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Background: The number of people suffering from balding or 
hair thinning is increasing, despite the advances in various 
medical therapies. Therefore, it is highly important to devel-
op new therapies to inhibit balding and increase hair 
proliferation. Objective: We investigated the effects of herb-
al extracts commonly used for improving balding in tradi-
tional medicine to identify potential agents for hair proliferation. 
Methods: The expression levels of 5α-reductase isoforms 
(type I and II) were analyzed using quantitative real-time re-
verse transcription polymerase chain reaction in the human 
follicular dermal papilla cells (DPCs). The 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenylteterazolium bromide and bromo-
deoxyuridine tests were used to evaluate the cell pro-
liferation effect of herbal extracts in DPCs. The expression 
levels of extracellular signal-regulated kinase (ERK), Akt, cy-
clin D1, cyclin-dependent kinase 4 (Cdk4), B-cell lymphoma 
(Bcl-2) and Bcl-2-associated X protein (Bax) were measured 
using western blot analysis. Results: The 5α-reductase iso-
form mRNAs and proteins were detected in the cultured 
DPCs, and the expression level of 5α-R2 in DPCs in the pres-
ence of the herbal extracts was gradually decreased. Herbal 
extracts were found to significantly increase the proliferation 
of human DPCs at concentrations ranging from 1.5% to 

4.5%. These results show that the herbal extracts tested af-
fected the protein expressions of ERK, Akt, cyclin D1, Cdk4, 
Bcl-2, and Bax in DPCs. Conclusion: These results suggest that 
herbal extracts exert positive effects on hair proliferation via 
ERK, Akt, cyclin D1, and Cdk4 signaling in DPCs; they also 
suggest that herbal extracts could be a great alternative ther-
apy for increasing hair proliferation. (Ann Dermatol 27(6) 667∼
675, 2015)
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INTRODUCTION

The turnover of hair follicles occurs in three steady phas-
es, namely proliferation (anagen), involution (catagen), and 
resting (telogen)1.
Androgens control the proliferation of human hair, which 
responds to hormones differently depending on the body 
location2. Dermal papilla cells (DPCs) of the beard, and 
armpit, and scalp hair of people who are genetically pre-
disposed to baldness were shown to be androgen target 
cells3.
The binding of androgens to their androgen receptors 
(ARs) decreases the anagen phase of the hair cycle. DPCs 
have particularly saturable ARs, and are proliferated from 
androgen-responsive follicles4. Compared to testosterone 
(T), 5α-dihydrotestosterone (DHT) has an approximately 
five-fold higher affinity for the AR. In some androgen sen-
sitive organs such as the prostate, DHT rather than T 
shows androgenic activity.
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The enzyme 5α-reductase (5α-R) converts T to DHT5 
and this conversion enhance the androgenic signal via 
two mechanisms: (i) DHT can not be aromatized to estro-
gen and, therefor, its effect are solely androgenic and (ii) 
in vitro DHT binds to the AR with A higher affinity than T 
does6. There are two 5α-reductase isozymes, type I and II 
(5α-R1 and 5α-R2, respectively) that are coded by two 
different genes namely, steroid 5-α-reductase type I 
(SRD5A1) and SRD5A2 on chromosomes 5 and 2, re-
spectively7. Type I is predominantly expressed in the skin 
while type II exists in the prostate tissue. It has been estab-
lished that 5α-R1 and 5α-R2 have pivotal roles in the 
metabolism of androgen. However, the role of the 5αR 
and the molecular mechanisms responsible for regulating 
hair proliferation have not been elucidated.
The number of male and female members of the pop-
ulation suffering from balding or hair thinning is increas-
ing, despite the advances of various medical therapies. 
Therefor, it is highly necessary to develp new therapies 
that inhibit balding and increase hair proliferation. Alter-
native medicine options have not yet been incorporated in 
mainstream medical practice, because of insufficient sci-
entific data providing proof of their efficacy, and lack of 
information on the mechanisms involved; however, they 
have become an extremely attractive option8. The search 
for new therapeutic approaches has involved the inves-
tigations of some drugs of synthetic origin but their asso-
ciated side effects rendered them unsuitable, and further 
development was halted. Herbal therapy has now been in-
troduced as a suitable solution to the prevalent problem, 
and interest in natural products is increasing in the cos-
metic industry9. In addition, about 1,000 types of plant ex-
tracts have been studied for their potential effects on hair 
proliferation, and this research trend is rapidly growing, 
with a considerable potential for expansion in the future9.
Considering the promising benefits of alternative natural 
therapies, we investigated the potential therapeutics ef-
fects of plant extracts that have been commonly used in 
Asian medicine for curing hair loss. Considering the role 
of 5α-R and the effect of androgens on the regulation of 
human hair proliferation, we used follicular DPCs as a 
model with the following aims: (i) to study the quantitative 
expressions and activities of 5α-R1 and 5α-R2 and (ii) to 
investigate the molecular mechanisms and pathways in-
volved in the mediaton of hair proliferation by herbal 
extracts. 

