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1 Introduction
Human scalp hair functions to absorb external shocks, 

protect from UV rays, and keep warm from cold. However, in 
modern society, hair acts not only as a functional role, but also 
as an important factor in determining appearance. Because of 
this, mental problems such as low self-esteem, depression, and 
anger are observed in alopecia patient (de Koning et al., 1990). 
Hair loss has a variety of causes, such as genetics, Androgenetic 
alopecia (AGA), fungal infections, trauma, radiation therapy, 
chemotherapy, and nutritional deficiencies (Marberger, 2006). 
AGA is a form of alopecia in which scalp hair follicles are gradually 
reduced under the influence of androgens, and accounts for 
50% of male pattern hair loss and is affected by genetic factors 
(Marberger, 2006; Sinclair, 1998). It is known that testosterone 
is converted to dihydrotestosterone by 5α-reductase (5αR) in 
dermal papilla cells and binds to androgen receptor (AR) to 
cause hair loss (Hines et al., 1999). Therefore, pharmacological 
inhibition of 5αR could potentially be a key solution for AGA 
prevention.

Hair follicles have a life cycle of anagen, catagen, exogen 
and telogen. During catagen, the expression of Bax in the hair 
matrix is increased, which leads to apoptosis (Botchkareva et al., 
2001). Therefore, the regulation of apoptosis in hair follicles is 
used as a strategy to improve the hair loss condition, and some 
methods have been proven to be effective in clinical practice. 
(Kiechle & Zhang, 2002; Paus & Cotsarelis, 1999). Various 

drugs are used to improve hair loss, but there are limitations 
in use because side effects have been reported. For example, 
the most commonly used hair growth drug, Minoxidil, has 
been reported to cause scalp irritation and allergic contact 
dermatitis (Rossi et al., 2012). Cardiovascular side effects were 
also reported when Minoxidil was used for the treatment of hair 
loss in children (Georgala et al., 2007). It has also been reported 
that topical application of diphenylcyclopropenone (DPCP) and 
anthralin, another alopecia treatment agent, caused side effects 
such as blister reaction and pruritus (Nasimi et al., 2019). On the 
other hand, herbal drugs, which have been used for centuries 
to treat alopecia, are in the spotlight because they have fewer 
side effects than synthetic drugs (Ayyanar & Ignacimuthu, 2005; 
Rathi et al., 2008).

Chrysanthemum zawadskii is a perennial plant belonging to 
the family Asteraceae and is native to all parts of Asia including 
Korea and Russia (Kim, 2017). According to a previous study, 
C. zawadskii was reported to have hair loss improvement 
effects, anti-inflammatory and antioxidant effects (Li  et  al., 
2014). Peppermint (Mentha piperita L.) is a plant widely used 
as an herbal tea. Peppermint oil has been reported to promote 
hair growth, gastritis, flatulence, biliary disorders, enteritis and 
indigestion effects (McKay & Blumberg, 2006; Oh et al., 2014). 
Licorice (Glycyrrhiza glabra), the most commonly used herbal 
medicine, is used to reduce the bitterness of herbal medicines. 
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Abstract
In today’s society, hair is not only used to protect the body and maintain body temperature, but to play an aesthetic role. 
Therefore, interest in natural products that can improve hair loss is increasing. In this study, the hair loss improvement effect 
of a mixture of Chrysanthemum zawadskii, peppermint and Glycyrrhiza glabra (FHH-CZ) was investigated in Human follicle 
dermal papilla cell (HFDPC) and C57BL/6 mice. ELISA, Western blot, RT-PCR and animal experiments were performed. The 
results showed that FHH-CZ suppressed the expression of 5α-reductase type 2 and androgen receptor in testosterone-treated 
HFDPC. In addition, pretreatment with FHH-CZ reduced the Bax/Bcl2 expression ratio through inhibition of Dkk-1 expression 
in testosterone-treated HFDPC. In animal experiments, FHH-CZ promoted hair growth and increased the number of hair roots 
in C57BL/6 mice. Therefore, the results of this study suggested that FHH-CZ could be used as a natural material with few side 
effects to improve hair loss.
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Practical Application: FHH-CZ is a natural material with few side effects and can be used in the functional food industry to 
improve hair loss.
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It has also been reported to promote hair growth and have 
anti-inflammatory, antiviral, and immunomodulatory effects 
(Roy  et  al., 2013). Attempts to create a synergistic effect by 
combining various herbal drugs rather than using a single herbal 
drug for hair loss treatment are increasing (Pal et al., 2016). 
The purpose of this study was to investigate the hair growth 
promoting effect of a mixture of different herbs C. zawadskii, 
Peppermint and G. glabra in Human follicle dermal papilla cell 
(HFDPC) and C57BL/6 mice.

