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ABSTRACT

Background: Proliferation and migration of keratinocytes are essential for
the repair of cutaneous wounds. Hibiscus syriacus L. has been used in Asian
medicine; however, research on keratinocytes is inadequate. Objective: To
establish the dermatological properties of absolute from Hibiscus syriacus
L. flower (HSF) and to provide fundamental research for alternative
medicine. Materials and Methods: e identified the composition of HSF
absolute using gas chromatography-mass spectrometry analysis. We also
examined the effect of HSF absolute in HaCaT cells using the XTT assay,
Boyden chamber assay, sprout-out growth assay, and western blotting.
We conducted an in-vivo wound healing assay in rat tail-skin. Results: Ten
major active compounds were identified from HSF absolute. As determined
by the XTT assay, Boyden chamber assay, and sprout-out growth assay
results, HSF absolute exhibited similar effects as that of epidermal growth
factor on the proliferation and migration patterns of keratinocytes (HaCaT
cells), which were significantly increased after HSF absolute treatment.
The expression levels of the phosphorylated signaling proteins relevant
to proliferation, including extracellular signal-regulated kinase 1/2 (Erk 1/2)
and Akt, were also determined by western blot analysis. Conclusion:
These results of our in-vitro and ex-vivo studies indicate that HSF absolute
induced cell growth and migration of HaCaT cells by phosphorylating both
Erk 1/2 and Akt. Moreover, we confirmed the wound-healing effect of
HSF on injury of the rat tail-skin. Therefore, our results suggest that HSF
absolute is promising for use in cosmetics and alternative medicine.

Key words: absolute, hibiscus syriacus L., HaCaT cell, skin regeneration,
wound healing,

SUMMARY

e Hisbiscus syriacus L. flower absolute increases HaCaT cell migration and
proliferation.

® Hisbiscus syriacus L. flower absolute regulates phosphorylation of ERK 1/2
and Akt in HaCaT cell.

INTRODUCTION

The outermost layer of the human integument system is covered with
skin, which is one of the multiple layers of ectodermal tissue such as
the epidermis.!! The various risk factors for skin damage include
pathogenic microorganisms, physical injury, and metabolic disease.*
Chronic wounds are considered to be a serious medical problem because
wounds in type 2 diabetes can lead to the development of chronic leg
and foot ulcers.”! Wound healing is the reconstruction and regeneration
of damaged tissue, which is associated with complex biochemical
processes, as well as a variety of cell activities such as collagen deposition,
reepithelialization, and angiogenesis.”®! As a predominant cell type
in the epidermis, keratinocytes contribute to the repair of cutaneous
wounds by inducing the proliferation and migration of keratinocytes
into the wound area via growth factors.”

Epidermal growth factor (EGF)-signal pathways play an important
role in the wound healing process in cell growth, proliferation, and
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e Treatment with Hisbiscus syriacus L. flower induced sprout outgrowth.
e The wound in the tail-skin of rat was reduced by Hisbiscus syriacus L. flower
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GC/MS: gas chromatography-mass spectrometry, DMEM: dulbecco’s
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1/2: phosphorylation of Erk 1/2.
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differentiation."”! The downstream of the EGF activation signal
regulates extracellular signal-regulated kinase 1/2 (Erk 1/2). In
addition, hyperactivation of the Akt signal in the migration and
proliferation of keratinocytes during wound healing is associated with
the EGF pathway.!"!!

Hibiscus syriacus L. found in eastern and southern Asia, is an ornamental
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shrub. It has been widely cultivated as a decorative shrub because its
flower (HSF) is the national flower of Korea. The extracts of several parts
from Hibiscus syriacus L. have been used as a prescription and effective
alternative medicine in Asia."? Recent studies have evaluated natural
substances and natural products and their dermatological properties
for improving wound healing. Herbal plants or alternative medicine
may exhibit lower toxicity with fewer side effects.” Therefore, scientific
validation of the medicinal effect of plants used in traditional medicine
is important.

In this study, we evaluated the dermatological properties of HSF absolute
to provide fundamental research for alternative medicine. To determine
the biological activity of HSF absolute in wound healing, its chemical
compounds were analyzed by gas chromatography-mass spectrometry
(GC/MS) and its effect on proliferation and migration in keratinocytes
was tested.

