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ABSTRACT

Wound repair can be disrupted by oxidative stress and enzymatic degradation of extracellular matrix (ECM) proteins,
and current synthetic treatments are often limited by side effects. While the leaves and stems of Ipomoea pes-caprae
are known for their bioactivity, the flowers remain largely unexplored for their therapeutic potential. This study aims to
evaluate the antioxidant activity, enzyme inhibition, and wound healing potential of methanolic extracts from I. pes-
caprae flowers (IPFME). Dried flowers were sequentially extracted with hexane, ethyl acetate, and methanol. Extracts
were screened for total phenolic content (TPC) and antioxidant capacity (DPPH assay), after which the methanolic
extract (IPFME) was further evaluated for anti-elastase and anti-collagenase activity, cytotoxicity (MTT assay), and
fibroblast migration (scratch assay). Methanol extraction produced the highest yield (11.6%) and phenolic content (0.38
mg GAE/g + 0.003) compared to hexane and ethyl acetate extracts. Antioxidant analysis revealed strong radical
scavenging activity with IPFME showing an 1Cso of 0.06 mg/mL close to gallic acid (0.02 mg/mL). In enzyme inhibition
assays, IPFME inhibited collagenase activity by 38.5% and elastase activity by over 90% at 1 mg/mL with inhibition levels
comparable to EGCG. Cytotoxicity testing on MRC-5 fibroblast cells revealed an ICso of 0.05 mg/mL, establishing safe,
non-toxic concentrations for subsequent assays. Scratch assays further demonstrated accelerated wound closure, with
IPFME-treated fibroblasts achieving 95% closure within 24 h, comparable to ascorbic acid (AA). These findings highlight
I. pes-caprae flowers as a promising source of natural antioxidants and enzyme inhibitors with significant wound healing
potential. This multifaceted bioactivity — neutralizing free radicals, inhibiting ECM-degrading enzymes, and promoting
fibroblast migration positions the flower extract as a strong candidate for natural therapeutics targeting oxidative-
stress-impaired wound healing.
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INTRODUCTION

As the body’s largest organ, the skin plays a key defensive role by shielding internal tissues from external harm, including
physical injuries, infections, UV radiation, and harsh environmental conditions (Gushiken et al., 2021; Albahri et al.,
2023). Despite its resilience, the skin remains susceptible to damage from trauma, burns, surgery, or disease (Rodrigues
etal., 2018). Awound is defined as a break in the continuity of the skin or underlying tissues (Wang et al., 2023). Wounds
are often categorized as acute or chronic based on their clinical appearance, and prolonged healing can lead to infection
or other complications (Freedman et al., 2023). The process of wound healing is complex and highly coordinated,
encompassing overlapping phases of hemostasis, inflammation, proliferation, and tissue remodeling (Wilkinson &
Hardman, 2020; Criollo-Mendoza et al., 2023; Sobeh et al., 2023). Efficient healing is crucial to restore tissue integrity
and prevent long-term issues such as chronic wounds or delayed recovery (Kolimi et al., 2022).
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Excessive formation of reactive oxygen species (ROS) leads to oxidative stress, which hinders the normal healing
process (Ukaegbu et al., 2025). Under normal physiological conditions, the body maintains a balance between ROS and
antioxidant defenses, but factors such as UV exposure, pollution, and poor nutrition can disrupt this equilibrium (Lin et
al., 2025). Persistent oxidative stress damages biomolecules like DNA, proteins, and lipids, contributing to skin aging
and chronic diseases including diabetes and cardiovascular disorders (Rinnerthaler et al., 2015; Alfadda & Sallam, 2012).
In the skin, UV-induced photodamage is a well-recognized example of ROS-mediated injury that delays wound closure
(Wei et al., 2024; Lin et al.,2025). Importantly, excessive ROS not only causes direct cellular damage but also promotes
inflammatory responses that enhance the activity of extracellular matrix (ECM)-degrading enzymes, including
collagenase and elastase, thereby further impairs wound repair (Diller & Tabor, 2022). Collagenase breaks down
collagen, a key structural protein, and excessive activity delays healing and weakens tissue (Mathew-Steiner et al., 2021;
Xue & Jackson, 2015). Similarly, neutrophil elastase degrades elastin and collagen during inflammation, and its
overactivation can hinder repair and lead to scarring, making anti-collagenase and anti-elastase strategies valuable for
enhancing wound closure (Kolaczkowska & Kubes, 2013; Sarangthem et al., 2021).

