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Abstract: Collagen loss in the skin dermis is a major cause of age-related changes to the skin. Natural
phytochemical substances are desirable for the prevention of skin aging and the formation of wrinkles.
Ipomoea pes-caprae (IPC) has been utilized for nutritional and therapeutic purposes, and its extract
contains collagenase inhibitory activity while causing no cytotoxicity. The purpose of this study
was to examine the impact of IPC extracts on cell proliferation and collagen production in human
fibroblasts (CCD-986sk cells). IPC leaves were macerated in 70% and 95% ethanol and the chemical
composition of the resulting extracts (IPC70 and IPC95) were determined using high performance
liquid chromatography (HPLC). The bioactivity of IPC extracts was examined in CCD-986sk cells,
including antioxidant capacity, inhibition of collagenase, effects on cell proliferation and collagen
production, as well as wound healing using an in vitro scratch test. Changes in expression of collagen
type I (COL1A1), tumor growth factor beta 1 (TGFB1), and beta-fibroblast growth factor (FGF2) genes
were also evaluated. The antioxidant and collagenase inhibitory properties of IPC extracts were associ-
ated with 3,5-di-caffeoylquinic acid, chlorogenic acid, and ferulic acid. IPC extracts at noncytotoxic
concentrations significantly increased cell proliferation, collagen production, and wound healing.
These effects appear linked to the upregulation of COL1A1, TGFB1, and FGF2 genes. The bioactivity
of the IPC70 extract was greater than that for IPC95. This is useful in cosmeceutical applications for
human skin aging. Our findings indicate that IPC extracts have the potential for use in skin anti-aging
cosmeceutical preparations.

Keywords: Ipomoea pes-caprae; skin aging; antioxidant; collagenase; collagen; cell proliferation; anti-aging

1. Introduction

Skin aging is a complex biochemical process that is influenced by both intrinsic and
extrinsic factors, such as age, hormone levels, and exposure to UV light [1]. The process of
skin aging occurs in the epidermal and dermal layers and is primarily caused by the deterio-
ration of the extracellular matrix (ECM) [2]. The enzymes involved in ECM degradation are
matrix metalloproteinases (MMPs), including collagenase, elastase, and gelatinase [3]. ECM
degradation by MMPs causes skin to lose its tensile strength, promoting the appearance
of aging. Dermal fibroblasts are the most prominent cell type in the dermis and play a
crucial role in the progression of skin aging through their ability to secrete large amounts
of extracellular matrix (ECM) components, such as collagen, hyaluronic acid (HA), and
elastic fibers [4]. Type I collagen is the major structural component of the extracellular

Pharmaceuticals 2022, 15, 969. https:/ /doi.org/10.3390 /ph15080969

https:/ /www.mdpi.com/journal /pharmaceuticals


https://doi.org/10.3390/ph15080969
https://doi.org/10.3390/ph15080969
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0001-6599-2301
https://doi.org/10.3390/ph15080969
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph15080969?type=check_update&version=1

Pharmaceuticals 2022, 15, 969

20f15

matrix (ECM), which functions in the maintenance of the structure of the skin dermis [5].
Transforming growth factor-31 (TGE- 31) and fibroblasts growth factor 2 (FGF2) promote
type I collagen synthesis. The balance between degradation and synthesis determines both
the quantity as well as the quality of extracellular collagen [6]. In addition to the ECM
structure, cell proliferation and migration impact the process of skin aging. Biochemical
communication through paracrine signaling or gap junctions contributes to cell migration
and proliferation [7]. Cell proliferation and migration processes play important roles in
tissue formation and repair, maintaining healthy skin [8].

There is increasing interest in the identification of natural phytochemicals capable of
reducing skin aging or wrinkling. Plant extracts rich in phytochemicals, such as flavonoids,
phenolic acids, saponins, and alkaloids are being investigated in the development of
anti-skin-aging products due to their potential to promote cell proliferation and collagen
synthesis [6]. Preparations of Ipomoea pes-caprae (IPC) are used in Thai folk medicine as
an anti-pruritogenic agent to treat jellyfish and Portuguese man-of-war sting-induced
dermatitis [9]. In addition, IPC preparations are used for the treatment of several other
conditions, including cramps, diuretic disorder, gonorrhea, inflammation, and pain [10-12].
Several studies have reported biological activities of the extracts, fractions, and isolated
compounds from IPC that include antioxidant, anti-inflammatory, antinociceptive, antimi-
crobial, collagenase inhibitory, antispasmodic, anticancer, antitumor and antiproliferative,
and multidrug-resistance efflux inhibitory activities [13]. The biological activities of IPC
extracts are generally related to the presence of phenols, flavonoids, tannins, alkaloids,
sterols, terpenoids, norisoprenoids, and glycosides [13-17]. Recently, studies have demon-
strated IPC leaf extract as a source of phenolic compounds, highlighting neochlorogenic,
chlorogenic, and isochlorogenic acids that had anti-inflammatory, wound healing, and an-
tiophidic properties [14]. Oleamide, amyrin, phytol, and friedelin from ethanol and hexane
extracts of IPC had anti-inflammatory and detoxification activities [18]. Interestingly, IPC
extracts contain isochlorogenic acids a, b, and ¢, as well as quinic acid esters, which have
been shown to inhibit collagenase with little cytotoxicity, suggesting that IPC preparations
could be used to prevent skin aging [19].

In this study, IPC leaf extracts were monitored for antioxidant and collagenase in-
hibitory activities as well as for their potential to prevent extracellular matrix degradation.
In addition, the potential of IPC extracts to promote human fibroblast proliferation and
migration in vitro and enhanced wound healing was evaluated. Elevated expressions of
collagen type I (COL1A1), tumor growth factor-beta 1 (TGFB1), and beta-fibroblast growth
factor (FGF2) genes were associated with increased collagen production. The results pre-
sented indicate that IPC extract has the potential for use in cosmeceutical applications to
reduce the effects of skin aging.

2. Results
2.1. Chemical Profiles, Total Phenolic, Flavonoid, Tannin Contents of Ipomoea pes-caprae Extracts

The total phenolic, flavonoid, and tannin contents of IPC extracts prepared using
70% or 95% ethanol (IPC70 and IPC95) were determined. The total phenolic contents of
IPC70 and IPC95 extracts were 75.315 & 9.074 and 67.095 + 6.202 mg gallic acid equivalent
(GAE)/g extract, respectively. The results indicated no significant differences in the total
phenolic content between IPC70 and IPC95 preparations. The total flavonoid content from
the IPC95 extract (26.815 £ 1.133 mg quercetin equivalent (QE)/g extract) was significantly
higher than that in the IPC70 (17.641 £ 0.966 mg GE/g extract) (p < 0.05). In contrast,
the total tannin contents of the IPC70 and IPC95 were 18.39 & 0.77 and 6.57 + 0.68 mg
tannic acid equivalent (TAE)/g extract, respectively (Table 1). These results indicate that
the phenolic compounds were the major content obtained with the ethanol extraction, and
ethanol different concentrations had a significant impact on flavonoid and tannin contents.
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Table 1. Total phenolic, flavonoid, and tannin contents of IPC extracts.
Extracts Total Phenolic Contents Total Flavonoid Contents Total Tannin Contents
mg GAE/g Extract mg QE/g Extract mg TAE/g Extract
IPC70 75.315 £+ 9.074 17.641 & 0.966 18.39 £0.772
IPC95 67.095 + 6.202 26.815 +£1.133 2 6.57 £+ 0.68

Data are mean =+ SD from three independent experiments. (*) indicates significant difference at p < 0.05.