MATERIALS AND METHODS

Chemicals

Recombinant human EGF was purchased from R&D Systems
(Minneapolis, Minnesota, USA) and Dulbeccos modified eagle medium
(DMEM), fetal bovine serum (FBS), and penicillin/streptomycin were
purchased from either Hyclone (Logan, Utah, USA) or Invitrogen
(Carlsbad, California, USA). Bovine serum albumin (BSA) from Sigma
(St. Louis, Missouri, USA) and the EZ-CyTox kit from DAEIL LAB
Service (Seoul, South Korea) were used. The antibodies used include
Akt, phosphorylation of Akt (p-Akt), Erk 1/2, phosphorylation of Erk
1/2 (p-Erk 1/2) (Cell-Signaling Technology, Beverly, Massachusetts,
USA), and B-actin from Sigma.

Extract and analysis of Hibiscus syriacus L. flower
absolute

HSF was obtained from Hoseo University Asan city Chungnam, South
Korea. HSF was identified by Jong-Cheol Yang, Division of Forest
Biodiversity and Herbarium, Korea National Arboretum, Korea. A
voucher specimen (No. HS-001) has been deposited at the Herbarium
of the College of Life and Health Science, Hoseo University. The absolute
was extracted from HSF by solvent extraction. Fresh flowers (2 kg)
were kept in contact with n-hexane by complete immersion for 1 h at
room temperature. The combined extracts upon solvent removal in a
rotary evaporator in vacuo at 25°C produced a deep yellow waxy residue
(concrete). Concrete was treated by mixing with ethanol and incubated
at -20°C overnight. Filtration through a sintered funnel and evaporation
of ethanol at 35°C led to the formation of a light yellow dewaxed
absolute. Finally, 1.5 mL of oil (v/w, 0.075%) was obtained from HSEF.
The composition of the HSF absolute was identified by GC/MS.

Analysis and identification of compounds from
absolute

Components of HSF were analyzed by the Korean Basic Science Institute
(Seoul, Korea) and identified by GC/MS. GC/MS analysis was performed
using an Agilent 6890N GC/59751 MS instrument (Palo Alto, California,
USA) and DB5-MS capillary column (30 m x 250 pm, 0.25 pm film
thickness). The carrier gas used was helium at a flow rate of 1 mL/
min. The injector port and interface temperatures were 280 and 300°C,
respectively. The gas chromatography oven was kept at 40°C for 2 min
and increased to 230°C at a rate of 5°C/min, and then kept constant at
300°C for 5 min. The split ratio was 1 : 10. The mass ranges were from
m/z 40-800. The retention indices for all compounds were determined
according to the Kovats method using standard C -C, n-alkanes. The
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compounds were identified by comparing their retention indices with
those of Kovats indices!"* and by matching their fragmentation patterns
in the mass spectra with those of the Wiley7NIST0.5L Mass Spectral
library and catalogs for mass spectra. GC/MS data were reanalyzed
according to Adams.!"”

Cell culture and proliferation assay

HaCaT cells were obtained from Daegu Gyeongbuk Institute for
Oriental Medicine Industry (Daegu, South Korea) and maintained in
DMEM supplemented with 10% FBS and 1% penicillin/streptomycin.
The cells were incubated in a humidified 95% air 5% CO, atmosphere
at 37°C. The cells were grown to 70-80% confluence for use in each
experiment. The proliferation of HaCaT cells was measured using the
EZ-CyTox kit. HaCaT cells (density of 2 x 10° cells) were seeded into
96-well microtiter plates and treated with various concentrations of HSF
(dissolved and diluted in DMEM containing 0.5% DMSO) for 48 h. The
cells were incubated with EZ-CyTox reagent (10 pL) for 30 min at 37°C.
Cell proliferation levels were measured using an ELISA reader (Synergy
2, Bio-Tek Instruments, Winooski, Vermont, USA) at 450 nm.

Migration assay

Migration was measured using a 48-well Boyden microchemotaxis
chamber (Neuro Probe Inc., Gaithersburg, Maryland, USA). The lower
chamber wells were loaded with various concentrations of HSF (dissolved
and diluted in DMEM containing 0.5% DMSO) in medium containing
0.1% BSA. The membrane was laid over the medium of the lower chamber
wells. HaCaT cells (5 x 10* cells/50 puL) were loaded into the chamber wells
with medium containing 0.1% BSA. The chambers were then incubated
at 37°C for 3 h. The membrane was fixed and stained using Diff-Quick
(Baxter Healthcare, Miami, Florida, USA). Cells migrating through the
membrane were counted using a microscope (x 200).

