'.) Research article

Food Eng. Prog. 2026;30:260038 /\I'O'l Al 11 Ul'
Checkfor | pISSN: 1226-4768, elSSN: 2288-1247 &3 0
fidates https://doi.org/10.13050/foodengprog.260038 Food Engineering Progress

432 rad=l INE 6-IXE H 6-471=2 2R &I 83 Tl

SRS P RIS ST, JADIELGHATHIE] SRS ST, SHAZE L AT

m

e L

Evaluation of the hair growth-promoting effects of zingerone,
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Abstract

Natural therapeutic agents have attracted considerable attention as potential treatment options for alopecia. This study compared
the hair growth-promoting effects of Zingiber officinale compounds (zingerone, 6-gingerol, and 6-shogaol) on human dermal
papilla cells (HDP cells) and C57BL/6 mice. In vitro, all three compounds increased the expression of phosphorylated Akt (p-Akt),
phosphorylated extracellular signal-regulated kinase (p-ERK), Sonic Hedgehog (SHH), suppressor of Fused (SUFU), and Cyclin D3
in HDP. However, in vivo, only 6-gingerol significantly promoted hair regeneration and induced skin darkening. Histological
analysis confirmed that 6-gingerol facilitated telogen-to-anagen transition, extending the hair bulbs into the deep subcutis.
gRT-PCR showed that 6-gingerol markedly upregulated key Wnt/g-catenin components (3-catenin, LEF1, Wnt5a) and VEGF in
skin tissues, whereas zingerone failed to activate B-catenin/LEF1 and 6-shogaol downregulated most hair growth genes. In
conclusion, 6-gingerol is the primary active component of Z officinale that induces hair growth by activating the Wnt/j-catenin
and VEGF pathways.
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9] 25 ofsf FHH & FEFTHChoi, 2020). E3E, H-FFAIE
oflA BH]El= VEGF, HGF, IGF 59] A4QIAR= Bt 21 9] ul4]
W Y4 2 Y FRS SATOA wae) 4PS AEHoR
QAXZITHQI et al,, 2016; Choi, 2020).

S alopeciay Ol g 2 Z7]0] o] 47 Wk Wa
o2, o] ZAsfoF & F9lof FdA o EAekA] ekAY %
TRt g dojue AHIE uldit: BRe A F2 {344
QRO Q3 Z710] 9ol WS Ao YehHotPa &
Cotsarelis, 1999), L AEHA, $H ¢, A5 HL 4 S22
279 5 T felo Sl oIeda 4ol TAglo] 9y v
7} Z7)ok= SAo]tk(Sankhwar & Khan, 2025). €= X|H4]
A AIAA GollE Do RO, TRk Q2] Mo wE
Aol Bl A3l 912 elelo] B4 At a0 WS
A A5FAIZITHCash, 1992).

A grol A7 g A3kE flf ARSEe tEAR] oFEoR
= FDA 521 9J9RER1 vlsA[do] UtHGupta et al., 2022). ]
AlgE 7y mAEES S A0, EAFAIE W Akt I
ERK A58 F2g GAslsto] Al S48 f=stal VEGF &
A1) BH|E 2A5H= Ao g dEiA ItHan et al., 2004).
SHAIE, vlAEe B 4, e R, B Y A B At
59 BAgo] BHHE 4= lo](Suchonwanit et al., 2019), F2F20]
A1 A7 og A8t = Qs HAR 7|9 I A7t 2R
1 Ql= FAo]ch(Natarelli et al., 2023; Paik et al., 2025).