Several chemical constituents from IPC70 and IPC95 extracts were identified using high
performance liquid chromatography (HPLC) analysis (Figure 1). Chemical compounds
found in IPC70 and IPC95 extracts included chlorogenic acid (RT = 20.343 min), fer-
ulic acid (RT = 30.219 min), 3,5-di-caffeoylquinic acid (RT = 33.098 min), and quercetin
(RT = 41.347 min). The major compound found in both IPC70 and IPC95 extracts was 3,5-
di-caffeoylquinic acid (Figure 1b,c). The concentrations of chlorogenic acid, ferulic acid,
3,5-di-caffeoylquinic acid, and quercetin in IPC70 extract were 7.53 £ 0.286, 6.646 £ 0.303,
54.19 £ 3.118, and 1.072 £ 0.078 mg/g of extract, respectively (Figure 1b). For IPC95
extracts, the concentrations of chlorogenic acid, ferulic acid, 3,5-di-caffeoylquinic acid, and
quercetin were 4.59 £ 0.118, 4.398 £ 0.054, 29.43 £ 0.23, and 0.982 % 0.006 mg/g of extract,
respectively (Figure 1c). This analysis indicated that the contents of 3,5-di-caffeoylquinic
acid, chlorogenic acid, and ferulic acid in IPC70 extracts were significantly higher than in
IPC95 extracts (p < 0.05).
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Figure 1. Chromatograms from HPLC analysis of IPC70 and IPC95 extracts. Chlorogenic acid (Ch),
ferulic acid (F), 3,5-di-caffeoylquinic acid (3,5-di-Ca), and quercetin (Q) were detected at 360 nm.
(a) standards, (b) IPC70 extract, and (c) IPC95 extract.

2.2. Antioxidant and Collagenase Inhibitory Activities of Ipomoea pes-caprae Extracts

The antioxidant activities of IPC70 and IPC95 extracts were examined using DPPH,
ABTS, and FRAP analyses. The results are presented as the concentrations that inhibited
50% of the antioxidant activity (ICsp) for DPPH and ABTS analyses, while the results for
FRAP analysis are reported as uM Trolox equivalent (TE)/g extract. IPC70 was able to scav-
enge DPPH and ABTS radicals with ICs( values of 0.342 £ 0.021 and 0.259 + 0.070 mg/mL,
respectively. The IPC70 extract exhibited elevated antioxidant activity compared to IPC95
(0.403 £ 0.036 and 0.601 £ 0.057 for DPPH and ABTS, respectively). Values for the FRAP
analysis also indicated that IPC70 had higher antioxidant activity compared to IPC95
(170,427.67 £ 1325.24 and 53,530.40 £ 4587.89 uM TE/g extract, respectively). The in-
hibitory effects of IPC70 and IPC95 extracts on collagenase also indicated a higher potency
for IPC70 compared with IPC95, with ICsy of 5.541 £ 0.044 and 12.179 + 0.413 mg/mL,
respectively (Table 2). These results suggest that IPC extracts possessed antioxidant and
collagenase inhibitory activities. In addition, IPC extracted with 70% ethanol exhibited
higher antioxidant and collagenase inhibitory activities than the 95% ethanolic extract.

Table 2. Antioxidant and collagenase inhibitory activities of IPC extracts.

Antioxidant Activity Collagenase
Extracts DPPH ABTS FRAP Inhibitory Activity
ICso (mg/mL) ICso (mg/mL) (uM TE/g Extract) ICso (mg/mL)/(% of Inhibition)
IPC70 0.342 £ 0.021 0.259 £ 0.070 2 170,427.67 £ 1325.24 2 5.541 4 0.044 2
IPC95 0.403 £ 0.036 0.601 £ 0.057 53,530.40 + 4587.89 12.179 £+ 0.413
L-ascorbic acid 0.037 £ 0.002 0.034 £ 0.002 - -
1,10-Phenanthroline (10 mM) - - - (100%)

Data are mean + SD from three independent experiments. (*) indicates significant difference at p < 0.05 in
comparing IPC70 and IPC95; ICs is the concentration of samples that inhibited 50% of antioxidant activities.

2.3. Cytotoxicity of Ipomoea pes-caprae Extracts on Human Fibroblasts (CCD-986sk Cells)

Cytotoxicity of IPC extracts was examined using the PrestoBlue® cell viability reagent to
identify non-cytotoxic concentrations of the IPC70 and IPC95 extracts (Figure 2). Survival of
more than 99% with CCD-986sk cells was used to determine the safe concentration of IPC70
and IPC95 extracts. After treatment for 72 h, the concentrations of IPC70 (0.007-1 mg/mL)
and IPC95 (0.007-0.5 mg/mL) were found to have no cytotoxic effect on CCD-986sk cells
(Figure 2a,b). These concentrations of IPC70 and IPC95 extracts were considered safe.
The analysis of effects of IPC extracts on cell proliferation, wound healing, induction of
gene expression, and collagen production used concentrations in the range established
as non-cytotoxic.
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Figure 2. Cell viability of human fibroblasts (CCD-986sk cells) treated with I. pes-caprae extracts. (a)
IPC70 and (b) IPC95 extracts. The percent cell viability is reported as mean + SD from three independent
experiments. The untreated control was set at 100%; (?) indicates a significant difference at p < 0.05.

2.4. Ipomoea pes-caprae Extracts Induced Cell Proliferation

The effect of IPC extracts on the proliferation of CCD-986sk cells was examined using
the PrestoBlue® cell viability reagent. Cell viability above 100% of untreated CCD-986sk
cells was considered cell proliferation. As shown in Figure 3, the proliferation of CCD-986sk
cells was significantly increased after treatment with 10 ng/mL of thTGF-{3 (135.66 & 6.33%)
compared to untreated cells. CCD-986sk cells treated with 0.031 and 0.062 mg/mL of IPC70
exhibited 123.32 & 3.68 and 117 & 4.64% cell viability, respectively, indicating induced cell
proliferation. Cells also displayed proliferation after treatment with 0.031 and 0.062 mg/mL
of IPC95 with 112.35 £ 4.65 and 110.32 % 5.68% cell viability, respectively. The proliferation
of CCD-986sk cells was not increased significantly at a concentration of 0.125 mg/mL of
IPC70 and IPC95 extracts. These results indicate that 0.031 and 0.062 mg/mL of both IPC70
and IPC95 were able to induce cell proliferation compared with the untreated control.
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Figure 3. Cell proliferation of CCD-986sk cells treated with IPC70 and IPC95 extracts and rhTGF-f3 for
72 h. Values for cell proliferation are presented as the mean =+ SD from three independent experiments.
The untreated control was set at 100%; (*) indicates a significant difference at p < 0.05.

2.5. Ipomoea pes-caprae Extracts Induced In Vitro Wound Healing

The in vitro scratch wound assay allows the assessment of cell movement or migration.
Treatment with IPC extracts significantly accelerated wound closure compared with cells
at 0 h Figure 4a. The wound area was reduced after 72 h of treatment with 10 ng/mL
of thTGF-f3 by 4.83 =+ 0.57%. Treatment with 0.031 mg/mL of IPC70 and IPC95 extracts
reduced the wound area by 9.76 &+ 0.91 and 15.68 £ 1.52%, respectively, compared to cells
at 0 h. Treatment with thTGF-f3, IPC70, and IPC95 significantly promoted wound recovery
compared with untreated cells. The effect on wound recovery was the greatest for thTGF-3.
IPC70 showed a significant increase in wound healing compared to IPC95 (Figure 4b),
indicating that IPC was capable of promoting cell movement or migration to fill the wound
or gap area.
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Figure 4. Cont.
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Figure 4. In vitro wound healing of CCD-986sk cells treated with IPC70 and IPC95 extracts. (a) Scratch
wounds were observed using an inverted light microscopic (magnification x100). (b) The percentage of
cell-free or wound area was measured using the Image ] program. The data are means + SD from three
independent experiments. The superscript letters (*P<) indicate a significant difference at p < 0.05; (%)
treated cells at 24, 48, and 72 h were compared with treated cells at 0 h; (?) hTGF-§ -treated cells were
compared with IPC-treated cells; () IPC70-treated cells were compared with IPC95-treated cells.

