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Hair growth is promoted by BeauTop via
expression of EGF and FGF-7
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Abstract. Minoxidil and finasteride have been approved to treat
hair loss by the Food and Drug Administration. However, the
furtherelucidation of treatments for hairloss, including those using
Chinese herbal medicine, remains important clinically. BeauTop
(BT) is a health food supplement which contains Ginseng radix,
Astragali radix, Radix Angelicae sinensis, Ligustri fructus,
Rehmannia glutinosa and Eclipta prostrata (Linn). Susbsequent
to oral administration of BT at 0.6 g/kg/day to wax/rosin-induced
alopecia in C57BL/6 mice, BT significantly induced hair growth
at day 8 compared with control treatment (P<0.05). The expres-
sion levels of epidermal growth factor (EGF), and fibroblast
growth factor (FGF)-7 were increased compared with control
animals on day 8. In contrast, levels of FGF-5 of the BT group
were reduced compared with the control on day 12. There were
no effects on the expression of insulin-like growth factor 1.
The results demonstrated that the mechanism of BT improving
alopecia is potentially associated with modulation of EGF and
FGF-7 levels. Taken together, it is suggested that BT may have a
potential effect of the promotion of hair growth.

Introduction

Hair is a key component of an individual's appearance, and
in addition to protection, hair serves a role in social commu-
nication (1). Considering the psychological effects, hair loss
has been associated with a reduction in self-esteem. There are
three phases in the hair growth cycle including the anagen,
catagen and telogen phases, and the hair growth cycle is regu-
lated by several growth factors, including epithelial growth
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factor (EGF), insulin-like growth factor (IGF)-1, fibroblast
growth factor (FGF)-5 and -7 (2-4). Dysregulation of growth
factors results in hair loss.

At present, only two drugs, minoxidil and finasteride, are
licenced for the treatment of hair loss by the United States Food
and Drug Administration. There are several disadvantages
to the use of finasteride, including orthostatic hypotension,
chills, cold sweats and confusion. Side effects associated with
minoxidil include a burning or itching sensation of the skin
around the treated area, and hair feeling dry, straw-like and
dull subsequent to termination of the treatment (5). Therefore,
it is important to seek alternative strategies for the treatment
of hair loss, with high efficacy and fewer side effects. The use
of traditional Chinese herbal medicines has been regarded
safe for use in and complementary medicine in various
diseases. BeauTop (BT) is mixture of a variety of Chinese
herbs including Ginseng radix, Astragali radix, Radix Angel-
icae sinensis, Ligustri fructus, Rehmannia glutinosa and
Eclipta prostrata (Linn). A previous study demonstrated that
there was non-toxicity using BT in a Wistar rat model (6). The
aim of the current study was to evaluate the promotion of hair
growth by BT in C57BL/6 mice and the mechanism involved,
for consideration of BT as a potential therapeutic medication
for alopecia.

Materials and methods

Animals. Female 8-week-old C57BL/6 mice weighing 15-20 g
were purchased from the National Laboratory Animal
Center (Taiwan, China). Mice were fed the standard labora-
tory diet and water ad libitum and housed under the 12 h
light/dark cycle and 21+1°C in the Animal Technology Insti-
tute (Taiwan, China). Susbequent to euthanasia, specimens of
full-thickness skin and subcutaneous tissue were harvested
and stored at -80°C. This study was approved by the ethics
committee of Agricultural Technology Research Institute
(protocol no. 97011) (Miaoli, Taiwan).

Preparation of BT. BT is composed of Ginseng radix,
Astragali radix, Radix Angelicae sinensis, Ligustri fructus,
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Rehmannia glutinosa and Eclipta prostrata (Linn) at a ratio of
7:9:7:10:7:10. All components were purchased from a Chinese
herbal shop (Sun Ten Pharmaceutical Co. Ltd., Taiwan,
China). BT at 100 mg was prepared as a mixture of the above
components and was extracted with 1 1 of distilled water at
100°C. The aqueous extracts were powdered by heating in a
rotary vacuum evaporator. BT powder was then dissolved in
distilled water.