A7} (Zingiber officinale Rosc.)y> AZX O A2 9l okQ. 07
2] ARgEo] 2 A AER, ] 3ES B g9kt A
Ciaget AIgAE 2 202 el YUTHMao et al, 2019),
< A% FEE 4 AR IR £X 7Rs/del HarEa 9l
O1}{(Abbas, 2020; Putra et al., 2020; Li et al., 2024), A¥t=E= 4
15 7 AL EA5fo](Miao et al., 2013; Lie et al., 2024) A7}
9 420 U w5o0| ek FHEA] Qe Aol 53],
73] it A3 AZE1] 6-gingerok FAE] W AR TRE Al g
HESOl 2J3f 6-shogaolz= =T, 112 29] AEsf S 7
% zingerone 0.2 == EAJLS A'dtk(Bhattarai et al., 2001).
wEbA AR 7hs 220 wiet ofg 4wl 24 Hleol IA 2
2 % 9lo] 7 %] WE Bk Wb HaslE BT,
AF7H] olg T & 7H] 852 AY vuwgt A= vIEst
A7oltt. webd 2 o= A2l 8 8 AJHE(6-gingerol,
6-shogaol, zingerone)Q] W & G52 in virro L in vivo ZE0]
A RO RA, 7 Y B8 4T B /)08 e 4

o]
F 99 9u 57 24249 B8 R4S AF0A snt
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Sedde e IedTY SEd e Y9l (Institutional
Animal Care and Use Committee, IACUC)2] %5912 §IQF0 (591
H12: No. 2018-093), Hl= S HEAANH)A Eget 5=
72 @ AR AF(NH 7HHE No. 85-23, 19964 7)o wet 53
E .

MY E U A
£ Aol A8 zingerone, 6-gingerol, 6-shogaol E H]=AE
(minoxidil, MXD) Sigma-AldrichA}(St. Louis, MO, USA)Z}X.E]|
sl ARGSIRITh ERE 2ASH] R4S 9P SWEAd
(hematoxylin), ol 2A](eosin), AL (xylene), 10% F4 A& T2
2H21(10% neutral buffered formalin) 2 ofEk2{(ethanol, EtOH) ZA|
Sigma-AldrichAPollA] F-15t0] E-Af0f ARSI

AZIDFTFME HHY

OI7FH -3 A % (Human Dermal Papilla Cells, HDP A|3E)&= v}
0] =& (BioDream, Chuncheon, Korea)of|A] £FQFo ™, vjz]=
A|ZANA Al 5dol= CEFOgro™ Human Dermal Papilla Growth
Medium 500 mLo] 525 Z7}A|(supplements) 20 mL Z HUA
-2 EZEnlo| A (penicillin-streptomycin) 2.5 mL< d7}sto] Af
231t A= 100 mm cell culture dishof| seedingd}al 37T, 5%
CO, incubatoro|A] HjFsIH Tt HiA|: 220] 3+ HH w3} o
™, cell confluence”} 80~90% =7} EH 0.05% Trypsin-EDTAS
olgstol AdpIkS uslelch

NE 4Z8 53

Zingerone, 6-gingerol ¥ 6-shogaolo] HDP A|3EQ] AJZ&-gof u]X]
+ Y B7IH7] 5l, MTT assayE 51Tt 96-well S2°]
Eof| 2x10* cells/well =& HDP AES B33 5, 37C, 5% CO,
Z21 slof|A] 24A17F B2F B FSIRAT o % ZF wellof|A] HIAIE A
Asta, 7k Al 2485 FEH(, 5, 10, 20 H 40 uM)E 345
HIZ] 100 uLE 7} wello]] F7I5t0] 2712 37C, 5% CO, 241 510
Al HESAIZITE mEo] B ¥ HiXE WP, 0.5 mgmL 5E9
MTT AJofo] 7} HiA] 100 uLE &5sto] 1ARE 5% ¥he-2
FE=st3ict A/dE formazan FdEE &3fst7] 15) MTT ¥E3H
< AAE 5 100 pLo] DMSOE 7Foloith. HEH 0= no|92E
go]E EST-A(Infinite M1000, TECAN Ltd., Minnedorf,
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Switzerland)E ARESH] 560 nm TN FFE=E ST

