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Background: Ginseng has been widely used as a health-promoting tonic. Gintonin present in ginseng acts
as a lysophosphatidic acid (LPA) receptor ligand that activates six LPA receptor subtypes. The LPA6
subtype plays a key role in normal hair growth, and mutations in the LPA6 receptor impair normal
human hair growth. Currently, human hair loss and alopecia are concerning issues that affect peoples’
social and day-to-day lives.
Objective: We investigated the in vitro and in vivo effects of a gintonin-enriched fraction (GEF) on mouse
hair growth.
Methods: Human hair follicle dermal papilla cells (HFDPCs) and six-week-old male C57BL/6 mice were
used. The mice were divided into the four groups: control, 1% minoxidil, 0.75% GEF, and 1.5% GEF. The
dorsal hair was removed to synchronize the telogen phase. Each group was treated topically, once a day,
for 15 days. We analyzed hair growth activity and histological changes.
Results: GEF induced transient [Ca2þ]i, which stimulated HFDPC proliferation and caused 5-bromo-20-
deoxyuridine (BrdU) incorporation in a concentration-dependent manner. GEF-mediated HFDPC prolif-
eration was blocked by the LPA receptor antagonist and Ca2þ chelator. HFDPC treatment with GEF
stimulated vascular endothelial growth factor release. Topical application of GEF and minoxidil promoted
hair growth in a dose-dependent manner. Histological analysis showed that GEF and minoxidil increased
the number of hair follicles and hair weight.
Conclusion: Topical application of GEF promotes mouse hair growth through HFDPC proliferation. GEF
could be one of the main components of ginseng that promote hair growth and could be used to treat
human alopecia.
� 2019 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Panax ginseng Meyer is a popular representative herbal medi-
cine, generally used as a tonic, in far Eastern Asian countries [1]. In
traditional medicine, ginseng is decocted with hot water. Recently,
ginseng has been decocted with hot water to obtain more active
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ingredients, including main water-soluble components [2]. In
addition, ginseng extract has also been used for diverse purposes in
cosmetology to obtain health benefits [4], such as the prevention of
hair loss or promotion of hair growth. Ginseng extract and ginse-
nosides, such as ginsenoside Rb1, have been shown to promote
the growth of in vitro cultured human hair follicle cells [5,6].
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Subcutaneous injection, but not topical administration of ginse-
noside, promotes hair follicle growth [7]. However, ginseng extract
and individual components have not been fully explored for the
molecular mechanism(s) responsible for the ginseng extract- or
component-mediated beneficial effects on hair growth because
ginseng extract consists of a variety of components such as ginseng
saponins, acidic polysaccharides, and other components. Although
ginsenoside is one of the primary components of ginseng, themode
of action underlying its hair growthepromoting effect is still
unclear because it does not have a specific extracellular membrane
or intracellular target protein [4].

Recently, a line of evidence showed that Korean Red Ginseng
and Korean white ginseng contain a novel component called gin-
tonin [8], which differs from the ginseng saponin; gintonin or
gintonin-enriched fraction (GEF) consists of several cell growthe
related factors such as lysophosphatidic acid (LPA), which is a
specific lipid-derived growth factor, phosphatidic acid (PA), which
is also a regulator of cell growth and proliferation as a mitogen, and
linoleic acid, an essential fatty acid [9]. Gintonin acts as a ginseng-
derived exogenous G proteinecoupled LPA receptor ligand and
activates LPA1eLPA6 receptor subtypes [10]. Interestingly, recent
studies have shown that mutation in the LPA6 receptor causes
abnormal hair growth in humans, hypotrichosis simplex, indicating
that the LPA6 receptor might play an important role in normal hair
growth in humans [11,12]. In addition, PA acts as a strong mitogenic
activator through the mammalian target of rapamycin (mTOR)
signaling pathways [13]. A recent study also showed that topical
application of PA also promoted in vivo hair growth in mouse
models [14]. Although GEF contains LPAs and PAs, which regulate
cell proliferation, relatively little is known about whether GEF
contributes also to the promotion of hair growth in mouse models.