2.6. Effect of Ipomoea pes-caprae Extracts on Production of Type I Collagen and Expression of
COL1A1, TGFB1, and FGF2 Genes

The effects of IPC extract on type I collagen production in CCD-986sk cells were deter-
mined using a sandwich enzyme immunoassay [20]. As shown in Figure 5a, the production
of type I collagen was increased significantly compared with untreated cells, following treat-
ment with thTGF- and IPC extracts (p < 0.05). Type I collagen levels after treatment with
10 ng/mL of thTGF-f3, and 0.031 and 0.062 mg/mL of IPC70 were 8.55 & 1.25, 6.55 & 0.75
and 3.43 =+ 0.68 ng/mL, respectively. The highest level of type I collagen was produced
with the thTGF-f treatment, while IPC95 exposed cells produced the lowest levels of type I
collagen. IPC70 enhanced the production of type I collagen to a greater level than IPC95.

The expression of COL1A1, TGFB1, and FGF2 genes was monitored in CCD-986sk cells
treated with IPC extracts. Compared to untreated cells, IPC70 (at concentrations of 0.031 and
0.062 mg/mL) and IPC95 extracts (at a concentration of 0.031 mg/mL) significantly upregu-
lated the mRNA levels of these genes (p < 0.05), as shown in Figure 5b. The upregulation
of the COL1A1 gene, encoding the pro-alphal chain of type I collagen [21], was consistent
with elevated levels of type I collagen following exposure to IPC extracts. Expression of
TGFBL1 is involved in wound healing by modulating extracellular matrix formation and FGF2
encoding growth factors that stimulate cellular proliferation [22,23]. Enhanced expression of
TGFB1 and FGF2 in cells treated with IPC extracts appears to be correlated with increased
wound healing and cell proliferation.
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. , _ , =
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TGF-B (ng/ml) IPC70 (mg/ml) IPC95 (mg/ml)
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Figure 5. Cont.
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Figure 5. Effect of I. pes-caprae extracts on production of type I collagen and expression of COL1A1,
TGFB1, and FGF2 genes. (a) Type I collagen production by CCD-986sk cells. (b) Expression of COL1A1,
TGFB1, and FGF2 genes in CCD-986sk cells. Values are normalized to GAPDH and expressed relative
to the values of untreated cells. The data are means + SD from three independent experiments. The
superscript letters (*P°) indicate significant difference at p < 0.05. (%) treated cells were compared with
untreated cells; (°) thTGF-p -treated cells were compared with IPC-treated cells; (°) IPC70-treated cells
were compared with IPC95-treated cells.

Taken together, our findings indicate that IPC extracts are able to reduce free radicals,
inhibit collagenase, and promote cell proliferation and migration to repair wound areas. In
addition, treatment with IPC extracts induces the expression of COL1A1, TGFB1, and FGF2
genes, promoting collagen production in human fibroblasts. IPC70 exhibited more potent
bioactivity compared to the IPC95 extract.

3. Discussion

Our findings provide the first report on the ability of I. pes-caprae (IPC) extracts to promote
cell proliferation, wound healing, and collagen production, as well as induce expressions of
COL1A1, TGFB], and FGF2 genes in human fibroblast CCD-986sk cells. In addition, the IPC
extracts also significantly scavenged free radicals and inhibited collagenase activity.

Reactive oxygen species (ROS) are thought to play a key role in dermal extracellu-
lar matrix alterations from both intrinsic aging and photoaging. The MAPK pathway is
activated by ROS, which leads to an increase in MMP synthesis, promoting collagen degra-
dation. Detoxification of ROS by antioxidative enzymes, such as superoxide dismutase,
catalase, glutathione peroxidase, and coenzyme Q10, can protect against aging [24,25].
ROS-mediated effects on aging can also be reduced by treatment with antioxidants, such
as vitamin C and vitamin E. In addition, plants are a natural source of antioxidants, and
several studies have shown powerful antioxidant activity in the extract of I. pes-caprae
leaves [13,26-30]. Our results demonstrate that the major phytochemicals present in the
IPC leaf extracts were phenolic compounds, flavonoids, and tannins. The major phenolic
component in the IPC extract was 3,5-di-caffeoylquinic acid. IPC extracts exhibited antioxi-
dant activity based on DPPH- and ABTS-scavenging and ferric-reducing abilities. Total
phenolic and flavonoid levels are strongly correlated with antioxidant potential, indicating
that I. pes-caprae is a natural source of antioxidants. Tannins were also present in IPC extract,
and these compounds possess hyaluronidase inhibitory activity [31]. Interestingly, IPC ex-
tracts also exhibit collagenase inhibitory activity, which can play a vital role in suppressing
wrinkle formation. Previously, phenolic compounds, isochlorogenic acid a, isochlorogenic
acid b, and isochlorogenic acid ¢, from I. pes-caprae were reported to inhibit collagenase
activity [19]. In our study, 3,5-di-caffeoylquinic acid was found to be a major component
of IPC ethanolic extracts. This compound was previously reported as isochlorogenic acid
a and exhibited collagenase inhibitory activity [19,26]. Chlorogenic acid and ferulic acid
were also found in IPC extracts, and these components may contribute to the collagenase
inhibitory activity. Chlorogenic acid found in extracts from Hypericum androsaemum L
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red berries exhibits collagenase inhibitory activity [32]. Ferulic acid has also been shown to
have antioxidant and collagenase inhibitory properties [33].

Wound healing, which often accompanies various skin conditions, is a complex multi-
factorial mechanism [34]. In the early stages of wound healing, fibroblasts play an extremely
important role. Proliferation and migration to the wound area induce the synthesis of a new
extracellular matrix [35]. This effect is associated, among others, with the increase in type 1
collagen expression [36]. Collagen is the major foundation of the extracellular matrix (ECM)
in the dermis that imparts tensile strength to the human skin [37,38]. The structural charac-
teristics of collagen in the dermis are closely related to skin aging, and the degradation of
collagen in the dermis promotes a wrinkled appearance [39]. In addition, type I collagen
can act as a ligand for receptor-mediated signaling to regulate many aspects of cellular
processes downstream, including migration, cell survival, and growth [40]. Therefore, the
assessment of the migration and proliferative capacity of fibroblasts is crucial in the search
for compounds of natural origin that could support wound-healing processes and enhance
type 1 collagen expression. Our results indicate that IPC extracts at noncytotoxic concen-
trations (0.031 mg/mL) significantly enhanced the proliferation of fibroblasts. The scratch
wound test, a measure of cell migration and improved wound healing, demonstrated that
treatment with IPC extracts for 24-72 h was capable of enhancing the proliferation and
migration of fibroblasts filling the wound area.