MATERIALS AND METHODS
Plant material

The fruits of Persea americana, flowers of Althaea officina-

lis, Chamaemelum nobile, Thymus vulgaris, leaves of 
Rosmarinus officinalis, and Urtica dioica were obtained 
from the open market and identified by comparing with 
standard herbarium specimens available in the Food and 
Drug Control Lab and Research Center, Tehran, Iran. The 
different plant parts were mixed, and sieved using a 80 
sieve and subjected to pharmacognostic evaluations for 
confirmation.

Characterization and identification of extracts

The different solvent extracts acquired were then sub-
jected to qualitative chemical analysis to determine the 
different plant constituents using various methods. Thin 
layer chromatography and paper chromatography using 
various mixtures of solvent systems were performed to 
verify the exact identity of the components discovered in 
the qualitative chemical tests10.

Preparation of herbal hair formulation

The herbs utilized in this study to prepare the herbal ex-
tracts were dried, crushed, and sieved through an 80-mesh, 
stainless steel sieve, using water as the base. The herbal 
extracts were then evaluated using three methodologies. 
Firstly, the direct binge method was used in which the 
crude plants were powdered, weighed and placed in olive 
oil with constant stirring and heating until the plant mate-
rial was completely extracted into the base. Then, samples 
containing 1%, 2%, and 3% of the extracted comounds 
were prepared. 
Secondly,the paste method was used where the fruit, pulp, 
or the desired plant part were formulated into a paste with 
a small amount of water and left overnight. Then, the wa-
ter-moistened plant material was mixed, and blended with 
continuous stirring at a fixed temperature until the water 
droplets stop spinning and the plant material had been 
completely extracted. The extract was then filtered through 
a muslin cloth, and three different concentrations were 
prepared so as to contain 4, 5, and 6 g of plant per 100 ml 
of water (4%, 5%, and 6%, respectively).
The last method was the cloth method in which the dried 
plant was weighed and tied in a muslin cloth, which was 
then hung in water as the base, with continuous stirring, 
the extract was finally filtered. Four different concen-
trations were prepared, which contained 7, 8, 9, and 10 g 
of plant extract per 100 ml of water (7%, 8%, 9%, and 
10%, respectively).

Preparation of mixed plant herbal hair formulations at 
different concentrations

After selecting formulation method, multiple ingredients 
were combined to prepare the formulation at the effective 
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Table 1. Selection of of herbal extract concentrations (amount of drug/100 ml)

%
Chamaemelum 

nobile
Althaea 

officinalis
Persea 

americana
Rosmarinus 
officinalis

Aloe 
vera

Urtica 
dioica

Thymus 
vulgaris

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
3 3 3 3 3 3 3 3
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

Table 2. Sequences of primer pairs for human steroid-5-α-reductase and human housekeeping genes used in real-time polymerase 
chain reaction

Target name
Accession No.

(Ref-Seq)
Primer sequence forward/reverse

SRD5A1 NM_001047.2 5'-GGCTGGGGGTAGCCATTGTGC-3'/5'-TGAACCACCACCAGCACCCCT-3'
SRD5A2 NM_000348.3 5'-AACACGGCGCGATGCAGGTT-3'/5'-CCGTGTGCTTCCCGTAGCCG-3'
GAPDH NM-002046.3 5'-CAAGGTCATCCATGACAACTTTG-3'/5'-GTCCACCACCCTGTTGCTGTAG-3'

SRD5A1: steroid 5-α-reductase type I, GAPDH: glyceraldehyde 3-phosphate dehydrogenase, Ref-Seq: reference sequence.

concentrations based on the previous physical and bio-
logical screenings performed. The method selected was 
the direct binge method and three different plant extract 
formulations with concentrations of 1.5%, 3%, and 4.5% 
were prepared to determine the maximum activity (Table 1).