Although synthetic drugs and dressings are available, many are associated with side effects, resistance or limited
efficacy (Cedillo-Cortezano et al., 2024). This has encouraged the exploration of natural products as safer alternatives
due to their combined antioxidant, anti-inflammatory and ECM-protective effects. In particular, marine and coastal
plants have gained interest as functional sources of bioactive metabolites with relevance to wound management
(Karma et al., 2024; Gushiken et al., 2021). Among many coastal plants, lIpomoea pes-caprae often called beach morning
glory or “tapak kuda,” has long been valued in traditional medicine for treating wounds, inflammation, stings, and
jellyfish envenomation (Xavier-Santos et al., 2022). These traditional applications are consistent with biological activities
associated with antioxidant protection and preservation of skin structural integrity, which are critical for limiting
oxidative damage and excessive ECM degradation during wound healing. Earlier studies have shown that its leaves and
stems possess potent antioxidant, anti-inflammatory, antimicrobial, and wound-healing properties likely due to a
diverse range of secondary metabolites such as phenols, flavonoids, triterpenes, and alkaloids (Akinniyi et al., 2022;
Kumar et al., 2015; Nuskiya et al., 2023).

However, research on the flowers’ part remains limited (Tamuddin et al., 2023) even though they contain colorful
pigments and phenolic constituents that could support skin repair and regeneration (Akinniyi et al., 2022). The goal of
this study is to evaluate antioxidant activity in /. pes-caprae flower extracts from various solvents. The most potent
extract was further tested for collagenase and elastase inhibition, cytotoxicity, and fibroblast migration effects in vitro,
using MTT and scratch assays on MRC-5 cells. By focusing on this less explored part of the plant, this study aims to
provide new insight into its possible application as a natural treatment for oxidative stress-related skin damage.

MATERIALS AND METHODS
Sample collection

The flower samples of Ipomoea pes-caprae were collected along the Universiti Malaysia Terengganu beaches
(5°4147813N, 103°0874282E) in November 2022. Species identification was made by comparison with standard
regional floras and online herbarium resources (MyBIS, 2025; NParks, 2025). In addition, species confirmation was
supported by published literature reports (Salim et al., 2020; Akinniyi et al., 2022).

Chemicals and reagents

All chemicals and reagents used in this study were of analytical grade. Methanol, hexane, and ethyl acetate were
obtained from R&M Chemicals (Selangor, Malaysia). 2,2-Diphenyl-1-picrylhydrazyl (DPPH), dimethyl sulfoxide (DMSO),
porcine pancreatic elastase, and Coomassie Brilliant Blue (CBB) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Dulbecco’s Modified Eagle Medium high glucose (DMEM-high glucose), penicillin—streptomycin (Pen-Strep), and
MTT reagent were procured from Nacalai Tesque (Kyoto, Japan). Fetal bovine serum (FBS) and trypsin were supplied
by Gibco, Thermo Fisher Scientific (Waltham, MA, USA). Phosphate-buffered saline (PBS) was purchased from Oxoid
(Basingstoke, England), while bacterial collagenase type | was obtained from MedChemExpress (Monmouth Junction,
NJ, USA). All other solvents and reagents used were of analytical grade.

Extract preparation

Sequential extraction using hexane, ethyl acetate, and methanol was employed to fractionate compounds based on
polarity, with non-polar compounds extracted by hexane, moderately polar compounds by ethyl acetate, and polar
compounds by methanol, ensuring a comprehensive recovery of bioactive constituents.

The dried plant samples (100 g) were ground into a fine powder and subjected to maceration in 500 mL of three
different organic solvents which are hexane, ethyl acetate, and methanol. The mixtures were placed in an incubator
shaker at room temperature (100 rpm) for 24 hours and then filtered. This process was repeated three times with fresh
solvent added each time and filtration performed every 24 hours. All filtrates from the same solvent were mixed and
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reduced using a rotary evaporator. The concentrated extracts were transferred into vial bottles and dried in an oven at
40 °C until a uniform weight had been established, indicating complete solvent removal and yielding the crude extracts.
The following formula was used to determine each extract's yield percentage:

Weight of dried crude extract (g)

100
Weight of dried sample used (g) x

Percentage yield (%) =

Total Phenolic Content (TPC) determination

As a foundation, with a few minor adjustments, the Folin-Ciocalteu technique as outlined by Kumar et al. (2015) was
used to determine the phenolic content of each extract. A 20 pL sample (1 mg/mL) was placed in a 96-well plate and
reacted with 100 pL of Folin—Ciocalteu reagent. After five minutes, 80 puL of sodium carbonate solution was added, and
the reaction mixture was kept in the dark at room temperature for one hour. Absorbance was then measured at 750
nm with a UV spectrophotometer. Using a gallic acid standard curve (0-0.5 mg/ml), the TPC was expressed as mg of
gallic acid equivalent per gram of dry extract (Aryal et al., 2019).

