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Abstract: There is a growing demand for hair loss treatments with minimal side effects and recurrence
potential. Connarus semidecandrus Jack has been used as a folk medicine for fever in tropical regions,
but its anti-alopecia effects remain unclear. In this study, the anti-androgenic alopecia effect of an
ethanol extract of Connarus semidecandrus Jack (Cs-EE) was demonstrated in a testosterone-induced
androgenic alopecia (AGA) model, in terms of the hair–skin ratio, hair type frequency, and hair
thickness. The area of restored hair growth and thickened hair population after Cs-EE treatment
showed the hair-growth-promoting effect of Cs-EE. Histological data support the possibility that
Cs-EE could reduce hair loss and upregulate hair proliferation in mouse skin by shifting hair follicles
from the catagen phase to the anagen phase. Western blotting indicated that Cs-EE reduced the
expression of the androgenic receptor. Cs-EE treatment also inhibited programmed cell death by
upregulating Bcl-2 expression at the mRNA and protein levels. The anti-alopecia effect of Cs-EE
was confirmed by in vitro experiments showing that Cs-EE had suppressive effects on 5-α reductase
activity and lymph node carcinoma of the prostate proliferation, and a proliferative effect on human
hair-follicle dermal papilla (HDP) cells. Apoptotic pathways in HDP cells were downregulated by
Cs-EE treatment. Thus, Cs-EE could be a potential treatment for AGA.

Keywords: Connarus semidecandrus Jack; androgenic alopecia; anti-alopecia; androgen receptor; 5-α
reductase; programmed cell-death; Bcl-2

1. Introduction

Alopecia is the most common disease known to cause hair loss or hair thinning
irrespective of sex [1,2], in addition to being a side effect of chemotherapy [3]. The disease is
not life threatening, but it commonly leads to depression, which lowers quality of life [4,5].
The mechanism of androgenic alopecia (AGA) in particular has not been fully identified,
but hair growth inhibition due to the androgenic receptor (AR) signaling system is believed
to be the biggest cause [6].

The androgens are endogenous steroid hormones: testosterone, androstenedione,
dehydroepiandrosterone, and dihydrotestosterone (DHT). AR can bind testosterone and
DHT, but DHT has a five-fold higher affinity for AR than testosterone does [7]. AR activated
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by DHT is known to regulate downstream genes that cause hair loss progression [8–10].
In fact, flutamide, which acts as an AR antagonist, and finasteride, which suppresses
5-α reductase (that regulates the conversion of testosterone to DHT) are already used to
suppress AGA [11,12]. However, the possibility of recurrence, the lengthy duration of
treatment required for effectiveness, and side effects such as diabetes, insulin resistance, and
the deterioration of sexual function caused by changing the systemic steroid metabolism,
mean that better treatments for AGA are needed [13–16].

Hair follicles continuously undergo four-phase cycles: anagen (growth), catagen
(involution), telogen (rest), and exogen (shedding). Catagen occurs with apoptosis of the
hair matrix, dermal papilla cells, inner root sheath keratinocyte, and outer root sheath
keratinocytes [17]. The canonical pathway of apoptosis is controlled by the anti-apoptotic
Bcl-2 family (Bcl-2, Bcl-XL, and Bcl-W) and the pro-apoptotic Bcl-2 family (Bax, Bak, and
Bad) [18]. During catagen, the Bcl-2/Bax ratio decreases dramatically compared with
anagen levels. That shift triggers the release of cytochrome c and induces procaspase 9, an
apoptosis initiator enzyme, to become caspase 9, which promotes the activity of caspase 3,
which in turn induces apoptosis by upregulating the proteolysis of the cytoplasmic substrate
and DNA fragmentation, as mediated by DNase [19]. Because one of the representative
causes of hair loss is the failure to control apoptosis during catagen, resulting in the
continuous induction of apoptosis regression, a material with anti-apoptotic properties
could be developed as a potential treatment for AGA [20].

Connarus semidecandrus Jack, a species of the Connaraceae family, is a flowering plant
spread widely throughout the tropics, including Cambodia, Laos, and Malaysia. The thera-
peutic potential of species from the Connaraceae family has been previously reported [21].
C. semidecandrus has been used as a traditional medicine for fever relief [22]. The antipyretic
activity of C. semidecandrus was confirmed using yeast-induced fever models in rats [23].
No previous research has considered the effect of C. semidecandrus on hair loss. Therefore,
we investigated the novel anti-alopecia effects of an ethanol extract of the whole C. semide-
candrus plant (Cs-EE) in human lymph node carcinoma of the prostate (LNCaP) cells,
human hair follicle dermal papilla (HDP) cells, and in vivo murine models of testosterone-
induced AGA.