Evaluation of herbal extract preparations

The herbal extracts were then subjected to physical and 
biological evaluation. The physical evaluation included 
the determination of parameters such as specific gravity, 
pH, and refractive index were measured and the for-
mulations were subjected to biological evaluations.

Isolation of DPCs and cell culture establishment 

Hair follicles in the anagen cycle were isolated from the 
occipital scalp skin of five males (range, 38∼54 years; 
median, 43 years, respectively) after obtaining informed 
consent from the participants and ethical approval (IRB 
No. 903267). Furthermore, we adheared strictly to the 
guidelines of the Declaration of Helsinki Principles. The 
microdissection method used was based on the method of 
Messenger2. Briefly, the hair bulb was excised under a 
light microscope, and the fibrous sheath with the attached 
dermal papilla was detached from the epithelium by ap-
plying gentle pressure with the tip of a 23 G needle. After 
the fibrous sheath was opened, the dermal papilla was 
transected across the stalk and transferred to a culture 
plate. The isolated papillae were incubated with 10% fetal 
bovine serum (FBS)-Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, Rockville, Maryland, USA) containing 
penicillin (100 U/ml) and streptomycin (100 mg/ml). In 
the primary culture, the DPCs attained confluence in a 
35-mm culture plate after a 30-days incubation in a hu-
midified atmosphere of 5% CO2 at at 37oC.

Analysis of 5α-R mRNA expression

Total RNA was extracted from the cells using the RNeasy 
Mini kit (Qiagen Inc., Valencia, CA, USA) as described 
previously11. Briefly, the cells were lysed and homogen-
ized in RLT buffer supplemented with 10 μl/ml mercap-
toethanol (Sigma-Aldrich, Munich, Germany). The lysate 
was homogenized using a syringe and a 20-G needle. The 
sample was placed in a silica column followed by wash-
ing and eluting with RNase-free water. The RNA concen-
tration was measured using an ultraviolet spectropho-
tometry at 260 nm, and the purity and integrity were eval-
uated using the A260/A280 ratio. 
Total RNA was treated with DNase (Fermentas, Burlington, 
ON, Canada) and then reverse-transcribed using the 
Revert Aid M-MuLV Reverse Transcriptase (Fermentas) 
with Oligo dT primers (Invitrogen, Carlsbad, CA, USA) 
based on the manufacturer’s protocol. A semi-quantitative 
real-time reverse transcription-polymerase chain reaction 
(qRT-PCR) assay of 5α-R1 and 5α-R2 cDNA was per-
formed using the SYBR Green kit (Qiagen Inc.) in an ABI 
7500 Sequence Detection System (Applied Biosystems, 
Carlsbad, CA, USA) based on the manufacturer’s recom-
mendations. A melting curve was produced at the end of 
each PCR reaction to confirm that a single product was 
amplified. The PCR was performed using identical con-
ditions with 1 μl of cDNA, and the relative expression lev-
els of the genes were normalized to the endogenous house-
keeping gene glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH). The relative mRNA expression level was calcu-
lated using the 2−ΔΔCT analysis method. The primers used 
for the qRT-PCR are shown in Table 2.
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Table 3. Evaluation of chemical and physical parameters 

Parameter
Extract concentration (%)

1.5 3 4.5

pH 7.8 7.6 7.3
Specific gravity 0.956 0.979 0.994
Refractive index 1.521 1.487 1.435