DPPH radical scavenging assay

Ipomoea pes-caprae flower extracts' antioxidant efficacy was assessed using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method described by Assaw et al. (2018). Each extract and gallic acid (used as a standard reference compound)
was tested at a range of concentrations from 0 to 1 mg/mL, prepared through twofold serial dilution. For each assay,
50 pL of the crude organic extract or gallic acid was mixed with 100 uL of DPPH solution in a 96-well microplate.
Following incubation, the reaction mixtures were maintained in the dark at room temperature for 30 minutes to avoid
light-induced degradation. Absorbance values were then recorded at 517 nm using a SpectraMax iD3 microplate reader,
with DMSO serving as the blank control. The percentage of radical scavenging activity was determined based on
absorbance differences between control and treated samples (Adeyemo et al.,, 2011). Antioxidant activity was
represented as ICso, and the percentage of inhibition was measured as follows:

(Abs blank — Abs sample) 9

Abs blank 100

% Inhibition =

Based on the antioxidant screening, the methanolic extract of I. pes-caprae flowers (IPFME) was selected for further
assays including enzyme inhibition and cell-based evaluations.

Gelatin digestion assay (anti-collagenase)

The ability of IPFME to inhibit collagenase activity was tested using the gelatin digestion technique, with slight
modifications to the method described by Santhanam et al. (2022). Collagenase buffer (50 mM Tris-HCI, 10 mM CaCl,,
and 0.15 M NaCl; pH 7.8) containing 0.15% porcine gelatin was used to prepare a 2% agarose solution. The mixture was
poured into Petri dishes and left to solidify at room temperature. Wells were created in the gel using sterile 200 pL
micropipette tips, and each well was loaded with a mixture of bacterial collagenase type | (0.1 mg/mL) and IPFME at
concentrations of 1, 0.5, 0.25, 0.13, 0.06, and 0.03mg/mL. Distilled water served as the negative control, while EGCG (1
mg/mL) was used as the positive control. The plates were incubated at room temperature for one hour, followed by
overnight incubation to allow complete digestion. After incubation, the plates were stained with Coomassie Brilliant
Blue (CBB), and the clear zones formed were measured to determine the degree of enzyme inhibition.

Anti-elastase assay

The inhibitory activity of the methanolic extract against elastase was determined following a modified approach of
Santhanam et al. (2022). The assay was carried out in Tris-HCl buffer (0.2 mM, pH 8.0). Porcine pancreatic elastase (E.C.
3.4.21.36) was freshly prepared in sterile water to obtain a stock concentration of 3.33 mg/mL. The substrate, N-
succinyl-Ala-Ala-Ala-p-nitroanilide (AAAPVN), was prepared in Tris-HCl buffer at a concentration of 1.6 mM. For the
assay, the enzyme solution was preincubated with different concentrations of Ipomoea pes-caprae flower methanolic
extract (IPFME) at 1, 0.5, 0.25, and 0.13mg/mL at room temperature. The reaction was initiated by adding the substrate
solution. Each reaction mixture had a final volume of 250 pL and contained a final substrate concentration of 0.8 mM
and 50 pg/mL elastase. Epigallocatechin gallate (EGCG, 1 mg/mL) served as the positive control, while sterile water was
used as the negative control. After incubation, absorbance was read at 410 nm using a microplate reader to determine
elastase activity, and percentage inhibition was calculated accordingly:

(Abs blank — Abs sample)

Abs blank * 100

Enzyme Inhibition Activity (%) =
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Elastase inhibition data were analyzed descriptively and are presented as mean + SEM (n = 3), without formal statistical
comparison.

Cell based assay using MRC-5 fibroblast cell line
Cell line and culture condition

The human lung fibroblast cell line MRC-5 was obtained from the Animal Cell Culture Facility (ISO 17025), Institute
of Climate Adaptation and Marine Biotechnology (ICAMB), Universiti Malaysia Terengganu. Information on the original
supplier and passage number was not available at the time of receipt. Cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin—streptomycin and were used
within a limited number of passages to ensure experimental consistency. Cells were routinely monitored for
morphology and contamination prior to experiments.

Cytotoxicity MTT assay

The cytotoxicity of IPFME was evaluated using the MTT assay, with slight modifications from Beheshti et al. (2021).
MRC-5 cells (2 x 10° cells/well) were seeded into 96-well plates and incubated for 24 hours at 37 °C in a humidified
atmosphere containing 5% CO; to allow cell attachment. The medium used was Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin. After attachment, cells were treated with
IPFME in serial twofold dilutions ranging from 1000 to 0 pg/mL. Cells exposed to 3% hydrogen peroxide served as the
positive control for cytotoxicity. Following 72 hours of incubation, 20 uL of MTT solution (5 mg/mL in PBS) was added
to each well, and the plates were kept in the dark for four hours. After discarding the medium, 100 uL of dimethyl
sulfoxide (DMSO) was added to dissolve the formazan crystals. The plate was gently shaken and incubated for 10
minutes to ensure complete solubilization, and absorbance was measured at 570 nm using a microplate reader. Cell
viability (%) was calculated relative to the untreated control:

L Abs control
Cell Viability (%) = Abs treated colls x 100

Wound scratch assay

The wound healing potential of IPFME was assessed using a scratch assay with MRC-5 fibroblast cells, adapted with
minor modifications from Panichakul et al. (2022). Briefly, MRC-5 cells were seeded in 96-well plates similar to the MTT
assay until confluent monolayers were formed. A uniform scratch was created in each well using a sterile P10 pipette
tip (10uL) in consistent direction with each treatment performed quadruplicate. Images were immediately captured (0
h) under an inverted microscope (Olympus IX51). Cells were then treated with 25 ug/mL and 50 ug/mL IPFME to
evaluate sub-cytotoxic and ICso-level effects on fibroblast migration, with ascorbic acid (AA) serving as the positive
control. Concentrations were selected based on prior cytotoxicity assessment, ensuring both doses maintained
acceptable fibroblast viability. Plates were incubated at 37°C in a humidified atmosphere with 5% CO,. After 24 h of
incubation, images were taken again, and wound closure was quantified using Imagel software. The migration rate was
calculated as the percentage of scratch closure according to the formula:

(Distance within scratch (0 h) — Distance within scratch (24 h)) 9

100
Distance within scratch (0 h)

Migration rate (%) =

Statistical analysis

All experimental results are presented as mean + standard deviation (SD) or mean * standard error of the mean
(SEM), depending on the data type. Statistical analyses were carried out using GraphPad Prism version 10.4.2.
Differences between treatment groups were evaluated using one-way analysis of variance (ANOVA), followed by
appropriate post hoc comparisons. Statistical significance was considered at p < 0.05.

RESULTS
Extraction yield of I. pes-caprae flowers

The fresh flowers of I. pes-caprae required 29 days to dry under monsoon season conditions and were found to
contain approximately 85% moisture (Table 1). After drying and powdering, the flowers were subjected to sequential
solvent extraction: hexane (hex), ethyl acetate (EA), and methanol (MeOH). The extraction yields obtained were 5.8%,
5.3% and 11.6% respectively (Table 2). Among the three solvents tested, MeOH yielded the highest amount of extract
which was more than twofold that of hex and EA.
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Table 1

Moisture content of I. pes-caprae flowers

Wet Weight (g) Dry weight (g) Moisture content (%)

1200 178.5 85.1

Note: Values represent a single batch measurement.

Table 2

Extraction yield of I. pes-caprae flower extracts obtained using different solvents

Solvent Weight of crude extract (g)  Extraction yield (%)
Hexane 5.8 5.8

Ethyl Acetate 5.3 5.3

Methanol 11.6 11.6

Note: Yields were calculated based on 100 g of dried flower material.
Total Phenolic Content and antioxidant activity (DPPH Assay) of I. pes-caprae flower extracts

The TPC of the I. pes-caprae flower extracts was determined using a gallic acid standard curve (Figure 1). The
methanol extract exhibited the highest phenolic content at 0.38 mg GAE/g = 0.003 (p < 0.0001) compared to ethyl
acetate and hexane, respectively (0.01 mg GAE/g + 0.0 and 0.0 mg GAE/g * 0.0). Antioxidant activity evaluated using
the DPPH assay (Table 3) over a 0—1 mg/mL concentration range, showed that the methanol extract had the lowest ICso
at 0.06 mg/mL, followed by the ethyl acetate extract at 0.72 mg/mL. The hexane extract’s activity was undetectable
within the tested range. The positive control (gallic acid) exhibited an I1Cso of 0.02 mg/mL (Figure 2). Based on its higher
TPC and antioxidant activity, the /. pes-caprae flowers’ methanolic extract (IPFME) was further evaluated for enzyme
inhibitory properties.

Figure 1

Total Phenolic Content of Ipomoea pes-caprae flower extracts across different solvents using gallic acid standard curve

KK Kk
a) b)
| ns  kxkkk
4.00 0.4— 1
E 3.50 .
f et w
”g? 3.00 y =7.1621x + 0.0534 & g
== 2 = }D )
o 2.50 R*=0.998 &
o ~—
= c
8 2.00 S 0.2
S ®
W2 1.50 -
< @
< 1.00 2 0.1
© c
@ o
S 0.50 o
0.00 & 0.0
0 0.1 0.2 0.3 0.4 0.5 0.6 N
. +o°° & ~°
Concentration (mg/mL) RO
R\ <&
<&

Note: (a) Standard curve of gallic acid (y = 7.0901x + 0.0835, R? = 0.9987) used to determine the total phenolic content
(TPC) of I. pes-caprae flowers extracted with different solvents. (b) Comparison of TPC in different organic extracts of I.
pes-caprae flowers. TPC concentrations were calculated from the gallic acid standard curve. Data are presented as mean
+S.E.M. (n = 3) and analyzed using one-way ANOVA followed by Tukey’s post hoc test.
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Figure 2

Antioxidant activity of Ipomoea pes-caprae flower extracts
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Note: Antioxidant activity of I. pes-caprae flowers extracted with different organic solvents, assessed using the DPPH
radical scavenging assay. Data are presented as mean + S.E.M. (n = 3). Gallic acid was used as the positive control.