2. Results
2.1. Phytochemical Components of C. semidecandrus

To analyze the organic compounds in C. semidecandrus, gas chromatography–mass
spectrometry (GC-MS) was conducted (Figure 1).
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The most abundant compound was 4H-pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-
methyl (DDMP). Because the leaves of Punica granatum L., which are known to have hair
promoting activity, share components such as maltol and DDMP with C. semidecandrus [24],
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we examined the regulatory effects of C. semidecandrus on hair growth. All the compounds
in Cs-EE are listed in Table 1.

Table 1. Phytochemical analysis of C. semidecandrus Jack ethanol extract by GC-MS.

Peak No. Retention Time Name of the Compound Peak Area %

1 1.768 Acetic acid 7.31
2 2.084 2-Propanone, 1-hydroxy 2.74
3 3.250 Glyceraldehyde 1.30
4 3.588 2-Furanmethanol 1.45
5 3.848 1,4-Butanediamine 1.95
6 4.022 Dihydroxyacetone 4.30
7 5.358 Glycerin 17.05
8 6.576 Maltol 2.21
9 7.472 Ethanamine, N-ethyl-N-nitroso- 1.21

10 7.616 4H-Pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl 5.09

11 7.802 Benzoic acid 2.74
12 8.356 Catechol 0.92
13 8.628 2-Pyrrolidinone 1.56
14 8.776 5-Hydroxymethylfurfural 3.94
15 9.007 1,2,3-Propanetriol, 1-acetate 2.64

16 9.533 4H-Pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl 3.16

17 10.046 Phosphoramidothioic dichloride, dimethyl 0.86
18 10.425 2,7-Oxepanedione 3.42
19 10.526 Phenol, 2,6-dimethoxy 1.87
20 11.871 Ethanol, 2-(1-methylethoxy), acetate 14.01
21 13.685 4-Fluoro-N-(1H-tetrazol-5-yl)benzamide 4.53
22 14.042 Trehalose 6.97
23 14.246 2,6-Dimethoxyhydroquinone 4.59

24 15.219 4-((1E)-3-Hydorxy-1-propenyl)-2-
methoxypehnol 0.52

25 17.409 n-Hexadecanoic acid 1.46
26 19.063 10(E),12(Z)-Conjugated linoleic acid 1.54
27 29.375 Tetrasiloxane, decamethyl 0.65

2.2. Hair Growth Promoting and Hair Thickening Effects of Cs-EE

For analysis of the anti-alopecia effect of Cs-EE, a testosterone-induced AGA mouse
model was developed. Three weeks after being shaved, the mice treated with Cs-EE
showed remarkable regrowth, with almost complete recovery of skin color. In fact, the
speed of the recovery was faster than in the vehicle and finasteride groups. Most of the
shaved skin remained hairless in the vehicle and finasteride groups after week 1, whereas
the Cs-EE group showed clear hair growth (Figure 2A).

As shown in the photos collected, color from pink to black was used to determine
skin color scores (Figure 2B). The skin color scores of the Cs-EE group were evidently
higher than those in the vehicle and finasteride groups at every time point, and were in
fact similar to the normal group. Thus, Cs-EE reliably promoted hair regrowth to the
extent that the Cs-EE group was similar to the normal group. The hair type frequency also
changed significantly, with the normal group showing an increase in the number of thick
guard type hairs, and the testosterone group showing an increase in the number of thin
zigzag type hairs, which was alleviated by Cs-EE (Figure 2C). Hair thickness was measured
using photos of each hair type (Figure 2D), which confirmed that the thickness of all types
of hair in the vehicle group was relatively thin, and the thickness of each hair type was
increased by Cs-EE treatment (Figure 2E). The total hair thickness, which was decreased by
a subcutaneous injection of testosterone, was also recovered by Cs-EE treatment (Figure 2F).
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ical observations of mouse backs were collected for three weeks, and (B) skin color scores were 
assigned. (C) Hair type frequency (guard, awl, auchene, and zigzag) was measured in each group. 
(D) Photos of each hair type were collected from the five groups for each hair thickness. (E,F) The 
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was similar to the normal group. The hair type frequency also changed significantly, with the 
normal group showing an increase in the number of thick guard type hairs, and the testos-
terone group showing an increase in the number of thin zigzag type hairs, which was allevi-
ated by Cs-EE (Figure 2C). Hair thickness was measured using photos of each hair type (Fig-
ure 2D), which confirmed that the thickness of all types of hair in the vehicle group was rela-
tively thin, and the thickness of each hair type was increased by Cs-EE treatment (Figure 2E). 

Figure 2. Effects of Cs-EE on the testosterone-induced androgenic alopecia model. (A) Morphological
observations of mouse backs were collected for three weeks, and (B) skin color scores were assigned.
(C) Hair type frequency (guard, awl, auchene, and zigzag) was measured in each group. (D) Photos
of each hair type were collected from the five groups for each hair thickness. (E,F) The total hair
thickness of each group was measured. #: p < 0.05 and ##: p < 0.01 compared with the normal group,
* p < 0.05 and ** p < 0.01 compared with the vehicle group (treated with testosterone).

