6-Gingerol inhibits hair shaft growth in cultured
human hair follicles and modulates hair growth
in mice
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Introduction
This study investigates if ginger affects hair growth.

Conclusions

- Ginger does inhibit hair growth.
- Ginger inhibits hair growth, likely by a mitochondria mediated apoptosis (cell death).
- Ginger inhibits hair growth by inhibiting dermal papillary cells that regulate hair growth.

Amendments
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Abstract

Ginger (Zingiber officinale) has been waditionally used to check hair foss and stimulate hair growth in East Asia. Several
companies produce shampoo containing an extract of ginger claimed to have anti-hair loss and hair growth promotion
properties. However, there is no scientific evidence to back up these claims. This study was undertaken to measure 6-
gingerol, the main active component of ginger, on hair shaft elongation in vitro and hair growth in vivo, and to investigate
its effect on human dermal papilla cells (DPCs) in vivo and in vitro. 6-Gingerol suppressed hair growth in hair follicles in
culture and the proliferation of cultured DPCs. The growth inhibition of DPCs by 6-gingerol in vitro may reflect a decrease in
the Bcl-2/Bax ratio. Similar results were obtained in vivo, The results of this study showed that 6-gingerol does not have the
ability to promote hair growth, on the contrary, can suppress human hair growth via its inhibitory and pro-apoptotic effects
on DPCs in vitro, and can cause prolongation of telogen phase in vivo. Thus, 6-gingerol rather than being a hair growth
stimulating drug, it is a potential hair growth suppressive drug; i.e. for hair removal.
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Introduction

Hair is a protective appendage on the body that is considerod an
cessary structure of the integument. Althoagh the perturbation
and loss of hair follicles and alterations in hair fiber production in
humans are generally not life-threatening events, their profound
impact on social intersctions and on patients’ psychological well-
being i undeniable [1,2] which in tm increases the demands for
the possible treatment options and s hair Joss treatment
products into a multi-million dollar industry, Despite this, most
current product fective, as evidenced by the fact that the
FDA has approved only two u nts for hair loss [3]. Given the
limited, transient and. somewhat unpredictable cfficacy of the
current approved anti-hair loss medicines (3], novel pharmaco-

logical treatments and agents are on demand. There have been
many attempes to discover materials from traditional herbal
mucddicines that prevent hair loss [+8]. For instance, green tea, the
tuber feecellower (Ppouw nulfifornm Thunb) and ginger |3

ingpier

suffering from bakdness and hair loss. Several companies produce
shampoos containing an extract of P maltflonw or ging i
which are claimed w0 bave anti-hair Joss and hair growth
promotion properties [9,10]. Recently, several studies demon-
strated that the green tea [4] or P. multifiornm 1 (8] can
promote hair growth; however, there is no scie idence 10
support this claim for ginger.

The mammalian  bair contains  dermal  papilla
DP)which mainly consist of DF cells (DPCs), and dermal sheath
derived from the mesenchyme as well as epithelial cells of the outer
oot sheath, inner root sheath, matrix and hair shafi, derived from

=
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the epithelium [11], The postnatal hair follicle undergoes a cycle
of anagen (growth phase), catagen (regression phase) and 1clogen
resting phase), The reciprocal interactions between the epithelium
and mesenchyme are esential for postiatal hair growth and
cyeling of hair follicles. The DP is known 1o have a key role in the
regudation of hair growth and cycling [11].Thus, any Fctor that
affects the functions of DPCs can influence hair growth. For
instance, Minoxidil [12] and epigallocatechin-3-gallate [4] stim-
ulate the hair growth by exerting their anti-apopiotic effects an
DPCs through increasing the Bel-2/Bax ratio), this is one of the
mechanism of actions on Minoxidil. Cisplatin [13] on the other
hands leads 1o hair Joss by inducing apopeotic effects on DPCs
through decreasing the Bed-2/Bax rutio)