Table 3

ICso values of DPPH radical scavenging activity of I. pes-caprae flower extracts

Crude Extract ICs0 (mg/ml)
Hexane >1.00

Ethyl Acetate 0.72
Methanol 0.06

Gallic Acid (positive control) 0.02

Note: ICso represents the concentration required to scavenge 50% of DPPH radicals.
Collagenase inhibition (gelatin digestion assay)

The IPFME exhibited a concentration-dependent inhibitory effect against collagenase activity (Figure 3, Table 4). At
the lowest tested concentration (0.03 mg/mL), the inhibition was only 7.7% + 0.5, but this increased steadily with higher
concentrations. At 0.25 and 0.5 mg/mL, inhibition reached 30.8% * 0.6, while the maximum inhibition observed was at
1 mg/mL (38.5% + 0.5). This activity was close to that of the positive control, EGCG (41.0% + 0.3), and was markedly
higher than that of the negative control distilled water (dH,0, 0% + 0.0). Statistical analysis using one-way ANOVA
followed by Dunnett’s multiple comparison test showed that IPFME at concentrations >0.06 mg/mL produced
significantly greater collagenase inhibition compared to the negative control (dH,0) (p < 0.0001), whereas no significant
difference was observed at 0.03 mg/mL.

Elastase inhibition assay

The IPFME demonstrated a strong concentration-dependent elastase inhibitory effect (Figure 4, Table 5). Inhibition
increased from 21.9% + 1.5 at 0.13 mg/mL to over 90% at 1 mg/mL. One-way analysis of variance (ANOVA) followed by
Dunnett’s post hoc test showed that all tested concentrations of IPFME produced a statistically significant inhibition of
elastase activity compared with the negative control (dH,0) (p < 0.0001). The negative control (dH,0) showed no
inhibitory activity, confirming that the observed elastase inhibition was attributable to the extract. EGCG, used as the
positive control, exhibited strong elastase inhibitory activity, validating the performance of the assay.
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Figure 3

Inhibition of collagenase by Ipomoea pes-caprae flower methanolic extract: quantitative analysis and agar plate-based
visualization
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Note: Anti-collagenase activity of IPFME. (a) EGCG (positive control) and dH:0 (negative control). Data illustrated as the
mean value of the percentage of anti-collagenase activity + S.E.M (N=3). The data are statistically significant in
comparison to the control (dH20) group with ****p<0.0001. Following Dunnett's multiple comparisons, One-Way
ANOVA was implemented to analyse the data. (b) Representative images of collagenase inhibition assay plates showing
clear zones of enzyme inhibition at increasing IPFME concentrations compared to controls (EGCG as positive control and
DMSO/water as negative control). The intensity and size of the inhibition zones increased with extract concentration
indicating dose-dependent inhibitory activity.

Table 4

Collagenase inhibitory activity of IPFME

Sample Concentration Anti-collagenase activity
(mg/mi) (%)
IPFME 0.03 7.7+0.5
0.06 16.7£0.5
0.13 17.9+0.3
0.25 30.8+0.6
0.50 30.8+0.5
1.00 38.5+0.5
EGCG (positive control) 1.00 41.0+0.3
Distilled water (negative control) - 0.0£0.0

Note: Data are expressed as mean + SEM (n = 3).
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Figure 4

Anti-elastase activity by Ipomoea pes-caprae flower methanolic extracts at different concentration
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Notes: Anti-elastase inhibitory activity of IPFME at different concentrations: (a) 0.125 mg/mL, (b) 0.25 mg/mL, (c) 0.5
mg/mL, and (d) 1 mg/mL. Distilled water (dH;0) was used as the negative control, while EGCG served as the positive
control. Data are presented as mean + SEM. Statistical analysis was performed using one-way ANOVA followed by
Dunnett’s test, with comparisons made against the negative control. ****p < 0.0001 indicates significant difference
compared to dH-0.

Table 5

Elastase inhibitory activity of IPFME at different concentrations

Sample Concentration Anti-elastase activity
(mg/ml) (%)
IPFME 0.13 219+15
0.25 429+0.3
0.50 90.8+3.4
1.00 92.6+4.3
EGCG (positive control) 0.13 69.7+1.2
0.25 80.8+0.7
0.50 72.7+0.1
1.00 81.8+1.8
Distilled water (negative control) - 0.0£0.0

Note: Data are expressed as mean + SEM (n = 3).
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Cytotoxic effect of IPFME on fibroblasts (MTT assay)

The cytotoxicity of IPFME on fibroblasts was evaluated using the MTT assay. As shown in Table 6 and Figure 5, cell
mortality increased progressively with rising concentrations of the extract. At 0.01 mg/mL, mortality was 26.5% + 0.8,
which increased to 76.3% % 0.7 at 1 mg/mL. The ICso value was calculated as 0.05 mg/mL, indicating moderate
cytotoxicity. The positive control, hydrogen peroxide (H,0,, 3%), produced 80.1% + 0.5 mortality, while the vehicle
control (DMSO) showed no significant effect (3.9% + 3.6). These findings suggest that IPFME exerts cytotoxic effects in
a concentration-dependent manner, with lower concentrations maintaining acceptable cell viability suitable for
subsequent wound healing assays. Based on the ICso value, the concentration of 0.05 mg/ml was selected for
subsequent wound-healing evaluation using the scratch assay.