2.3. Histological Analysis and Ex Vivo Culture of Mouse Hair Follicles Reveal Hair Protective and
Growth Effects of Cs-EE

The histological data suggest that the hair follicles of the testosterone group were
empty, with no hair fibers (black arrows in Figure 3A).
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Figure 3. Effect of CS-EE on hair growth within ex vivo mouse hair follicles. (A) H&E staining of
mouse skin tissue under 4× magnification. (B) The ratio of hair fibers that degraded (black arrows in
(A)) to all hair fibers was calculated and expressed. (C) Representative images of mouse hair follicles
cultured in dermal papilla cell medium with DMSO vehicle or Cs-EE (100 µg/mL). (D) The length of
hair in each follicle was recorded and compared.

However, Cs-EE treatment triggered the development of new hair fibers on the epi-
dermal surface (Figure 3A,B). Ex vivo experiments on mouse hair follicles confirmed
the hair-growth-promoting effect of Cs-EE: a 48-h incubation of hair follicles with Cs-EE
(100 µg/mL) increased the hair length to more than 1200 µm, whereas the hair length
reached less than 1000 µm in the absence of Cs-EE (Figure 3C,D). These results indicate
that Cs-EE inhibits testosterone-mediated hair loss and induces hair growth.
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2.4. Cs-EE Reduces AR Level and Inhibits Apoptotic Pathway In Vivo

To find the mechanism of the anti-alopecia effect of Cs-EE, the protein levels of AR
in the skin on the backs of the mice were detected by Western blotting. The Western
blotting analysis (Figure 4A) showed that Cs-EE had an inhibitory effect on AR expression,
suggesting that it has an anti-androgenic effect.
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Figure 4. Androgen and apoptosis inhibition efficacy of Cs-EE at both the mRNA and protein levels
in a testosterone-induced alopecia mouse model. (A) The protein level of androgenic receptor was
also confirmed from skin lysate. GAPDH was used as a control protein. (B–D) The mRNA expression
levels of Bcl-2, Bax, and caspase 9 in skin lysate were measured using quantitative real-time PCR.
GAPDH was used as a control gene. € The protein level of Bcl-2 and the activation of caspase
3 in skin lysate were also determined by Western blotting. All data (B–D) are expressed as the
mean ± standard deviation. # p < 0.05 and ##: p < 0.01 compared with the normal group, * p < 0.05
and ** p < 0.01 compared with the Cs-EE-untreated group.

Because one of the important factors of hair loss is early termination of hair follicle
growth due to apoptosis, [25]; we also checked the mRNA expression of Bcl-2, Bax, and
caspase 9 in the mouse skin tissue. Interestingly, the mRNA expression level of Bcl-2 was
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increased after Cs-EE treatment (Figure 4B). On the other hand, the mRNA expression of
genes with pro-apoptotic properties, including Bax and caspase 9, was reduced considerably
after Cs-EE treatment under testosterone conditions (Figure 4C,D). The Western blotting
analysis showed results consistent with the real-time PCR results: a lower protein level
of cleaved caspase 3 was detected in the Cs-EE group after testosterone induction, and
the Bcl-2 protein level recovered after Cs-EE application (Figure 4E). These results show
that the protective effect of Cs-EE on hair derives from its downregulation of AR and
apoptotic pathways.

2.5. Cs-EE Exhibits Opposite Effects on the Survival and Proliferation of LNCaP and HDP Cells

LNCaP is an androgen-sensitive human prostate cancer cell line, and the upregulation
of LNCaP proliferation after DHT treatment has previously been reported [26,27]; therefore,
we conducted cell viability and cell proliferation assays to evaluate the anti-androgenic
effect of Cs-EE. Up to a concentration of 12.5 µg/mL, Cs-EE showed toxicity against LNCaP
cells, lowering their viability to less than 80% (Figure 5A).
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Figure 5. Cs-EE inhibited the survival and proliferation of an androgen-dependent prostate can-
cer cell line (LNCaP) and upregulated the survival and proliferation of human dermal papilla
(HDP) cells. (A) Cell viability assay using MTT solution with different Cs-EE concentrations. (B,C)
LNCaP proliferation was detected in both the DHT-treated and untreated conditions in 0, 25, 50, and
100 µg/mL of Cs-EE. (D) The cytotoxicity of Cs-EE on HDP cells was measured using the MTT assay.
(E,F) HDP proliferation in different concentrations of Cs-EE was evaluated in the DHT-treated and
-untreated conditions.
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Cs-EE at 100 µg/mL reduced LNCaP proliferation from more than 350% of the control
to less than 200% (Figure 5B). Surprisingly, the upregulation of LNCaP proliferation caused
by DHT (100 nM) treatment was reduced by Cs-EE treatment in a time- and dose-dependent
manner (Figure 5C).