Western blot

60 mm cell culture disho]l 1x10° cells/dish 52 HDP A|ZE &
TR 2, 37C, 5% CO, 27 SPollA 2447t 52t viefolict. vl
= % dish®] WiAIE AIASIAL supplement’} EAEA] 22 HiA| =
WAJSH] 24417t B2 starvationS 435I o HIRIE THA] A
71313L, supplement”} = HiA]0f 2} sample (10 pM)2 &3f31] A
2[Rt 7 24ARE FRt HiFsIit) Bigol B F, disho] WIS AA
g F, DPBSE ©l83lo] 33] AIASIGTE olF, RIPA buffer
(ThermoFisher Scientific, IL, USAYS ©]&3s}o] AZE 835t
13,000 pm, 4C FACE 1587 LAHLLISILE, olold, HE5AE
Fst F, BCA Tl A7F 7|E(BCA protein assay kit; Thermo
Scientific, Cleveland, OH, USAYS AR&5}0] Thild] 55 4513
o 7 AlEd 10 pg®] THES SDS-PAGE (sodium  dodecyl
sulfate-polyacrylamide gel electrophoresis)= 223t 5 PVDF (poly-
vinylidene difluoride) membrane (Millipore, Billerica, MA, USA)C =
Zo|(transfer)A|Ft}. THl&o] Aol membrane2 5% BSA (bovine
serum albumin)7} Z3+E PBS 2HE 0] 85}0] 25T o)A 1A]7F B9
blockings}3it}. ©]% membrane2 5% BSA°| 1:1,000°02 3]43t 1x}
FAE A7lolo] 4ColA 154 B2 BEGAIZH. 13 A==
p-Akt, Akt, p-ERK, ERK, SHH, SUFU, cyclin D32 AR5t 2,
loading controlZ GAPDHE AR5}t 0]% membraneS 5% BSA
ol 1:10,000 Hl&= 3}45t 22 A2} 25T A 1ARE BT HESAIR
t}. 0]o}A] SuperSignal™ West Femto Maximum Sensitivity Substrate
(Thermo Fisher Scientific, Waltham, MA, USAYZ Ag5}o] A5E &
Z |71 &, iBright CL1000 system (Thermo Fisher Scientific)2 5-3f|
ANE 2AF 2 Aol AREE BEE A iRt AR e
Table 19] 7|45}%ct.

MHUSER MY Y 4HSY EX

85 47 C57BL/6 HF-AE OrientBio (Seongnam, Korea)o|
A FSiste], FREAY SE AN 697t w3tttk Al
2242 9] 29} 50+10%2] FEE FA6t, 12417 B 712
BEIRon, thert A8 JI7t 59t HE AR} B AR
A QAT €5 5 h9e] B A2)E 83l 192
22 AAsIGoH, AHAE Aol o] B AASISIH. ©]
T, 5K 371 A S AR o]F uieAE TR 57)
9] FHn=5)2=2 Y3tk djZF control, CON), 75% ofek-S *]2];
MXD A2HFA HEd), 5% HI=AIE *]2]; zingerone A2+,

https://doi.org/10.13050/foodengprog.260038

Table 1. Antibodies for western blot analysis

Target Host species / type  Dilution rate Brand Cat. no.
p-Akt Rabbit 1gG / primary 1:1,000 CST 4060
Akt Rabbit 1gG / primary 1:1,000 CST 4685
p-ERK Rabbit 1gG / primary 1:1,000 CST 4370
ERK Rabbit 1gG / primary 1:1,000 CST 4695
SHH Rabbit 1gG / primary 1:1,000 CST 2207
SUFU Rabbit 1gG / primary 1:1,000 CST 2520

Cyclin D3 Rabbit 1gG / primary
GAPDH Rabbit 1gG / primary 1:10,000  CST 2118
Rabbit IgG Mouse IgG-HRP /secondary 1:10,000  SCBT SC-2357

1:1,000 CST 2936

p-Akt, phosphorylated protein kinase B; p-ERK, phosphorylated extracellular
signal-regulated kinase: SHH, sonic hedgehog: SUFU, suppressor of fused homolog;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IgG, immunoglobulin G; HRP,
horseradish peroxidase. CST, Cell Signaling Technology (Danvers, MA, USA); SCBT,
Santa Cruz Biotechnology (Dallas, TX, USA).