Murine model and grouping of wax/rosin-induced alopecia.
The procedures for induction of alopecia by wax/rosin in mice
were performed as described previously (7). A total of 36 mice
were divided into the control and BT groups (18 mice/group).
Mice were anesthetized with Avertin® (2,2,2-tribromoethanol;
Sigma-Aldrich; Merck Millipore, Darmstadt, Germany)
by intraperitoneal injection at a dose of 250 mg/kg. The
wax/rosin mixture was applied to the dorsal skin of mice and
each depilatory area was fixed in 4 cm? area. The procedure
induced hair follicles to enter into telogen phase, as evidenced
by the homogeneously pink skin color on the depilatory area.
When the wax/rosin mixture removed all hair shafts, this
immediately causes homogeneous anagen development over
the depilated area. A solution of BT was orally administrated
at a dose of 0.6 g/kg, while the control group was treated with
distilled water of the same volume. Each group was treated
once daily for 12 consecutive days. Mice were sacrificed by
being placed in a CO, gas chamber.

Photo documentation. Photographs were documented on
days 4, 8 and 12 to provide a record of changes in hair growth.
Images were captured with a Canon PowerShot A470 camera on
a Medalight Slim Light Panel. Photographs were analyzed by
gray scale analysis and light absorption within specified regions
was quantified using Image-Pro Plus software version 7.0
(Media Cybernetics, Inc., Rockville, MD, USA), with greater
absorption corresponding to increased hair growth.

Expression of growth factors via immunohistology. Mice were
sacrificed at days 4, 8 and 12, 6 mice at each time point. The
specimens of full-thickness skin and subcutaneous tissue from
the dorsal region were obtained. The specimens were fixed
in 4% paraformaldehyde at 4°C overnight and processed for
paraffin sectioning. The longitudinal slices were processed for
routine immunohistological analysis then were preincubated
with ready-to-use blocking solution (Immunotech, Hamburg,
Germany), followed by an incubation with anti-EGF (Novus
Biologicals LLC, Littleton, CO, USA), anti-IGF-1, anti-FGF-5
and anti-FGF-7 antibodies (Abbiotec LLC San Diego, CA,
USA). Development was performed using a diaminobenzidine
tetrahydrochloride kit (Vector Laboratories, Inc., Burlin-
game, CA, USA). An Olympus microscope equipped with an
AxioCam ICc 3 imaging system was used to randomly screen
the field. Image-Pro Plus software was used to calculate the
percentage color area.

Statistical analysis. Data are presented as the mean + stan-
dard deviation unless otherwise stated. Comparison between
groups was performed using independent t-test analysis for
comparison of treatment and control groups (SPSS software,
version 12.0; SPSS, Inc., Chicago, IL, USA).
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Results

Effect of BT on hair growth in mice model. The results of the
hair follicle counting demonstrated that the BT group was
significantly higher than control group on day 8 (P<0.05;
Fig. 1). These results indicated that BT possessed superior hair
growth properties compared with the control.

Effect of BT on EGF expression. The expression levels of EGF
in the BT treatment group on day 8 were higher compared
with the control (Fig. 2A). According to the experimental
data, it was suggested that BT induced EGF production at
the depilation area of the hair follicle around day 8 (P<0.05;
Fig. 2B and C). However, BT did not influence on EGF expres-
sion on day 12 (Fig. 2B).

Effect of BT on IGF-1 expression. Up to day 12, BT did not
result in a significant change to the IGF-1 expression levels, as
presented in Fig. 3.

Effect of BT on FGF-5 expression. The expression levels of
FGF-5 in the BT treatment group on day 8 were observed to
exhibit a lower area percentage compared with the control
(Fig. 4A). According to the experimental data, it was suggested
that BT reduced the FGF-5 production at the depilation area
of the hair follicle around day 12 (P<0.05; Fig. 4B and C).
However, BT did not influence on FGF-5 expression on day 8
(Fig. 4B).

Effect of BT on FGF-7 expression. The expression levels of
FGF-7 in the BT treatment group on day 8 presented with a
higher area percentage compared with the control (Fig. 5A).
According to the experimental data, it was presumed that BT
induced the FGF-7 production at the depilation area of hair
follicle around day 8 (P<0.05; Fig. 5B and C). However, BT did
not influence FGF-7 expression at day 12 (Fig. 5B).