We also measured the cytotoxic effect of Cs-EE on HDP cells. Interestingly, up to
100 µg/mL of Cs-EE had no significant effect in cell viability, and treatment of more than
100 µg/mL of Cs-EE drastically increased cell viability (Figure 5D). Compared to the
absence of Cs-EE, HDP proliferation also increased (Figure 5E). Moreover, 100 nM DHT
had cytotoxic effects on HDP cells, and Cs-EE co-treatment recovered the proliferation of
HDP cells up to 100% (Figure 5F). These results indicate that Cs-EE acted as an anti-alopecia
agent by blocking the androgenic pathway and protecting HDP cells from death.

2.6. Cs-EE Promotes 5α-Reductase Inhibition and Anti-Apoptotic Processes in HDP Cells

We conducted a 5α-reductase activity assay to find the mechanism of the anti-androgenic
activity of Cs-EE (Figure 6A).
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More than 100 µg/mL of Cs-EE reduced 5α-reductase activity to less than 40% of
normal levels. Therefore, the Cs-EE-mediated AR protein level reduction and the cy-
totoxicity against LNCaP cells were driven by the inhibitory effect that Cs-EE has on
5α-reductase activity.
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To confirm the anti-alopecia effect of Cs-EE in vitro, HDP cells were treated with
DHT (100 nM) after Cs-EE pre-treatment. The reduced mRNA level of Bcl-2 was dose-
dependently increased by Cs-EE treatment (Figure 6B). On the other hand, the mRNA level
of caspase 9, which is a pro-apoptotic agent, was decreased by Cs-EE (Figure 6C). The
real-time PCR data reaffirmed that the anti-hair-loss effect of Cs-EE occurred through the
regulation of the cell-death signaling pathway.

3. Discussion

Connarus semidecandrus is widely used in tropical regions to treat fever or muscle
pain [23,28]. However, no previous study has evaluated its therapeutic potential in other
disease models. GC-MS analysis revealed that C. semidecandrus contains maltol and DDMP,
indicating that it might have hair-growth-promoting effects [24]. Therefore, we evaluated
the protective effects of an ethanol extract of C. semidecandrus against hair loss.

Alopecia induced by testosterone in an animal model was relieved by Cs-EE; hair
recovery speed and hair thickness both increased after Cs-EE treatment. Histological data
also demonstrated that Cs-EE had a protective effect on hair follicles. The results from an ex
vivo experiment using mouse hair follicles were consistent with the data from the alopecia
model showing that Cs-EE has a hair-growth-promoting effect.

Androgens, including testosterone, androstenedione and DHT, trigger hair loss, which
is known as AGA [29]. DHT has the highest affinity for AR among the androgens, and
AR activated by its interaction with DHT can translocate to the nucleus for further gene
expression [30]. Therefore, we measured the protein expression of AR to confirm the
potential utility of Cs-EE. That result showed a significant reduction in AR protein levels
after Cs-EE treatment. Moreover, Cs-EE blocked the survival and DHT-dependent prolif-
eration of LNCaP cells. Therefore, we assumed that Cs-EE regulates reactions upstream
of AR activation. The one-step conversion of testosterone to the highly attractive DHT
requires the help of 5α-reductase [31]. Interestingly, Cs-EE significantly interfered with
5α-reductase activity at every tested concentration, operating as an androgen-mediated
signaling pathway regulator.

Failure to shift from the catagen/telogen phase to the anagen phase causes continuous
apoptotic signaling that shrinks and degrades hair follicles, eventually resulting in insuffi-
cient hair [32]. The most well-known apoptotic pathway is the intrinsic pathway, which
is mainly mediated by mitochondria [33]. That process begins with the translocation of
Bax to the mitochondrial membrane, which triggers the release of cytochrome c and stops
Bcl-2, which otherwise blocks the entrance of cytochrome c to the cytosol. The released
cytochrome c binds to procaspase 9 and other complexes to form an apoptosome. The apop-
tosome then activates the caspase 3 signaling cascade, which induces cell demolition [34–36].
We examined the anti-apoptotic effect of Cs-EE in vivo and in vitro. After Cs-EE treatment,
the mRNA levels of Bcl-2, which blocks apoptosis, increased, and the mRNA levels of Bax
and caspase 9, which activate apoptosis, decreased. Cs-EE also increased the protein level
of Bcl-2 and suppressed the protein level of cleaved caspase 3 in vivo, which indicates that
Cs-EE treatment halted the caspase signaling cascade. That discovery suggests that Cs-EE
might be useful as a drug to ameliorate unbalanced apoptotic responses.

Cs-EE could have clinical efficiency against alopecia by regulating either the andro-
genic axis or the apoptotic axis, which emphasizes its therapeutic potential. Clinical trials
to inhibit the cell-death pathway using Bcl-2 antisense oligonucleotides, caspase inhibitors
and synthetic p53 have been conducted continuously, and treatments such as finasteride
(a 5α-reductase inhibitor) and minoxidil (an AR antagonist) have already been clinically
approved [17,37].