75% Of|eh-20] =91 zingerone (1 mg/mL) A 2]; 6-gingerol A|Z],
75% ofek-&o] =291 6-gingerol (1 mg/mL) X]2]; 6-shogaol AT,
75% o=l =<1 6-shogaol (1 mg/mL) |2, ojufj Al Z&C
I (1 mgmye TS 5 W A B A 5% 4o}
ol ATE FsHA g v BRI el HaH AT &
A AB0] A A74Wu et al., 2010; Meena et al., 2025)2 2115}
o] Agstom, Al AR 7o) 858 5YU 2H0A vBlus] ¢
3 Y =g ALt Alme 5597 WY FUSE ARl
100 LA BReA0] Q2% 5o =3s5Igiet AY 7I7F &%t 7]
Hog upeA 5 S ARl FJsi o, 5590 nReAE
SPAIA 5 D 242 RF6Ieich vkeA 5 HE e 59
H H7A} 2R10] F219] W4 (double-blind) A0 = B ST
L H4(hair growth score)= 5 F5-0] Az W3} 9l Hol AR
Zgefiol] whet 0(ESA mE, IR AT g, 1I7EM 5, =
7] R AR, 28RS 3 g i, B ), 37(@E2A w1,
ko] QRS A o= s FoloH] O (Table 2), F+ B7HAH
H5E gtsto] HF 240 E-8oi3ith

Sll0tSAZ -0 2L(H&E) A

23 01920 S ME 2Z0 10% F4 9% T G
ol 2441t B9t AT 7, Thetulo] Hufsioic. Toje BEL v}

47 (microtome) S ©18310] 5 um FAR 24 ARG A=
o}, ofF Agalo] 1054 33] AX|slo] utehusie KA.

b o

&
o, OEkZ(100%, 95%, 70%, 50%) &4 22t

7k 383 &R0
2 FAAA 22 S D159 ejsta gefety wale
3
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Table 2. Scoring of hair growth and criteria for grading

Table 3. Primer sequences for qRT-PCR

Hair growth score Observation
0 Pink skin (no hair growth)
1 Gray skin (initial hair growth)
2 Darker gray (indicative of more advanced hair growth)
3 Black (fully grown hair)

Bel7] 919 HAE e Ajelsinh @lo) ghmel 24 2w
%'5_' 0| 73(Olympus CX43, Tokyo, Japan) & Cellsens Standard
ADEQOIE Fof WESIHoH, dvEE 7k AlaH
(TE-2000U, Nikon Instruments Inc., Melville, USA)S &-83}o] &

4 ofujag BEAY.

r[o r_\;

kA 5 ZZ1-S Biomasher (Nippi, Tokyo, Japan)Z w435t
2,5—, RNeasy® Mini Kit (Qiagen, Hilden, Germany)© 2 & RNAE
2ol 2% RNA+: RevertAid First Strand ¢DNA Syn-
thesis Kit (Thermo Scientific, MA, USA)Z cDNAZ IAARSFCT
gRT-PCR-2 Power SYBR Green Master Mix (ThermoFisher Scien-
tific)S AR&-5F] AP7500 qRT-PCR System (ThermoFisher Scien-
tific)ollA] $=8J5193Tt. PCR 27 27] ©A|(50T 2&, 95T 20%)
T 40 AJoJZ(95T 20, 57C 182 AHSIHT}. GapdhZ house-
Keeping gene 0.2 AFgS1o] 21 G312} WS Stk A
o 44T b o 2 AAKS}] O™ (Livak & Schmittgen, 2001),
ARG Zeto]w(primer) = Table 30] 7]A5I.

SH X2
= A3 glo]El= IBM SPSS Statistics 21 (IBM Corp., Chicago,
IL, USA) ol-gsto] 57 #42 s o, dife Ba+#E
HAmeantSD)E E7|313c} A3 & 7H9] S-9)4 AL dUHy
2] BAREA) (one-way ANOVA)S AAJEE 3 Dunnett's testS E3f] A
ﬂJW° Y51t BAZ G-I p<0.05, p<0.01 L p<0.001
oA s

T =2 =2 o
DA E= ‘E} 4T A 718 ok A AlEg,
o159 F4le wit A& W A ZAo|thHouschyar et al,

https://doi.org/10.13050/foodengprog.260038

Target (genetic symbol) Sequences (5'-3)