Discussion

Hair follicle counts demonstrated that the BT group was
significantly higher than control on day 8. From histopatho-
logical results, EGF and FGF-7 of the BT group on day 8
presented with a higher area percentage than control, respec-
tively. These data suggested that BT may induce the EGF and
FGF-7 production at the depilation area of hair follicles around
day 8, and additionally may reduce the FGF-5 production on
day 12.

The primary ingredients of BT include Ginseng radix,
Astragali radix, Radix Angelicae sinensis, Ligustri fructus,
Rehmannia glutinosa and Eclipta prostrata (Linn). Angiogen-
esis serves an important role in a wide range of physiological
processes and numerous diseases are associated with dysregu-
lation of angiogenesis. Ginsenoside-Re is one of the major
active components of saponin in Panax ginseng. Angiogenesis
in the ECMs was significantly enhanced by loading with
basic FGF or ginsenoside-Re (8). Promotion of basal cell
proliferation and angiogenesis by the Astragali radix extracts
was marked in the early stages of wound healing, resulting in
a significant reduction in the duration of the wound-healing
process (9). Astragali radix contains quercetin, which has
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Figure 2. (A) Immunohistochemistical stains of epidermal growth factor. (B) The level of EGF on days 8 and 12. (C) Differences in the endpoints between
days 12 and 8. BT, BeauTop.

been demonstrated to posess anti-inflammatory properties. As  the activation of NF-kB, a transcription factor that stimulates
an anti-inflammatory, quercetin has been observed to inhibit  the production of proinflammatory cytokines including tumor
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Figure 3. (A) Immunohistochemistical stains of IGF-1. (B) The level of IGF-1 on days 8 and 12. (C) Differences in endpoints between days 12 and 8. IGF-1,

insulin-like growth factor 1; BT, BeauTop.
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Figure 4. (A) Immunohistochemistical stains of FGF-5. (B) The level of FGF-5 on days 8 and 12. (C) Difference in endpoints between days 12 and 8. FGF,

fibroblast growth factor; BT, BeauTop.

necrosis factor (TNF)-a and interleukin (IL)-1, IL-2 and
IL-6 (10). The natural compound quercetin has been previ-
ously suggested to possess potential effects for alopecia areata
(AA) (11). During the catagen stage in mice, hair follicles are
also destroyed by an inflammatory-cell infiltrate, in an apparent
physiological process of programmed organ deletion (12).
From the above information, it was hypothesized that BT may
have potential for treatment of AA and androgenetic alopecia

(AGA) though the immunomodulatory effect protecting hair
follicles from immune attacks. BT was additionally suggested
to act through anti-inflammatory properties to protect hair
follicles from inflammation, which may be beneficial in AGA,
however further studies are required in order to evaluate this.
The effects of Rehmannia glutinosa oligosaccharide (RGO),
a traditional Chinese medicine, have been investigated on
the proliferation, H,0,-induced apoptosis and secretion of
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Figure 5. (A) Immunohistochemistical stains of FGF-7. (B) The levels of FGF-7 on days 8 and 12. (C) Differences in endpoints between days 12 and 8. FGF,

fibroblast growth factor; BT, BeauTop.

vascular endothelial growth factor (VEGF) and hepatocyte
growth factor (HGF) of human adipose-derived mesenchymal
stem cells (ADMSCs) in vitro. One study demonstrated that
RGO may increase the viability and proliferative capacity and
alleviate H,0,-induced apoptosis of human ADMSCs via the
paracrine release of VEGF and HGF. These results indicate
that RGO application will enhance stem cell viability and
improve their effects in cell therapy (13). Butanol extracted
from Eclipta prostrata (Linn) has been demonstrated to
produce an anti-oxidative effect in cesarean-derived rats, and
saponin is a primary ingredient in butanol extract, which has
been observed to result in in-vitro anti-oxidative effects (14).
Further study is required to determine whether these effects
are associated with the effect of BT on improving AGA.
Normal expression of both EGF and its receptor (EGFR)
in the outer root sheath has been identified to be downregu-
lated with the completion of follicular growth, and continuous
expression of EGF in hair follicles of transgenic mice arrested
follicular development at the final stage of morphogen-
esis (15). Binding of EGF or of transforming growth factor a
or other associated factors activates the receptor and induces
cell proliferation and differentiation (16). The TNF-a-induced
activation of the extracellular signal-related kinase/guanine
nucleotide exchange factor Hl/ras homolog family member A
pathway in tubular cells is mediated through Src- and TNF-a
convertase enzyme-dependent EGFR activation. This mecha-
nism may couple inflammatory and proliferative stimuli and,
thus, may serve a key role in the regulation of wound healing
and fibrogenesis (17). From the results of the current study,
BT induced the EGF production significantly at the depilation
area of hair follicles around day 8, however did not cause a
significant change on day 12. It was demonstrated that the
BT has the potential effect to improve hair growth through
upregulating the expression of EGF. In the cycle of normal hair