4. Materials and Methods
4.1. Materials and Reagents

LNCaP cells (a human prostate cancer cell line) and HDP cells (a human hair follicle
dermal papilla cell line) were bought from the American Type Culture Collection (Rockville,
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MD, USA). Testosterone, finasteride, sesame oil, and dimethyl sulfoxide (DMSO) were
purchased from Sigma (St. Louis, MO, USA). RPMI 1640 medium, trypsin (0.25%), and
penicillin-streptomycin solution were purchased from HyClone Laboratories (Logan, UT,
USA). CEFOgroTM Human Dermal Papilla Growth Medium (HDP growth medium) was ob-
tained from CEFO Co. (Seoul, Korea). FBS was bought from Gibco (Grand Island, NY, USA).
Phosphate-buffered saline was bought from Samchun Pure Chemical Co. (Gyeonggi-do,
Korea). TRIzol reagent was bought from Molecular Research Center, Inc. (Cincinnati, OH,
USA). Antibodies for Bcl-2, Bax, caspase 3, and cleaved caspase 3 were obtained from Cell
Signaling Technology (Beverly, MA, USA), and antibodies for GAPDH and AR were bought
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

4.2. Preparation of C. semidecandrus Ethanol Extract and GC-MS

Connarus semidecandrus was a kind gift from the National Institute for Biological Re-
sources (Incheon, Korea). The whole C. semidecandrus plant was pulverized and then gran-
ulated for 24 h at 20–22 ◦C using 70% EtOH. For complete removal of EtOH, a rotary flash
evaporator (Büchi Labortechnik AG, Flawil, Switzerland) was used for filtering and concen-
tration under a vacuum at 10 h Pa and 40 ◦C. Further evaporation of the aqueous solution
was conducted at 5 m Torr and −85 ◦C, and then the extract was lyophilized [38]. GC-MS
was conducted in the Cooperative Center for Research Facilities of SKKU (Gyeoggido,
Korea).

4.3. Animals and Cell Culture

C57BL/6 mice (male, five weeks old) were purchased from Orient Bio (Iksan, Korea)
and raised in plastic cages with plenty of water and food. Guidelines from the Institutional
Animal Care and Use Committee at Sungkyunkwan University were followed in this study
(SKKUIACUC-2021-07-18-1).

LNCaP cells were cultured in RPMI 1640 medium containing 10% FBS and 1% antibi-
otics (penicillin and streptomycin) at 37 ◦C, and HDP cells were cultured in HDP growth
medium at 37 ◦C. Both cell lines were incubated with 5% CO2.

4.4. Testosterone-Induced AGA Model

C57BL/6 mice (n = 6) were divided into five groups: the Normal group; the Vehicle
(PBS: DMSO = 1:1) control group; the 40 µg/kg/week testosterone + Cs-EE 5 mg/day
group; the 40 µg/kg/week testosterone + Cs-EE 10 mg/day group; and the 40 µg/kg/week
testosterone + finasteride 5 mg/kg/day group (positive control) (Figure 7). To evaluate
the hair-growthpromoting effect of Cs-EE, the dorsal part of each mouse was treated with
hair removal cream and shaved using an electric clipper twice, seven and three days before
the first testosterone treatment. 40 µg/kg of testosterone dissolved in sesame oil was
subcutaneously injected once a week four times. Cs-EE (5 and 10 mg/kg) or finasteride
(5 mg/kg) diluted with PBS and DMSO (ratio of 1:1) were applied to the skin on the back
every day during the three weeks of the testosterone injection period. One day after the
last testosterone injection, all groups of C57BL/6 mice were euthanized; the dorsal hairs
were isolated from the mice to confirm hair type frequency and hair thickness.

4.5. Hair–Skin Ratio, Hair Type Frequency, and Hair Thickness Analysis

After shaving the mouse hair, pictures of the dorsal skin were collected every week,
and hair growth areas were scored with numbers from 1 to 10 depending on their color
using ImageJ. Then, up to 350 hairs per mouse were collected to measure the frequency
of hair type (guard, awl, auchene, and zigzag) [39], andthe thickness of each hair was
measured using micrometer vernier calipers from ANENG (Guangdong, China).
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4.6. Hematoxylin & Eosin Staining

Mouse back skins were fixed in 3.7% formalin for two days at 4 ◦C and then embedded
in paraffin. After sectioning (4 µm), hematoxylin and eosin (H&E) were used to stain the
tissue for hair-loss examination.

4.7. Ex Vivo Culture of C57BL/6 Mouse Hair Follicles

Five-week-old C57BL/6 mice were euthanized to obtain vibrissae hair follicles (n = 15) [40].
The hair follicles were cultured in HDP growth medium at 37 ◦C and 5% CO2. One day
later, after media suction, either DMSO or Cs-EE (100 µg/mL) was administered to the hair
follicles, and the hair length was measured at 0, 8, 16, 24, and 48 h after seeding.