DPC culture and MTT assay

The method used for isolating and culturing the DPCs was 
previously described12. Briefly, the DPCs were cultured in 
DMEM containing 2 mM L-glutamine, antibiotic-antimycotic 
solution (1,000 mg/ml streptomycin sulfate, 1,000 units/ml 
penicillin G sodium, and 2.5 mg/ml of amphotericin B) 
and 10% FBS. Fourth-passage confluent DPCs were cul-
tured for 24 hours in serum-free DMEM and then treated 
for 48 hours with different concentrations of herbal ex-
tracts (1.5%, 3%, and 4.5%) in the presence and absence 
of an Akt1/2 kinase inhibitor. As a control, cells treated 
with finasteride (0.1 µM), a 5-αR2 inhibitor. The cell via-
bility was determined using an MTT assay as previously 
described11. DPCs (5,000 cells/well) were seeded in 
96-well plates, incubated for 24 hours before adding the 
herbal extracts, and then incubated for 48 hours. The ab-
sorbance was measured at 570 nm using an enzyme-linked 
immunosorbent assay (ELISA) plate reader and the results 
were expressed as percentages of the untreated controls.

BrdU incorporation cell proliferation assay

The effect of the extracts on cell proliferation was exam-
ined using a colorimetric immunoassay based on bromo-
deoxyuridine (BrdU) incorporation using a BrdU kit (Roche, 
Mannheim, Germany) following the manufacturer’s protocol. 
Briefly, the DPCs (5,000 cells/well) were seeded in 96-well 
plates. After 24 hours, the cells were incubated with differ-
ent concentrations of herbal extracts (1.5%, 3%, and 
4.5%), for 48 hours. Then, 20 μl of the BrdU labeling sol-
ution was added, and the cells were incubated for an ad-
ditional 4 hours. During this labeling time the pyrimidine 
analog, BrdU was incorporated into the DNA of proliferat-
ing cells at the location of thymidine. After removing the 
BrdU labeling solution, the cells were fixed and denatured 
with the kit’s FixDenat solution for 30 min at 25oC. 
Denaturation of the DNA is necessary to enhance the ac-
cessibility of the incorporated BrdU and facilitate its abil-
ity to locate the antibody. Samples were incubated for 90 
min with a peroxidase-labeled anti-BrdU antibody 
(anti-BrdU-POD), which binds to the BrdU incorporated 
into newly synthesized cellular DNA. After washing off the 
unbound anti-BrdU-POD, the color reaction was developed 
for 3∼5 min with the substrate solution and blocked by 
adding 25 μl 1 M sulfuric acid, and the optical densities 
of the samples were measured using a microplate reader 
at 450 nm (reference value 690 nm).

Western blot analysis

B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), 
cyclin E, cyclin-dependent kinase 4 (Cdk4), extracellular 

signal-regulated kinase (ERK), phosphorylated (p)-ERK, 
Akt, p-Akt, 5-αR1, and 5-αR2 protein content was meas-
ured using western blot analysis as described previously13. 
Cells were serum deprived for 24 hours before extract 
treatments. Following treatment, the cells were harvested 
at 4oC in a lysis buffer containing 20 mM Tris-hydro-
chloride (HCl, pH 7.5), 0.5% Nonidet P-40, 0.5 mM phe-
nylmethanesulfonyl fluoride, 100 μM β-glycerol 3-phos-
phate, and 0.5% protease inhibitor cocktail and lysed by 
sonication and centrifugation (14,000 rpm, 10 min, 4oC). 
The protein concentration of each lysate was measured us-
ing a bicinchoninic acid protein assay kit (Pierce; TEMA 
Ricerca S.r.l., Bologna, Italy). Each protein sample (30∼50 
μg) was subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferred onto poly-
vinylidene fluoride (PVDF) membranes, which were in-
cubated with blocking buffer consisting of 5% non-fat dry 
milk in PBS containing 0.1% Tween 20 (PBST) for 1 hour 
at room temperature Then, the membranes were in-
cubated with monoclonal antibodies against Bcl2, Bax, cy-
clin E, and Cdk4 (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) and polyclonal antibodies against ERK, p-ERK, 
Akt, and p-Akt (Cell Signaling Technology Inc., Beverly, 
MA, USA) overnight at 4oC, and then washed thrice (5 
min each) with PBST. The membranes were incubated 
with complementary secondary antibodies for 1 hour at 
25oC. After washing with PBST, the proteins were devel-
oped using an enhanced chemiluminescence detection kit 
(Amersham Corp., Arlington Heights, IL, USA). The ex-
pression of GAPDH was used as an internal control. 