There are several recent seientific investigations amed at the
isolation and identification of active constituents of ginger and the
scientific verification of its pharmacological actions and those of its
congituents (14,13]. The resules show that Ggingerol is the most
abundant activ
microbiolagical effccss, including anti-umorigenic, anti-inflamma-
tory, anfi-oxidant and ant-emetic actions; However,
ical effects of f-gingerol on hair growth are not scieni

In this study, we have investigated the effects of G-gingerol an human
DPCs and hair shaft growth ex vivo and hair growth in mice.

nstituent and has various pharmacological and

Materials and Methods

2.1. Isolation and culture of human hair follicles
Punch biopsy (4 mm) specimens were taken from  male
nonbakding occipital scalps of patients undergoing hair transplan-
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The fair follicle is a pocket that extends lengthwise upward to create a “"cave"”
where the hair shaft is created by matrix cells (also known as epithelial
germination cells) started at the hair bulb. These cells proliferate (multiply) and
differentiate (turn into) into keratin producing cells (keratinocytes), which create
keratin protein into hair fibers, creating the hair shaft, while also integrating into the
hair shaft and killing themselves, creating keratinized cells. This whole process is
controlled by dermal papillary cells (DPCs) that send signals to the matrix cells to
divide/multiply/proliferate and differentiate to migrate upward from the hair bulb
and into the hair shaft to be keratinized cells.

Hair Follicle
Mair shaft
Epidermis.
(Skin}
T ArrectoePil
T Mucle
Keratinocytes
—}7 Hair bulb
Dermai Papita
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Figure 1. Growth inhibition and induction of apoptosis effects of 6-gingeral on human DPCs i witva, DPCs were cuftured with different
cancentrations of E-gingeral for 48 h, Compared 1o the vehicle-treated contral, treatment with 10 pgiml S-gingeral significantly inbilsited the
proliferation of cells. (A} Call viability was determined by the MTT assay. *<0.05 vs the vehidle-treated cantrol. (8] Apoptosts analysis of cells.

0i:10.1371/joumal pore 00572266001

tation surgery for andmgenic alopecia. The
Commitee of the Sowthermn Medical Unive
studdies described here, The sudy was condueted according to the
" Hebsinki Prineip il informed written consent

abtaived From all gaticnts. Follichss were isobated and
cultured as described by Philpott et al [16]. Beielly, hair fillicles
were isolated with farceps under a hinocular Eght microscope and
cultured in 24-well dishes for 7 days in Williams E medium |

ity
Loui eissolved i dimethylsul
Science & Technology Liel, Beijing,
comcentration of the wehicle < 0.1 Gingrral was added o
culture medium at 10 or 20 pgd/ml, and 0.1% [v/v) DMSCY was
wed as a control. In all experiments, culture medium and 6-
gingrrol were refreshed every other total of 140
s from 3 different vol licles subi
under each growth condition, The mean length

Chinea) and 10 keep final

1} were
[ lair

2.2. Culture of human DFCs

DPCs were i e and cultured as described by Maged et al
[17]- Briefly, dermal papillae were microdissecied from the bulhs
of dissecred hair follicles, wansferved onte plaste dishes and
eulured in Dulbecen’s modified E M
Grand land, NY) supplemented with 100 UZenl penicillin,
100 mygdml serepromyein and v fetal bewine serum (FBS
Gibeo| at 37 °C o a humidified 5% O05 atmosphere. The
explants were kept in the medium for 7 days and the medium was
changed every 3 days. Once cell outgrowth was subrconfhsent,
wells were harvested with 0.25% (w/v) mypsin-EIYEA [Inwitrogen,
Carlshad, and subeulured with a split maio of 123
Aferwa DFCs were maintained in DMEM supplemented
with 10% FBS,

2.3 Cell proliferation and apoptosis assays

Cell proliferation was determined wsing e MTT assay
deseribed by Mosmann [18]. Briclly, DPCs (3 % 10° colls/we
were seeded ot $6-well plates and incubated for 24 b before