Forward CACGACAGAAGGAGAGCAGA

VEGF (Vegra)
Reverse CAGGGCTTCATCGTTACAGC

Forward CTGCTTTGGCAGGGTGATG

WNT5A (Wntba)
Reverse TAGTCGATGTTGTCTCCGCA

Forward ACCCTGGTGCTGACTATCCA

B~-Catenin (Ctnnb1)
Reverse AGTATCAAACCAGGCCAGCT

Forward GGCATCCCTCATCCAGCTAT

LEF1 (LefT)
Reverse ACTCTCCTTTAGCGTGCACT

Forward TCAAGGCCAAGGAGAAGGT

HGF (Hgh
Reverse ACTCGGATGTTTGGGTCAGT

Forward AGTTTTGTGTTCACCTCGGC

IGF (fgf7)
Reverse TGAAGTAAAAGCCCCTCGGT

Forward CATGGCCTTCCGTGTTCCTA

GAPDH (Gapah)
Reverse ACTTGGCAGGTTTCTCCAGG

2020). Akt B! ERK 7]719] B/dok= HAFAIREY] HIZAFES A
olal 41 Feoks ARl AlSHEAClH(Han et al., 2004),
SHH 7AZ= m39] AT-71¢] A}E2-3{Epithelial-mesenchymal
interactionyS A=t Hd FAL SN Choi, 2020). FESH
Cyclin D2] W& Z77} AlEEZ7] GI/S WYL ZXI5}0] Ao Z4]
2 =3l (Rastegar et al., 2015). A7} 9 -8 43E9] znger-
one, 6-gingerol & 6-shogaolo] HDP A|E0] ¥ - AlS A AR
9 AR 7] 28 il o] niXe PRk ERISkaIA} Western
blot £45 SH3it. ofuf] A] Fle= MIT B71oflM Al &
T A RBE8-S 90% o} oFgA o7 9AJ5l0] {5t BAS UrE}
WA 2 10 M (Fig. DE U Asto] 2tk A 2
zingerone, 6-gingerol & 6-shogaol A|Z|- HFOlA] AT A= 9
of] Hofol= p-Akt Y p-ERKO] W& =50 control THH] &A|5]

@

olN o
N

120
110

90
80
70
60
50 r
40 r
30
20
10

Cell viability
(% of CON)

CON 5 10 20 40 5 10 20 40 5 10 20 40 (uMm)

Zingerone 6-Gingerol 6-Shogaol
Fig. 1. Effects of zingerone, 6-gingerol, and 6-shogaol on the cell viability

of HDP cells. Data are presented as meanz+standard deviation (SD).
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stolor, o tixw?l MXDS} HIS5EAY ol Adlohs =2 &
3315 HQIth(Fig. 2). SHH F2F 4%t 23}, SHH 9 SUFU Tl
o] H¥&lo] zingerone X 6-gingerol A=}olA T35k S7FRE
SRISHIT: ESE A F-a AR 35 Aokt 2FolA control ThH]
Cyclin D3] o] ffoHA| S7Fs13Itk(Fig. 2). WebAl, zingerone,
6-gingerol & 6-shogaol in vitro 5°7°l|4] Akt, ERK 2 SHH A&
A H29] g/dole} Cyclin D3] W&S T7HIA BRFAIZY 5
AlE EXlek g fiols 208 wiE:

W2 98 429 5 I§ 3 EX0| OE OlRA
4o ZF Y WY &5 I

In vivo 2204 zingerone, 6-gingerol & 6-shogaol®] A2 A Q]
2w 23 558 WA ek ol el wna]
52 BARIE wd9] FA7] B3 fwel] 9d) 855 43
C57BL/6 TF-AS AR5 ThMiiller-Rover et al., 2001). A 2=
U190 5 o] % 9E L Y R4 st Fajo]
e AR £X G9E S W 9 UR H5 EA4E B9 Bkt
HCH(Fig. 3A). FA17] AJHS] C57BL/6 nhe-A mile P U
ERfA|SE, Higdo] g7 E Zdgte] wet H(hair bulb) F-919]
wWepd o= wjRajo] we Aemos At ufehd 3ot
o go| Y| A R B0 W A Bido] 4
7] HAZ AYPE HojF= 79 AHE= L-EFIKSlominski &
Paus, 1993; Hwang et al., 2022). A8 A}, control, zingerone
6-shogaol HZFE W 717 F9 5 0] Mk wis Y @)

p-Akt l e

Akt |-—--—|

p-ERK |

ERK -..--I

SHH| _-.—-g-a--.-'