The production of type I procollagen in intrinsically aged human skin is reduced, likely
due to decreased TGF-b/Smad signaling [41]. TGF-f3 is known to stimulate fibroblasts
in the dermis to synthesize collagen, the main constituent of dermal ECM [42]. TGF-§3-
induced fibrotic stress is also associated with increased expression of type 1 collagen [43].
The IPC extracts were able to induce the expression of TGFB1, COL1A1, and FGF2 genes,
which are essential for fibroblast proliferation, collagen production, and wound healing. A
possible mechanism for the anti-aging potential of IPC is through the production of human
collagen type I mediated by the induction of the TGF-beta-signaling pathway. However,
the underlying mechanism of IPC in promoting cell proliferation and migration in filling
the wound area and inducing collagen production will require further investigation. In
addition, primary human dermal fibroblasts from elderly donors are one of the notable
alternatives in the study of IPC extracts.

Our results indicate that the I. pes-caprae extracts have antioxidant and inhibited
collagenase inhibitory activities, which play a critical role in preventing collagen breakdown.
This extract also dramatically induced human fibroblast proliferation and enhanced cellular
collagen production. Therefore, I. pes-caprae leaf extracts appear to be effective in limiting
the effects of skin aging and may promote skin repair mechanisms.

4. Materials and Methods
4.1. Chemicals

Folin-Ciocalteu’s Phenol reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azinobis-
(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS+), Ferric chloride hexahydrate, 2,4,6-Tris
(2-pyridyl)-s-triazine (TPTZ), sodium bicarbonate, tannic acid, Trolox, gallic acid, quercetin,
chlorogenic acid, ferulic acid, and 3,5-di-caffeoylquinic acid were purchased from Sigma-
Aldrich, Inc. (St. Louis, MO, USA). Aluminium chloride and L-ascorbic acid were purchased
from Ajax Finechem (Taren Point, Australia). Methanol, trifluoroacetic acid and acetonitrile
were purchased from Fisher Scientific (Thermo Fisher Scientific, Waltham, MA, USA).

4.2. Plant Materials and Extraction

Ipomoea pes-caprae (IPC) leaves were obtained from Dongtan Beach, Sattahip, Chonburi,
Thailand and classified by Dr. Yuttaya Yuyen (Research and Development Institute, Suan
Dusit University). A voucher specimen was deposited at Queen Sirikit Botanic Garden
Herbarium under number M. Norsaengsri 5814. The leaves were cleaned with water,
air-dried, and then frozen overnight at —80 °C in a Revco™ UxF —86 °C Upright Ultra-
Low Temperature Freezer (Thermo Scientific™, Ireland). The frozen samples were freeze-
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dried using a FreeZone 6 Liter —84 °C Console Freeze Dryer with Stoppering Tray Dryer
(Labconco, Kansas City, MO, USA). The freeze-dried powder of IPC leaves was extracted
in ethanol, as previously described [44] with slight modification. Briefly, 100 g of dried IPC
was macerated overnight in 2 L of 70% and 95% ethanol at room temperature. After three
rounds of maceration, the alcoholic extracts were pooled, filtered, then evaporated under
reduced pressure below 45 °C. The yields of 70% ethanolic (IPC70) and 95% ethanolic
(IPC95) extracts were 25.22 and 17.27%, respectively.

4.3. Determination of Total Phenolic Content

The total phenolic compounds in IPC extracts were determined using the Folin—-Ciocalteu
reagent, as previously described [44]. Briefly, 4.5 pL of 1 mg/mL extracts and 126 pL of deion-
ized water were added to 96-well plates, then mixed with 90 pL of 2% Nay;CO3 for 3 min,
and 4.5 pL of 50% Folin—Ciocalteu reagent were added. After the samples were incubated
for 30 min, the resulting blue molybdenum-tungsten complex was detected at 750 nm using
a microplate reader (Biochrom EZ Read 2000, Cambridge, UK). The total phenolic content
in IPC extracts was quantified using a gallic acid standard and interpreted as milligrams of
gallic acid equivalent to one gram of extract (mg/GAE/g extract).

4.4. Determination of Flavonoid Content

The flavonoid compounds of IPC extracts were detected using the aluminium chloride
assay, as previously described [44]. Briefly, 100 puL of 1 mg/mL extracts were mixed with
100 uL of 2% AICI;3 in 96-well plates. The samples were then incubated for 30 min, and the
absorbance at 415 nm was determined with a microplate reader (Biochrom EZ Read 2000,
Cambridge, UK). The total flavonoid content of samples was calculated by comparison
to the quercetin standard and interpreted as quercetin equivalent to one gram of extract

(mg QE/g extract).

4.5. Detection of Tannin Content

Tannin content was determined using a modified method from that previously de-
scribed [45,46]. In 96-well plates, 7.5 uL of 1 mg/mL extracts were diluted with 205 uL of
deionized water and mixed with 25 uL of 35 mg/mL sodium bicarbonate and then 12.5 pL.
of Folin-Ciocalteu reagent was added. After the samples were incubated for 30 min, the
absorbance was determined at 745 nm with a microplate reader (Biochrom EZ Read 2000,
Cambridge, UK). The tannin content of the extracts was calculated against a tannic acid
standard and interpreted as tannic acid equivalent to one gram of extract (mg TAE/g extract).

4.6. Phytochemical-Screening Assay by HPLC

The chemical composition of IPC extracts was analyzed utilizing high performance
liquid chromatography (HPLC) using a modified method from previous reports [19,32,47].
HPLC was performed using Waters Alliance 2695 Separations Module, 2498 UV /Vis
Detector with a C18 column (5 um 4.6 x 250 mm, Waters Alliance), and data were ana-
lyzed with MassLynx software (Waters Alliance, USA). Crude extracts of IPC and standard
solutions (chlorogenic acid, ferulic acid, 3,5-di-caffeoylquinic acid, and quercetin) were
dissolved in methanol and acetonitrile (2:8, v/v) at a concentration of 1 mg/mL, filtered
(0.2 mm, Millipore), and 10 pL of samples were injected. Solvents for HPLC analysis were
acetonitrile as solvent A and 0.1% (v/v) trifluoroacetic acid in deionized water as solvent
B at a flow rate of 1 mL/min. These experiments were run at 30 °C with the following
gradients: 0-5% A linear (0-5 min), 5-10% A linear (5-10 min), 10% A linear (10-15 min),
10-15% A linear (15-20 min), 15-25% A linear (20-30 min), 25% A linear (30-35 min),
25-50% A linear (35-40 min), 50-80% A linear (40-50 min), and 80-100% A linear (50-60 min).
Chromatograms were recorded at 360 nm, and quantitative determination of the com-
pounds was analyzed using peak area with an external standard.
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4.7. Determination of Antioxidant Activity
4.7.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical-Scavenging Assay

Antioxidant activity of IPC extracts was detected using the DPPH-scavenging assay, as
previously reported [44]. In 96-well plates, 75 uL of 0.0312-1 mg/mL extracts were mixed
with 150 pL of 0.2 mM DPPH and incubated for 30 min. The absorbance was then determined
at 515 nm by a microplate reader (Biochrom EZ Read 2000, Cambridge, UK). L-ascorbic
acid and ethanol were the positive and blank controls, respectively. The antioxidant activity

was interpreted as an ICsg value, the concentration of extract capable of scavenging 50% of
DPPH radicals.