Head hair and the scalp play various important roles in animals
or humans, including physical protections from exterior shock,
sensory activity, and thermoregulation [15]. During postnatal
development, hair follicles follow a cyclic pattern involving three
phases: a growth phase (anagen), a regression phase (catagen), and
a resting phase (telogen), based on histological morphology [16]. As
the amount of hair present in humans acts as one of the factors
affecting personal activity and social interactions, people pay a lot
of attention to their hair conditions, such as hair loss, thickness, and
changes in color with aging [15]. Two factors mainly affect hair loss
(also called alopecia) in humans; one is psychoemotional stress and
the other is the imbalance in male hormone secretions. These
factors disrupt the normal patterns of the hair cycle [17]. Until now,
two medicinesdfinasteride and minoxidildhave been used for
hair loss treatment. However, these medicines have limited thera-
peutic value as they show some side effects and unsatisfactory hair
growth rates [18,19]. Recent studies have shown that herbal med-
icines could be an alternative or complementary way to prevent
hair loss or to promote hair growth, with fewer side effects [20].
Ginseng has been known as a candidate for hair growth [21],
althoughmost studies were performed using a simple ginseng total
extract or several limited ginsenosides, and ginseng still contains
unknown components. Moreover, most of the studies using gin-
senosides were also carried out at the level of organ cultures, such
as vibrissal hair follicles rather than the whole animal, or with
subcutaneous injection of ginseng extract rather than direct topical
application [5,7,22]. As mention previously, although gintonin or
GEF acts as an exogenous LPA receptor ligand and exhibits the role
of lipid-derived growth factors, the effect of GEF on hair growth has
not yet been examined.

In the present study, we investigated the effects of GEF on
in vitro and in vivo mouse hair growth. In the in vitro study, GEF
transiently induced [Ca2þ]i in human hair follicle dermal papilla
cells (HFDPCs) and stimulated HFDPC proliferation; HFDPCs are key
for hair growth. GEF-mediated HFDPC proliferation was blocked by
an LPA receptor antagonist and intracellular Ca2þ chelator. GEF
treatment on HFDPCs stimulated vascular endothelial growth fac-
tor (VEGF) release. We found that the direct in vivo topical appli-
cation of GEF promoted hair growth in a concentration-dependent
manner and increased the number of hairs. In histochemical
studies, topical treatment with GEF increased the number of hair
follicles and 5-bromo-20-deoxyuridine (BrdU) incorporation,
compared with the observations in the control. These results sug-
gest that GEF-mediated proliferation of HFDPCs may be coupled to
hair growth and that GEF could be a main active ingredient in
ginseng with hair growthepromoting effects. We further discuss
the molecular mechanism underlying GEF-mediated hair growth
and the possible application of GEF for the prevention of hair loss or
promotion of hair growth in humans.

2. Materials and methods

2.1. GEF preparation and drug treatment

GEF was prepared as previously described [9]. Briefly, 1 kg of 4-
year-old ginseng (Korea Ginseng Corporation, Daejeon, Republic of
Korea) was cut into small pieces (>3 mm) and refluxed with 70%
fermented ethanol eight times, for 8 h each, at 80�C. The extracts
(340 g) were concentrated, dissolved in distilled cold water at a
ratio of 1:10, and stored at 4�C for 24e96 h. The supernatant and
precipitate fractions, obtained by water fractionation after ethanol
extraction of ginseng, were separated by centrifugation (3,000
rpm, 20 min), and the precipitate was lyophilized. GEF consists of
carbohydrates, lipids, and ginseng proteins. The total content of
carbohydrates, lipids, and proteins in GEF were approximately
30%, 20.2%, and 30.3%, respectively, and included other minor
components [9]. The lipid composition of GEF, detected by LC-MS/
MS, was as follows: fatty acids (7.53% linoleic acid, 2.82% palmitic
acid, and 1.46% oleic acid), 0.60% lysophospholipids and phos-
pholipids, and 1.75% phosphatidic acids. The total lipid content in
GEF was approximately 14.2%. The qualitative assay showed that
GEF contained diacylglycerols and triacylglycerols [9]. Other
agents including minoxidil were purchased from Sigma-Aldrich
(St. Louis, MI)