_ : adding 6-gingerol at 3 or 1 pg/ml and then incubated at 57 °C

licle from e oo of the deemal papilie at day 2060 W35 i 40 b, srng 0.1 DM o0 2 negative contoal. Absbane

45 mm. $90 nm was measured using reader, Relative
viabiliey was ¢
Ty that of the nomreated cells in each experiment

A B

Control 5 pgiml 10 pg'ml
Bax - — -

Bel2 c—

% of the control

GAPDH (N  emm——  yp—

Control Spgiml 10 giml
B-Gingerol

Figure 2. Effect of 6-gingerol on the expression of Bel-2 and Bax proteins in cultured human DPCs, (4] DPCs were teated with the
indicated concentratians of &-gingeral (1% DMSO cantroll far 48 h and subjected to western Elot analysis. Representative bands are shown, {B)
Histograms showing the quantification of westem bilat bands. GAPDH was used as the intemal control. *F<005 compared to the contral (0.1%

DM50] groug.
ai:10,1371 Joumal pane D05 7226,g002
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Figure 1

This data shows dermal papillary cells (see introduction for details) that control the growth of the hair
follicle being plated onto dishes and [1A] ginger is being added to the plate in increasing
concentrations to determine cell growth/multiplying, while [1B] is a determination of apoptosis (cell
death), with more black dots (representative of cells) located higher up being an indication of more
cell death (apoptosis).

Primary Results

- There is a decrease in dermal papillary cell (DPC) growth with the addition of ginger.
- There is an increase in DPC death with the addition of ginger.

_: In isolated cells, ginger inhibits the growth of hair growth regulating cells.

Figure 2

[2A] This data here is showing the amount of Bax (pro-apoptosis/cell death) protein and BCL-2 (anti-
apoptosis/cell death) protein levels (darker the smudge, the more there is) in the absence of presence
of ginger in PDCs (papillary dermal cells). [2B] This is the graph version quantifying what is seen in 2A.

Primary Results
- Bax increases with ginger addition.
- BCL decreases with ginger addition.

This data indicates there is an increase in pro-apoptosis (cell death) signaling and a
reduction in anti-apoptosis signaling.
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Figure 3. Growth Inhibitory effact of 6-gingerol on the elongation of human halr shafts /n vitro. Halr folicles were treated with different
congentrations of 6-gingerol for 7 days and the elongation of human hair shafts was measured using a calibrated eyepiece graticule in a light

microscope at a magnification of 20x. (n=60)
0l:10.1371/joumal pone 0057226 G003

DPCs seeded in Gowell plates at a density of 2.5 x 107 cells/well
were treated with 3 or 10 pg/ml G-gingerol or 0.1% DMSO as a
control for 48 h. Cell apopiosis was examined using an Annexin V
detecton kit (Caltag-Medsystens Lad., Buckingham, UK accond-
ing w0 the manufactarer’s instruc epibii

A minimum of 2.5 107 cell events was acquired for
cach group in the process of analysis and each exper
repeated at least 3 times,

2.4 Western blot analysis
Both control and G-gingerobareated DPCs we
49 h afier teatment. Total cell lysates were prepared

el clectrophoresis (SDS-P;
Primary antibodies were incubated at appropriate d
Bel-2 monoclonal antibody, 1:500; anti-Bax monoconal antibody,
1:500; and ant-GAPDH manoclonal antibody, 1:1000  (Santa
Cnuz Biotechnology Inc.. Santa Cruzz, CAL The immune
complexes were detected using a western blotting enbanced
chemiluminescence (ECL) kit (Santa Cruz) and quantified using
analyst/PC densitometry sofiware (Bio-Rad Laboratories, Hercu-
les, CA).

Table 1. Elongation of hair shafts with the indicated
treatment (n=60).