Statistical analysis 

A nonparametric one-way analysis of variance was per-
formed with the Dunnett’s test using the GraphPad Prism 
software (GraphPad Software, Inc., San Diego, CA, USA). 
Each experiment was performed in triplicate and repeated 
three to four times independently. A p＜0.05 was consid-
ered significant, and all the data are expressed as 
means±standard deviation.
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Fig. 1. Relative gene expression of two 5α-reductase (5αR) isoforms in cultured human dermal papilla cells (DPCs). (A) Relative 
gene expression of 5αR1 and 5αR2 were detected using quantitative real-time reverse transcription-polymerase chain reaction 
(qRT-PCR) in DPCs. Data represent three independent experiments and relative expression values were calculated using the equation 
RQ=2−∆∆ct. (B) qPCR analysis of 5αR1 and 5αR2 mRNA expression in DPCs following herbal extract treatment using graded 
concentrations. Expression levels were normalized to human glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA. Data are 
mean±standard deviation; *p＜0.05 and †p＜0.01 compared with untreated control group.

Fig. 2. Effects of herbal extracts on expression of 5α-reductase 
(5αR) isoform proteins in human dermal papilla cells (DPCs). 
Cells were treated with indicated concentrations of herbal 
extracts for 48 hours and then expression of proteins was 
analyzed using western blotting. SRD5A1: steroid 5αR type I, 
GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

RESULTS
Physical evaluation

The physical evaluation involved the measurement of pa-
rameters such as the specific gravity, pH, and refractive in-
dex, and then the formulations were subjected to bio-
logical assay. The results of the physical and chemical 
evaluation are showed in Table 3.

Expression of 5-αR mRNA in cultured DPCs

The expression level of the 5-αR isoforms (5-αR1 and 5-
αR2) were determined in the cultured human DPCs using 
a qRT-PCR analysis. The mRNA of both isoforms was 
identified in the cultured DPCs but at different expression 
levels as shown in Fig. 1A. The results showed that the ex-
pression of 5-αR2 was higher than that of 5-αR1 was. 
The expression levels of the 5-αR isoforms were normal-
ized to that of GAPDH. 
The effect of the herbal extracts on the gene expression of 
5-αR1 and 5-αR2 in the cultured DPCs was examined 
using graded concentrations to determine if it was concen-
tration-dependent. The result indicated that 5-αR2 but not 
5-αR1 expression gradually decreased more in the ex-
tract-treated group than it did in the control group (p＜0.05, 
Fig. 1B).

Expression of 5-αR protein in cultured DPCs

The protein expression of 5-αR1 and 5-αR2 was exam-
ined in the cultured human DPCs using western blotting, 

and both isoforms were detected. The effect of the herbal 
extracts on the protein expression of 5-αR1 and 5-αR2 in 
cultured DPCs was evaluated using graded concentrations 
to determine if there was concentration dependence. The 
result indicated that the protein expression level of 5-αR2 
but not 5-αR1 in the DPCs treated with the herbal extract 
gradually decreased compared to the control (p＜0.05, 
Fig. 2).

Herbal extracts increased proliferation of human DPCs

The proliferative effect of the herbal extracts was exam-
ined in the human DPCs treated with different concen-
trations (1.5%∼4.5%) in the presence or absence of an 
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Fig. 3. Effect of herbal extracts on cell proliferation of human dermal papilla cells (DPCs). Cells were treated with different concentrations 
of herbal extracts with or without Akt kinase inhibitor for 48 hours, and proliferation was assessed using (A) 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and (B) bromodeoxyuridine (BrdU) assays. Herbal extracts increased cell 
proliferation in DPCs concentration-dependently. Results are mean±standard deviation and were calculated as a percentage of 
corresponding control values. *p＜0.05 and †p＜0.01, one-way analysis of variance. Each point represents four repetitions each in 
triplicate.

Fig. 4. Effects of herbal extracts on expression of cell cycle 
regulatory proteins in human dermal papilla cells (DPCs). Cells 
were treated with indicated concentrations of herbal extracts for 
48 hours and then the expression of proteins was analyzed using 
western blotting. Cdk4: cyclin-dependent kinase 4, GAPDH: 
glyceraldehyde 3-phosphate dehydrogenase.