2.2. Animal experimental design

Male C57BL/6 mice (six weeks old, 18e20 g) were purchased
from Orient Bio Inc., (Chuncheon, Korea) and maintained ac-
cording to Institutional Animal Care and Use guidelines of Konkuk
University (Permit Number: 16-206). All the experiments were
conducted in a manner that minimized the number of animals
used and their suffering. Animals were housed in plastic cages
under controlled conditions: 50 � 5% humidity, 12/12-h lighte
dark cycle, and free access to standard food and water. The mice
were allowed 1 week to adapt to the conditions. Then, the dorsal
skin of mice at 7 weeks of age, at which all hair follicles were in
the telogen phase [23], was removed with a hair clipper and hair
removal cream (Veet; Oxy Reckitt Benckiser, Chartes, France). The
mice were randomly divided into four groups: group 1 (control
vehicle group), group 2 (0.75% GEF group), group 3 (1.5% GEF), and
group 4 (1% minoxidil). The concentrations of GEF used in present
study were determined through the preliminary experiments. All
treatments were topically applied once a day for 15 days. GEF and
minoxidil were dissolved in 70% ethanol, 20% polyethylene glycol,
and 10% H2O. The back skin of mice was photographed at Day 1, 7,
9, 11, and 13. The hair regrowth efficacy scores used were as fol-
lows: 0 ¼ no change, 1 ¼ <30% of shaved area shows skin dark-
ening, 2¼ 30e70% of shaved area shows skin darkening, 3¼>70%
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of shaved area shows skin darkening or <30% shows hair growth,
4 ¼ >70% of shaved area shows skin darkening and 30% w70%
shows hair growth, 5¼>70% of shaved area shows skin darkening
and >70% shows hair growth, and 6 ¼ >90% of shaved area shows
hair growth [23]. The dorsal skin of eight mice from each group
was collected after 13 days of depilation, snap-frozen in liquid
nitrogen, and stored at �80�C for further experiments. The final
hair weight of each group was determined by clipping and
weighing the hair on Day 13.

2.3. Culture of HFDPCs

HFDPCs were purchased from CEFO Co. Ltd (Seoul, South Korea)
and cultured in HFDPC growth medium (cat no. CB-HDP-GM, CEFO
Co. Ltd) supplemented with 2% cell culture supplements, 100 units/
mL of penicillin, and 100 mg/mL of streptomycin, according to the
manufacturer’s instruction. Cultures were maintained at 37�C in
humidified conditions under 5% CO2. The cells at passages 3e7
were used for all experiments.

2.4. Measurement of intracellular Ca2þ levels

We examined intracellular Ca2þ levels in HFDPCs exposed to
GEF. HFDPCs from each group were incubated for 40e60 min at
room temperature with 5 mM Fura-2/AM (Molecular Probes,
Eugene, OR, USA) and 0.001% pluronic F-127 (Molecular Probes) in a
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)-
buffered solution composed of the following: 150 mM NaCl, 5
mM KCl, 1 mM MgCl2, 2 mM CaCl2, 10 mM HEPES, and 10 mM
glucose, with the pH adjusted to 7.4 with NaOH. Cells were illu-
minated using a xenon arc lamp, and the excitation wavelengths
(340 and 380 nm) were selected using a computer-controlled filter
wheel (Sutter Instruments, Novato, CA, USA). The emitted fluores-
cence was reflected through a 515-nm long-pass filter to a frame
transferecooled CCD camera (Olympus, Japan), and the ratios of the
emitted fluorescence were calculated using a digital fluorescence
analyzer and then converted to intracellular free Ca2þ concentra-
tions [Ca2þ]i. All imaging data were collected and analyzed using
Universal Imaging software (Bedford Hills, New York, USA) [24].

2.5. 2,3-Bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5
carboxanilide and BrdU incorporation assays

Cell proliferation and viability were determined using 2,3-bis-
(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5 carbox-
anilide (XTT) and BrdU assays, as previously described [10,25].
Briefly, the cells were seeded in 96-well plates, allowed to adhere
overnight, and then treated with GEF or LPA in the absence or
presence of inhibitors at the indicated concentrations. After 24
hours of incubation, cell proliferation was measured using an XTT
assay or BrdU incorporation assay. After 2 hours of incubation with
XTT, absorbancewasmeasured at 450 nmusing amicroplate reader
(SpectraMax� Plus 384 Microplate Reader, Molecular Devices, San
Jose, CA, USA) [25]. For the BrdU incorporation assay, the BrdU la-
beling agent was added to the drug-treated cells and incubated for
the last 16 h of the total incubation time. Then, BrdU incorporation
was measured by enzyme-linked immunosorbent assay with a
BrdU cell proliferation assay kit (Roche Applied Science, Mannheim,
Germany), according to the manufacturer’s instructions [10].