Western blot analysis

Total proteins (150 pg/lane) were separated using SDS-PAGE on 10%
acrylamide gels. The proteins were then transferred onto a polyvinylidene
difluoride membrane at 4°C, which was then blocked for 2 h in 3% nonfat
dry milkaat the room temperature. Subsequently, the membrane was washed
using phosphate-buffered saline containing 0.05% Tween 20, followed by
incubation with Akt, p-Akt, Erk 1/2, p-Erk 1/2, and p-actin antibodies (1 :
1000-10,000 dilutions). The immunoreactive bands were visualized using
a chemiluminescent substrate and exposed to photographic film.

Ex-vivo sprouting assay

The ex-vivo migration and proliferation of HaCaT cells were measured
by a collagen sprout assay. HaCaT cells (7.5 x 10* cells/mL) were mixed
with type I collagen, 10 x DMEM, and 1N NaOH (pH 7.2), and a dot in
a plate was made. After drying, the spots were treated with or without
HSF absolute and incubated at 37°C. After 72 h, the spots were fixed
and stained using Diff-Quik. Images of the spot were obtained and
photographed using microscopy (x 100) and the lengths of the sprouts
were analyzed using Scion Image software (Frederick, Maryland, USA).

Wound healing assay

The animal assay was approved by the Hoseo University review board
and animals were treated according to NIH guidelines (NIH publication
No. 85-23). A full-thickness wound in the tail skin of male Sprague-
Dawley (7-week-old, 200-220 g) rats was made by excisional surgery
at, approximately, 10 mm?® The wound was evaluated at the end of the
observation period (7, 14 and 21 days). The evaluated data recorded
using a CCD camera when the wound areas were recalculated and
analyzed using image J software.
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Table 1: Composition of absolute from Hibiscus syriacus L. flower

Compound Name Area (%) RI?
Observed Literature

Palmitic acid 18.94 1981 2002
Linoleic acid 8.57 2141 2184
Stearic acid 5.87 2175 2196
9-Nonadecene 5.82 2870 2875
Cycloartenol 331 2971 -
y-Sitosterol 2.22 3292 -
Lupenyl acetate 1.52 3166 -
Miristic acid 1.16 1766 1782
Squalene 0.83 2803 2663
y-Tocopherol 0.81 3034 -

 RI (retention indices) on a DB5-MS capillary column.

Statistical analysis

Data were expressed as the mean + standard error of the mean of the
indicated number of experiments. Statistical analysis of the data was
performed using Students ¢ tests for comparisons between pairs of
groups and by ANOVA for multiple comparisons. P values less than 0.05
were considered to indicate a significant difference.

RESULTS

Chemical composition of Hibiscus syriacus L. flower
absolute

To analyze the major compounds of HSF absolute, GC/MS was used to
identify the constituents. A total of 10 constituents of HSF were detected
and these major compounds are listed in Table 1, which included palmitic
acid (18.94%), linoleic acid (8.57%), stearic acid (5.87%), 9-nonadecene
(5.82%), cycloartenol (3.31%), y-sitosterol (2.22%), lupenyl acetate (1.52%),
miristic acid (1.16%), squalene (0.83%), and y-tocopherol (0.81%).