Akt1/2 kinase inhibitor for 48 hours. Following treatment, 
the cell proliferation was detected using MTT and BrdU 
assays and the 5-aR2 inhibitor, finasteride was used as a 
control. The MTT viability test showed a concen-
tration-dependent increased in the viability of the DPCs 
following exposure to herbal extracts. As shown in Fig. 
3A, the proliferative effect of the herbal extracts on the 
DPCs was dose-dependent at concentrations of 1.5%∼

4.5% (increase, 124%±4.2% to 153%±8.1%, respecti-
vely vs. control 100%, p＜0.01). Interestingly, the results 
indicated that finasteride increased the proliferation of 
DPCs. The results of MTT test were confirmed using the 
BrdU incorporation method (Fig. 3B), and DPCs exposed 

to the herbal extracts showed a significant concen-
tration-dependent increase in proliferation (p＜0.01). 
To further elucidate the role of Akt in the induction of cell 
proliferation by the herbal extracts, cells were pretreated 
with an Akt1/2 kinase inhibitor. The effect of the Akt1/2 
kinase inhibitor on the extract-induced inhibition of cell 
proliferation was evaluated after incubation of DPCs with 
different extract concentrations. The Akt1/2 kinase inhibitor 
prevented cell proliferation, as was detected using the 
MTT and BrdU tests (Fig. 2). Thus, this result demonstrates 
that cell proliferation was induced by the herbal extracts 
via the Akt pathway in the DPCs. 

Herbal extracts increased cyclin D1 and Cdk4 in 
cultured DPCs

To study the mechanisms underlying the regulation of cell 
proliferation by the herbal extracts, their effects were eval-
uated on the expression of cell-cycle regulatory proteins. 
DPCs were treated with different concentrations (1.5∼
4.5%) of the herbal extracts for 48 hours, and then the ex-
pression levels of related proteins were measured using 
western blotting. Fig. 3 clearly shows that at 1.5% the 
herbal extracts had no effect on Cyclin D1 protein ex-
pression level, which was similar to that of the untreated 
controls. However, Cyclin D1 and CDK4, proteins that 
participate in the G1 phase progression increased in cells 
treated with 3.0∼4.5% of the herbal extracts (Fig. 4). 
These results suggest that the herbal extracts induced cell 
proliferation by enhancing the progression of the G1 cell 
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Fig. 6. Effects of herbal extracts on expression of apoptosis-related 
proteins in human dermal papilla cells (DPCs). Cells were treated 
with indicated concentrations of herbal extracts for 48 hours and 
then expression of proteins was analyzed using western blotting. 
Bcl-2: B-cell lymphoma, Bax: Bcl-2-associated X protein, GAPDH: 
glyceraldehyde 3-phosphate dehydrogenase.Fig. 5. Herbal extracts increased phosphorylated extracellular 

signal-regulated kinase (p-ERK) and p-Akt in cultured dermal 
papilla cells (DPCs) analyzed using western blot. Level of p-ERK 
and p-Akt increased after 48 hours treatment concentration- 
dependently. GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

cycle phase.

Herbal extracts induced phosphorylation of ERK and 
Akt in cultured DPCs

The protein expression of p-ERK was increased concen-
tration-dependently following herbal extract treatment 
(Fig. 5). The p-ERK protein expression increased after treat-
ment with the herbal extract at 1.5∼4.5% compared with 
control. However, the expression of total ERK was un-
changed by the herbal extract treatment. The expression of 
p-Akt but not total Akt also increased concentration-depend-
ently following herbal extract treatment (1.5∼4.5%, Fig. 
5) compared with the control.

Herbal extracts induced Bcl-2 and inhibited Bax 
expression in DPCs

To investigate the possible association between herbal ex-
tracts-induced human DPC proliferation and changes in 
Bcl-2 proteins, the levels of the anti-apoptotic and apop-
totic Bcl-2 and Bax proteins respectively were determined 
in herbal extract-induced cell proliferation of DPCs. The 
western blot analysis showed that the expression of 
Bcl-2increased in response to herbal extract treatment 
while that of Bax steadily decreased (Fig. 6). 

