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Abstract

Many people around the world are stressed by hair loss, and drug-based therapies
(minoxidil, finasteride) are available for the treatment of alopecia, but they have
several side effects. Therefore, in order to reduce the side effects of anti-hair loss
drugs, the use of new treatments using products developed from natural extracts has
been emphasized. In this study, we focused on the mechanisms underlying the hair
growth-promoting effects of marker compounds of natural herbal extracts. The 32
marker compounds of natural herbal (10 uM) were used to evaluate the growth of
human hair follicle dermal papilla cells, the expression of mRNA genes, and the
signaling transcription factor activities of Wnt and JAKs. Seven marker compounds
were selected that induced equal or greater growth than minoxidil or tofacitinib in
cell growth. For the seven marker compounds, we evaluated the expression of mRNA
genes and the transcriptional activities of Wnt/G-catenin and IL-4/JAK3-STATG,
which are major signaling pathways that regulate hair growth. As a result of the
evaluation, it was scientifically proven that the 4 marker compounds (honokiol,
isoalantolactone, broussochalcone A, and 3-deoxysappanone B) induce hair growth.
I have suggested the possibility of developing a natural product for improving hair
loss with 4 marker compounds.
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HZSHo], & 9eAel Alg, 7o
I 2 I AR AP g4 BAskaL glom, E3F QlF
U HRE o v viAlE Bl HE FE] F B3t 545t
A Z7¥sk YtHSebetic et al, 2008; Trueb, 2015; Wu et
al., 2022). Bxg ] Wert AstE A 7HsolA HiAl= &
& ok, 7F9AQl Bnte] "ol gE]l ey gt
Ut BN "R tRFoE APYR, EEAY HE 5
o] a1, Bk EH = A7t HIESoL ol 508 W, Hid
o] P& £A1S I FFolthPhillips er al, 2017). A B8R
= BUE 7R g IAsh AlEd, AEFA, AL 5
chofst gQlo] olo g A=E W Qlrk. E3F AHQIEY] 4o W
< FFE AL glon tEHoR HHE= A As) 92,
Q1715 5ol 9low 49 Ao Wxdek #o] JtKKim, 2010;
Lee, 2010). L2t ob2] gxof tigh ZEAQ1 A&y Ee
Zo| glom o Hpfo] 2 %1l QitkJang, 2015; Kim,
2019). B Rt FrERE olgths @/d0R Mgt I
o] ok Mg U4 F2% /d471(anagen), E|F7|(catagen), F
A7 |(telogenyE AAA ==t 3o /487]= 2~8d A= A&
=1 S GA7IE o] gA S9t YRR RS BkS B
2re] Zolg 4oty AA7] ol 87|17 APt E3r|=
4~67 B A&EH o] 7|7t 59t B 1 AuA|E, R
<& 4 H 95 A Foll AlxAEA apoptosis)?H S7FH] Al
I 58] At dojdtt. 1E|3 A7) gAlE 2~371d B9t
&= AA 2] 6~8%F MRt Alonso and Fuchs,
2006). E A Holl 245k= 5e-reductase?] $-8A= T
g F9)of @o| Rxx|o] 9lom 5¢-reductase?] BHLT} =
1 DHT (dihydrotestosterone)e] 842 A9lo] Ql= Algte] &+
oA YAE gEZo| BAs Morgan and Rose, 2003). &
A JEAOZ ARE F91 YA =A|= finasteride®} dutasteride
182 minoxidile] )29 finasteride@} dutasteride= AHA
AZAZ =R ESF minoxidilS TEYAEA AEF F &
oA gt A8 Sl AEEiH. 18y FARge R Ur|R
A, W2, FuAz, 7R 5O] YR Sl ©o] Sl
(Arif er al, 2017; Hagemann et al,, 2005; Lee, et al, 2019;
McClellan and Markham, 1999). wetA] of={gt F2h8-3 A5}
5 s AT P40l St E|o] g o W = A
22 aE 7R 9ekE 9 HALAY sfdo] dgsit
(Rastegar er al., 2013). 7282 ZAIHES 2t Hsf 9
o] A2 HAE E= 11 FE222 o83t 2= ool gk ¥4l
o] EolA| L Qlrt. @A HH AJES Akgsto] wufjEl= AlFoll=