SUFU

CyclinD3 [ L0 o e W8 q|

GAPDH | —---'

MXD - o+ - - -
Zingerone - - + - -
6-gingerol - - - +
6-shogaol - - - - +
Fig. 2. Effects of zingerone, 6-gingerol, and 6-shogaol on hair growth-
related protein expressions in HDP cells. Represented image of western
blot data. Protein expression levels of p-Akt, Akt, p—ERK, ERK, SHH,

SUFU, and Cyclin D3 were evaluated by Western blot after treatment
with MXD, Zingerone, 6-gingerol, and 6-shogaol in HDP cells.
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Aol s A=A eloket. vh, g tiEEl MXD Ao
A 309310] mRAo] Ao AL o g Wt &, mo] A
L SIS A7 8 A B Ggingerol 2L 50Ul
EE 298 3402 1R 24 9 £3g w4 Qelo] 2]
nJsHA S7Fste, 5594tellE o] AR 2 ERlskith(Fig
3B). o] AP o= Brsly| 93}, Hair growth scoreS 225}
of Wty EHAAHEE SIS 5599, control, zingerone &
6-shogaol AT score”} 002 TRV} AE ZP=|A] okt
HHH, MXD A2 3.0& Uehiio] dirt 5535] JIP= A om,
6-gingerol A2} score’} 1.45 WEFU 0] 6-gingerolo] HyF AJ&F
e 859] dF°] ASHAKFig. 30).

A
7 0 55 (day)
I ] ]
I I 1
Daily treatment (100 uL/day, topical) on the right dorsal skin
B
c a0
35
*k Kk
" 3.0 +
]
8 25
= * %
g 2.0
4 F
E 15 X
1.0
05 [ l
0.0 — — o
CON MXD Zingerone 6-Gingerol 6-Shogaol

Fig. 3. Effects of zingerone, 6-gingerol, and 6-shogaol on hair growth in
C57BL/6 mice. (A) Schematic diagram illustrating the experimental design
and treatment schedule. (B) Representative photographs of the dorsal skin
from each group at days 0, 30, 50, and 55. (C) Quantitative evaluation of
hair growth score on day 55. Groups: CON (75% EtOH), MXD (5% minoxidil),
zingerone, 6-gingerol, and 6-shogaol (1 mg/mL in 75% EtOH). Data are
presented as a box-and-whisker plot, where 'x' indicates the mean value.
Statistical significance was determined using one-way ANOVA followed by
Dunnett's post-hoc test ("p(0.01 and “"0.001 vs. CON).
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-

42 9E M0l NI2A IR XX I RY Wy o
r

A 7] Hele wR FA Kol 31 91A] Wilks:
a8l (Paus & Cotsarelis, 1999). W7} W mH S 7}
& FAYA 27t o] shR gl ujsh 25 Zls0] SR A
7] B F2= ALk ¥, FA7]o= w57 7R gloH
239] A7} AujEo 2 22ke A HrkMiiller-Rover et al., 2001).
A7 58 AEL] zingerone, 6-gingerol B 6-shogaol®] TE X7} ok
A5 IR 229 g F3 Yl Pk el viR= Jd= &
QIst7] ffsl] =R 22| Ao tiet H&E G &, A4S 985131
o 24 Q4 Znk 382 A4S g PHe] B9l conrolh
uiR7 2 225k wskrh $EER] AokthFig. 4). ControlS X
oto] zingerone R 6-shogaol A2l HA Hdo] 27|71 2l =
Zln] o] mEE] QUSIH: §HA, MXD 3 6-gingerol A2|oflA=
mge] 9t )} Bets] ZAASHRE Bt ofjel, w2l
SH 2 35} AS Zlso] G 22 SRISKSIHFig. 4).