2.6. LPA receptor expression assay

Cells were incubated in a 150-mm culture dish, serum-starved
for 6 h, and incubated with vehicle or GEF (30 mg/mL) for 24 h.
The cells were lysed with modified Radioimmunoprecipitation
assay buffer (RIPA buffer), and LPA receptor expression was detec-
ted by sodium dodecyl sulfate polyacrylamide gel electrophoresis
and immunoblotting using rabbit anti-EDG2/LPA1 polyclonal anti-
body (Abcam, Cambridge, UK), rabbit anti-EDG7/LPA3 polyclonal
antibody (Abcam), or rabbit anti-P2RY5/LPA6 polyclonal antibody
(Origene Technologies, Inc., Rockville, MD, USA). The blotted
membrane was stripped and reprobed with mouse anti-b actin
monoclonal antibodyeconjugated horseradish peroxidase (HRP)
(Abcam). Image was visualized using Clarity Western ECL Substrate
Bio-Rad (Hercules, CA, USA) using the luminescent image analyzer
LAS-4000 (Fujifilm, Japan).

2.7. Histological analysis

Dorsal skin from each group was fixed in 4% formaldehyde so-
lution and embedded in paraffin to obtain longitudinal sections. The
longitudinal sections were stained with hematoxylin and eosin
(H&E), and digital photomicrographs were taken from representa-
tive areas using a digital camera (Paxcam, Villa Park, IA, USA). The
number of hair follicles in the anagen phase (A) and the telogen
phase (T)was counted, and theA/T ratiowas determined. For nuclear
(replicating DNA) pulse labeling experiments, mice were adminis-
tered with BrdU intraperitoneally (20mg/kg/day) 120 minutes
before skin excision. BrdU-labeled cells were detected in paraffin
waxeembedded sections that had been treated sequentiallywith 2N
HCl for 1 hour at 37�C, using a rat monoclonal antibody to BrdU
(1:400; Biosource International Inc., Camarillo, CA, USA), bio-
tinylated immunoglobulin G (1:400; Vector, Burlingame, CA, USA)
and the streptavidin peroxidase complex (1:400; Vector). They were
then visualized using a reaction with 3,30-diaminobenzidine tetra-
chloride (Sigma-Aldrich) in 0.1 M Tris-HCl buffer (pH 7.2) and
mounted on gelatin-coated slides. The sections were finally dehy-
drated andmounted in a toluene-basedmountingmedium (Richard-
Allan Scientific, Thermo Scientific, MI, USA).

2.8. Statistical analysis

The data were expressed as mean� standard deviation (SD). The
statistical significance of the difference between mean values was
examined using analysis of variance followed by unpaired Student t
test. A p < 0.05 value was considered as a significant difference.

3. Results

3.1. GEF induces [Ca2þ]i transient in HFDPCs

In previous reports, we have shown that gintonin or GEF induces
transient elevation of cytosolic Ca2þ levels for neurotransmitter
release and cell proliferation [2,24]. Based on the previous studies,
we first examined whether HFDPC treatment with GEF induces
transient [Ca2þ]i. As shown in Fig. 1A, GEF treatment elevated
[Ca2þ]i transiently, and the effects of GEF were concentration
dependent at the concentration range of 10e100 mg/mL and satu-
rated above 100 mg/mL of GEF. However, the low concentration of
GEF (0.1, 0.3, 1, and 3 mg/mL) had no effects on transient [Ca2þ]i
(data not shown). We also examined whether ginsenosides can
exhibit any transient effects on [Ca2þ]i in HFDPCs. For this, we used
representative ginsenosides, such as ginsenoside Rb1 and Rg1, and
found that they had no transient effects on [Ca2þ]i in HFDPCs
(Fig. 1B), indicating that GEF, rather than ginsenosides, is a main
active component of ginseng on the induction of transient [Ca2þ]i in
HFDPCs. Then, we examined the involvement of the LPA receptor in
GEF-mediated transient [Ca2þ]i in HFDPCs. Because there is no
available and selective LPA6 receptor subtype antagonist, we used
Ki16425, an LPA1/3 receptor antagonist. Interestingly, GEF-