DISCUSSION

The number of males and females currently suffering from 
balding or hair thinning is increasing. Therefore, it is ex-
tremely important to expand the search for new therapies 
that inhibit balding and increase hair proliferation. In this 

regard, alternative medicines have become an attractive 
option; however, they have not yet been incorporated into 
mainstream medical practice because of the dearth of sci-
entific data to support their efficacy, and inadequate in-
formation about the mechanisms involved8. 
It is widely accepted that androgens are important regu-
lators of human hair proliferation, but their mechanisms of 
action are not entirely understood. In this study, we in-
troduced an in vitro follicular cell culture model to eluci-
date the effects of herbal extracts on hair follicle pro-
liferation.
Androgens are important regulators of human hair pro-
liferation, and they exhibit varying effects on hair follicles 
depending on the tissue location3. Our data provided evi-
dence that cells derived from the scalp displayed a higher 
expression of 5α-R2 mRNA than that of 5α-R1. Further-
more, the 5α-R2 mRNA expression level was inhibited 
concentration-dependently by herbal extract treatment of 
DPCs (Fig. 1B). In addition, our investigation of 5α-R1 
mRNA expression revealed that the level was unchanged 
following herbal extract treatment of DPCs cells. 
The differences in 5α-R2 mRNA expression might partly 
explain why DPCs are more sensitive to androgens, be-
cause in addition to directly binding to the AR, T might be 
converted into its highly potent metabolite, DHT via 5α-R 
to further enhance the stimulation of hair proliferation. 
Consistent with previous reports14, our results demonstrated 
that high levels of 5α-R mRNA were detected in cultured 
DPCs. These data support the evidence that 5α-R2 plays 
a key role in androgen-regulated hair proliferation.
Nakanishi et al.15 and Asada et al.16 demonstrated that the 
mRNA expression of type II 5α-R is greater in DPCs from 
other locations while the expression of the type I isoform 
is low. This observation was further confirmed by the evi-
dence that finasteride, a specific inhibitor of the type II 5
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α-R, potently inhibited endogenous 5α-R activity in 
DPCs while the type I 5α-R inhibitor, MK-386 showed 
only limited effects17. Therefore, type II 5α-R increases 
androgen activity in androgenetic alopecia (AGA) by con-
verting T to DHT and, therefore, finasteride is effective in 
the treatment of AGA. The results of this study suggest that 
treatment with the herbal extracts decreased 5α-R2 ex-
pression and, thereby, protected hair follicles from the 
balding scalp against excessive androgen action. Moreover, 
the effect of the herbal extracts on the protein expression 
of the 5-αR isoforms (5-αR1 and 5-αR2) in cultured 
DPCs were performed to determine possible concen-
tration-dependence. The results indicated that the protein 
expression level of 5-αR2 in the DPCs treated with the 
herbal extracts gradually decreased significantly compared 
with the untreated group (p＜0.05). However, the protein 
expression of 5-αR1 was unchanged by herbal extract 
treatment of cultured DPCs compared with the control 
(Fig. 2). 
This study revealed that the herbal extracts significantly in-
creased the proliferation of human DPCs at a concen-
tration range of 1.5∼4.5%. Moreover, we demonstrated 
that Akt kinase blockade inhibits the proliferative effect of 
the herbal extracts on DPCs. Therefore, this data also 
demonstrates a role for Akt in the herbal extract-induced 
cell proliferation (Fig. 3). The present study also demon-
strated that the herbal extract affects the expressions of 
Cyclin D1, Cdk4, ERK, Akt, Bcl-2, and Bax proteins in cul-
tured human DPCs. The herbal extracts increased the pro-
liferation of cultured human DPCs via activation of the 
ERK and Akt pathways. The role of the ERK signaling path-
way in mitogenesis and cell growth has been previously 
demonstrated18,19. 
The mechanism underlying the proliferative action of the 
herbal extracts in DPCs appeared to be related to the in-
duction of cell cycle progression in the G1 phase (Fig. 4). 
Moreover, the herbal extracts increased the expression of 
Cdk4 and cyclin D1 proteins, which play an important 
role in the G1/S checkpoint as a regulator of cell cycle 
progression20. Therefore, the herbal extract-mediated G0/G1 
phase cell cycle progression is related to the increase in 
cyclin and Cdk4 expression. 
The human DPCs treated with herbal extracts showed an 
upregulation of the expression of p-ERK compared with 
the untreated control (Fig. 5). The expression of p-Akt was 
also upregulated after herbal extract treatment (Fig. 5). It 
was previously demonstrated that Akt plays a key role in 
mediating survival signals21,22 and it is also possible that 
the induction of the Akt pathway by the herbal extracts is 
involved in regulating the DPC proliferation. The herbal 
extracts upregulated and downregulated Bcl-2 and Bax ex-