Table 6

Cell mortality of MRC-5 fibroblast cells treated with IPFME at different concentrations

Sample Concentration (mg/ml) Cell mortality (%)
IPFME 0.01 26.5+0.8
0.03 31.7+16
0.06 43.2+3.4
0.13 61.8+3.9
0.25 66.2+2.2
0.50 67.8+3.3
1.00 76.3+0.7
Hydrogen peroxide (positive control) 3% (v/v) 80.1+0.5
DMSO (vehicle control) - 39+3.6
Untreated control - 100+ 0.0

Note: Data are expressed as mean + S.E.M. (n = 3). DMSO and EGCG were included as vehicle and positive controls,
respectively. Untreated cells received culture medium only. The vehicle control contained the solvent without extract,
and hydrogen peroxide (3% v/v) was used as a positive control to induce cytotoxicity

Table 7

Cell proliferation rate (%) of fibroblasts measured by scratch assay after treatment with IPFME (25 and 50 ug/mL) for
24 hrs, ascorbic acid (100 mM, positive control), DMSO (0.006%, vehicle control), and untreated cell (negative control)

Treatment Cell proliferation (%)
Untreated 82.712.0
IPFME 25 pg 96.4+2.5
IPFME 50 pg 95.0+1.3
Ascorbic Acid 100Mm (AA) 95.2+1.1
0.006% DMSO 79.8+4.8

Note: Values are expressed as mean + SEM of triplicate experiments.
Effect of IPFME on MRC-5 fibroblast cells migration (scratch assay)

In the scratch assay, results in Table 7 showed that fibroblasts treated with 50 ug/mL of IPFME for 24 hours exhibited
a significant increase in proliferation (95.05% + 1.3) compared to the untreated control cells (82.73% + 2.1) (p < 0.01).
Treatment with 25 ug/mL (0.025 mg/mL, half ICso) resulted in a slightly higher proliferation rate of 96.4% + 2.5. No
significant difference (p > 0.05) was observed between IPFME treatment and ascorbic acid (95.24% + 1.2), suggesting
that the flower extract exerts a wound-healing effect comparable to the positive control. After 48 hours, almost
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complete wound closure was observed in all treatment groups, except the untreated control and vehicle control, which
still showed a visible gap.

Figure 5

Cytotoxic profile of Ipomoea pes-caprae flower methanolic Extract in MRC-5 fibroblasts: dose—response and ICso
determination
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Note: Cytotoxic effect of IPFME on MRC-5 fibroblasts cell determined by the MTT assay. (a) Dose—response curve
showing the percentage of cell mortality after treatment with different concentrations of IPFME. The ICso value was
calculated to be 0.05 mg/ml. (b) Bar graph representing the percentage of cell mortality at each concentration compared
with the vehicle control (DMSO) and positive control (H,0,, 1 mM). Data are expressed as mean + S.E.M. (n = 3).
Following Dunnett's multiple comparisons, One-Way ANOVA was implemented to analyse all data. Statistical
significance is indicated as **p < 0.01, ***p < 0.001, ****p < 0.0001, ns = not significant.

Figure 6

In vitro scratch assay analysis: Enhancement of fibroblast migration and wound closure by Ipomoea pes-caprae flower
methanolic extract
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Note: Scratch assay showing fibroblast proliferation and migration. (a) Representative images of scratch closure at 0,
24, and 48 hours under inverted microscopy (scale bar = 500 um, 4x magnification) after treatment with IPFME (25 and
50 ug/mL), ascorbic acid (AA) (100 mM), DMSO (0.006%), and untreated control. (b) Quantitative analysis of cell
proliferation rate expressed as percentage of wound closure for 24hrs. Data are presented as mean + SEM (n = 3).
Statistical analysis was performed using one-way ANOVA followed by Dunnett’s test, comparing all treatments with the
untreated control (**p < 0.01, ***p < 0.001, ns = not significant).
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DISCUSSION

In this study, solvents of varying polarity (hexane, ethyl acetate, and methanol) were employed, with methanol
yielding the highest extract percentage. This observation is in line with previous research on I. pes-caprae that also
employed sequential solvent extraction and reported methanol as the most efficient solvent for obtaining phenolic-rich
extracts (Nuskiya et al., 2023). The superior performance of methanol can be attributed to its high polarity, which
enhances its ability to penetrate plant cell walls and dissolve intracellular metabolites effectively (Mehmood et al.,
2022). Furthermore, methanol has been shown to extract a broader range of phytochemicals compared to less polar
solvents. According to Sheeba et al. (2021), both methanol and ethanol extracts of /. pes-caprae flowers contain diverse
secondary metabolites, including flavonoids, steroids, tannins, and glycosides. The presence of these compounds likely
contributed to the higher extraction mass and more potent bioactivity observed in this fraction. Therefore, the results
suggest that methanol is a suitable solvent for isolating phenolic and other polar constituents responsible for the
biological properties of I. pes-caprae flowers.