2 Materials and methods

2.1 Materials

Quanti-MAX™ WST-8 Cell Viability Assay Kit and WestGlow™ 
FEMTO Chemiluminescent substrate were obtained from 
BIOMAX (Seoul, Korea). Protease inhibitors was purchased from 
Sigma-Aldrich (St. Louis., MO, USA) Radio-immunoprecipitation 
assay buffer (RIPA buffer) and 5-AR antibodies were purchased 
from Thermo Fisher Scientific, Inc. (Carlsbad, CA, USA). 
Testosterone was purchased from TCI (Tokyo Japan). Bax, 
Bcl-2, Actin, Dkk-1 and AR antibodies were purchased from 
Santa Cruz Biotechnology (CA, USA). Human follicle dermal 
papilla cell (HFDPC) and cell growth medium were purchased 
from Promo cell (Heidelberg, DE, Deutschland).

2.2 Cell culture

HFDPC were cultured in the culture medium provided 
by the manufacturer. At 37 °C under 5% CO2 in an incubator.

2.3 Cell viability

Cell viability was performed using Quanti-MAX™ WST-8. 
The HFDP cells (2 × 105 cells/mL) were seeded in 96-wells 
plates for 24 h and treated with or without FHH-CZ at various 
concentrations for 20 h. Then 10 µL of Quanti-MAX™ WST-8 
reagent was added to the wells and incubated for 4 h. The absorbance 
of each well was then measured using a spectrophotometer 
(Tecan, Männedorf, Switzerland) at 450 nm. The absorbance 
of each well corresponded with the HFDPC viability and was 
calculated as the percentage of the control.

2.4 Protein extraction and western blot

HFDPC (2 x 105 cells/mL) were cultured in 60 mm cell 
culture dishes for 24 h, treated with CPG (0, 50, 100, 200 µg/mL), 
and incubated for 1 h in an incubator. After that, cells were 
stimulated with testosterone (100 µM) for 24 h. Whole proteins 
were then extracted from each sample using protease inhibitors 
treated-RIPA buffer. After quantification using Bradford 
protein analysis, proteins (30 µg) present in each sample were 
separated for 1 h at 100 V on 12% poly-acrylamide gels. After 
separation, proteins were transferred onto PVDF membranes 
for 1 h at 100 V. After blocking with 5% bovine serum albumin 
(BSA) for 1 h, membranes were washed three times with TBST 
solution (10 min each wash) and then incubated with each 
antibody (Dkk-1, Bax, Bcl-2, AR, 5αR and β-actin) at 4˚C 
overnight. Membranes were washed three times with TBST 

solution for 10 min and then incubated with mouse or rabbit 
HRP-conjugated secondary antibodies containing BSA for 2 h 
at RT. Subsequently, membranes were washed three times with 
TBST solution for 10 min and visualized with an imaging system 
(Alliance version 15.11; UVITEC) using EZ-western Lumi Pico 
Alpha chemiluminescent reagent. Band densities were analyzed 
using ImageJ (devel-oped by the National Institutes of Health) 
and converted into a graph.