Fig. 1. Effects of the gintonin-enriched fraction (GEF) and ginsenosides on transient [Ca2þ]i in human hair follicle dermal papilla cells (HFDPCs). Analyses of the localization of
calcium signals via confocal microscopy were performed with Fura-2/AM and a nuclear dye. We examined intracellular Ca2þ levels in HFDPCs exposed to GEF (10, 30, 100, or 300 mg/
mL) (A) or ginsenosides such as ginsenoside Rb1 or Rg1 (50 mM each) (B). HFDPCs from each group were incubated for 40e60 min at room temperature with 5 mM Fura-2/AM
(Molecular Probes, USA) and 0.001% pluronic F-127 (Molecular Probes) in a HEPES-buffered solution composed of the following: 150 mM NaCl, 5 mM KCl, 1 mM MgCl2, 2 mM
CaCl2, 10 mM HEPES, and 10 mM glucose, with the pH adjusted to 7.4 with NaOH. Cells were illuminated using a xenon arc lamp, and the excitation wavelengths (340 and 380 nm)
were selected using a computer-controlled filter wheel (Sutter Instruments, USA). Left panel (A and B): the representative pictures of HFDPCs on the [Ca2þ]i level in the absence or
presence of various concentrations of GEF or ginsenosides (50 mM each). Upper right panel (A and B): the representative peaks of [Ca2þ]i with different concentrations of GEF. Lower
right panel (A and B): summary histograms on the doseeresponses of GEF. The data were obtained from 45e50 different cells in three independent experiments. Data represent the
mean � SD. *p < 0.05, **p < 0.01, ***p < 0.001 compared with 10 mg/mL GEF (A); *p < 0.05, compared with the 2nd GEF application; ****p < 0.001, compared with the 1st or 2nd
applications of GEF (B). SD, standard deviation.
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mediated transient [Ca2þ]i in HFDPCs was blocked by Ki16425 and
by the cell-permeable Ca2þ chelator, 1,2-Bis(2-aminophenoxy)
ethane-N,N,N0,N0-tetraacetic acid tetrakis(acetoxymethyl ester)
(BAPTA-AM), by demonstrating that GEF-mediated [Ca2þ]i tran-
sients were much lower in the second peak than in the first peak
(Fig. 2). Thus, these results indicate that GEF-mediated transient
[Ca2þ]i in HFDPC is achieved through LPA receptors.
3.2. Effect of GEF on LPA1, LPA3, or LPA6 expression in HFDPCs

To examine the effects of GEF on LPA receptor expression
level in HFDPCs, LPA receptor (LPA1, LPA3, and LPA6) expression
was first determined by immunoblotting assay. As shown
in Figure S1, expressions of LPA receptor subtypes LPA1, LPA3,
and LPA6 were conformed in HFDPCs. Then, we treated HFDPCs



Fig. 2. Effects of the LPA1/3 receptor antagonist Ki16425 and the calcium chelator BAPTA-AM on GEF (100 mg/mL)-mediated transient [Ca2þ]i in HFDPCs. Analyses of the localization
of calcium signals were performed as described in Fig. 1. Left panel (A and B): the representative pictures of HFDPCs on the [Ca2þ]i level in the absence or presence of Ki16425 (10 mM)
or BAPTA-AM (10 mM). Upper right panel: the representative peaks of transient [Ca2þ]i in the absence or presence of Ki16425. Lower right panel (A and B): summary histograms on the
effects of Ki16425 or BAPTA-AM on GEF (100 mg/mL)-mediated transient [Ca2þ]i. The data were obtained from 40e50 different cells in three independent experiments. Data
represent the mean � SD. ****p < 0.001, compared with the presence of Ki16425 (Ki); ****p < 0.001, compared with the presence of BAPTA-AM. SD, standard deviation; HFDPCs,
human hair follicle dermal papilla cells; GEF, gintonin-enriched fraction.
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with GEF and found that GEF treatment to HFDPCs did not
induce significant changes in LPA receptor subtype expression
levels corrected over b-actin expression compared with control
cells.

