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Baicalin increases hair follicle development by increasing
canonical Wnt/f-catenin signaling and activating
dermal papillar cells in mice
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Abstract. Baicalin is a traditional Chinese herbal medicine
commonly used for hair loss, the precise molecular mechanism
of which is unknown. In the present study, the mechanism of
baicalin was investigated via the topical application of baicalin
to reconstituted hair follicles on mice dorsa and evaluating
the effect on canonical Wnt/f3-catenin signaling in the hair
follicles and the activity of dermal papillar cells. The results
indicate that baicalin stimulates the expression of Wnt3a,
Wnt5a, frizzled 7 and disheveled 2 whilst inhibiting the
Axin/casein kinase la/adenomatous polyposis coli/glycogen
synthase kinase 3f degradation complex, leading to accumula-
tion of 3-catenin and activation of Wnt/B-catenin signaling. In
addition, baicalin was observed to increase the alkaline phos-
phatase levels in dermal papillar cells, a process which was
dependent on Wnt pathway activation. Given its non-toxicity
and ease of topical application, baicalin represents a promising
treatment for alopecia and other forms of hair loss. Further
studies of baicalin using human hair follicle transplants are
warranted in preparation for future clinical use.

Introduction

Hair is one of the unique characteristics of mammals and is a
marker of individual health as it serves multiple physiological
functions, including protecting the body from environmental
insults and providing thermal regulation (1). Alopecia, or
spot baldness, is a common and incurable disease that can
appear early in life, for which there are limited treatment
options (2). Traditional Chinese herbal medicines, including
Scutellaria baicalensis have been used as treatments for hair
loss and may be advantageous as they are safe, have minimal
toxicity and fewer side effects, and are economical. Baicalin
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is an active ingredient that is found in several species in the
genus Scutellaria, including Scutellaria baicalensis (3). It has
also been reported that Baicalin exerts potent biological activi-
ties, including antiviral (4) and antitumor effects (5). A study
by Shin et al (6) revealed that topical use of baicalin promoted
anagen induction in C57BL/6 mice by increasing the activity
of dermal papilla cells. Another study by a Chinese research
group demonstrated that baicalin promotes the growth of
cultured human scalp hair follicles in vitro, likely by inducing
the secretion of vascular endothelial growth factor (VEGF)
from dermal papilla cells (7). Baicalin has been reported to
activate the Wnt/B-catenin signaling pathway and increase
the activity of alkaline phosphatase (ALP) in dermal papillar
cells (DPCs), which facilitates their differentiation (6,8). In
the present study, a novel model was devised by dissecting the
dermis and epidermis of neonatal mice, obtaining single cells
from each and then grafting the mixture of cells onto the dorsa
of immunodeficient mice in specified proportions (9). This
reconstituted model of mouse hair follicle growth accurately
simulates the induction, organogenesis and cell differentiation
stages of hair follicle morphogenesis (10,11). In order to eluci-
date the molecular mechanism(s) underlying baicalin-induced
hair growth, baicalin was applied topically to the reconsti-
tuted hair follicles and its effects on canonical Wnt signaling
and dermal papilla cell activity was evaluated.

