% and 6% GPPEE gels may have a stimulatory effect on fibroblasts and collagen, which are
critical components of the wound healing process. Although the number of new blood vessels increased across all groups,
no significant difference was observed.

From days 7 to 21, the maturation or remodeling phase begins. Excess collagen is degraded, and wound contraction
reaches its peak around the third week. Wound contraction is significantly greater in secondary healing compared to primary
healing. The maximal tensile strength of the incision is achieved approximately 11 to 14 weeks after injury.*® By day 14 of
observation, the number of fibroblasts in each group began to decrease; however, the amount of collagen in the 4% and 6%
GPPEE gel groups continued to increase compared to the negative control group (placebo gel) and the positive control group
(0.1% TCA). This suggests that the Granola potato peel extract contains compounds that may enhance collagen production in
the tissue. The number of inflammatory cells in the positive control group (0.1% TCA) and the 4% and 6% GPPEE gel groups
was minimal or absent, while the negative control group (placebo gel) still exhibited mild to moderate levels of inflammatory
cells. This indicates that both concentrations of GPPEE gel can shorten the inflammatory phase, stimulate the proliferation
phase, and potentially prevent the development of chronic inflammation.

The proliferation and migration of fibroblasts to the wound area play a crucial role during the re-epithelialization
process to restore tissue integrity. The proliferation phase also includes angiogenesis in newly formed cells and tissues,
the formation of granulation tissue, and the deposition of collagen produced by fibroblasts.>* The high antioxidant
activity in potato peels can be attributed to the presence of vitamin C, flavonoids, polyphenols, and anthocyanins.*
Vitamin C is an antioxidant that promotes collagen production, playing a vital role in skin health and facilitating wound
healing by stimulating fibroblast formation. Increased fibroblast activity can accelerate the wound healing process.*!

According to research conducted by Rosas-Cruz et al on the wound healing activity of potato ointment, the
phytoconstituents in potatoes (both in the peel and flesh) exhibit antioxidant, anti-inflammatory, and antimicrobial
properties. These phytoconstituents are responsible for the enhanced wound closure observed up to day 7 of treatment.
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Groups treated with potato ointment showed accelerated wound closure compared to the negative and positive control
groups (Neomycin, Polymyxin B, and Bacitracin ointment). Histological analysis of rat skin in the study revealed that the
groups treated with potato ointment demonstrated progressive and significant wound healing, characterized by the
presence of fibroblasts and the absence of crusts or eschar on days 7 observation. This activity was more pronounced
in the specimens from the group treated with 2% potato ointment, which showed a clear increase in fibroblast content
horizontally arranged, indicating advanced reparative processes. In addition, no fibroblasts were present in the crusts or
eschar, further highlighting the effectiveness of the treatment.'® These findings are consistent with our results on the
7th day, where significant wound healing was observed using GPPEE gel concentrations. However, in our study, we used
different concentrations, including 4% and 6% of GPPEE gel. The 6% GPPEE gel demonstrated the most effective
wound healing, as indicated by the higher number of fibroblasts. Also, increased collagen deposition, new blood vessel
formation, and reduced inflammatory cells support our findings regarding the wound healing process on days 1, 3, 7, and
14. To date, the research literature on the anti-inflammatory and wound-healing activities of potato peel extract,
specifically with indicators such as fibroblast activity, collagen deposition, new blood vessel formation, and inflammatory
cell reduction, remains limited.

Phenolic compounds, especially flavonoids, have garnered significant interest as wound care agents due to their anti-
inflammatory, angiogenic, re-epithelialization, and antioxidant properties.**** According to Ibrahim et al and Shedoeva
et al, flavonoid compounds stimulate collagen synthesis in fibroblast cell cultures on the skin.**** In a study by Lodhi et al,
which observed increased collagen cross-linking in wounds by determining hydroxyproline in an in vivo diabetic rat model
after topical application of Martynia annua and Tephrosia purpurea extracts containing luteolin, histopathological analysis
on day 18 post-treatment confirmed that flavonoids can stimulate collagen synthesis and participate in cross-link formation
as collagen matures. This was indicated by the proliferation of angioblasts and fibroblasts with the infiltration of a large
number of lymphocytes, macrophages, and few neutrophils. Additionally, dense fibrous tissue and blood capillaries were
found, with capillary arrangements parallel to the fibrous tissue.*®

Based on a study by Balderas-Cordero et al on the wound healing potential of propolis on the skin tissue of Wistar
rats, it was concluded that the presence of flavonoid compounds can accelerate the transition from type III to type
I collagen. This results in a better fiber arrangement in the tissue, re-epithelialization of the wound area, tensile strength,
and mechanical stability of the newly formed tissue, as well as an increase in the number of myofibroblasts on day 14.
The transition from type III to type I collagen was observed using Herovici staining.*” Furthermore, according to
Almeida et al, flavonoid compounds can inhibit MMP (an enzyme that breaks down collagen), thereby increasing the rate
and amount of collagen needed for the formation of the new wound matrix and accelerating the wound healing process,48

The presence of glycoalkaloid compounds in Granola potato peels is closely associated with cell death. Several
studies have shown that glycoalkaloids in the Solanaceae family exhibit cytotoxic effects on healthy and cancerous
cells.*? Solanine and chaconine are the two primary glycoalkaloids found in potatoes. These compounds exhibit
fungicidal, antibacterial, and anti-inflammatory activities, primarily by inhibiting the NF-kB signaling pathway.**->*
A cytotoxicity test of Granola potato peel ethanol extract (GPPEE) on CV-1 cells (ATCC CCL-70) was conducted, using
the inhibitory concentration of 50% (IC50) as the parameter. IC50 refers to the concentration required to inhibit 50% of
cell proliferation. The number of viable fibroblasts in the sample groups reflects the level of toxicity. An increase in the
percentage of living fibroblasts indicates higher cell viability and fibroblast proliferation.>*>> The ICs, value of GPPEE
was 235.80 pg/mL, compared to the IC50 value of cisplatin, which was 44 uM (13.2 pg/mL). This suggests that GPPEE
was non-toxic and may possess proliferative ability.

Conclusion

Granola potato peel ethanol extract gel at concentrations of 4% and 6% shows superior wound healing activity compared
to 0.1% triamcinolone acetonide, a commonly used anti-inflammatory agent. This is evidenced by increased fibroblast
proliferation (cells important for wound healing), collagen deposition (a protein that helps rebuild tissue), and blood
vessel formation, particularly from day 7 onward. Additionally, the Granola potato peel ethanol extract gel at 4% and 6%
concentrations exhibit anti-inflammatory effects comparable to 0.1% triamcinolone acetonide. More studies are needed to
explore the underlying mechanisms and potential biomarkers (a biological molecule) associated with the wound healing

392 https: Journal of Experimental Pharmacology 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Santoso et al

and anti-inflammatory effects of the GPPEE gel. Investigating these aspects could provide deeper insights into its
therapeutic potential and optimize its application in medical practice.
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