2.5 RT‐PCR analysis

HFDPC (2x105 cells/ml) were cultured in 60 mm cell culture 
dishes for 24 h, treated with CPG (0, 50, 100, 200 µg/mL), 
and incubated for 1 h in an incubator. After that, cells were 
stimulated with testosterone (100 µM) for 24 h. Total RNA was 
extracted and purified using GeneAll Ribospin II extraction kit 
(Seoul, Korea) according to the manufacturer’s specifications. 
The concentration of the total RNA isolated and purified was 
determined by spectrophotometry. Five micrograms of each RNA 
sample were used to synthesize cDNA using ReverTra Ace qPCR 
RT master mix cDNA synthesis kit (Toyobo, Japan). Artificial 
PCR was performed using a Bioneer AccuPower PCR premix 
kit (Daejeon, Korea) following the manufacturer’s protocol and 
with the primers (Bioneer) listed in Table 1. PCR amplification 
re‐action conditions consisted of an initial denaturation step 
at 95 °C for 3 min, denaturation at 95°C for 30 s, annealing at 
60 °C for 10 s, and extension phase at 72 °C for 30 s. The PCR 
cycle was of 40 rounds. The PCR products were separated on 
a 1.5% agarose gel and visual‐ized by staining with GelRed 
nucleic acid stain. The gels were photo‐graphed using BIO‐RAD 
molecular imager.

2.6 Animals and treatment

Specific pathogen-free male C57BL/6 mice (six weeks 
old) weighing 18–20 g were obtained from Orient Bio Inc. 
(Gwangju, Korea). They were housed in a room with standard 
environmental conditions of temperature 22 ± 2 °C, humidity of 
50-60% and a 12/12 h light-dark cycle. The mice were fed with 
a commercial standard laboratory diet and water ad libitum. 
The experimental procedures were performed in accordance 
with the Jeonju University Institutional Animal Care and Used 
Committee guidelines.

The mice were randomly assigned into five groups with five 
mice per group as follows: group 1, normal control; group 2, 
shaving; group 3, shaving plus FHH-CZ 100 mg/kg; group 4, 
shaving plus FHH-CZ 200 mg/kg; group 5, shaving plus FHH-
CZ 400 mg/kg. FHH-CZ was prepared in saline. Groups 1 and 2 
were administered the saline, and groups 3–5 were administered 
FHH-CZ orally every day for four weeks. Two weeks after the 
start of oral administration, the back hair of the mouse was 
shaved using an electric animal cipper, and then the hair was 
completely removed with a depilatory cream. Two weeks later, 
the mice were sacrificed. After taking pictures, the back skin 
was collected for histological analysis. According to the degree 
of hair growth, 0~20%(1), 20~40%(2), 40~60%(3), 60~80%(4), 
80~100%(5) Visual evaluation was performed.

Original Article



Shin et al.

Food Sci. Technol, Campinas, 42, e115921, 2022 3

growth in testosterone-treated HFDPC were observed through an 
optical microscope. As a result, testosterone treatment inhibited 
cell growth and led to cell death. On the other hand, when 
CPG was treated, cell growth was increased in a concentration-
dependent manner.

3.2 Effect of CPG on changes in Bax/Bcl-2 ratio in 
testosterone-treated HFDPC

Western blot was performed to investigate the effect of 
CPG on changes in Bax/Bcl-2 ratio and Dkk-1 expression in 
testosterone-stimulated HFDPC. As a result, in the testosterone-
treated cell group, the Bax/Bcl-2 ratio showed a significant increase 
up to 144% compared to the normal control group (Figure 2A). 
However, when CPG was treated at a concentration of 50-200 μg/
mL, it decreased in a concentration-dependent manner to 94%, 
36%, and 21%, respectively. The expression of Dkk-1 showed 
a significant decrease when CPG 100-200 μg/mL was treated 
(Figure 2B), but was not concentration-dependent. According 
to RT-PCR results, testosterone treatment significantly increased 
Dkk-1 gene expression. On the other hand, pretreatment with 
CPG 50-200 μg/mL significantly reduced the Dkk-1 gene 
compared to the testosterone alone group.

3.3 Effects of CPG on the expression of hair loss factors in 
testosterone-stimulated HFDPC

ELISA, western blot and RT-PCR were performed to investigate 
the effect of CPG on the expression of hair loss-related factors in 
HFDPC. Figure 3B shows the results of measuring the amount of 
5αR type 2 production using an ELISA kit. The amount of 5αR 
type 2 production was increased by 136% in the control group 
compared to the negative control group. However, in the case 
of the CPG 200 µg/mL treatment group, it showed a significant 
decrease to 84%. There were no statistically significant changes 
in the CPG50-100 treatment group. According to Western blot 
results (Figure 3B), testosterone treatment significantly increased 
5αR type 2 and AR expression. However, in the case of CPG 