3.3. Effects of GEF on cell viability and proliferation of HFDPCs

Because the transient increase of cytosolic Ca2þ levels is closely
related to cell proliferation [3,24], we examined the effects of GEF-
mediated cell proliferation on HFDPC growth. For this, we per-
formed the XTT assay and BrdU incorporation assays, which
assessed cell viability and proliferation, as a function of cell
Fig. 3. Effects of gintonin-enriched fraction (GEF) on cell proliferation and VEGF release in
concentrations of GEF (0.1, 0.3, 1, 3, 10, and 30 mg/mL) and 10 mM lysophosphatidic acid (LPA
XTT assay (A) or BrdU incorporation assay (B). GEF (30 mg/mL)-induced cell proliferation wa
Ki16425 (final concentration 10 mM) (C), or the intracellular calcium chelator BAPTA-AM (fi
various concentrations of GEF (1, 3, 10, 30, and 100 mg/mL), 10 mM LPA, and 50 mM mino
determined 24 h later. Ki16425 (final concentration 10 mM) attenuates GEF (30 mg/mL)-me
periments. *p < 0.05, **p < 0.01, ***p < 0.001 compared with the control; #p < 0.05, ##p < 0
growth factor; SD, standard deviation; HFDPCs, human hair follicle dermal papilla cells; XT
number based on metabolic activity, and DNA synthesis, respec-
tively. As shown in Fig. 3A, treatment of HFDPCs with GEF
increased cell proliferation in a concentration-dependent manner
in the XTT-based assay. In the BrDU incorporation study, HFDPC
treatment with GEF also increased BrdU incorporation into a
newly synthesized DNA in a concentration-dependent manner
(Fig. 3B), indicating GEF-stimulated cell proliferation. Interest-
ingly, GEF-mediated cell proliferation was partially attenuated by
the LPA1/3 receptor antagonist, Ki16425, whereas LPA-mediated
cell proliferation was completely attenuated by the LPA1/3 re-
ceptor antagonist, raising a possibility that other components
in GEF, besides LPA, might be involved in the increased cell
HFDPCs. (A, B) HFDPCs were incubated with the control vehicle (control) or various
), the positive control. After 24 h of incubation, cell proliferation was determined by an
s also assessed 24 h later in the absence or presence of the LPA1/3 receptor antagonist
nal concentration 10 mM) (D). (E) HFDPCs were incubated with the control vehicle or
xidil (M), a positive control, on VEGF release. The degree of VEGF concentration was
diated VEGF release (F). Data represent the mean � SD of four to six independent ex-
.01, ###p < 0.001 compared with (�)Ki16425 or (�)BAPTA. VEGF, vascular endothelial
T, 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5 carboxanilide.
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proliferation (Fig. 3C). In addition, cotreatment of 1,2-Bis(2-ami-
nophenoxy)ethane-N,N,N0,N0-tetraacetic acid tetrakis(acetox-
ymethyl ester) (BAPTA-AM), which is a cell membranee
permeable Ca2þ chelator, with GEF-attenuated GEF-mediated cell
proliferation (Fig. 3D). These results indicate that GEF-mediated
transient [Ca2þ]i is coupled to cell proliferation by LPA receptors.
3.4. GEF enhances VEGF release from HFDPCs

In previous reports, we showed that GEF increased VEGF
release in nonneuronal and neuronal cells [25,26], and previous
reports also showed that VEGF is one of the growth factors
involved in the regulation of hair morphogenesis and hair
growth [24]. In the present study, we examined whether GEF
also stimulated VEGF release from HFDPCs. As shown in Fig. 6,
HFDPC treatment with GEF HFDPCs increased VEGF release, in a
concentration-dependent manner, but GEF-mediated VEGF
release was attenuated by BAPTA and Ki16425, indicating that
GEF-mediated VEGF release is associated with LPA receptore
transient [Ca2þ]i.
Fig. 4. Effect of gintonin-enriched fraction (GEF) on hair growth in C57BL/6 mice. (A) After
with the vehicle control, 0.75 or 1.5% GEF, or minoxidil (positive control) once a day for 13 da
Day 7. These pictures are representative samples. The volume used for topical treatment w
using the scoring guideline shown in the study by Park et al. [23]. Data represent the mean �
in each group was determined by measuring total hair weight at Day 13. *p < 0.001 comp
3.5. Effects of GEF on mouse hair growth and hair weight

To evaluate the hair growthepromoting activities of GEF, we
topically treated telogenic dorsal skins of C57BL/6 mice with the
control vehicle, different doses of GEF, or 1% minoxidil once a day
for 15 days. C57BL/6 mouse dorsal hair is known to have a 7-week,
time-synchronized hair growth cycle [23]. We considered using
skin pigmentation as evidence for hair growth, which is homoge-
nously bright pink, indicating that the cycle is in the telogen phase
and turns into gray/black in the anagen phase (Fig. 4). As shown in
Fig. 4, GEF and minoxidil treatment seemed to promote hair
regeneration in mice. Thus, GEF or minoxidil treatment started to
reveal gray skin at Day 7, but the control vehicle group still main-
tained pink color on the dorsal region after depilation; short hair
shafts were seen on Day 9 after depilation, and their dorsal skins
were completely covered by visible hair shafts at Day 13 to 15. The
control vehicle group had large areas of skin that had no pigmen-
tation until Day 15. The hair scoring and total hair weight of the GEF
andminoxidil groups were also significantly different from those of
the control group (Fig. 4B). These results indicate that GEF has hair
growthepromoting effects in the mouse model.
synchronizing the telogen phase in mice, the dorsal skin of C57BL/6 mice was treated
ys. GEF and minoxidil treatment facilitated hair growth unlike the control vehicle from
as 200 mL. (B) Left panel: visual scoring of the hair growthepromoting effect of GEF by
SD. #p < 0.01, ##p < 0.001 compared with the control vehicle. Right panel: hair growth

ared with the control vehicle (n ¼ 8). SD, standard deviation.