4.7.2. 2,2'-Azinobis-(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS)
Radical-Scavenging Assay

The antioxidant capacity of IPC extracts was measured using the ABTS-scavenging
assay [48]. Briefly, the ABTS solution was prepared by reacting 14 mM ABTS and 4.9 mM
potassium persulfate at a ratio of 1:1 (v/v) for 16 h in the darkroom, and the mixture was
diluted with distilled water (1:9, v/v) for the absorbance to reach 0.7 4= 0.02 at 734 nm. In 96-
well plates, 50 uL of extracts at various concentrations (0.062-2 mg/mL) were mixed with
50 uL of ABTS solution. After 7 min of incubation at room temperature, the absorbance was
measured at 734 nm using a microplate reader (Biochrom EZ Read 2000, Cambridge, UK).
L-ascorbic acid was used as a positive control. The antioxidant activity was interpreted as
an ICsg value.

4.7.3. Ferric-Reducing Antioxidant Power (FRAP)

The antioxidant activity of the extracts was also assessed using an FRAP assay [49].
Briefly, the FRAP reagent was freshly prepared by mixing 300 mM acetate buffer (pH 3.6),
20 mM ferric chloride hexahydrate, and 10 mM 2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ) in
40 mM HCl at a ratio 10:1:1 (v/v/v). In 96-well plates, 7.5 pL of 0.1-1 mg/mL extracts were
mixed with 142.5 pL of the FRAP reagent and incubated for 4 min at 37 °C. The ferrous-
tripyridyltriazine complex was detected at 593 nm using a microplate reader (Biochrom EZ
Read 2000, Cambridge, UK). The FRAP activity was determined against a standard curve of
Trolox. The FRAP values of extracts were expressed as uM Trolox equivalent to one gram of
extract (uM TE/g extract).

4.8. Collagenase Activity Assay

Inhibition of collagenase activity was measured using a collagenase activity assay kit
(Colorimetric, Abcam, USA). In 96-well plates, 2 uL of extracts at various concentrations
(0.78-100 mg/mL), 88 uL of collagenase assay buffer and 10 uL of collagenase, were mixed
and incubated for 10 min at 37 °C. One hundred microliters of collagenase substrate (FALGPA)
were added, and the absorbance was measured immediately at 345 nm on a microplate reader
in kinetic mode for at least 1040 min at 37 °C. Solutions containing only collagenase and
FALGPA were used as the negative control. One millimolar of 1,10-Phenanthroline was a
collagenase inhibitor used as a positive control. The inhibition of collagenase activity was
calculated and expressed as a percentage of the control. The ICs for collagenase inhibition
was calculated from a linear regression graph and is the concentration of extract capable of
reducing collagenase activity to 50%.

4.9. Cell Viability Assay

Cell viability of human fibroblasts (CCD-986sk cells, ATCC CRL1947) was determined
with PrestoBlue® Cell Viability Reagent to exhibit the non-cytotoxic concentrations of IPC70
and IPC95 extracts [50]. CCD-986sk cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco® / Thermo Scientific, Waltham, MA, USA) with 10% fetal bovine
serum (FBS) and 1% penicillin and streptomycin in an incubator with 5% CO, at 37 °C.
Briefly, 5000 cells/well were plated in 96-well plates and incubated overnight at 37 °C. The
culture medium was removed, and then, the cells were treated for 72 h with 100 uL of
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extracts, diluted at various concentrations (0.0078-1 mg/mL). The culture medium with
extracts was removed, and the treated cells were added with 90 pL. of medium and 10 uL.
of Presto blue. After an additional 3 h, the absorbance was monitored at 570 and 600 nm
using a MultiSkan Sky microplate reader (Thermo Fisher Scientific, Bremen, Germany).
The results were interpreted as the percentage of cell viability by comparing with untreated
cells as a control.

4.10. Cell Proliferation Assay

The effect of IPC70 and IPC95 extracts on cell proliferation was monitored with
PrestoBlue® Cell Viability Reagent [6,50]. Human fibroblast (CCD-986sk) cells were seeded
at 5000 cells /well in 100 uL. of DMEM with 10% FBS and 1% penicillin and streptomycin and
incubated at 37 °C for 24 h. The FBS concentration was then lowered to 2% (v/v), and the
cells were treated for 72 h with extracts at various concentrations (0.031-0.125 mg/mL) or
10 ng/mL of recombinant human TGF- (thTGF-3, R&D system, Minneapolis, MN, USA)
as a control. After the culture medium was removed, the treated cells were added with
90 uL of medium and 10 pL of Presto blue and further incubated for 3 h. The absorbance
was measured at 570 and 600 nm using a MultiSkan Sky microplate reader (Thermo
Fisher Scientific, Bremen, Germany). The results were interpreted as the percentage of cell
proliferation by comparing with untreated cells as a control.

4.11. In Vitro Scratch Wound Assay

To examine the skin regenerative capacities of IPC70 and IPC95 extracts by in vitro
scratch wound assay, modified as previously described [50], human fibroblast (CCD-986sk)
cells were seeded 50,000 cell/well in 24-well plates and cultured in 1 mL of DMEM with
10% FBS and 1% penicillin and streptomycin at 37 °C for 48 h to form confluent mono-
layers. After cell-free zones (scratches) were created using a wound-maker, each well was
washed with phosphate buffer saline (pH 7.4). The cells were treated with 0.031 mg/mL of
extracts or 10 ng/mL of thTGF-f3 in a medium with 2% FBS. Cell migration was monitored
every 24 h by phase-contrast imaging using an inverted light microscope Eclipse TS100
(Nikon, Tokyo, Japan). The cell-free or wound area was measured using the Image J pro-
gram. The results were interpreted as the percentage of wound area by comparing with each
condition at 0 h.

4.12. Detection of Type I Collagen and Expression of Collagen Type I (COL1A1), Tumor Growth
Factor-Beta 1 (TGFB1), and Beta-Fibroblast Growth Factor (FGF2) Genes

Type I collagen was determined using Human Collagen, Type I, Alpha 1 (COL1A1)
ELISA Kit (CUSABIO, www.cusabio.com, accessed on 15 October 2021). The expressions
of COL1A1, TGFB1, and FGF2 genes was detected using real-time PCR [21,51]. Briefly,
CCD-986sk cells, 50,000 cells/well in 24-well plates, were cultured in 1 mL of DMEM with
10% FBS and 1% penicillin and streptomycin at 37 °C for 24 h. After the culture medium
was removed, the cells were treated with 0.031-0.062 mg/mL of extracts or 10 ng/mL of
rhTGF-f in medium with 2% FBS at 37 °C for 72 h. The culture supernatants were collected
for measuring type I collagen by ELISA. The treated cells were harvested for monitoring
gene expression by real-time PCR.

The culture supernatants were monitored using type I collagen ELISA Kit, accord-
ing to the manufacturer’s protocol (COL1A1 ELISA Kit, CUSABIO, www.cusabio.com,
accessed on 15 October 2021) [20]. This assay employs the quantitative sandwich enzyme
immunoassay. The antibody was specific for type I collagen that had been pre-coated onto
a 96-well plate. Samples were bound by the immobilized antibody and captured with a
biotin-conjugated antibody specific for type I collagen. The color development from the
reaction of avidin-conjugated horseradish peroxidase and substrate was used to detect the
amount of collagen bound in the initial step. The concentration of collagen was calculated
from a linear regression graph of collagen standard.
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RNA was extracted from different conditions of dermal fibroblast cells using the RNeasy
kit (QIAGEN Sciences Inc., Germantown, MD, USA). The RNA concentration was measured
at 230/260 nm using the MultiSkan Sky microplate reader (Thermo Fisher Scientific, Bremen,
Germany). The cDNA synthesis was done using the Improm II kit (Promega, Madison, WI,
USA). The gene expression was studied by Realtime PCR using TagMan gene expression assay
(Thermo Scientific, USA), including COL1A1 (Hs00164004_m1), TGFB1 (Hs00998133_m1),
FGF2 (Hs00266645_m1), and GAPDH (Hs02786624_m1). Quantinova RT-PCR Master Mix
Reagent (Qiagen, Hilden, Germany) was used. The PCR reactions were performed on the
Azure Cielo Real-Time PCR system (Azure Biosystems, Dublin, CA, USA) following the
manufacturer’s instructions. The resulting data were analyzed with Azure Cielo software.