Materials and methods

Animal experiments. A total of 45 6-week-old female
BALB/c-nu mice (weight, 18-20 g) were purchased from
Vital River Corporation (Beijing, China) and housed at a
constant temperature (23°C) and humidity (55%) with a
12 h light/dark cycle and free access to food and water. A
total of 45 1-day-old female C57BL/6 mice (mean weight,
1.3+0.21 g) were purchased from the Centre of Disease
Control of Hubei Province (Wuhan, China) and housed
as above. Dermal and epidermal cells were isolated from
skin of C57BL/6 mice grafted to excision wounds on the
dorsa of BALB/c-nu mice in a 1:1 ratio, on which a silicon
chamber (cylindrical shape, 20 mm inner diameter and
19.07 mm height, with a 2.5 mm hole bored through the
top; Cole Equipment Co., Ormond Beach, FL, USA) was
implanted as described previously (9,10). The number of
dermal and epidermal cells injected into a silicon chamber
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was 2.5x109 each. All procedures followed the protocols
described previously (9,10). Following surgery, BALB/c-nu
mice were divided into five groups: The negative control
group, treated with vehicle; the positive control group, treated
with 100 gmol of Minoxidil (Wuhan Galaxy Pharmaceutical
Chemical Raw Materials Co., Ltd., Wuhan, China); the B50
group, treated with 50 ymol of baicalin (Chengdu Must
Bio-Technology Co., Ltd., Chengdu, China); the B100 group,
treated with 100 gmol of baicalin; and the B+IWR-1 group,
treated with 100 gmol baicalin+1 gmol IWR-1 (Sigma
Aldrich; Merck KGaA, Darmstadt, Germany). All reagents
were dissolved in 50% ethanol in PBS. An equal amount of
the aqueous solution (50% ethanol in PBS) was used as the
vehicle control. At 1 week post-surgery, the domes of the
silicon chambers were removed. At 2 weeks post-surgery,
when black hair began to emerge on the dorsa of the mice,
the treatments were initiated by applying 100 ul of respective
treatment solutions or vehicle to the wound site once daily for
2 weeks. Images were captured 0, 14 and 28 days following
grafting. On day 28 the mice were sacrificed and the dorsal
skins were harvested and flash-frozen in liquid nitrogen or
fixed in 4% formaldehyde at room temperature for 48 h.
The number of hair follicles in the 10x10 mm wound site
was quantified using ImageJ densitometry software Imagel
(Version 1.46r; National Institutes of Health, Bethesda,
MD, USA). All experiments were performed according to
the guidelines of the National Institutes of Health and the
protocol was approved by the Institutional Animal Care and
Use Committee of Wuhan University Laboratory Animal
Research Center (Wuhan, China; permit number: 11203A).

Histology. Formaldehyde-fixed paraffin-embedded dorsal
skins were hydrated with ethanol and 4 ym sections were cut
longitudinally along the hair follicles, which were subsequently
stained with hematoxylin and eosin (H&E) for 5 and 2 min at
room temperature, respectively. Digital images were captured
using a Nikon E100 light microscope (Nikon, Tokyo, Japan) at
x100 and x200 magnification.

Histochemistry. Cryosections (6 ym) were placed in deionized
water for 5 min at 20°C, and stained using the BCIP/NBT kit
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China) at room temperature for 30 min according to the manu-
facturer's protocol. Digital images captured using an Olympus
BX53 light microscope (Olympus Corp., Tokyo, Japan) at x40
and x100 magnification.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
isolated from the skin tissues using TRIzol reagent
(Thermo Fisher Scientific, Inc., Waltham, MA, USA)
according to the manufacturer's protocol. Total RNA (2.5 ug)
was reverse-transcribed (25°C for 5 min, 50°C 15 for min,
85°C for 5 min and 4°C for 10 min) using the HiScript Reverse
Transcriptase (RNase H) kit (Vazyme, Piscataway, NJ, USA)
according to the manufacturer's protocol. In order to determine
the internal control (B-actin), the semi-quantitative RT-PCR
was performed using the following temperature protocol:
Denaturation at 94°C for 30 sec, annealing at 56°C for 30 sec,
extension at 72°C for 25 sec for 30 cycles, and a final extension
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at 72°C for 4 min. RT-qPCR was performed using SYBR-
Green Master Mix (Vazyme). Thermoycling conditions were
as follows: 2 min at 50°C and 10 min at 95°C followed by
40 cycles of 95°C for 30 sec and 60°C for 30 sec. The following
primers were used: f-actin, forward 5'-CACGATGGAGGG
GCCGGACTCATC-3' and reverse 5“-TAAAGACCTCTA
TGCCAACACAGT-3'"; Wnt3a, forward 5-GGGGATTTC
CTCAAGGACAAGT-3' and reverse 5“TTAGGTTCGCAG
AAGTTGGGTG-3"; Wnt5a, forward 5-AAAGGGAACGAA
TCCACGCTAA-3' and reverse 5-CCAGACACTCCATGA
CACTTACAG-3; frizzled 7, forward 5-GGCGTCTTCAGC
GTGCTCTAC-3' and reverse 5'-CCCACGATCATGGTCATC
AGGTAC-3"; disheveled 2, forward 5'-CCATCCCAAACG
CCTTTCTAG-3' and reverse 5-"AGTAATCTTGTTGACGGT
GTGC-3'; glycogen synthase kinase (GSK)3p, forward 5'-ATC
CTTATCCCTCCACATGCTCG-3' and reverse 5-CGTTAT
TGGTCTGTCCACGGTCT-3"; B-catenin, forward 5'-GTG
CTGGTGACAGGGAAGACA-3' and reverse 5-GGATGG
TGGGTGCAGGAGTTT-3"; lymphoid enhancing binding
factor 1 (LEF1), forward 5-~ATCAAATAAAGTGCCCGT
GGTGC-3' and reverse 5'-CTGGACATGCCTTGCTTGGAG
TT-3"; and alkaline phosphatase (ALP), forward 5'-GCAAGG
ACATCGCATATCAGCTAA-3' and reverse 5“TTCAGTGCG
GTTCCAGACATAG-3'. Differences between the samples
and controls were analyzed by RT-qPCR using amplification
curve. The relative amount of mRNA was calculated using the
2444 method with B-actin as the reference gene (12).