4.8. Quantitative Real-Time PCR

RNA from mouse skin tissue from the alopecia model and total RNA prepared from
HDP cells treated with DHT (100 nM) for 24 h after pre-treatment with 25, 50, or 100 µg/mL
of Cs-EE were extracted using TRIzol reagent. A cDNA synthesis kit from Thermo Fisher
Scientific was used to synthesize cDNA from total RNA, as previously described [41,42].
The mRNA levels of Bcl-2, Bax, and caspase 9 (primers listed in Tables 2 and 3) were
measured using real-time PCR with SYBR premix Ex Taq. The expression levels were
calculated relative to GAPDH.

Table 2. Sequences of human primers used for PCR.

PCR Type Gene Name Sequence (5′-3′)

Real-time PCR

Bcl-2
(Human)

Forward ATCGCCCTGTGGATGACTGAGT
Reverse GCCAGGAGAAATCAAACAGAGGC

Caspase 9
(Human)

Forward AGGCAAGCAGCAAAGTTGTC
Reverse GTCTTTCTGCTCGACATCACCA

GAPDH
(Human)

Forward GACAGTCAGCCGCATCTTCT
Reverse GCGCCAATACGACCAAATC

Table 3. Sequences of mouse primers used for PCR.

PCR Type Gene Name Sequence (5′-3′)

Real-time PCR

Bcl-2
(Mouse)

Forward GAGTACCTGAACCGGCATCT
Reverse GAAATCAAACAGAGGTCGCA

Bax
(Mouse)

Forward GAACCATCATGGGCTGGACA
Reverse GGAGAGGAGGCCTTCCCAG

Caspase 9
(Mouse)

Forward CGAGAACTACCGCAGGAAGC
Reverse CTGTCGTATTCCCGCGATCC

GAPDH
(Mouse)

Forward TGTGAACGGATTTGGCCGTA
Reverse ACTGTGCCGTTGAATTTGCC
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4.9. Western Blotting

The skin tissues from C57BL/6 mice were stored at −70 ◦C after being ground in
liquid nitrogen. For use in Western blotting, the tissues were lysed with lysis buffer (50 mM
Tris-HCl, pH 7.4; 120 mM NaCl; 25 mM β-glycerol phosphate, pH 7.5; 20 mM NaF; 2%
Nonidet P-40; and protease inhibitors) as previously described [43,44]. After subsequent
sonication, the lysates were pelleted by centrifuge at 12,000× g for 3 min and 4 ◦C. The
resulting supernatants were used in the Western blotting analysis. Protein samples were
analyzed using 10–15% SDS-polyacrylamide gel electrophoresis. The levels of AR, Bcl-2,
caspase 3, cleaved caspase 3, and β-actin were measured with corresponding antibodies.

4.10. 5α—Reductase Activity Assay

The whole liver of a 10-week-old male Sprague Dawley rat was extracted and lysed
with lysis buffer (7.5 nM K2HPO4, 3.25 nM KH2PO4, 1 mM DTT, 32 mM sucrose, 0.2 mM
PMSF, and additional protease inhibitors) to obtain 5α-reductase [45,46]. The reaction was
initiated by adding NADPH (34 mM), testosterone (0.4 mM), and McIlvaine buffer (pH 5.0)
to 4 µL of the enzyme extract that had been treated with serial concentrations of Cs-EE. [47].
After incubation, the reaction was stopped by heating for 5 min at 80 ◦C. The absorbance
was measured at 340 nm to detect the oxidation of NADPH.

4.11. Cell Viability Assay

LNCaP and HDP cells were cultured in 96-well plates at concentrations of 1 × 104 cells/mL
or 5 × 104 cells/mL cells/mL. Cs-EE (50 µL) was added to each well. After 24 h, 10 µL of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) solution was added,
and the cells were cultured for 3h before 100 µL of 10% SDS in 0.01 M HCl was added to
each well for 24h to stop the reaction and dissolve the formazan [48,49]. Subsequently, the
absorbance of the MTT formazan was measured at 540 nm.

4.12. Cell Proliferation Assay

A proliferation assay was conducted in both the presence and absence of DHT. LNCaP
and HDP cells were separately cultured at 3 × 103 cells/mL in 96-well plates, and cell
viability was measured at 0, 24, 48, and 72 h after Cs-EE treatment [50]. The optical density
was detected at 540 nm.

4.13. Statistical Analysis

All experiments were at least duplicated independently for statistical comparisons of
the mean ± standard deviation. For statistical comparison, the data were analyzed with
t-testing. P-values of less than 0.05 were considered statistically significant.