S0} B, W 4 2314, oo Ay 2 slof 242} §

E

]

B2 g Jiols b ARBEE AlEe] ZeE ] tkjain,
2016). E8]=l=(polyphenols), Z2t= 0| =(flavonoids), HIZ
0| =(terpenoids), 7FZE]%0]=(carotenoids), XA atty
acids)s Eidthair follicle) 77 9410 0] Bl= &S 3he-
3}l QItiDzialo et al, 2016). A% 74k AAl= A3t gz
A 7 4= Q= o] glon, BEA G3ks TrRE U
A Slok HA AlFol B o] 2] ARGERNE gt 2
710 tigt At Ak AL Qiot X2 A o] SshHA
g1 3o ook AlE W A5 A A2, E9] 1 55 A
2O Al 7] W3l T AT AY HZRE Yol o D
Sk ZHo] Qitk. g2 7] B3 vt A 2 A= AleHge]
IS W=tk ASAE AR F I Y S8 FEQ
Wnt/B-catenin ASAY FE2= Hdo] 7HA], WA T4
95kS St Wnt/B-catenin frizzledol] Aol g thiidz
o] Ale7}t EXslElH GSK38 E3HAl7| low-density lipoprotein
receptor-related protein 5/6 (LRP5/6)E QAks} gt} Qiksl &
LRP5/6= axine E3f| f-catening SRBIE X6l f-catenin
2 otoz AHRFo] T cell factor/lymphoid enhancer factor
(TCF/LER)2} 23t & =o] e 34, 4% ¢ /A8 SR
(Millar, 2002). 239] #2] EA}9] janus-activated kinase(JAK)
9 signal transducer and activator of transcription (STAT)=
thislks Afg £7] AlE(multipotent epithelial stem cells)?]
/378710 o]=et A5 ALY st B Al 3715 EXIet
HGentile and Garcovich, 2019; Premanand and Reena
Rajkumari, 2018; Ramot and Zlotogorski, 2020). £ d7=
A Aol A 23 2|3 3= 3280 thet QI HdEluR-A
3 (human hair follicle dermal papilla cells)?] 434 a3} &
A2 ATAG AAER] Wnt/B-cateninT} IL-4/JAK3-STAT6S
grlste] 8 /dEe] gt B EX9 g ok ek i 2
AE W 71573E Hojsaat gich
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M oF FEEO| X|E ME ¥ ME HHY

2 oM SEEEEolA HA B 252 B, AR
A # AJES HoF dio} AR&3IATKTable 1). U7F HRIT-G-FA
HE(hHDPC: human hair follicle dermal papilla cells., Abm
Inc; Richmond, BC, Canada):s ¥HUA-AEFEno]A]
(Penicillin-Streptomycin., Gibco™, Thermo fisher scientific,
Waltham, MA, USA)100 U/mL 9 =& ARSI 10% Efot
A8H(fetal bovine serum; FBS., HyClone™, Marlborough,
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Table 1. List of 32 marker compounds isolated and purified from natural herbal extracts