Treatment Hair shaft length (mm|  *#
Control (0.0% (M) 148 £ 020
DMSO)

6Gingercd (10 po/mll 141 = 023 onl
6:Gingeral (20 ug/ml)  1.05 + 021 000

*Vorsus the control
doi10.1 371 /journal pone.0057226.5001
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2.5 In vivo analysis of 6-gingerol

A ol of 36 female C57BL/6 mice (8 weeks old) were
purchased from the Experimental Animal Center of Southern
Medical University (Guangzhou, China) and divided randomly
into 3 groups {12/group). Anagen was induced by depiation of
skin on the hack of C57BL/6 mice that were in the telogen phase
of the cyde, as described [19]. Briefly, hair was removed by topical
application of calcium thioghycolate. From the following day (day
13, 02 mL of 0.1 mg/ml or 1 mg/ml 6-gingerol in viv)
ethanol was applied to the dorsal skin of cach animal every day
10 days. Control animals recenved the vehicle solution alone
back
lowing depilation. All experiments lasted for 2
mice were then saerificed. The histology of skin specimens taken
from the back of cach mouse was examined with hematoxylin and
cosin (H&E) saining. All experimental « s
cordance with the National Institutes of Health Guide f
atory Animals and with the approyval
thical Committee of Southern Medical

Labo
cntal Animal E
University

2.6 Statistical analysis

All data are expressed as mean = SD from three independent
experiments. All statistical analysis was dooe with SPSS 130
Diffe 0 experimental groups were evaluated by
Student’s &es stically significant difference was set at P<0.05,

nces et cow

Results

3.1 6-Gingerol significantly inhibits the growth of DPCs
and induces cell apoptosis

To examine the efiect of Begingerol on the proliferati
DPCs, we treated DPCs with D] {control) or G-gingerol
10 pg/ml.. Within 48 h of culture, Grgingerol exhibiced 2
significant dose-dependent growth inhibiory eflect on DPCs
(Fig. 1AL To determine the mechanisms underlying 6-gingerol-
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Figure 3 & Table 1

Here, the researchers are showing images of isolated hair shafts (the hair itself) surrounded by their hair
follicle (the hair environment) with increasing concentrations of ginger exposed. Table 1 is a quantification
of growth of figure 3.

Primary Results
- Ginger addition trends toward a significant hair inhibitory effect with 10ug/mL concentration of ginger.
- Ginger addition at double the concentration (20ug/mL) leads to a clear hair growth inhibition.

This shows that ginger inhibits hair growth when the shaft and the entire follicle are
present.
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Figure 4. Inhibition of

1o the vehicle-

anagen
with vehide {right) or 1 mg/mi 6-gingerol (left] every day for 10

induction from telogen by 6-gingerol in CSTM mko. After ceplalm‘ the skin on the back was treated
each a 5 Compared to

treated control, 1 ma/mi &-gingerol can significantly inhibit anagen Induction from nlogm {A) Day zero, (8) 5 days, (C) 10 days, (D} 15 days and (E)
20 days after depilation. (F) Enlarged photograph of the left-hand mouse in (E).

0i:10.1371/joumal pone. 0057226 9004

Figure 4
These images are mice that have had their backs shaved the same way and ginger is added to one of the
mice’s back skin (left mouse) and the other is exposed to a negative control (right mouse).

Primary Results
- Mouse hair growth is greater in the right mouse, especially evident in panel D.

_: This shows a "live system" that ginger inhibits hair growth.

inhibited DPCs growth, the effect of 6-gingerol an cell apoptosis
was assessed by staining with fuorescein isothiocyanate (F11C)
and Annexin V., Caasistently, the exposure of DPCs 10 6-gingerol
significantly increased cell apoptosis as compared to the control
@roup, suggesting apopeosis as the mechanism  underlying 6-
gingerol-induced cytatoxicity (Fig. 1B).