pression, respectively in cultured DPCs. Specifically, herb-
al extract treatment for 48 hours increased Bcl-2 protein 
expression but decreased that of Bax concentration-depend-
ently (Fig. 6). The Bcl-2 family of proteins consists of more 
than a dozen members, which are either anti- or pro-apop-
totic in nature and have been shown to act as gatekeepers 
of the apoptotic process23. It is widely accepted that Bcl-2 
has an anti-apoptotic effect while Bax induces apoptosis. 
Cyclin D1 and Cdk4 play a key role in promoting G1-to-S 
phase progression24. The signals related to mitogenesis in-
clude the phosphorylation of transcription factors includ-
ing Akt and ERK as well as the synthesis of cell cycle regu-
latory proteins such as cyclin D. The herbal extract treat-
ment increased the phosphorylation of Akt and ERK and 
subsequently increased the expression of cyclin D1 and 
Cdk4. The increased levels of Bcl-2, Cyclin D1, Cdk4, and 
the phosphorylation of Akt and ERK might adequately in-
crease the proliferation of DPCs. 
Naturally derived compounds can cure androgenic dis-
eases such as alopecia. Roh et al.25 proved that Sophora 
flavescens, an Asian medicine, was effective for hair loss 
treatment by demonstrating its promotion of hair pro-
liferation mediated by 5α-R inhibition25. 
In another study, Rho et al.26 demonstrated that Asiasari 
radix extract increased the growth of both HaCaT and hu-
man DPCs in vitro via enhancing the expression of vas-
cular endothelial growth factor26. Furthermore, Hay et 
al.27 studied the efficacy of herbal extracts for the treat-
ment of patients with alopecia, and their data demon-
strated that 44% of the 43 patients in the active group 
showed improvement compared with 15% of the 41 pa-
tients in the control group27. In yet another study, Bureau 
et al.28 demonstrated that the combination of Pimenta 
racemosa, Myrtus communis, Cedrus atlantica, Laurus no-
bilis, Pogostemon patchouli, R. officinalis, Salvia officina-
lis, Salvia sclarea, Thymus satureioides, and Cananga 
odorata increased the hair density and ratio of anagen hair 
per total hair in a double-blind randomized, placebo-con-
trolled study in healthy male and female volunteers28. 
Minoxidil, finasteride, and dutasteride and other synthetic 
therapeutic drugs are commonly used for alopecia treat-
ment; however, their adverse effects have encouraged the 
continued search for efficacious alternative treatments 
with limited side effect, particularly herbs. Therefore, al-
ternative herbal medicines have attracted much interest 
for use in the treatment of hair loss.
The results of this study demonstrate that herbal extracts 
might have exerted positive effects on hair proliferation by 
regulatiing of Erk, Akt, Bcl-2, and Bax in the DPCs. In ad-
dition the crucial role of 5α-R in the regulation of hair 
proliferation was well established. It has been reported 
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that the metabolism of T in hair follicles differs various in 
tissue locations and depends on their androgen sensitivity, 
and the type II 5α-reductase plays a critical role in the in-
tra-follicular conversion of T to DHT in DPCs29. Therefore, 
type II 5α-R is considered one of the most important tar-
gets for developing drugs for the treatment of hair loss. In 
conclusion, we have demonstrated the potential hair pro-
liferative effect and the putative molecular regulatory role 
of the herbal extracts investigated, which suggests that 
these herbal extracts might be potential candidates for de-
veloping drugs for facilitating hair proliferation.
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