Western blotting. The nuclear and cytoplasmic reagent
kit (KGP150; Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China) was used to extract nuclear and cytoplasmic proteins
according to the manufacturer's protocol. A total of 40 ug per
lane was separated by % SDS-PAGE and transferred onto a
polyvinylidene fluoride membrane. After blocking with 5%
nonfat dry milk in TBST for 2 h at room temperature, the
membrane was incubated with primary antibodies against
the following: p-actin (BM0627; 1:200), lamin (BA1228;
1:200), Wnt3a (BA2628-2; 1:300), Wnt5a (155184-1-AP;
1:1,000) frizzled 7 (16974-1-AP; 1:2,000), disheveled 2
(12037-1-AP; 1:2,000), GSK3p 1 (22104-1-AP; 1:2,000),
[-catenin (51067-2-AP; 1:5,000) LEF1 (14972-1-AP; 1:500)
and ALP (11400-1-AP; 1:1,000; all Wuhan Proteintech
Co., Ltd., Wuhan, China) overnight at 4°C. Horseradish
peroxidase-conjugated goat anti-mouse antibodies (BA1051;
1:50,000; Wuhan Boster Biological Technology Co., Ltd.,
Wuhan, China) were used as the secondary antibody and
were incubate with the membrane at room temperature
for 2 h. The membranes were washed five times for 5 min
each time with TBST, and developed using an ECL Plus
kit (NCI5079; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. The relative band densities
were determined using a BandScan system version 4.30
(Thermo Fisher Scientific, Inc.).

Statistical analysis. Statistical analyses were performed with
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Data are
presented as the mean + standard deviation. Groups were
compared using a one-way analysis of variance with a post hoc
Student-Newman-Keul test. P<0.05 was considered to indicate
a statistically significant difference.
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Figure 1. Morphological features of hair follicles on mice dorsa. Female BALB/c-nu mice were grafted with isolated dermal and epidermal cells from the
skin of C57BL/6 mice. A 2 weeks post-grafting, the appropriate topical treatments were applied once daily to mice in each group. (A) Representative image
of a mouse on day 14 following engraftment, pre-treatment. (B) Representative frontal and lateral images of mice in the Minoxidil, B100, B50, control and
B +IWR-1 groups on day 28 following engraftment. (C) The number of hair follicles in each group. (D) Representative histological images of hematoxylin and
eosin stained dorsal skin sections (magnification, x100). Data are presented as the mean + standard error of the mean from 3 independent experiments. Control
mice were treated with the vehicle only. "P<0.05 and “P<0.01. Minoxidil, 100 zmol Minoxidil treatment; B50, 50 zmol baicalin treatment; B100, 100 zmol
baicalin treatment; B+IWR-1, 100 ymol baicalin and 1 ymol IWR-1 treatment.

Results

Effects of baicalin on the morphology of developing hair
follicles. The progression of hair follicle development in mice
was evaluated by images captured on the day of grafting and
14 and 28 days following engraftment. The hair shaft emerged
on the mice dorsa at 14 days post-engraftment (Fig. 1A).
This point represents the initiation of the anagen stage of
the hair follicle cycle, at which point the treatment regime
was begun. On day 28, following 14 days of treatment, the
content of the hair shafts was significantly increased in the
B50, B100 and Minoxidil-treated groups compared with the
control group (Fig. 1B and C). The baicalin+IWR-1 group
exhibited significantly fewer hair shafts compared with the
control (Fig. 1B and C), which was expected as Wnt signaling
is inhibited by IWR-1 (13). To further assess the number and

size of hair follicles, skin biopsy sections were obtained from
the mice and stained with H&E. The skin biopsy analysis
confirmed that the number and size of hair follicles were mark-
edly increased in the B50, bl00 and Minoxidil-treated group
compared with the control group, whereas the B +IWR-1
group had the fewest and smallest hair follicles (Fig. 1D). No
apparent differences in the histology were observed between
the B50, B100 and Minoxidil-treated groups, although
both were distinguishable from the control and B +IWR-1
groups (Fig. 1D).