5. Conclusions

Numerous efforts to find anti-alopecia plant extracts have previously been con-
ducted [51–53]. Here, we found that Cs-EE can alleviate 5α reductase activity, which
inhibited the protein expression of AR. It was also demonstrated that Cs-EE wasable to
reduce the intensity of the caspase cascade by increasing Bcl-2 at both the mRNA and
protein levels in vitro, and enhanced hair growth and thickness in vivo (Figure 8). These
results strongly suggest that Cs-EE has anti-alopecia potential and can be further clinically
applied for men with hair loss as a topical medication such as ointment, gel, or cream for
AGA treatment. In addition, because Cs-EE suppressed the proliferation of LNCaP cells,
an androgen-sensitive human prostate cancer cell line, the anti-prostate cancer effect of
Cs-EE should be continuously evaluated. Finally, the active ingredients of Cs-EE that show
anti-alopecia activity will be identified in a subsequent project.
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Abbreviations

Cs-EE Connarus semidecandrus ethanol extract
AGA Androgenic alopecia
AR Androgenic receptor
DHT Dihydrotestosterone
Bcl-2 B-cell leukemia/lymphoma 2
Bax Bcl-2 associated X protein
Caspase 9 Cysteinyl aspartic acid protease 9
Caspase 3 Cysteinyl aspartic acid protease 3
LNCaP cell Lymph node carcinoma of the prostate cell
HDP cell Human hair follicle dermal papilla cell
GC-MS Gas chromatography-mass spectrometry
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo
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37. Arca, E.; Açikgöz, G.; Taştan, H.B.; Köse, O.; Kurumlu, Z. An open, randomized, comparative study of oral finasteride and 5%
topical minoxidil in male androgenetic alopecia. Dermatology 2004, 209, 117–125. [CrossRef]

38. Lee, J.A.; Shin, J.Y.; Hong, S.S.; Cho, Y.R.; Park, J.H.; Seo, D.W.; Oh, J.S.; Kang, J.S.; Lee, J.H.; Ahn, E.K. Tetracera loureiri extract
regulates lipopolysaccharide-induced inflammatory response via Nuclear Factor-κB and Mitogen Activated Protein Kinase
signaling pathways. Plants 2022, 11, 284. [CrossRef]

39. Chi, W.; Wu, E.; Morgan, B.A. Dermal papilla cell number specifies hair size, shape and cycling and its reduction causes follicular
decline. Development 2013, 140, 1676–1683. [CrossRef]

40. Yuen, G.K.; Ho, B.S.; Lin, L.S.; Dong, T.T.; Tsim, K.W. Tectoridin stimulates the activity of human dermal papilla cells and
promotes hair shaft elongation in mouse vibrissae hair follicle culture. Molecules 2022, 27, 400. [CrossRef]

41. Kim, J.K.; Shin, K.K.; Kim, H.; Hong, Y.H.; Choi, W.; Kwak, Y.S.; Han, C.K.; Hyun, S.H.; Cho, J.Y. Korean Red Ginseng exerts
anti-inflammatory and autophagy-promoting activities in aged mice. J. Ginseng Res. 2021, 45, 717–725. [CrossRef]

42. Lorz, L.R.; Kim, D.; Kim, M.Y.; Cho, J.Y. Panax ginseng-derived fraction BIOGF1K reduces atopic dermatitis responses via
suppression of mitogen-activated protein kinase signaling pathway. J. Ginseng Res. 2020, 44, 453–460. [CrossRef] [PubMed]

43. Lee, J.O.; Hwang, S.H.; Shen, T.; Kim, J.H.; You, L.; Hu, W.; Cho, J.Y. Enhancement of skin barrier and hydration-related molecules
by protopanaxatriol in human keratinocytes. J. Ginseng Res. 2021, 45, 354–360. [CrossRef] [PubMed]

44. Lee, J.O.; Yang, Y.; Tao, Y.; Yi, Y.S.; Cho, J.Y. Korean Red Ginseng saponin fraction exerts anti-inflammatory effects by targeting the
NF-kappaB and AP-1 pathways. J. Ginseng Res. 2022, 46, 489–495. [CrossRef] [PubMed]

45. Iwai, A.; Yoshimura, T.; Wada, K.; Watabe, S.; Sakamoto, Y.; Ito, E.; Miura, T. Spectrophotometric method for the assay of steroid
5α-reductase activity of rat liver and prostate microsomes. Anal. Sci. 2013, 29, 455–459. [CrossRef] [PubMed]

46. Koseki, J.; Matsumoto, T.; Matsubara, Y.; Tsuchiya, K.; Mizuhara, Y.; Sekiguchi, K.; Nishimura, H.; Watanabe, J.; Kaneko, A.;
Hattori, T.; et al. Inhibition of Rat 5α-Reductase activity and testosterone-induced Sebum synthesis in hamster sebocytes by an
extract of Quercus acutissima Cortex. Evid.-Based. Complement. Alternat. Med. 2015, 2015, 853846. [CrossRef]

47. Quehenberger, J.; Reichenbach, T.; Baumann, N.; Rettenbacher, L.; Divne, C.; Spadiut, O. Kinetics and predicted structure of a
novel xylose reductase from Chaetomium thermophilum. Int. J. Mol. Sci. 2019, 20, 185. [CrossRef]