3.2 Effects of treatment with é-gingerol on apoptosis
regulatory proteins

Earlier, 6-gingerol was shown 10 induce apoptosis through the
mitochondrial death pathway [20-22], Because this pathway of
apopiosis is known to be regulated by the balance of anti- and pro-
apoptatic proteins in the Bel-2 family [23.24], we ned the
leved of expression of two key Bel-2 family proteins Bel-2 and Bax
in response to treatment of DPCs with 6-gingerol. Immunoblotting
studies show that G-gingerol induced significant down-regulation
of the anti-apoptotic B2 protein and up-regulation of the pro-

Control

I mg/ml

Figure 5. 6-Gingerol decreased the number of hair follicles in
C57/BL6 mice. After depilation the back, the skin was treated with
vehicl ol y for 10 days. The
effoct of &-gingerol on the halr foliclos was analyzed using staining with
H&E at 20 days after depilation. lal-{0) Longitudinal sections of the
darsal skins. (b)-(d) Transverse sections of the dorsal skins. Each scale
bar represents 200 um.

@0i110.1371/joumal pone 0057226 4005
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apoptatic Bax protein compared with the vehicle-treated control.
Additionally, Bax protein was up-regulated in a f-gingerol dose-
dependent manner (P<0.03) (Fig. 2A, B

3.3 6-Gingerol inhibits hair shaft elongation in cultured
human hair follicles

Because DP has a key role in the regulation of hair growth, we
investigated the effect of 6gingerol on hair shafi clongation.
Human scalp hair follicles were solated and cultured both in the
absence and in the presence of Gegingerol. We obscrved that
20 pg/ml B-gingerol significanty inhibits elongation of hair shafis
(Fig. 3 and Table 1).

3.4 6-Gingerol delays anagen induction from telogen in
mice
The resulis given above shaw only the effect of 6-gingerol in

role of G-gingerol in hair growth r'wn'm ming B we M (2."7“[./!)
mice. When the dorsal pelage bair follicles were i the tebogen
phase, mice were shaved an the back and those showing a uniform
teogen stage skin were chasen. The dorsal skin was treated with
vehicle alone (contral) or with Bgingeral every day for 10 days.
Figure 4 shows hair regrowth at 5-day intervals for the control and
for treatment with 6-gingerol (1 mg/mi 6-gingerol as an example)
In normal control mice, faint hair regromth was observed at 10
days after depilatson. It became evident that hair on the miee had
fully regrown 1o the onginal stats within —20 days. After the
topical application of | mg/ml 6-gngerol, Eint hair regrowth was
observed at 13 days after depilation and sparse hair regrowth was
observed at 20 days after depilation. The effect of 6-gingerol on
the density of hair follicles was further assessed by staining with
H&E. Consistently, topical application of 6-gingerol can signifi-
cantly decrease the number of hair follices as compared 1o the
control group {

Discussion

Ginger (3 offiinake) has been traditionally used in East Asia to
prevent hair Ioss and stmulate hair growth, Carrently, several
companies produce shampoos containing ginger extract and caim

February 2013 | Volume 8 | lssue 2 | 57226




et 3t has aanti-hair Joss and lair growth promoting efeces [9,10];
hewever, there is 1o convineing evidenee to suppor the claimed
effeces of ginger on hair growth. In this sudy, G-gingerol, the main
active component of ginger, wies fownd o significamly inhibit hair
rowth hath in viee and i e, To our knowledge, the present
study is the first 10 evaluate the effect of G-gingeml on hair growth,
Chir resailis show that fegingeral docs nat promate hair grawth
and can inhibit hair growth by induiscing apoptatic effects on DICs
iy decreasing the Bel-2/Bax catio.

W found that Begingerol in the concentration range 510 g
ml caused a sgnificam dose-dependent sdibition of the prolifer-
ation of human DPCs ex vivo. Mareover, 20 g/l 6-gingeral
significantly supprossed clomgation of the hair shali (106 *
021 o) eompared W the comtrol group (148 = 020 mm).