o

0

Herbal Marker compouds M;zzléltar Purity (%)
Psoralea corylifolia Linn (+)-Bakuchiol 256.38 76
e e o121 Dgeopyesids B %80
Polygonum multiflorum 2,3,5,4'-Tetrahydroxystilbene- 2-glucoside 406.3 97.5
Portulaca oleracea (E)-5-Hydroxy-3-(2'-hydroxybenzylidene)-7-methoxy-4-chromanone 331 84.6
Bufo bufo bargarizans Bufogenin 384.508 99.9
Decursinol angelate 328.36 76.864
Angelica gigas Decursin 328.36 98.6
Demethylsuberosin 230.26 90.831
Machilus thunbergii Honokiol 266.34 96.017
Nelumbo nucifera Nobiletin 402.395 97.303
A. paniculata Nees Andrographolide 350.45 98
Inula helenium Costunolide 232.318 98
Arctium minus Arctigenin 372.41 99.694
Vitis rotundifolia Methyleugenol 178.23 89.391
Hernandia ovigera 3,4-0,0-Demethylenedeoxypodophyllotoxin 386.4 95.568
Artiodactyla 3-Deoxysappanchalcone 270 92.407
Anthriscus Anthricin 398 99.01
Lithospermum officinale Acetylshikonin 330.33 50.942
Rinorea welwitschii. Alpiniumisoflavone 336.1 98.228
Evodia rutaecarpa Bentham Evodiamine 303.36 98.735
Inula helenium Isoalantolactone 232.3181 61.776
Prunus mume Benzyl-8-D-glucopyranoside 270 93.971
Erythrina senegalensis 6,8-Diprenylgenistein 406.18 100
Portulaca oleracea 2,2'-Dihydroxy-4',6'-dimethoxychalcone 301 86.944
Sanguisorba officinalis Ziyuglycoside | 766.97 99.152
Vitex rotundifolia Linne Fil Vitexicarpin 374.34 99.756
Angelica keiskei Xanthoangelol 392 98.514
Broussonetia papyrifera Broussochalcone A 340 99.146
Paeonia suffruticosa andrews Paeonoside 328 95.622
Artiodactyla 3-Deoxysappanone B 286.3 98.694
Inula helenium Cynaropicrin 346.38 85.852
Artiodactyla Brazilin 286.28 95.119
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MA, USA)e] &% Dulbecco's modified Eagle's medium
(DMEM., Corning, NY, USA), ¥iX|& 37T, 5% CO, ¥iF7]|olA
FABITE Wnt 2]2E NIH3T3 Al 5= Wnt 34 544 44
2 EAskolr] I3t TCF/LEF luciferase ZAL QIZIO] T8l Enzo
life science(Farmingdale, NY, USA)ZFH 4451tt. HEK293
A oA WEshs QPYS HEK-Blue-STAT6 HAF Q1719
SEAP Luciferase 2]ZE -5-8AK= Novus (Littleton, CO, USA)°]l
A F431%t}. TCF/LEFQ} SEAP 2]3EE] A= A1E AgAfof| wt
2t skl 37C, 5% CO, Hi71olA FAIRT.

Cell growth assay

17t BRI GFAE ZAL CellTiter-Glo® luminescent cell
viability assay kit (Promega, Madison, W1, USA)= tHAl &4
AlZS] ERE Yetdi= ATPY Ahs 7|HHo R HijoFHo| A &
Alze| 5 ZA7gsk= ol 7hes] Ashd, AlZE 96 well
plateo] 1x10* cell/well Y& T 2447} ¥j%F & HAAE A ®
AEE 10 uM FE2 Asto] 72417 52t widstant. 2aE
gelstr] Helf 2t welloll EAsk= A2 BijF vix]e] oo} 5L
3t 239 CellTiter-Glo® reagents A7kl AL004 108 &
o uRgSt & HFERElE= ATPY 9%R& LuBi microplate
luminometer (Berthold TEC GmbH & Co., Oakridge, TN,
USA)lA S5t AAZE Ao FZlof= AE9] JZHReal
time live cell imaging)s sl s Jull™ FL
(NanoEntek, Guro-gu, Seoul, Korea)& ARE5}o] Al A&
T 71E51e0th e A2 39 o]} WHESIGIY, Baigk &
THALL} oA HAISHSIT