Fig. 5. The representative H&E staining and BrdU incorporation of skin sections from C57BL/6 mice in each group. (A) The part dyed in strong purple color is the hair follicle.
GEF and minoxidil treatment showed stronger H&E staining in hair follicles than the control vehicle. The scale bar is 100 mm. (B) The representative BrdU-labeled hair follicle
cells of skin sections from C57BL/6 mice at Day 2, 9, and 15 in each group. The part dyed in strong brown color is BrdU-incorporated mitotic cells in hair follicles. GEF treatment
on Day 9 showed stronger BrdU staining in hair follicle cells than that after control vehicle treatment. The scale bar is 25 mm. H&E, hematoxylin and eosin; GEF, gintonin-
enriched fraction.
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3.6. Effects of GEF on the movement from the telogen to anagen
phase

Then, we examined the effects of GEF and minoxidil on hair
follicle formation, which shows whether GEF or minoxidil induces
movement from the telogen to the anagen phase. As shown in
Fig. 5A, topical application of GEF or minoxidil significantly
increased the number of hair follicles compared with that in the
control vehicle group, thereby promoting the hair growth cycle into
the anagen phase from the telogen phase. Histological studies also
showed that GEF markedly increased the depth and size of the hair
follicles compared with those observed with the control treatment
(Fig. 5A). Then, we examined the degree of time-dependent BrdU
incorporation among treatment groups. As shown in Fig. 5B, we
observed that there were a low number of BrdU-labeled mitotic
cells in hair follicles at Day 2 in the treatment groups. On Day 9, we
observed that the topical GEF treatment group had increased BrdU-
labeled hair follicle cells compared with those of the control vehicle
group. However, on Day 15, the degree of BrdU-labeled cells was
not different between the treatment groups, suggesting the notion
that GEF induces the early onset of anagen, from telogen, and
stimulates hair growth.

4. Discussion

Many people, even youngmen and women, suffer from hair loss
and hair color changes. Although recent studies have shown that
there are many reasons for human hair loss, one of the most likely
causes is stresses derived from a competitive society [27,28].
Current treatment for hair loss or alopecia includes direct implan-
tation of hair follicles or therapeutic intervention with drugs such
as finasteride or minoxidil [29]. Although these therapeutic drugs
show clinical efficacy, they cause potential adverse effects; the
long-term use of finasteride can cause erectile dysfunction and
depression. Minoxidil has been used for a long time, but its mo-
lecular mechanism of action is still unknown, and it induces skin-
related side effects. Thus, the use of current therapeutic agents is
limited, and it is necessary to develop new therapies to prevent hair
loss or to enhance hair growth to mitigate hair loss. A line of evi-
dence showed that ginseng extract could be a candidate to sub-
stitute chemical compounds to promote hair growth, but its active
component and the underlying mechanisms are still unknown [21].
In the present study, we investigated the effects of GEF on in vitro
and in vivo hair growth using HFDPCs and experimental animals,
respectively.

We first examined the in vitro effects of GEF on HFDPCs, which
are known as the main mesenchymal components for hair growth,
are located at the deepest end of the hair follicle, and are thought to
play an essential role in the induction of new hair follicles and
maintenance of human hair growth [30,31]. We found that GEF, but
not ginsenoside, treatment induced transient [Ca2þ]i and stimu-
lated cell proliferation in HFDPCs. GEF-mediated HFDPC prolifera-
tion was attenuated by BAPTA, indicating that GEF-mediated, but
not ginsenoside-mediated, transient [Ca2þ]i is linked to the stim-
ulation of in vitro proliferation of HFDPCs. GEF-mediated HFDPC
proliferation was only slightly, but significantly, blocked by the
LPA1/3 receptor antagonist Ki16425, indicating that HFDPCs ex-
press LPA1/3 receptor and LPA6 receptor and that GEF stimulates



Fig. 6. A schematic illustration of GEF action on the promotion of hair growth. GEF-mediated activation of the LPA receptors such as LPA1, LPA3, and LPA6 is coupled to the
induction of transient [Ca2þ]i in HFDPCs and induces cell proliferation and VEGF release. These dual actions of GEF might contribute to the promotion of mouse hair growth. GEF,
gintonin-enriched fraction; HFDPCs, human hair follicle dermal papilla cells; LPA, lysophosphatidic acid; VEGF, vascular endothelial growth factor; BrdU, 5-bromo-20-deoxy-
uridine; PLC, phospholipase C; PIP2, phosphatidylinositol 4,5-bisphosphate; DAG, diacylglycerol; IP3, Inositol-1,4,5-trisphosphate.
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the in vitro proliferation of HFDPCs partially through LPA1/3 re-
ceptors without effects on LPA1/3 receptor expression levels
(Figs. 1e3 and Fig. S1).