Hibiscus syriacus L. flower absolute increases
proliferation of HaCaT cells

The proliferation of keratinocytes plays an important role in wound
healing;!! therefore, the proliferation of HaCaT cells was evaluated using
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Figure 1: Effects of Hibiscus syriacus L. flower (HSF) absolute on
proliferation in HaCaT cells. HaCaT cells were seeded (2 x 10° cells) and
then incubated with recombinant human epidermal growth factor (EGF;
50 ng/mL) or HSF absolute (0.001-0.1 mg/mL) for 48 h. Cell proliferation
was tested using the XTT assay. The quiescent state of the cells was
expressed as 100% (n = 4). EGF was used as a positive control. Data are
expressed as the mean + SE. *P value less than 0.05 versus quiescent state.
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Figure 2: Effects of Hibiscus syriacus L. flower (HSF) absolute on migration in
HaCaT cells. The cells were stimulated with recombinant human epidermal
growth factor (EGF; 5 ng/mL) or HSF absolute (0.001-0.1 mg/mL) for 3 h.
Migration was examined using a Boyden chamber assay. (a) The membrane
was stained using Diff-Quick solution and then images were obtained
using microscopy (x 200). (b) Migration in the quiescent state is expressed
as 100% (n = 4). EGF was used as a positive control. Data are expressed as
the mean + SE. *P value less than 0.05 versus nonstimulated group.
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Figure 3: Change in protein kinase level in Hibiscus syriacus L. flower (HSF)
absolute-treated HaCaT cells. (a) HaCaT cells were seeded and incubated in
serum-free medium for 24 h. The cells were then treated with recombinant
human epidermal growth factor (EGF; 5 ng/mL) or HSF absolute (0.001-0.1
mg/mL) for 10 min. The cell lysates were immunoblotted with each kinase
antibody (p-Akt, Akt, p-Erk 1/2, and Erk 1/2). (b and c), Statistical graphs
were obtained from panel A. The basal level of p-Akt and p-Erk 1/2 in
HaCaT cells in the quiescent state is expressed as 100% (n = 4). EGF was
used as a positive control. Data are expressed as the mean * SE. *P value
less than 0.05 versus the nonstimulated group.

the XTT assay. Significant proliferation of HaCaT cells was induced by
166.25 + 3.03% at 50 ng/mL of EGE. HSF absolute increased HaCaT
cell proliferation in a dose-dependent manner (0.001-0.1 mg/mL). In
particular, similar levels of cell proliferation were observed for both
50 ng/mL of EGF and 0.1 mg/mL (154.27 + 2.92% of control) of HSF
absolute [Figure 1].

Hibiscus syriacus L. flower absolute induced
migration of HaCaT cells

The migration of HaCaT cells is also an important process in the wound
healing of skin;"® therefore, the migration of HSF absolute-induced
HaCaT cells was measured using the Boyden chamber assay. Significant
migration of HaCaT cells was induced by 218.79 * 5.40% at 5 ng/mL of
EGEF. HaCaT cells were treated with HSF absolute (0.001-0.1 mg/mL) for
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Figure 4: Effects of Hibiscus syriacus L. flower (HSF) absolute on sprout
formation on HaCaT cells. (a) Cells were mixed with collagen and then
placed into 24-well plates. Spots were treated with recombinant human
epidermal growth factor (EGF; 50 ng/mL) or HSF absolute 0.1 mg/mL
for 72 h. Spots and sprout outgrowth cells were stained with Diff-Quick
solution and then images were obtained using microscopy (x 100). EGF
was used as a positive control. (b) The statistical results were obtained
from panel A.The level in the quiescent state is expressed as 100% (n = 4).
Data are expressed as the mean + SE.
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Figure 5: Effects of Hibiscus syriacus L. flower (HSF) absolute on wound
in vivo. (a) The photographs show that HSF (0.05 and 0.1 mg/mL) was
treated for the indicated number of days (7, 14, and 21) on the wound
in the tail-skin of rat. (b) The statistical results were obtained from panel
A.The level in the quiescent state as well as untreated group at 0 day is
expressed as 100% (n = 4). Data are expressed as the mean + SE. *P value
less than 0.05.
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3 h. Cell migration was significantly increased by HSF absolute in a dose-
dependent manner, and reached a maximal response at a concentration
of 0.1 mg/mL (200.64 + 5.17% of control) [Figure 2].

Hibiscus syriacus L. flower absolute increases the
phosphorylation of extracellular signal-regulated
kinase 1/2 and Akt in HaCaT cells

HaCaT cell migration and proliferation are related to Erk 1/2 and Akt.!"
Therefore, the effect of HSF absolute on HaCaT cells was analyzed by
western blotting. HaCaT cells were treated with HSF absolute (0.001-0.1
mg/mL) for 10 min. As shown in Figures 3 HSF absolute induced p-Erk
1/2 and p-Akt in HaCaT cells in a dose-dependent manner. p-Erk 1/2
and p-Akt were increased to 334.12 + 2.72% and 403.16 + 3.66% by 0.1
mg/mL of HSF absolute, respectively.