Table 2. mRNA primer pairs for real time-PCR

RNA 22| ¥ real-time PCR

QI7F MR GEAE(G x 10 cells/wel)Z 6-well plateso]] HZE
Sk, AAE AE AR 10 M AZste] 72417 B%F BiFAIR
t}. 71 & aurum total RNA mini kit (Bio-Rad, Hercules, CA,
USA)Z ol&sto] & RNAE 22513l 1 1g9] & RNAE |85t
o] moloney murine leukemia virus reverse transcriptase
(MMLV-RTase) (Bio-Rad, Hercules, CA, USAZ A 71+
cDNAS o3t &9 cDNAE GeneAmp PCR 9700
thermocycler (Thermo fisher scientific, Waltham, MA,
USAYE Ar&sto] 24+ #4 primer®t WHAIZIH. FF4] 704
gty 4222 CFX96 Touch PCR system (Bio-Rad, Hercules,
CA, USAAA SYBR Green reagents(Bio-Rad, Hercules,
CA, USAE Z7gst3ict. AJtid 34 A4 B8 GAPDH %
07 FEIR]E Fof] S5}, ZZre] AR QlojA|, 21l =1
Al AFE 34 §HEsio] e AXlsIylth RT-PCRE gt
primer TJAQIE Table 29} Zt.

Reporter gene assay

Wnt/B-catenin ASAGES B7] H8f TCF/LEF luciferase #+3&
Az P4 A" NIH3T3ANZESR}F JAK3-STAT6 AlSHEe]
secreted alkaline phosphatase (SEAP)uciferase® d4 7Y
¥ HEK293A1ZZ o]g3191oH HZE 96-well plate (3x10°
cells/well)oll 53191, 10% FBS7} &€l DMEM Hi%]of|A]
24A17F B2t |AISISITE. 1 3, TCF/LEF luciferasets YA
O Wnt 3a (50% v/v) E= AUARAGES A6t
SEAP-luciferase® ¥4 7rg9w HEK293M%2= 11-4 (10 ng/mL)

Forward

Reverse

A-Catenin
Glycogen synthase kinase (GSK)-34

Lymphoid enhancer factor (Lef)-1/
T Cell factor (TCF)

5-CCCACTAATGTCCAGCGTTT-3'
5-AACTGCCCGACTAACAACAC-3'

5-AATCATCCCGGCCAGCA-3’

5-AACCAAGCATTTTCACCAGG-3’
5-ATTGGTCTGTCCACGGTCTC-3'

5-TGTCGTGGTAGGGCTCCTC-3

BAX 5-GTTGTCGCCCTTTTCTACT-3' 5-GAAGTCCAATGTCCAGCC-3'
BCL2 5-CACCAGAATCAAGTGTTCC-3' 5-GCTATTTTATTGGATGTGCTTTG-3'
STAT1 5-ACATCATTCGCAATTACAAAGTC-3' 5-TCAAGTTCCATTGGCTCTG-3'
STAT4 5-AACCTACTCTTGATACACAATCTAA-3' 5-TCTCCTCTCTTCCCTTAAACA-3’
STAT5A 5-CTTTGCCCTCCTAAGAGAGA-3 5-TGAATCGGTTACATCAACACAT-3'
STAT6 5-CCAGGATGGCTCTCCACAG-3 5-CATGGAGGAATCAGGGGC-3’

CDK4 5-ACCTGAGATGGAGGAGTC-3
5-TGGCAAATTCCATGCAC-3'

GAPDH

5-AAGGCAGAGATTCGCTTG-3'
5-CCATGGTGGTGAAGACGC-3'
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luciferase /3< LuBi luminometer (Berthold TEC GmbH &
Co., Oakridge, TN, USA)E &3l S74st3lrt. BE A Hof
T 39 ol BEESIlY, Hotghk BEHEAR I BAISHIH.

SAXzE

Al A= SPSS subscription (IBM SPSS Statistics, USA)S ©]
Boto] BAA FodS Br6toinh AHd-2 shapiro-wilk test
£ 5o AXstlen, A4S Eold B4 A, e o
Zo1A] o HHS HFE At BARA Aik= 95%
AZE7oA §-o14 o F-E ERIstGir: AF Hlue BPHSO
2 paired rtests AABIRL, HEST AHFOZE  wilcoxon
signed-rank testE ©|-&5}tt.
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o