VEGF plays an important role in angiogenesis and new blood
vessel formation [32]. Recent studies showed that the hair follicle
cycle is also closely associated with hair growth vascular networks
[33e37]. For example, in the anagen phase, VEGF mRNA is
expressed strongly in an HFDPC, whereas VEGF expression is
decreased in the catagen and telogen phases [35]. Thus, VEGF plays
a role as a growth factor for HFDPCs [36]. Interestingly, although
mechanisms involved in minoxidil-mediated promotion of hair
growth are relatively unexplored, one molecular mechanism is to
enhance the expression of VEGF in normal human hair follicles,
whichmay contribute to initiate the anagen phase from the telogen
phase [37]. In the present study, we also found that GEF increased
VEGF release fromHFDPCs (Fig. 3E). Thus, the effect of GEF on VEGF
release fromHFDPCs may contribute to twofold benefits via the LPA
receptor signaling pathway (Fig. 3F): One is to stimulate HFDPC
proliferation, and the other is to enhance VEGF release for the
conversion of HFDPCs into the anagen phase.

We further investigated whether GEF-mediated stimulation of
HFDPC proliferation is closely coupled to in vivo hair growth. As
shown in Fig. 4A, in vivo topical application of GEF promoted hair
growth in the synchronized telogen phase mice compared with
that in the control. The stimulating effect of GEF on hair growthwas
similar to that of minoxidil, which was used as a positive control for
hair growth. We found that the visual scores for hair growth were
significantly higher than those of the control vehicle group and that
the actual hair weight measured after 13 days was much higher
than that of control vehicle group (Fig. 4B). In addition, histological
studies showed that topical application increased the number of
hair follicles and BrdU incorporation (Fig. 5). These results suggest
that direct topical application of GEF on mouse skin could promote
hair growth.
In previous reports, we have shown that gintonin and GEF
exhibit many beneficial effects in animal models of neurodegen-
erative diseases, such as Alzheimer disease and Parkinson disease
[38e41]. Oral administration of gintonin or GEF mitigated Alz-
heimer disease neuropathies by inhibiting the accumulation of
amyloid plaques in mice via the activation of the nonamyloidogenic
pathway and improved cognitive functions in human dementia
[39,40]. One of the molecular mechanisms of anti-Alzheimer dis-
ease by GEF is to stimulate the proliferation of in vitro hippocampal
neural progenitor cells and in vivo hippocampal neurogenesis in the
hippocampus [22]. Interestingly, oral administration of GEF also
attenuated 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-
induced symptoms of Parkinson disease and its molecular mecha-
nisms included GEF-mediated antioxidant and antiinflammatory
activities in addition to activation of LPA receptors [40,41]. In cen-
tral and peripheral nervous systems, GEF stimulated VEGF release
from cortical astrocytes and protected astrocytes from hypoxic
damage via the VEGF receptor. GEF also stimulated peripheral
proliferation and migration of human umbilical vein endothelial
cells (HUVECs) and stimulated the release of VEGF for angiogenesis
[25,26]. The underlying ginseng-induced angiogenic effects were
achieved through gintonin-mediated proliferation, migration, and
VEGF release in HUVECs. In the present study, in addition to
beneficial effects on brain diseases, we further extended the bio-
logical roles of GEF to HFDPC proliferation and hair growth, which
is clinically applicable to treat human alopecia (Fig. 4). Taken
together, GEF-mediated stimulation of HFDPCs to induce transient
[Ca2þ]i, cell proliferation, and VEGF release could be some of un-
derlying molecular mechanisms of GEF-mediated promotion of
mouse hair growth (Fig. 6).

In summary, we have shown that GEF stimulates in vitro tran-
sient [Ca2þ]i, proliferation of HFDPC, VEGF release, and in vivo hair
growth in synchronized telogen phase mice. These results indicate
that GEF might be an active component involved in hair growth in
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Panax ginseng. Finally, GEF can be applied to humans for the pre-
vention of hair loss or the promotion of hair growth.
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