4.13. Statistical Analysis

All grouped data were analyzed with SPSS version 17. Data were presented as mean
=+ standard deviation (SD) of three independent experiments. Statistical analyses were
performed by t-test between two groups or one-way analysis of variance (one-way ANOVA)
using Fisher’s Least Significant Difference (LSD) among more than two groups. p < 0.05
was considered to be statistically significant.

5. Conclusions

This study shows in vitro bioactivity of ethanolic extracts from I. pes-caprae leaves. The
antioxidant and collagenase inhibitory properties of 1. pes-caprae extracts were associated
with 3,5-di-caffeoylquinic acid, chlorogenic acid, and ferulic acid. Ethanolic extracts of I.
pes-caprae at noncytotoxic concentrations were found to promote cell proliferation, collagen
production, and wound healing. Based on these findings, it may be possible to develop
I. pes-caprae extracts as an effective anti-aging agent for use in cosmeceutical products to
prevent skin aging.

Author Contributions: Conceptualization, T.P.; methodology, S.P., W.T., WH. and K.S.; software,
T.P., W.T. and S.P; validation, S.P., WH. and K.S; formal analysis, T.P. and W.T.; investigation, T.P.;
resources, T.P; data curation, T.P., S.P. and W.T.; writing—original draft preparation, T.P.; writing—
review and editing, T.P; visualization, T.P.; supervision, T.P,; project administration, T.P.; funding
acquisition, T.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Office of National Higher Education Science Research and
Innovation Policy Council through Program Management Unit for Competitiveness, Thailand through
the research project No. (C10F630039).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank the Central Chemistry and Cosmetic Science Laborato-
ries, Faculty of Science and Technology, Suan Dusit University for assistance with plant extractions
and compound analysis. We thank Chulabhorn International College of Medicine, Thammasat
University for the cell culture facility and gene analysis and Laran Jensen, a native English speaker,
Department of Biochemistry, Faculty of Science, Mahidol University for critical reading and English
editing of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

1. Gragnani, A.; Cornick, S.M.; Chominski, V.; de Noronha, S.M.R.; de Noronha, S.A.A.C,; Ferreira, L.M. Review of major theories of
skin aging. Adv. Aging Res. 2014, 3, 265-284. [CrossRef]

2. Quan, T; Qin, Z.; Xia, W.; Shao, Y.; Voorhees, J.; Fisher, G.J. Matrix-degrading metalloproteinases in photoaging. J. Investig.
Dermatol. Symp. Proc. 2009, 14, 20-24. [CrossRef] [PubMed]

3.  Nagase, H.; Woessner, ].E, Jr. Matrix metalloproteinases. . Biol. Chem. 1999, 274, 21491-21494. [CrossRef] [PubMed]


http://doi.org/10.4236/aar.2014.34036
http://doi.org/10.1038/jidsymp.2009.8
http://www.ncbi.nlm.nih.gov/pubmed/19675548
http://doi.org/10.1074/jbc.274.31.21491
http://www.ncbi.nlm.nih.gov/pubmed/10419448

Pharmaceuticals 2022, 15, 969 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

Quan, T; Fisher, G.J. Role of age-associated alterations of the dermal extracellular matrix microenvironment in human skin aging:
A minireview. Gerontology 2015, 61, 427-434. [CrossRef]

Lee, J.; Jung, E.; Lee, J.; Huh, S.; Kim, J.; Park, M.; So, J.; Ham, Y.; Jung, K.; Hyun, C.G.; et al. Panax ginseng induces human type I
collagen synthesis through activation of Smad signaling. J. Ethnopharmacol. 2007, 109, 29-34. [CrossRef]

Shin, S; Lee, J.A.; Son, D.; Park, D.; Jung, E. Anti-skin-aging activity of a standardized extract from Panax ginseng leaves in vitro
and in human volunteer. Cosmetics 2017, 4, 18. [CrossRef]

Bindschadler, M.; McGrath, J.L. Sheet migration by wounded monolayers as an emergent property of single-cell dynamics. J. Cell
Sci. 2007, 120, 876-884. [CrossRef]

Gonzalez, A.C.; Costa, T.F,; Andrade, Z.A.; Medrado, A.R. Wound healing—A literature review. An. Bras. Dermatol. 2016, 91,
614-620. [CrossRef]

Wasuwat, S. Extract of Ipomoea pes-caprae (Convolvulaceae) antagonistic to histamine and jellyfish poison. Nature 1970, 225, 758.
[CrossRef]

Pongprayoon, U.; Bohlin, L.; Soonthornsaratune, P.; Wasuwat, S. Anti-inflammatory activity of Ipomoea pes-caprae (L.) R. Br.
Phytother. Res. 1991, 5, 63—66. [CrossRef]

Pongprayoon, U.; Bohlin, L.; Wasuwat, S. Neutralization of toxic effects of different crude jelly fish venoms by an extract of
Ipomoea pes-caprae (L.). R. Br. J. Ethnopharmacol. 1991, 35, 65-69. [CrossRef]

De Souza, M.M.; Madeira, A.; Berti, C.; Krogh, R.; Yunes, R.A.; Cechinel-Filho, V. Antinociceptive properties of the methanolic
extract obtained from Ipomoea pes-caprae (L.) R.Br. J. Ethnopharmacol. 2000, 69, 85-90. [CrossRef]

Akinniyi, G.; Lee, J.; Kim, H.; Lee, ].G.; Yang, I.A. Medicinal halophyte Ipomoea pes-caprae (Linn.) R. Br.: A review of its botany,
traditional uses, phytochemistry, and bioactivity. Mar. Drugs 2022, 20, 329. [CrossRef] [PubMed]

Xavier-Santos, ].B.; Passos, ].G.R.; Gomes, J.A.S.; Cruz, ].V.C.; Alves, ].S.E; Garcia, V.B.; da Silva, RM.; Lopes, N.P.; Araujo-
Junior, R.F.; Zucolotto, S.M.; et al. Topical gel containing phenolic-rich extract from Ipomoea pes-caprae leaf (Convolvulaceae) has
anti-inflammatory, wound healing, and antiophidic properties. Biomed. Pharmacother. 2022, 149, 112921. [CrossRef]

Nilam, R.; Jyoti, P.; Sumitra, C. Pharmacognostic and phytochemical studies of Ipomoea pes-caprae, an halophyte from Gujarat. J.
Pharmacogn. Phytochem. 2018, 7, 11-18.