0

Ao tjXE= FFS ZARIEH. FAAHZZECE minoxidil (0.4
UM} tofacitinib(0.4 uM)S ARSSIAEE xCELLigence AlAES
ARGt AARE Al S419] BA that 2 Alo] EAE Uet
U= ATP (CellTiter-Glo® luminescent lell viability assay kit)
9] FFE 7|5to = ujgFiofl B2 A|o] =5 273 AE 7|
Ho g QI7E H RN FAIRL ] Aol 4 iRt HiF] 1old &
IS Hol= 1029 A& AE(decursin, honokiol, costunolide,
3-deoxysappanchalcone, acetylshikonin, isoalantolactone,
2,2'-dihydroxy-4',6'-dimethoxychalcone, vitexicarpin, bro-
ussochalcone A, 3-deoxysappanone B)¥ ¥AJiZ min-
oxidil ¥l 55 181 o2 7Z(honokiol, costunolide,
3-deoxysappanchalcone, acetylshikonin, isoalantolactone,
broussochalcone A, 3-deoxysappanone B)°] 422 E2151%
HFig. 1). B AuGFAIE d4E feohs A AR 4= 5
P4 dEF o] 55 Fi= 1 oWie) ME RS Hols 758
AElglo] g 53 T 7752 A S Aielo] AARE ot
Aol = NEE st 72417100 M A% FEfE T 7|55}
et 1 A¥} A 2] minoxidil# tofacitinib A0l &

AEL s 4= 91921 honokiol, costunolide, 3-deoxysa-

n
e

I
pin
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Fig. 1. Effects of natural herbal marker compounds on hHDFP cell growth. To evaluate the effect of 32 natural herbal marker compounds
on hHDFP cell growth using CellTiter-Glo® luminescent cell growth assay as described in the methods. 1 x 10° cell/50..L was inoculated
into 96-well plate, treated with natural herbal marker compounds (10 uM) and cultured for 72 h. minoxidil (0.4 uM) and tofacitinib (0.4
UM) was used as a positive control. Each assay is representative for 3 experiments. The asterisk indicates a significant statistical

significance ("p<0.05).
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ppanchalcone, isoalantolactone %3
o7 PIRks WSSk Fig. 2).

=
9| mRNA RFX} Zeiofl O|Xl= &
Aol 4 FEoks A A FE25 AR A& 7500 gt
7 24 QA HX= FFE gotiy] fdf 718 FF
A E4 PCR (RT-PCR)Z ARE31 Thgst -Radate] At
A HSLE BN 1 A3} 78 AR/FENA Wnt/B-catenin
SAG AAY F9 28 AR F-catenin, TCE/LEF) &
dol 4% Y dExT dH IR & 47t A 59
isoalantolacton®] Tdo| H3-& & 47} AUthFig. 3A). FAY
279 minoxidil (Huang and Senna, 2022)3} tofactinib
(Ramot and Zlotogorski, 2020)= o]n] e ALAT oA &

1=l
=

]

H
rE o ox

o
X

T X

(R

sg’pﬁ%\
g 2

\%\%&g&

A Zol AcHJung er al, 2022; Liu et al, 2022). TF20F
JAK family®] STATs /3 B7Istth A4 ARIEZR]

(cytokines)E°] 9J3l HEE= JAKs-STATs F2E tofet A ¢
3 ASE Adshs 422 28 9 W75 9ysith JAK

kinaseE9] substrateZx= 77FX|9] STATS(STAT1, STAT2,
STAT3, STAT4, STATSa, STATSb, STATG)®} FZZ o]&1 9]

tHDamsky and King, 2017; Paus et a/, 2018). H& A|3x2]
AZZ, S4, A2 A9 TEo] Q= STAT 1, 4, 5 121
69 FAA HEE Frkoltt FddRTo 2= FutgA T
A ABAR L= oY B HEA YA |EE X6k
JAK 1, 3 AAA|Q] tofacitinib (Harel er al, 2015; Liu et al,
2017)& v|walgich. 1 Ax} 729] Aok A HE AE-L tofacitinib
Hot AAlgo] 55 = 1 o9 JAES TES 4 g9y

3-deoxysappanchalcone®lAl STAT3S] mRNARAA} o]