All flower extracts were found to contain phenolic compounds, but in varying amounts depending on solvent
polarity. Hexane yielded the lowest TPC, while methanol extract contained the highest concentration of phenolics,
consistent with earlier research demonstrating the efficiency of methanol in recovering polyphenols and flavonoids
from . pes-caprae flowers (Chan et al., 2016). The higher solubility of phenolic compounds in polar solvents such as
methanol likely explains this trend. However, since the Folin—Ciocalteu method broadly estimates total phenolics
without differentiating among compound classes, the actual flavonoid content in the methanolic extract may be
underestimated. A more targeted quantification method for total flavonoids would provide a clearer picture of the
phytochemical profile. The antioxidant potential of each extract followed a similar pattern to TPC results. Methanol
extract exhibited the lowest ICso value (0.06 mg/mL), signifying the strongest DPPH radical-scavenging activity, whereas
ethyl acetate showed moderate activity (0.72 mg/mL) and hexane had minimal effect. This outcome supports the well-
documented relationship between phenolic content and antioxidant capacity as phenolics are known to donate
hydrogen atoms or electrons to neutralize free radicals (Chaudhary et al., 2023). Comparable associations between
phenolic richness and antioxidant activity have been reported not only for I. pes-caprae but also for various medicinal
plants (Sheeba et al., 2022; Criollo-Mendoza et al., 2023). These findings affirm that phenolic compounds play a major
role in the antioxidant efficiency of I. pes-caprae flower extracts.

The methanolic extract of /. pes-caprae flowers exhibited potent inhibitory effects on collagenase activity,
particularly at higher concentrations where its performance approached that of the positive control, EGCG. This result
suggests that the extract contains active compounds capable of preserving collagen structure by suppressing enzymatic
degradation. Panichakul et al. (2022) previously linked the anti-collagenase activity of /. pes-caprae ethanolic extracts
to phenolic compounds such as chlorogenic acid, ferulic acid, and isochlorogenic acids, as well as quinic acid derivatives
(Teramachi et al., 2005). Mechanistically, collagenase is a zinc-dependent metalloproteinase, and phenolic acids are
known to inhibit its activity by chelating the catalytic zinc ion at the active site, thereby disrupting enzyme function
(Nagase et al., 2006; Szewczyk et al., 2021). Similar collagenase-inhibitory mechanisms have been reported for phenolic-
rich extracts from other medicinal plants (Andrade et al., 2021; Szewczyk et al., 2021; Ghimeray et al., 2015). Therefore,
the methanolic extract may serve as a promising natural source of ECM-protective agents that could aid in maintaining
skin integrity and supporting wound healing. In addition to collagenase inhibition, the methanolic extract demonstrated
pronounced elastase inhibitory activity, in some cases surpassing EGCG. Since elastase plays a crucial role in degrading
elastin and weakening skin elasticity, its inhibition is vital for maintaining skin firmness and resilience (Yin et al., 2024).
The phytochemical profile of I. pes-caprae supports this bioactivity, as its flowers are known to contain abundant
phenolic acids and flavonoids that are commonly associated with elastase inhibition (Jakimiuk et al., 2021; Nur et al.,
2023). Previous investigations have identified compounds such as chlorogenic acid, caffeic acid derivatives, and
flavonoid aglycones in I. pes-caprae flowers and aerial parts (Kumar et al., 2020; Panichakul et al., 2022; Teramachi et
al., 2005). These molecules are thought to inhibit elastase through direct enzyme interaction or by reducing oxidative
stress that indirectly activates elastase (Andrade et al., 2021; Nur et al., 2023). Flavonoids are known to inhibit elastase
through hydrogen bonding and hydrophobic interactions with key amino acid residues at the enzyme’s active site, which
can obstruct substrate binding or alter enzyme conformation (Jakimiuk et al., 2021; Nur et al., 2023). Notably, the
elastase inhibitory activity of the extract was stronger than its collagenase inhibition, suggesting a preferential effect
on elastin-degrading pathways. This is therapeutically relevant, as excessive elastase activity during the inflammatory
phase of wound healing contributes to elastic fiber breakdown, tissue fragility, and delayed remodeling (Criollo-
Mendoza et al., 2023). Therefore, the stronger elastase inhibition observed may play a critical role in preserving elastic
fiber integrity and promoting effective skin repair and wound healing (Criollo-Mendoza et al., 2023; Yin et al., 2024).