follicles, the expression in EGF will stop increasing to avoid
the overgrowth of hair; and it was observed that the expression
of EGF did not significantly increase with BT on day 12.

The IGF-1 receptor (IGF-1R) is the only IGF receptor to
have IGF-mediated signaling functions. In circulation, this
growth factor mediates endocrine action of growth hormones
on somatic growth and is bound to specific binding proteins.
The latter control IGF transport, efflux from vascular
compartments and association with cell surface receptors. In
tissues, IGF-1 is produced by mesenchymal type cells and acts
in a IGF-1 paracrine and autocrine fashion by binding to the
IGF-1R. This binding activates the receptor tyrosine kinase
that triggers the downstream responses and finally stimulates
cell division (18). The androgen metabolite dihydrotestos-
terone (DHT) inhibits hair growth by negatively modulating
growth-regulatory effects of dermal papillae. DHT may
reduce IGF-1 production in dermal papillae by inhibiting
sensory neuron stimulation through interaction with the
androgen receptor, thereby inhibiting hair growth in mice (3).
According to the experimental data, BT did not induce IGF-1
production significantly on day 8 or 12. It is suggested that
BT may improve hair growth through mechanisms other than
IGF-1.

The growth and development of hair follicles is influenced
by a number of different growth factors and cytokines, partic-
ularly members of the FGF family (19). FGF-5 is a secreted
signaling protein and inhibits hair elongation, which is
suggested to be viaregulating a step in the progression (20). FGF
signal transduction involves ligand binding to a high-affinity
receptor-tyrosine kinase. FGF-5 RNA was detected in the
outer root sheath surrounding the transient portion of the
follicle and also in a small population of cells at the base of
the follicle in a previous study (21). It has been reported that
the gene for murine FGF-5 is expressed in the rat hair follicle


https://www.spandidos-publications.com/10.3892/mmr.2018.8917

8052

and that this expression may be associated with catagen induc-
tion (20). Mutational analysis has demonstrated that FGF
signaling mediated by FGF-5 serves a key role in regulating
the transition from anagen to catagen (21), and FGF-5 has been
demonstrated to be a particularly potent inhibitory factor (22).
Other FGF family members that are expressed during the hair
growth cycle are FGF-1, FGF-2 and FGF-7 (21). Keratinocyte
growth factor, also known as FGF-7, is synthesized by skin
fibroblasts (21). The 18.9 kD member of the FGF family has
been demonstrated to selectively induce keratinocyte prolif-
eration and differentiation in tissue culture (23). From the
results of the current study, it is suggested that BT induced the
FGF-7 production at the depilation area of hair follicles around
day 8. FGF-5 is potent inhibitor, and it was identified that BT
reduced the FGF-5 production on day 12. This indicated that
BT additionally has potential to improve hair growth through
upregulating the expression of FGF-7 on day 8 and downregu-
lating expression of FGF-5 on day 12. In the cycle of normal
hair follicles, the expression of FGF-7 will stop increasing
to avoid the overgrowth of hair, and it was observed that the
expression of FGF-7 did not significantly increase in the BT
group on day 12.

These studies in mice indicated a significant increase in
the number of follicles per unit area in the BT group compared
with the controls on day 8. Thus, BT has the potential to
improve hair growth through upregulating the expression of
EGF and FGF-7 and through downregulating the expression of
FGF-5. However, no clinical trial investigating the use of BT
and its effects of inhibiting human alopecia or promoting hair
growth has been conducted, thus a trial should be undertaken
in order to verify the effects of BT in humans.

These results have demonstrated that the mechanism of
action of BT in improving AGA is potentially associated with
EGF, FGF-5 and FGF-7. Taken together, these results suggest
that BT has the potential effect of promoting hair growth.
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