o 22 ) 2 A7 2golA] B-catenin B LEF12 Wi E7]
Azl ggstet §217] Higo] 7] XYL Fdk= Wt A4S
dgA 9] B4 AR IRfo]H(Choi, 2020), WitSa= R3] 24
e 4 L A E ESLE -3 HReddy et al,, 2001). ESF VEGF
= B T uAEH IS % YT Tu= SHI5kL(Yano et
al., 2001), HGFS} IGF= F-9=A|R0] ZA1S X}k wi A
718 SAA71= F8 AARIAIo|t(Zhang et al., 2024; Kwack et
al., 2026). D5 22 Y 2 g7 W9 5494 98-S qRT-PCRE

CON MXD

ihe)

Zingerone

BA5F 23} VEGF 2 Wnt5a9] Wa-L control HjH] MXD, zin-
gerone H 6-gingerol A2]ZolA 251 S71513 2, 6-shogaol
ARlEoMe Q3] A4si3ith(Fig. SA, B). Bd A7) Zdgke]
B4 HARIAIRI B-catenin®] L control THH] MXD % 6-gin-
gerol Aol ARt -F-OJ5HA| S7161% oM, zingerone A2
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5D). HGF &d2 MXD AHZlollA 7F3 =kl zingerone
6-gingerol A|2}ol A= -F2J5HA] S7FH O 6-shogaol A2|TLoflAf
= FASIHFig. SE). IGF Ud-2 MXD Y zingerone A|2]-2of|A]
FrOJSHAl #E3EOU 6-gingerol A2 control¥} F-2F7E Q1S10.
™, 6-shogaol A|2|w-e Uo] HASIGITH(Fig. SF).

2 AIA 3F RS in vitro oA HAFA O] SA4T A
Zof Tofsh= SA ATQl Akt B ERK Q14ES} Cyclin D3 ',
@3 A SHH A2 Al /48l 18y in vive BE
oAM= 6-gingerol A|Z|LAATE -Foju|et il AJto] T E
e}, Of2at in vitroSF in vivo Z3}e] 2 g A FHoA
QFEh= 415 W AAS) BAH SA0 7)ele Aoz A
O RREAEY AWERK 43 1 $Y A5 B 478 9
3t I2Ql A1) Z70) ATk Han et al., 2004; Rastegar et al., 2015;
Choi, 2020), Al2L $=E0] T F-4] AR 2= BRI w|Nehg
W FA7] g 7= HEA|7]7]0] SokA] gk A8 il
A AZARI Wi 7141329 B4 E 7] Afdo] L]
FJliA= Wnt/B-catenin 73 22] AL EA| F-do] B42{0]7] uf
Fo]tl(Huelsken et al., 2001). AA] kA nE ZZ 9] S4=} &
Fe vE BHT A% 4R 7 HES Hoph Helsivn
Zingerone®] 7S~ VEGF, HGF, IGF 5 8 4%<Q1A}2] mRNA g

6-Shogaol
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Non Treat (Left)

Treat (Right)

Fig. 4. Effects of zingerone, 6-gingerol, and 6-shogaol on hair follicle development in mouse skin tissues. Hematoxylin and eosin (H&E) stained dorsal
tissue sections from mice in each group. The top panel shows the normal skin area without any treatment, and the bottom panel shows the skin area

topically treated with each compound (scale bar: 100 um).
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Fig. 5. Effects of zingerone, 6-gingerol, and 6-shogaol on hair growth-related gene expressions in mouse skin tissues. Relative mRNA expression levels
of (A) VEGF, (B) Wnt5a, (C) B-Catenin, (D) LEF1, (E) HGF, and (F) IGF. Groups: CON (75% EtOH), MXD (5% minoxidil), Zingerone, 6-gingerol, and
6-shogaol (1 mg/mL in 75% EtOH). Data are presented as mean+standard deviation (SD). Statistical significance was determined using one-way ANOVA

followed by Dunnett's post-hoc test ("£{0.01 and “"X0.001 vs. CON).
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