Barth, C.S.; Tolentino de Souza, H.G.; Rocha, L.W.; da Silva, G.E; dos Anjos, M.E; Pastor, V.D.; Belle Bresolin, T.M.; Garcia Couto,
A.; Roberto Santin, J.; Meira Quintao, N.L. Ipomoea pes-caprae (L.) R. Br (Convolvulaceae) relieved nociception and inflammation
in mice—A topical herbal medicine against effects due to cnidarian venom-skin contact. J. Ethnopharmacol. 2017, 200, 156-164.
[CrossRef]

Venkataraman, N.D.; Atleeb, W.C.; Prabhuc, T.P; Kannana, R. Anti-inflammatory potential of ethanolic extracts from aerial parts
of Ipomoea pes-caprae (L.) R. Br using cotton pellet induced granuloma model. . Appl. Pharm. Sci. 2013, 3, 61-63. [CrossRef]
Ameamsri, U.; Tanee, T.; Chaveerach, A.; Peigneur, S.; Tytgat, J.; Sudmoond, R. Anti-inflammatory and detoxification activities of
some Ipomoea species determined by ion channel inhibition and their phytochemical constituents. ScienceAsia 2021, 47, 321-329.
[CrossRef]

Teramachi, F.; Koyano, T.; Kowithayakor, T.; Hayashi, M.; Komiyama, K.; Ishibashi, M. Collagenase inhibitory quinic acid ester
from Ipomoea pes-caprae. |. Nat. Prod. 2005, 68, 794-796. [CrossRef]

Lu, L. Ying, K.; Wei, S.; Fang, Y.; Liu, Y.; Lin, H.; Ma, L.; Mao, Y. Asiaticoside induction for cell-cycle progression, proliferation
and collagen synthesis in human dermal fibroblasts. Int. J. Dermatol. 2004, 43, 801-807. [CrossRef]

Hormozi-Moghaddam, Z.; Mokhtari-Dizaji, M.; Nilforoshzadeh, M.A.; Bakhshandeh, M. Low-intensity ultrasound to induce
proliferation and collagen I expression of adipose-derived mesenchymal stem cells and fibroblast cells in co-culture. Measurement
2021, 167, 108280. [CrossRef]

Ignotz, R.A.; Massagué, J. Transforming growth factor-beta stimulates the expression of fibronectin and collagen and their
incorporation into the extracellular matrix. J. Biol. Chemn. 1986, 261, 4337-4345. [CrossRef]

Xie, J.; Bian, H.; Qi, S.; Xu, Y.; Tang, J.; Li, T; Liu, X. Effects of basic fibroblast growth factor on the expression of extracellular
matrix and matrix metalloproteinase-1 in wound healing. Clin. Exp. Dermatol. 2008, 33, 176-182. [CrossRef]

Masaki, H. Role of antioxidants in the skin: Anti-aging effects. . Dermatol. Sci. 2010, 58, 85-90. [CrossRef] [PubMed]

Tanuja, Y.; Mishra, S.; Das, S.; Aggarwal, S.; Rani, V. Antioxidants and natural prevention of environmental toxicants induced
accelerated aging of skin. Environ. Toxicol. Pharmacol. 2015, 39, 384-391. [CrossRef] [PubMed]

Meira, M.; Dasilva, E.P.; David, ].M.; David, ].P. Review of genus Ipomoea: Traditional uses, chemistry and biological activities.
Braz. ]. Pharmacogn. 2012, 22, 682-713. [CrossRef]

Banerjee, D.; Hazra, A.K.; Chakraborti, S.; Ray, J.; Mukherjee, B. Variation of total phenolic content, flavonoid and radical
scavenging activity of Ipomoea pes-caprae with respect to harvesting time and location. Int. J. Geo-Mar. Sci. 2013, 42, 106-109.
Kumar, A.; Paul, S.; Pingalkumari, S.; Somasundarum, I.; Kathiresan, K. Antibacterial and phytochemical assessment of various
extracts of Ipomoea pes-caprae (L) R Br. through FTIR and GC-MS spectroscopic analysis. Asian J. Pharm. Clin. Res. 2014, 7, 134-138.
Malartna, A.; Etholsha, P. Phytochemical tests, antioxidant potential and TLC analysis of Ipomoea pes-caprae and Cathoranthus
roseus. Int. J. Nat. Prod. Res. 2014, 4, 58-64.

Kumar, A.; Paul, S.; Kumari, P; Thirugnanasambandan, S.S.; Kathiresan, K. Antioxidant and free radical scavenging activities of
Ipomoea pes-caprae (L.) R. Br. Extracts. Int. ]. Curr. Pharm. Rev. Res. 2015, 5, 91-109.


http://doi.org/10.1159/000371708
http://doi.org/10.1016/j.jep.2006.06.008
http://doi.org/10.3390/cosmetics4020018
http://doi.org/10.1242/jcs.03395
http://doi.org/10.1590/abd1806-4841.20164741
http://doi.org/10.1038/225758a0
http://doi.org/10.1002/ptr.2650050205
http://doi.org/10.1016/0378-8741(91)90133-X
http://doi.org/10.1016/S0378-8741(99)00142-7
http://doi.org/10.3390/md20050329
http://www.ncbi.nlm.nih.gov/pubmed/35621980
http://doi.org/10.1016/j.biopha.2022.112921
http://doi.org/10.1016/j.jep.2017.02.014
http://doi.org/10.7324/JAPS.2013.3711
http://doi.org/10.2306/scienceasia1513-1874.2021.042
http://doi.org/10.1021/np0500631
http://doi.org/10.1111/j.1365-4632.2004.02047.x
http://doi.org/10.1016/j.measurement.2020.108280
http://doi.org/10.1016/S0021-9258(17)35666-1
http://doi.org/10.1111/j.1365-2230.2007.02573.x
http://doi.org/10.1016/j.jdermsci.2010.03.003
http://www.ncbi.nlm.nih.gov/pubmed/20399614
http://doi.org/10.1016/j.etap.2014.11.003
http://www.ncbi.nlm.nih.gov/pubmed/25555260
http://doi.org/10.1590/S0102-695X2012005000025

Pharmaceuticals 2022, 15, 969 15 of 15

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

Sugimoto, K.; Nakagawa, K.; Hayashi, S.; Amakura, Y.; Yoshimura, M.; Yoshida, J.; Yamali, R.; Nakiano, Y.; Inui, H. Hydrolyzable
tannins as antioxidants in the leaf extract of Eucalyptus globules possessing tyrosinase and hyaluronidase inhibitory activites. Food
Sci. Technol. Res. 2009, 15, 331-336. [CrossRef]

Antognoni, F; Lianza, M.; Poli, F.; Buccioni, M.; Santinelli, C.; Caprioli, G.; Iannarelli, R.; Lupidi, G.; Damiani, E.; Beghelli, D.;
et al. Polar extracts from the berry-like fruits of Hypericum androsaemum L. as a promising ingredient in skin care formulations. J.
Ethnopharmacol. 2017, 195, 255-265. [CrossRef] [PubMed]

Girsang, E.; Lister, N.E.; Ginting, C.N.; Bethasari, M.; Amalia, A.; Widowati, W. Comparison of antiaging and antioxidant activities
of protocatechuic and ferulic acids. Mol. Cell Biomed. Sci. 2020, 4, 68-75. [CrossRef]

Thakur, R.; Jain, N.; Pathak, R.; Sandhu, S.S. Practices in wound healing studies of plants. Evid. Based Complement. Altern. Med.
2011, 2011, 438056. [CrossRef] [PubMed]

Li, W;; Fan, J.; Chen, M.; Guan, S.; Sawcer, D.; Bokoch, G.M.; Woodley, D.T. Mechanism of human dermal fibroblast migration
driven by type I collagen and platelet derived growth factor-BB. Mol. Biol. Cell 2004, 15, 294-309. [CrossRef] [PubMed]
Ermertcan, A.T.; Inan, S.; Ozturkcan, S.; Bilac, C.; Cilaker, S. Comparison of the effects of collagenase and extract of Centella
asiatica in an experimental model of wound healing: An immunohistochemical and histopathological study. Wound Repair Regen.
2008, 16, 674-681. [CrossRef]