A-Giingernl has heen shown to induce apopuosis mainly throngh
stimulation ol mitochondrial (inrinsic) death pathway [20-212],
which s regulared primarily by Bel-2 family protcins, notably the
provapopintic Bax and antiapopiatic Bel2 proteins [23,24], 1 is
swenerally accepied that Beb-2 prosects cells from apepansis and that
the activiry of Beb2 is determined by interaction with Bax [25].
Interesingly, Bel-2 and Bax have been shown w regubste hair
folicle apoptosis during the apoptosis-driven regression phase of
the hair eyele (catagen) [26,27). These findings have Jed 1o the
liypothesis that G-gingeral nduces apoprosis in hair fllicle cells by
regulating the Jevels of Bel-2 and Bax. Tn this study, we showed
thar G-gingerel affeces the expression of Bel-2 and Bax in cultured
buman TPCs, We found Gegingerol increased Tax and decreased
Bl Zexpression in culred DPCs, Treament with egingerol for
H b induced a significant increase inthe expression. of Bax and
decrease in the expresson of Bel-2 compared with the control
sroup. Additionally, Bax protein was upregubsted in 2 frgingerol
dhse-cependent manner. On the basis of the resulis of this and
carlier research [#,12,15.26,27), we propose that Gegingerol
induees apoptoss i DPCs by decreasiog the Jevel of Bel-2 and
increasing the level of Bax,

We have confinmed thar G-gingerod suppresses hair shali
elongation ex vive by inducing apopeonie damage in DPCs, bur
it & not clear whether Gegingeral can penetrate inin hair follices
and cause apopotic damage in DPCs in v, Compared 1o the
sination ex vive, DPCs in hair follickes in sitn have a higher
resistance b damage Ectors [20]; thus, v determine whether the
changes ohserved ex vive occurred in s, we investigated the hair
wrowth-indibiting activity of 6-gingerol using § weeks old CA7BLY
G edee it sabbe and consisent telogen pliase [19] The shaved
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back skin of BL/: mice was treated with daily 1apical
application of 6-gingeral for 10 days. In normal contral mice, Bint
Teair regrowth was observed at 10 days and Full regrowth was
observed ar 20 days afier depilation, However, in the 1 mg/ml 6-
gingerol group, only fuint hair regrowth was observed a1 15 days
and sparse egrowth was observed an 30 davs after depilaton. To
further investigate the hair growth inhilition, we assessed e
effect of f-gingerod an the density of hair follicles by suaining with
(H&E], Consistemtly, wopical application of | mg/ml G-gingerol
can substantially decrease the number of hair fallice as compared
0 the comtrol group, Thus, it was confimmed that the evenis
initially abserved i sito actually ccourred i aia,

Unwanted body hair can be emotionally and socially desastar-
ing [249], m-ulnlq.' in the search for various weamment modalitics
“The smplest and moss popalar method is the use of depilatory
materiaks, which chemically remeove hair from the skin surfce by
dfissinlving keratin bist have onfy a temparary elfect, Unformtmately,
there are some sdodefects, such s skin allergy, paradosical
levpertrichosis or skin burn [30]. According o the resulss of this
present study, 6-gingerol can decrease the density of hair follicles
via inducing apoptotic offects on DPCs, aned 35 a0 potential
permanent bair remeval drsg,

In summary, we repart for the first time that frgingernl has no
elfect on prometing hair growth, on the comtrary, can sy
luman hair growth via s inhibdtory and pro-apoptatic effecs on
DFCs m mire, aned cause pmlougznuu af welogen phase s,
Thus, Bgingerol mather than being o bair grovh stmuolating drg,

The inadequacies of this study are that this rescarch as slighthy
lewer cases, the unknown effeer of Gegingerol on follicular
epithelial cells and genetic changes of Gogingerol on dermal
papilla celle i sin. Therefore, in fuure experiments, besides
increasing the sample size, we should do further experiments 1w
address the above-mentioned problems,
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