48. Hong, Y.H.; Kim, J.H.; Cho, J.Y. Ranunculus bulumei methanol extract exerts anti-inflammatory activity by targeting Src/Syk in
NF-κB signaling. Biomolecules 2020, 10, 546. [CrossRef]

49. Rho, T.; Jeong, H.W.; Hong, Y.D.; Yoon, K.; Cho, J.Y.; Yoon, K.D. Identification of a novel triterpene saponin from Panax ginseng
seeds, pseudoginsenoside RT8, and its antiinflammatory activity. J. Ginseng Res. 2020, 44, 145–153. [CrossRef]

50. Lee, J.O.; Kim, J.H.; Kim, S.; Kim, M.Y.; Hong, Y.H.; Kim, H.G.; Cho, J.Y. Gastroprotective effects of the nonsaponin fraction of
Korean Red Ginseng through cyclooxygenase-1 upregulation. J. Ginseng Res. 2020, 44, 655–663. [CrossRef]

51. Ha, E.J.; Yun, J.H.; Si, C.; Bae, Y.S.; Jeong, Y.H.; Park, K.H.; Choi, S.E. Application of ethanol extracts from Alnus sibirica Fisch. ex
Turcz in hair growth promotion. Front. Bioeng. Biotechnol. 2021, 9, 673314. [CrossRef]

52. Wisuitiprot, V.; Ingkaninan, K.; Chakkavittumrong, P.; Wisuitiprot, W.; Neungchamnong, N.; Chantakul, R.; Waranuch, N. Effects
of Acanthus ebracteatus Vahl. extract and verbascoside on human dermal papilla and murine macrophage. Sci. Rep. 2022, 12, 1491.
[CrossRef] [PubMed]

53. Shin, J.Y.; Choi, Y.H.; Kim, J.; Park, S.Y.; Nam, Y.J.; Lee, S.Y.; Jeon, J.H.; Jin, M.H.; Lee, S. Polygonum multiflorum extract support
hair growth by elongating anagen phase and abrogating the effect of androgen in cultured human dermal papilla cells. BMC
Complement. Med. Ther. 2020, 20, 144. [CrossRef] [PubMed]

http://doi.org/10.1038/sj.cdd.4401950
http://doi.org/10.1073/pnas.241655498
http://www.ncbi.nlm.nih.gov/pubmed/11818574
http://doi.org/10.1016/j.devcel.2006.04.008
http://www.ncbi.nlm.nih.gov/pubmed/16678772
http://doi.org/10.1159/000079595
http://doi.org/10.3390/plants11030284
http://doi.org/10.1242/dev.090662
http://doi.org/10.3390/molecules27020400
http://doi.org/10.1016/j.jgr.2021.03.009
http://doi.org/10.1016/j.jgr.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32372867
http://doi.org/10.1016/j.jgr.2020.12.003
http://www.ncbi.nlm.nih.gov/pubmed/33841016
http://doi.org/10.1016/j.jgr.2022.02.004
http://www.ncbi.nlm.nih.gov/pubmed/35600780
http://doi.org/10.2116/analsci.29.455
http://www.ncbi.nlm.nih.gov/pubmed/23574674
http://doi.org/10.1155/2015/853846
http://doi.org/10.3390/ijms20010185
http://doi.org/10.3390/biom10040546
http://doi.org/10.1016/j.jgr.2018.11.001
http://doi.org/10.1016/j.jgr.2019.11.001
http://doi.org/10.3389/fbioe.2021.673314
http://doi.org/10.1038/s41598-022-04966-w
http://www.ncbi.nlm.nih.gov/pubmed/35087085
http://doi.org/10.1186/s12906-020-02940-5
http://www.ncbi.nlm.nih.gov/pubmed/32398000

	Introduction 
	Results 
	Phytochemical Components of C. semidecandrus 
	Hair Growth Promoting and Hair Thickening Effects of Cs-EE 
	Histological Analysis and Ex Vivo Culture of Mouse Hair Follicles Reveal Hair Protective and Growth Effects of Cs-EE 
	Cs-EE Reduces AR Level and Inhibits Apoptotic Pathway In Vivo 
	Cs-EE Exhibits Opposite Effects on the Survival and Proliferation of LNCaP and HDP Cells 
	Cs-EE Promotes 5-Reductase Inhibition and Anti-Apoptotic Processes in HDP Cells 

	Discussion 
	Materials and Methods 
	Materials and Reagents 
	Preparation of C. semidecandrus Ethanol Extract and GC-MS 
	Animals and Cell Culture 
	Testosterone-Induced AGA Model 
	Hair–Skin Ratio, Hair Type Frequency, and Hair Thickness Analysis 
	Hematoxylin & Eosin Staining 
	Ex Vivo Culture of C57BL/6 Mouse Hair Follicles 
	Quantitative Real-Time PCR 
	Western Blotting 
	5—Reductase Activity Assay 
	Cell Viability Assay 
	Cell Proliferation Assay 
	Statistical Analysis 

	Conclusions 
	References