Hibiscus syriacus L. flower absolute stimulates
sprout outgrowth

The proliferation and migration of HSF absolute-stimulated HaCaT cells
was confirmed using the ex-vivo sprouting assay. Sprout outgrowth was
increased following treatment with 0.1 mg/mL HSF absolute for 72 h, and
the maximum outgrowth was reached at a concentration of 0.1 mg/mL
of HSF absolute. In addition, a similar values for the sprout outgrowth of
keratinocytes were observed for both 50 ng/mL of EGF (506.79 + 6.71%
of control) and 0.1 mg/mL of HSF absolute (458.0 + 6.38% of control)
[Figure 4].

Hibiscus syriacus L. flower absolute diminishes
wound area

We next explored whether the effect of HSF is involved in skin
reproduction in vivo using the wound-healing assay at surgical excision
sites in the rat-tail skin. The injury area was treated with HSF (0.05 and
0.1 mg/mL) for 7, 14, and 21 days. As shown in Figure 5, HSF significantly
reduced the surgical-induced wound area in the tail skin of rats. The best
effect was observed at 0.1 mg/mL of HSE.

DISCUSSION

According to a recent estimate, more than 2.5 million American patients
suffer from chronic wounds. Thus, finding a new agent for wound healing
from natural products such as those used in alternative medicine is very
important. The wound healing process requires the rapid migration and
proliferation of keratinocytes."” In the current study, we characterized
the effect of HSF absolute on the migration and proliferation of HaCaT
cells. Therefore, we performed wound healing assays both in vitro and
in vivo and determined the expression of signaling molecules. Our
results indicate that HSF absolute induced significant proliferation and
migration of HaCaT cells through p-Erk 1/2 and p-Akt.

In this study, we identified 10 active compounds involved in the migration
and proliferation of keratinocytes in HSF absolute. As reported in
previous studies, palmitic acid, linoleic acid, and stearic acid can induce
responses by Erk 1/2 and Akt.'”?! Therefore, these molecules may be
involved in the activation of p-Erk 1/2 and p-Akt, which may modulate
basic biological processes such as the proliferation and migration of
keratinocytes. In addition, the excessive migration and proliferation
of keratinocytes induced oxidative stress through excessive ROS
generation.”!’ We also identified antioxidants present in HSF absolute
using GC/MS; gamma-tocopherol, sitosterol, and squalene, which are
strong antioxidants, were found.?? Therefore, we suggest HSF absolute
may also prevent excessive production of ROS in keratinocytes.

Various growth factors, cytokines, and G protein-coupled receptors
can activate the Erk 1/2 pathway, a multifunctional protein kinase
intracellular signaling molecule involved in the proliferative effect of
diverse cells.”?”) EGF also induced cellular signal transduction such
as the proliferation, migration, and differentiation of diverse cells®*.
Simultaneously, EGF receptor is involved in EGF-bind downstream
cellular signal transduction involving mitogen-activated protein kinase.
Our results showed that EGF induced significant cell proliferation
and migration of HaCaT cells. Similarly, the proliferative and motility
effects showed equal values for both EGF and HSF absolute. Moreover,
p-Erk 1/2 was expressed at similar levels in response to EGF and HSF
absolute. Furthermore, the proliferative and motility effect of EGF was
associated with p-Akt, an EGF downstream signal translocated from the
cell membrane to its target genes, supporting the complex regulatory
network.” As described in our results, HSF absolute may activate Akt.
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Therefore, HSF absolute may contribute to wound healing signaling
through Erk 1/2 kinase and Akt kinase responses.

Woodely et al.® reported that type I collagen strongly induced the
migration of keratinocytes. The activation of matrix metalloproteinase
is a key function in cell migration.”" Our data also demonstrated the
ex-vivo proliferation and migration of keratinocytes by type I collagen.
In detail, the sprout-out growth of HaCaT cells from the mixed
type I collagen was increased by EGF and HSF absolute. Notably,
we confirmed the detailed properties of HSF absolute, as well as the
wound-healing effect on surgically excised rat-tail skin. Thus, the
biological activity of HSF absolute is involved in the dermatological
properties of wound-healing.

CONCLUSION

We identified the properties of HSF absolute for the recovery of cutaneous
wounds. Therefore, HSF absolute may be a promising material for
wound healing cosmetics, although further studies are needed to verify
the efficacies associated with wound healing and skin regeneration.
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