Baicalin modulates the Wnt/f3-catenin pathway in mice. To
determine whether baicalin modulates the Wnt/B-catenin
pathway in developing hair follicles, the expression of pathway
components were measured at the mRNA and protein levels.
The mRNA levels of Wnt3a, Wnt5a, frizzled 7, disheveled 2,



2082 XING et al: BAICALIN INCREASES HAIR FOLLICLE DEVELOPMENT

Wnt5a Frizzled 7 Disheveled 2
8 §2° 5§25 1§
2 %20 %20 : i
g & g g
e LRE 15 e
g g 10 10 g
E E E E
g 2o0s £os £
3 3 3 3
@ c 0.0 o 0.0 [
5 F @ @ - 5 5 @ @ « 5T 5 2 @ =« P 5 9 2 -«
£ 22¢ £Eg 22 EEEE £Eg22¢g
S 252 825 &2 S 252 8§ E§ s 2
= 58a = 38a = 3 8a Eﬁsnﬁ
e g e 3 e 3 £
GSK3p [}-catenin LEF1
g 20 £25 i £ 25 =
» {20 20
g 8 g
215 15
£ 10 1.0
00.5 k) @«
2 Z 05 = 05
£ 0.0 £ 0.0 € 0.0
E TR E - BT R &8 ¢ T E®E 8 8 %
£ 3 = £ = o £ % - o
§ 25 c¢= §2§cz §E 5=z
S84 = $ 84 2 £ 8a
3 3 8 3 3

Bai

Figure 2. Effects of baicalin on the expression of genes associated with hair growth in reconstituted mouse skin tissue. Levels of Wnt3a, Wnt5a, frizzled 7,
disheveled 2, GSK3p, p-catenin and LEF1 mRNA in reconstituted mouse skin tissue as measured using reverse transcription polymerase chain reaction.
Control mice were treated with the vehicle only. "P<0.05 and “P<0.01. GSK, glycogen synthase kinase; LEF, lymphoid enhancing binding factor; Minoxidil,
100 gmol Minoxidil treatment; B50, 50 gmol baicalin treatment; B100, 100 zmol baicalin treatment; B+ IWR-1, 100 gzmol baicalin and 1 gmol IWR-1 treatment.
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Figure 3. Effects of baicalin on the expression of genes associated with hair growth in reconstituted mouse skin tissue. Levels of Wnt3a, Wnt5a, frizzled 7,
disheveled 2, GSK3, B-catenin and LEF1 protein in reconstituted mouse skin tissue as measured using western blotting. Control mice were treated with the
vehicle only. "P<0.05 and “"P<0.01. GSK, glycogen synthase kinase; LEF, lymphoid enhancing binding factor; Minoxidil, 100 zmol Minoxidil treatment; B50,
50 umol baicalin treatment; B100, 100 gmol baicalin treatment; B+ IWR-1, 100 gmol baicalin and 1 gmol IWR-1 treatment.
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p-catenin and LEF1 were significantly increased in the
B50, B100 and Minoxidil-treated groups compared with the
control and B +IWR-1 groups, whereas the mRNA level of
GSK3p was significantly decreased in the B50, B100 and
Minoxidil-treated groups compared with the control and
B +IWR-1 groups (Fig. 2). Western blotting results were
similar to the mRNA levels, as protein levels of Wnt3a,
Whnt5a, frizzled 7, disheveled 2, f-catenin (cytoplasmic
and nuclear) and LEF1 were significantly increased in the
B50, B100 and Minoxidil-treated groups compared with the
control and B+IWR-1 groups, whereas the level of GSK3p3
protein was significantly decreased in the B50, B100 and
Minoxidil-treated groups compared with the control and
B+IWR-1 groups (Fig. 3).