Tsukahara, K.; Nakagawa, H.; Moriwaki, S.; Takema, Y.; Fujimura, T.; Imokawa, G. Inhibition of ultraviolet-B induced wrinkle
formation by an elastase-inhibiting herbal extract: Implication for the mechanism underlying elastase-associated wrinkles. Int. J.
Dermatol. 2006, 45, 460-468. [CrossRef]

Varani, J.; Dame, M.K,; Rittie, L.; Fligiel, S.E.; Kang, S.; Fisher, G.J.; Voorhees, ].J. Decreased collagen production in chronologically
aged skin: Roles of age-dependent alteration in fibroblast function and defective mechanical stimulation. Am. J. Pathol. 2006, 168,
1861-1868. [CrossRef]

Li, T.S.C.; Mazza, G.; Cottrell, A.C.; Gao, L. Ginsenosides in roots and leaves of American ginseng. J. Agric. Food Chem. 1996, 44,
717-720. [CrossRef]

Boraschi-Diaz, I.; Wang, J.; Mort, ].S.; Komarova, S.V. Collagen type I as a ligand for receptor-mediated signaling. Front. Phys.
2017, 5, 12. [CrossRef]

Quan, T.; Shao, Y.; He, T.; Voorhees, ].J.; Fisher, G.J. Reduced expression of connective tissue growth factor (CTGF/CCN2)
mediates collagen loss in chronologically aged human skin. J. Investig. Dermatol. 2010, 130, 415-424. [CrossRef] [PubMed]
El-Domyati, M.; El-Ammawi, T.S.; Medhat, W.; Moawad, O.; Mahoney, M.G.; Uitto, ]. Expression of transforming growth factor-
B after different non-invasive facial rejuvenation modalities. Int. . Dermatol. 2015, 54, 396-404. [CrossRef] [PubMed]
Toshniwal, P.; Nguyen, M.; Guedin, A.; Viola, H.; Ho, D.; Kim, Y.; Bhatt, U.; Bond, C.S.; Hool, L.; Hurley, L.H.; et al. TGF-B-induced
fibrotic stress increases G-quadruplex formation in human fibroblasts. FEBS Lett. 2019, 593, 3149-3161. [CrossRef]

Panichakul, T.; Rodboon, T.; Suwannalert, P; Tripetch, C.; Rungruang, R.; Boohuad, N.; Youdee, P. Additive effect of a combination
of Artocarpus lakoocha and Glycyrrhiza glabra extracts on tyrosinase inhibition in melanoma B16 cells. Pharmaceuticals 2020, 13, 310.
[CrossRef] [PubMed]

Naima, S.; Muhammad, R K.; Maria, S. Antioxidant activity, total phenolic and total flavonoid contents of whole plant extracts
Torilis leptophylla L. BMC Complement. Altern. Med. 2012, 12, 221.

Govindappa, M.; Naga, S.; Poojashri, M.N.; Sadananda, T.S.; Chandrappa, C.P. Antimicrobial, antioxidant and in vitro anti-
inflammatory activity of ethanol extract and active phytochemical screening of Wedelia trilobata (L.) Hitchc. J. Pharmacogn. Phytother.
2011, 3, 43-51.

Dutra, D.M.; Barth, C.d.S.; Block, L.C.; Quintao, N.L.M.; Couto, A.G.; Filho, V.C.; Bresolin, T.M.B. Simultaneous determination of
four phenolic compounds in extracts of aerial parts of Ipomoea pes-caprae (L.) R.Br. (Convolvulaceae) by HPLC-UV. Quim. Nova
2014, 37, 1510-1514.

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radic. Biol. Med. 1999, 26, 1231-1237. [CrossRef]

Benzie, LEFE,; Szeto, Y.T. Total antioxidant capacity of Teas by the ferric reducing/antioxidant power assay. J. Agric. Food Chem.
1999, 47, 633-636. [CrossRef]

Kim, HJ.; Park, ].W. Anti-aging activities of Pyrus pyrifolia var culta plant callus. Trop. . Pharm. Res. 2017, 16, 1579-1588. [CrossRef]
Strand, D.W,; Liang, Y.Y.; Yang, E; Barron, D.A_; Ressler, S.J.; Schauer, 1.G.; Feng, X.H.; Rowley, D.R. TGF-§ induction of FGF-2
expression in stromal cells requires integrated Smad3 and MAPK pathways. Am. J. Clin. Exp. Urol. 2014, 2, 239-248. [PubMed]


http://doi.org/10.3136/fstr.15.331
http://doi.org/10.1016/j.jep.2016.11.029
http://www.ncbi.nlm.nih.gov/pubmed/27864112
http://doi.org/10.21705/mcbs.v4i2.90
http://doi.org/10.1155/2011/438056
http://www.ncbi.nlm.nih.gov/pubmed/21716711
http://doi.org/10.1091/mbc.e03-05-0352
http://www.ncbi.nlm.nih.gov/pubmed/14595114
http://doi.org/10.1111/j.1524-475X.2008.00417.x
http://doi.org/10.1111/j.1365-4632.2006.02557.x
http://doi.org/10.2353/ajpath.2006.051302
http://doi.org/10.1021/jf950309f
http://doi.org/10.3389/fphy.2017.00012
http://doi.org/10.1038/jid.2009.224
http://www.ncbi.nlm.nih.gov/pubmed/19641518
http://doi.org/10.1111/ijd.12435
http://www.ncbi.nlm.nih.gov/pubmed/25514823
http://doi.org/10.1002/1873-3468.13658
http://doi.org/10.3390/ph13100310
http://www.ncbi.nlm.nih.gov/pubmed/33066628
http://doi.org/10.1016/S0891-5849(98)00315-3
http://doi.org/10.1021/jf9807768
http://doi.org/10.4314/tjpr.v16i7.16
http://www.ncbi.nlm.nih.gov/pubmed/25374926

	Introduction 
	Results 
	Chemical Profiles, Total Phenolic, Flavonoid, Tannin Contents of Ipomoea pes-caprae Extracts 
	Antioxidant and Collagenase Inhibitory Activities of Ipomoea pes-caprae Extracts 
	Cytotoxicity of Ipomoea pes-caprae Extracts on Human Fibroblasts (CCD-986sk Cells) 
	Ipomoea pes-caprae Extracts Induced Cell Proliferation 
	Ipomoea pes-caprae Extracts Induced In Vitro Wound Healing 
	Effect of Ipomoea pes-caprae Extracts on Production of Type I Collagen and Expression of COL1A1, TGFB1, and FGF2 Genes 

	Discussion 
	Materials and Methods 
	Chemicals 
	Plant Materials and Extraction 
	Determination of Total Phenolic Content 
	Determination of Flavonoid Content 
	Detection of Tannin Content 
	Phytochemical-Screening Assay by HPLC 
	Determination of Antioxidant Activity 
	2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical-Scavenging Assay 
	2,2'-Azinobis-(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) Radical-Scavenging Assay 
	Ferric-Reducing Antioxidant Power (FRAP) 

	Collagenase Activity Assay 
	Cell Viability Assay 
	Cell Proliferation Assay 
	In Vitro Scratch Wound Assay 
	Detection of Type I Collagen and Expression of Collagen Type I (COL1A1), Tumor Growth Factor-Beta 1 (TGFB1), and Beta-Fibroblast Growth Factor (FGF2) Genes 
	Statistical Analysis 

	Conclusions 
	References