2.7 H&E staining

Four percent paraformaldehyde was used to fix the tissues 
for 24 hr at 4 °C. The tissues were then washed in five changes of 
PBS for a total of 24 hr (2 hr: 2 hr: 2 hr: 2 hr: 16 hr). The tissues 
were then dehydrated in a graduated series of ethanol (ranging 
from 60%-100%) for 30 min each step. The tissues were put in 
two changes of xylene (2 hr each) and embedded in three changes 
of paraffin (1 hr each) and then finally blocked in new paraffin. 
Five micrometers of thin sections were cut with a microtome 
(Leica) and stained with Hematoxylin and eosin (H&E) stain 
kit (ab245880, Abcam) for evaluation of number of hair roots.

3 Result

3.1 Effect of FFH-CZ on cell viability and cell growth in 
HFDPC

WST experiment was performed to investigate the effect of 
CPG on cell viability of HFDPC. As a result, CPG treatment did 
not show toxicity up to a concentration of 500 μg/mL. However, 
at the concentration of 1000 μg/mL, the cell viability was 85% 
compared to the untreated group (Figure  1A). Therefore, in 
subsequent experiments, cells were treated with CPG up to a 
concentration of 500 μg/mL or less. The effect of CPG on cell 

Table 1. Primer sequences used in this study.

Target Primer sequence
Dkk-1 5’ tccgaggagaaattgaggaa 3’

3’ cctgaggcacagtctgatga 5’
AR 5’ cggaagctgaagaaacttgg 3’

3’ gctgtacatccgggacttgt 5’
5 α R 5’ ggaatctcagaaaaccaggaga 3’

3’ atttccggaggtaccactca 5’
GAPDH 5’ gagtcaacggatttggtcgt 3’

3’ ttgattttggagggatctcg 5’

Figure 1. Effect of FHH-CZ on cell viability and cell growth in HFDPC. (A) Cells were treated with different concentration of FHH-CZ and cell 
viability was determined using Quanti-MAX™ WST-8. (B) Cells were preincubated with FHH-CZ at different concentrations for 1 h and then 
treated with testosterone for 24 h. Cell morphology was observed using an optical microscope (200X). Experiments were performed in triplicate. 
Each bar represents the mean ± SD. Different small case letters indicate significant differences at p  <  0.05.
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by RT-PCR (Figure 3C). Testosterone treatment significantly 
increased the expression of 5αR type 2 gene. CPG 200 μg/mL 
pretreatment reduced the expression of 5αR type 2 gene. There 
was no significant decrease in the CPG 50-100 μg/mL treatment 
group compared with the testosterone alone treatment group.

100-200 μg/mL treatment group, the expression of 5αR type 2 
protein was decreased in a concentration-dependent manner. 
AR protein expression was also reduced in a concentration-
dependent manner upon pretreatment with CPG concentrations 
of 100-200 μg/mL. 5αR type 2 mRNA expression was evaluated 

Figure 2. Effect of FHH-CZ on changes in Bax/Bcl-2 ratio and Dkk-1 expression in testosterone-treated HFDPC. (A) Dkk-1, Bax and Bcl-2 
expression was determined by western blot analysis. (B) Dkk-1 gene expression was determined by RT-PCR analysis. Experiments were performed 
in triplicate. Each bar represents the mean ± SD. Different small case letters indicate significant differences at p  <  0.05.

Figure 3. Effect of FHH-CZ on 5αR type 2 and AR expression in testosterone-treated HFDPC. (A) 5αR type 2 production was determined by 
ELISA. (B) 5αR type 2 and AR expression was determined by western blot analysis. (C) 5αR type gene expression was determined by RT-PCR 
analysis. Experiments were performed in triplicate. Each bar represents the mean ± SD. Different small case letters indicate significant differences 
at p  <  0.05.
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(Ellis  et  al., 1998). Binding of DHT to AR induces follicle 
miniaturization and leads to telogen entry (Rathnayake & Sinclair, 
2010). Therefore, inhibition of 5αR is emerging as an important 
strategy in preventing hair loss and alleviating symptoms. 
FHH-CZ inhibited the expression of 5αR from the mRNA level 
in testosterone-stimulated HFDPC. Moreover, the expression of 
AR was also shown to be reduced. The decreased AR expression 
is thought to be a result of the inhibition of 5αR by FHH-CZ. 
The effect of promoting hair growth by inhibiting 5a reductase 
of medicinal plant materials has been reported (Hirata et al., 
2007; Kumar et al., 2012; Murata et al., 2013). Our results are 
consistent with those of these previous studies. However, it is 
considered that further studies on the mechanism of action on 
the inhibitory effect of FHH-CZ on 5αR expression are needed.