The methanolic extract displayed a concentration-dependent cytotoxic pattern with an ICso of 0.05 mg/mL,
indicating moderate cytotoxicity. Importantly, fibroblast viability remained acceptable at concentrations below the ICso,
supporting the suitability of sub-cytotoxic doses for wound healing applications. This trend aligns with previous study
on I. pes-caprae leaf and aerial extracts, where phenolic and flavonoid compounds demonstrated dose-dependent
cytotoxicity but were beneficial to fibroblast function at lower concentrations (Panichakul et al., 2022). Comparable
results were reported in other medicinal plants where non-toxic, sub-ICso doses enhanced fibroblast proliferation and
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antioxidant defense (Criollo-Mendoza et al., 2023; Andrade et al., 2021). The moderate cytotoxicity observed at higher
doses may be attributed, at least in part, to the complex composition of the crude flower extract, including the presence
of pollen-derived constituents. Certain plant pollen extracts have shown cytotoxic properties against various cell lines
(Kustiawan et al., 2014; Karbon & Alhammer, 2020), however their effects on fibroblast cells remains poorly
characterized. This suggests that the observed cytotoxicity may not solely reflect the activity of wound-healing
phytochemicals but could also involve non-target components inherent to crude flower material. Future studies should
therefore address this by comparing extracts prepared from pollen-reduced flower material with unfiltered samples to
clarify whether the observed cytotoxicity originates mainly from pollen or other flower metabolites.

At sub-cytotoxic concentrations, the methanolic extract significantly enhanced fibroblast proliferation and
migration. The comparison of 25 pg/mL (0.025 mg/mL, half ICso) and 50 pg/mL (0.05 mg/mL, ICso) indicates that both
doses effectively stimulate cell growth, with the lower concentration achieving slightly higher proliferation (96.4% + 2.5
vs. 95.0% + 1.3), demonstrating that even minimal doses can promote wound healing without inducing cytotoxicity.
Both concentrations were comparable to the positive control, ascorbic acid (95.24% % 1.2), confirming the extract’s
efficacy. After 48 hours, the almost complete wound closure in treated groups further highlights its ability to support
fibroblast migration and tissue repair, whereas untreated and vehicle controls still showed incomplete closure. The
inclusion of a lower concentration (0.025 mg/mL) provided valuable insight into how minimal doses could promote
wound healing without inducing cellular stress. Previous reports have shown that /. pes-caprae leaf extracts stimulate
fibroblast proliferation and collagen synthesis (Panichakul et al., 2022), reinforcing the potential of flower extracts as
an alternative bioactive source. Phenolic compounds and flavonoids are often credited with such effects due to their
antioxidant and signaling-modulatory roles (Szewczyk et al., 2021; Nur et al., 2023). Collectively, these results suggest
that I. pes-caprae flower extract demonstrates a favorable balance between cytocompatibility and biological efficacy,
supporting its potential use in topical wound-healing formulations.

LIMITATIONS

Despite the promising outcomes, several limitations should be considered. The in vitro bioassays employed may not
fully reflect in vivo wound healing responses, and variations in plant source, harvesting conditions, and extraction
procedures could influence the chemical profile and bioactivity of the methanolic extracts. In addition, the optimal
therapeutic dosage of the extract has yet to be established and warrants further investigation. A key limitation of this
study is the moderate cytotoxicity observed at higher extract concentrations. As crude flower extracts were used, non-
target constituents, particularly pollen-derived components may have contributed to the cytotoxic effects. Since pollen
was not removed prior to extraction, its potential influence cannot be excluded, which may confound the interpretation
of cytotoxicity results. Future studies should therefore assess pollen-reduced or filtered extracts to better differentiate
the effects of pollen from other bioactive floral metabolites. Furthermore, while the extracts exhibited strong
antioxidant and enzyme inhibitory activities, the underlying molecular mechanisms of their wound healing effects were
not fully elucidated. Nevertheless, these findings provide valuable preliminary evidence supporting the wound healing
potential of Ipomoea pes-caprae flower extracts and offer a foundation for future mechanistic and formulation-focused
studies.

CONCLUSION

In conclusion, the methanolic extract of /. pes-caprae flowers (IPFME) produced the highest yield and showed a
strong association between its rich phenolic content and antioxidant potential, with an ICso of 0.06 mg/mL. The extract
demonstrated potent enzyme inhibition, particularly against elastase (>90% inhibition at 1 mg/mL), which was notably
stronger than its collagenase inhibition, highlighting its potential to protect the skin’s extracellular matrix and support
wound healing. Moderate cytotoxicity was observed, but concentrations below the ICso were nontoxic and promoted
fibroblast proliferation and wound closure in vitro. These findings suggest that IPFME could serve as a promising natural
source for wound healing formulations. Future work should focus on isolating the specific active compounds,
minimizing pollen-related interference, enhancing the therapeutic index, and verifying efficacy and safety through in
vivo studies.
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