4= QJ50] Wnt/f-catenin ASHZA A= o] glee &+ AAES & 571 AUAHKFig. 3B). Xt Ko RFAI RS A3
7} Slth. @A Wnt/B-catening F&8R= AR 7S Q) wo] 719} AVES 2EdR= cycline dependent kinase 4 (CDK4R}
Control R :_ Y | Tofactinib ' 2
S T T Acetyl- 3
Lttt e shikonin o
[ ]
|
S i
Honokiol 25 | Isealanto-
) lactone
A |
|
[ =
Y Brousso-
Costunolide «l chalcone
| A
3-Deoxy- = : 3-Deoxy- 2
sappanchalc {* Gl | sappanone =
one e " B ,-
L o b B B 3

Fig. 2. Cell proliferation and live cell images at 0 and

72 h after treatment of hHDFP cells with natural herbal marker compounds.
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Fig. 3. Gene expression. mRNA expression effects on hHDFP
cells by natural herbal compounds. The gene expression of hair
growth regulating factors was detected by real-time qPCR using
primers in HDPCs. (A) 4-catenin, TCF/LEF and GSK-34 primers,
(B) STAT1, STAT4, STAT5A and STAT6. (C) BAX, BCL-2 and
CDK4. Each assay is representative for 3 experiments. The
asterisk indicates a significant statistical significance ("p<0.05).
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o

0

Bcl-2, BaxelMe 8% 3719 Gl ©AIA honokiol,
costunolide, 3-deoxysappanchalcone, acetylshikonin, iso-
alantolactone= minoxidilt|v] S5 F& oAt CDK4 53R}
WEo] S71RE & 47t AUt Tofacitinib QU Hdzl=3-
FAIEOA RARE siE o] fA ' HIkE wEe 4= gt
(Fig. 30).

017t UIXIMIQEMZEUA TCF/LEFQL STAT62| AL ER0]
Cft MeIRIEAES| 53}

gr3o o HIkE 7S & Je AR gE 2E 14
210 Wnt/f-catenin 18]3! JAKs-STAT ZAZ2E Z&sh=
FF Ex 7IsA 246 282 w5l IeKChoi, 2020
Harel er al, 2015; Liu et al, 2017; Ryu et al, 2021). Wnt/8
-catenin @A 7LE QJoREoly 7154 e flar A A
9 X3Y Foln o]9] FutElA A X=AQ tofacitinib®)
35 oFrA QIS Ba(anus kinase)E AAIRIOZA Thgt
A5 HEE BAlOl Aol FEE BRF A=A 7iide] &)
A3 Zo|tKSanchez-Diaz et al, 2022). & HIojA=
NIH3T3-Wnt-luciferase %S AR&sto] TCF/LEF reporter
FRARL AL EAdo) gt Ao A HAESS]) BIE B7ITHFig.
4A). 1 23}, honokiol, costunolide, 3-deoxysappanchal-
cone, isoalantolactonex B-catenin UA} AAS =35 g
-catening J3HA|A TCF/LEF EA43E 4o7|+= A T
t}, IL-40f| 9J3t JAK3-STAT6 A58 A|Alol A SEAP reporter
AR ZHAE EAde] ot Ao A /gEE2] AIkE ERlsH] fls
SEAP luciferase reporter plasmidE QFgzog wWHsi=
HEK293 Azol| A AN#/JESZ A=ste] STAT6 vl
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Fig. 4. Effects of natural herbal marker compounds on reporter
gene assay. To evaluate the effect of 7 natural herbal marker
compounds on TCF/LEF, which plays an important role in hair
growth, Wnt-3T3 cells transfected with the TCF/LEF luciferase
construct were inoculated at 3x10° cell/ 50xL or HEK293 cells
permanently transfected with IL-4R site-TKIuc/STAT 6 contained
IL-4 receptor site were inoculated at 1x10* cell/ 50xL in each
well of a 96-well plate in DMEM containing 5% FBS for 24 h.
The activity of luciferase was measured after 48 h treatment with
natural herbal marker compounds (10 «M). (A) TCF/LEF reporter
gene activity, Wnt3a 50% was used as a positive control. (B) IL-4
induced STAT 6 reporter gene activity. Each assay is
representative for 3 experiments. The asterisk(s) indicate a
significant statistical significance ("p < 0.05).
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