We also observed reduction of Bax/Bcl2 expression ratio 
and suppression of Dkk-1 expression by FHH-CZ treatment. 
In the catagen stage, hair goes through apoptosis process. In 
this process, the apoptosis protein Bcl-2 protein is decreased 
and the pro-apoptotic protein Bax is increased (Lindner et al., 
1997). DKK-1 is known to induce apoptosis by increasing the 
Bax/Bcl2 expression ratio (Weng et al., 2009). Therefore, our 
results suggest that FHH-CZ can be used as a natural material 
that can delay apoptosis by reducing the Bax/Bcl2 expression 
ratio. These results are consistent with the results of previous 
studies in which cell treatment of medicinal plants suppressed 
the expression of Dkk-1 to suppress degenerative changes in 
hair follicles (Lee et al., 2017).

3.4 Effect of CPG on hair growth in C57BL/6 mice

We observed changes in hair after shaving C57Bl/6 mice 
to confirm the hair growth promoting and hair loss inhibitory 
effects of CPG shown in the cell experiment. As a result, there 
was no statistically significant change in CPG 100-200 mg/kg 
administration after inducing hair loss compared with the 
hair loss inducing group. On the other hand, in the 200 mg/kg 
administration group, it was confirmed that hair growth was 
significantly increased (Figure 4A and B). The results of observation 
of histological changes in mouse skin through H&E staining are 
shown in Figure 4C. Administration of CPG after shaving has 
been shown to increase the number of hair follicles.

4 Discussion
Our previous study demonstrated the antioxidant and 

anti-inflammatory synergistic effects of the complex FHH-CZ 
(Cho et al., 2021). Studies on the synergistic effect of bioactivity 
by mixing natural materials have been reported (Ozkan et al., 
2021; Park et al., 2021; Lima et al., 2019).

In this study, the effects of FHH-CZ on promoting hair 
growth and inhibiting hair loss factors were investigated. At 
non-toxic concentrations, FHH-CZ promoted the growth of 
HFDCP reduced by testosterone. To elucidate the mechanism of 
action of these results, the effect of FHH-CZ on the expression 
of testosterone-related hair loss factors was investigated. 5αR 
plays a role in metabolizing testosterone to DHT, and DHT has 
a 5-fold increase in affinity for binding to androgen receptors 

Figure 4. Effect of FHH-CZ on hair growth in C57BL/6 mice (A) The visual change of hair was photographed on the day of the end of the 
experiment. (B) The hair growth score was evaluated by 5 researchers in a double-blind manner. (C) Morphological changes were observed 
through H&E staining. Experiments were performed in triplicate. Each bar represents the mean ± SD. Different small case letters indicate 
significant differences at p  <  0.05.
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We confirmed that the FHH-CZ treated mouse skin grew 
faster than the untreated group, and the number of hair follicles 
increased from the animal test results. Although only visible 
changes were observed in the hair growth effect of FHH-CZ 
in animals, it is meaningful because it confirmed the same 
results as in vitro. It is thought that it is necessary to elucidate 
the mechanism of action of the hair growth promoting effect 
of FHH-CZ in animals through further studies.

In conclusion, FHH-CZ prevented the conversion of 
testosterone to DHT through inhibition of 5αR expression. 
In addition, FHH-CZ decreased the Bax/Bcl2 ratio through 
inhibition of Dkk-1 expression. Moreover, FHH-CZ promoted hair 
growth in mice in the same as in the cell experiments in animal 
experiments. Therefore, this study demonstrated that FHH-CZ 
is a potential material that can be used as a natural composite 
material that can prevent and treat hair loss by inhibiting the 
entry of hair follicles into catagen and telogen.
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