Baicalin upregulates the activity of DPCs in mice. ALP
is a marker of DPCs and its expression level is representa-
tive of the activity of DPCs. The mRNA levels of ALP were
significantly increased in the skin tissues of mice in the
B50, B100 and Minoxidil-treated groups compared with
the control and B+IWR-1 groups (Fig. 4A). The level of
ALP was also significantly increased in the skin tissues
of the B50, B100 and Minoxidil-treated groups compared
with the control and B +IWR-1 groups (Fig. 4B and C).
Furthermore, and consistent with the prior results, ALP
activity in hair follicles as detected by staining was markedly
increased in the B100 compared with the control group (Fig. 4D).

Discussion

Alopecia is a common and incurable disease that affects ~2%
of all people worldwide at some point in their lifetime, for
which there is currently no effective treatment (14). Based on its
pharmaceutical properties and hair follicle growth promoting
activity, baicalin, a primary active constituent of the traditional
Chinese herbal medicine Scutellaria baicalensis may be an
effective alopecia treatment. In the present study, baicalin was
topically applied to reconstituted hair follicles on mice dorsa
to investigate its effects on canonical Wnt/f3-catenin signaling
as well as its effects on DPCs. The dosages of baicalin selected
50 and 100 gmol were based on a previous study (6), in which
dosages of 5 to 100 gmol baicalin were found to be nontoxic
to DPCs as assessed using an MTT cell viability assay. The
administration of Minoxidil and IWR-1, which is an antago-
nist of Wnt signaling, was also performed in accordance with
prior reports (15,16).

The results of the present study demonstrate that baicalin
promotes the growth of hair follicles likely via activation of
Wnt/pB-catenin signaling and increasing the ALP activity of
DPCs in mice. Furthermore, baicalin was not able to overcome
the Wnt/f3-catenin signaling antagonism or ameliorate the
inhibition of hair follicle growth caused by IWR-1 in mice.
This supports the hypothesis that baicalin promotes hair
follicle development by activating the Wnt pathway.

Whnt pathway activity is essential for hair follicle develop-
ment and the hair cycle (17-20). The canonical Wnt pathway
depends on intracellular -catenin, whose signal transduction
cascade components in the hair follicle include Wnt proteins,
frizzled receptors and the co-receptor low-density lipoprotein
receptor (LRP)5/6, disheveled proteins, the multicomponent
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degradation complex [comprising Axin, casein kinase (CK)la,
adenomatous polyposis coli (APC) and GSK3p], B-catenin
and transcription factor (TCF)/LEF (21). In the absence
of Wnt ligands, the Axin/CK1a/APC/GSK3f degradation
complex phosphorylates cytoplasmic [-catenin, leading
to ubiquitin-dependent degradation of B-catenin (Fig. SA).
When extracellular Wnt ligands bind to the transmembrane
frizzled receptors and co-receptors LRP5/6, disheveled
proteins bind to the intracellular domains of the receptors,
sequestering and inducing LRP5/6-mediated phosphorylation
of the multicomponent degradation complex and leading to
[-catenin stabilization (Fig. 5B). Once 3-catenin accumulates
in the cytoplasm, it translocates into the nucleus where it acts
as a transcriptional co-activator for the TCF/LEF transcrip-
tion factors, inducing the expression of Wnt pathway target
genes (22,23).

In the present study, Wnt3a, Wnt5a, frizzled 7, disheveled 2,
GSK3p, B-catenin and LEF1 were selected for analysis as they
are known to be associated with hair follicle development (24).
The data herein demonstrates that baicalin treatment increases
canonical Wnt pathway signaling in mouse skin tissues by
increasing the levels of Wnt3a, Wnt5a, frizzled 7, disheveled 2,
[B-catenin and LEFI1, while decreasing the expression of the
[-catenin degradation complex member GSK3f. The resulting
activation of canonical Wnt pathway signaling is the likely
mechanism by which baicalin stimulates hair follicle growth,
as treatment with the Wnt pathway inhibitor IWR-1 blocked
baicalin-mediated Wnt pathway activation and hair follicle
growth enhancement. IWR-1 blocks canonical Wnt pathway
signaling by stabilizing Axin proteins and thereby increasing
the activity of the P-catenin destruction complex (25).
As co-treatment with IWR-1 prevented baicalin from
decreasing the level of GSK3[ and activating Wnt signaling,
baicalin must act upstream from the destruction complex to
activate the canonical Wnt pathway and stimulate hair follicle
development.

The hair follicle is comprised of epidermal and dermal
compartments, whose reciprocal interactions are considered
to be key regulators of hair follicle development and the hair
cycle (19). Although the crosstalk between these compartments
is complex, DPCs are thought to be the inducers and epidermal
cells to be the responders in hair follicle formation and the
hair cycle (26-28). As a marker of DPCs, ALP is believed to
indicate the induction of hair follicle growth and its activity
changes coincide with the hair cycle (29,30). Therefore, it is
noteworthy that baicalin also increased the expression of ALP
and induced the proliferation of DPCs, which may explain its
ability to promote the growth of hair follicles, although the
exact mechanism by which baicalin promotes ALP expression
is unknown.

In summary, the results of the present study indicate that
topical administration of baicalin at daily doses of 50 and
100 umol facilitates the growth of reconstituted hair follicles
in mice. The ability of baicalin to activate the Wnt/p-catenin
signaling pathway and increase ALP activity in DPCs in mice
likely contributes to the induction of hair follicle growth. It
is possible that activating Wnt/f3-catenin signaling may be
more important than increasing ALP activity in DPCs for
baicalin-mediated hair growth, as blocking Wnt/B-catenin
signaling with IWR-1 inhibited the effect if baicalin
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Figure 4. Baicalin upregulates the activity of dermal papillar cells in reconstituted mouse skin tissue. Levels of ALP (A) mRNA and (B) protein in reconsti-
tuted mouse skin tissue as measured using reverse transcription polymerase chain reaction and western blotting, respectively. Western blot band intensities
were quantified using densitometry and ALP levels normalized to B-actin levels. (C) Representative western blots of ALP and B-actin in mouse skin tissue.
(D) Histochemical analysis of ALP activity in hair follicles control and B100 groups was performed using a BCIP/NBT kit (magnification, x40). Arrows indi-
cate the ALP-positive cells. Control cells were treated with the vehicle only. "P<0.05 and “P<0.01. ALP, alkaline phosphatase; Minoxidil, 100 gmol Minoxidil
treatment; B50, 50 gmol baicalin treatment; B100, 100 pzmol baicalin treatment; B+IWR-1, 100 p#zmol baicalin and 1 gmol IWR-1 treatment.
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Figure 5. The canonical Wnt pathway regulates gene expression by modulating [3-catenin levels. (A) In the absence of Wnt ligands, the Axin/CK1a/APC/GSK3f
degradation complex binds and phosphorylates cytoplasmic 3-catenin, leading to ubiquitin-dependent degradation of (3-catenin. This prevents the accumula-
tion of B-catenin and keeps Wnt pathway target gene expression switched off. (B) Upon binding of extracellular Wnt ligands to transmembrane frizzled
receptors and the co-receptors LRP5/6, the Axin/CK1a/APC/GSK3p degradation complex is diverted to the plasma membrane and binds to LRP5/6. Wnt
ligand binding also causes disheveled to interact with frizzled receptors and LRP5/6. Phosphorylated LRP5/6 and disheveled then sequester and induce
phosphorylation of the Axin/CK1a/APC/GSK3f degradation complex, which inhibits its ability to phosphorylate f-catenin, leading to [3-catenin stabilization
and accumulation in the cytoplasm. Accumulated 3-catenin is then able to translocate into the nucleus and bind to TCF/LEF, activating the expression of the

‘Wnat pathway target genes. CK, casein kinase; APC, adenomatous polyposis coli; GSK, glycogen synthase kinase; LRP, low-density lipoprotein receptor; TCF,
transcription factor; LEF, lymphoid enhancing binding factor.

treatment. Therefore, ALP may be induced downstream from
Whnt signaling, at least in the context of baicalin-induced
Whnt pathway activation and hair growth stimulation. Future
studies should extend the observation period to investigate

the effects of baicalin on the catagen and telogen phases of
the hair cycle and test for any potential adverse events. It
may also be of interest to test the effect of baicalin on human
dermal and epidermal cells grafted onto immunodeficient
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mice (31) to determine whether the same effects of baicalin
on Wnt/B-catenin signaling and DPC activity are observed in
human-derived cells.
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