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Abstract

In this study, Saussurea Lappa roots were extracted using ethanol and n-hexane, and also the effects on proliferation of human
hair dermal papilla cells and fibroblast and related signaling pathway were evaluated. 3-[4, 5-dimethylthiazol-2-yl]-2, 5 di-
phenyl tetrazolium bromide (MTT) assay was conducted for cell proliferation effect of Saussurea Lappa root extract, and
extracellular signal-related kinase (ERK), serine/threonine protein kinase (Akt), wingless-related integration site (Wnt)/ &
-catenin signaling pathway, and 5 @-reductase expression through western blot analysis were measured. Saussurea Lappa root
extract significantly increased human hair dermal papilla cells and propagation of fibroblast, promoted phosphorylation of
ERK and Akt that get involved in cell proliferation. Additionally, Saussurea Lappa root extract significantly decreased promo-
tion of Akt phosphorylation and cell proliferation by MEK/ERK inhibitor PD98059 and PI3K/Akt inhibitor LY294002. Also,
Saussurea Lappa root extract induced intranuclear (-catenin accumulation by promoting phosphorylation of -catenin
(Ser552, 675) through phosphorylation of GSK-3 & (Ser9), and suppressed activation of 5 #-reductase type I and II. Overall,
Saussurea Lappa root induces cell proliferation through vitalization of ERK and Akt route of human hair dermal papilla cells
and fibroblast and apoptosis defense mechanism, and can be helpful in hair loss prevention and hair growth by vitalizing
the ,-catenin signaling pathway and inhibiting activation of 5 @-reductase, which can be used as a potential hair care products.
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EhR (androgenic alopecia, AGA)= 71 &3 <] 21
RE e qlon, B8] AAdA7E win A
o2 27| FaF ] WA%T6]. A ©]=F FDA (food and drug admin-
istration) 2H-E] 52 B2 T A= finasteride®} minoxidilo] Sl
v, finasteride®] 37]5 A8} & 7|o} A H-2- minoxidil®] <L)
2718 34, 7HET AR S Al 2R Adsks o] A
o] Wsk= Zlo® UdTA Qlo] B ASA|RA L] Tdo] JITH7.8].
b o]edt Bl Bekste] B} obdstal Bk &4 o 3wt
A A3 a3E 7R AR A Aide] Fagt AFolrh9).

H 5ol T W ohe} Aol gurt Sk Als|EhE

A7 Aoz B97E A =3 9len, BRE dsha 2 4
= ST Qe aAY g wl A At 2] 13
AUTH10-13]. Etko] Adalr] flsiMs HdlAEe] #1839 2

o e FIAES} HAFAELY AJuago] e Fasithl4,
15]. Bke] A7 Aol FrA )l B SV Ae] EA4d3 9 2k
BllF(hair germ)S] M|E F2) 3ol Wnt/ F-catenin AT L] FQ
3t 98k stk A Ayt BalE9la[16,17], Wat ligand7} 48
Ao Agkaba MEZ U9 F-catenin al7} WA E 1 ML O F
S-catenin®] ©]F°] F7Fste] target A2 WHS dsHA Ak
53], protein kinase A (PKA), glycogen synthase kinase-3 & (GSK-3
2 28 3= Wt/ F-catenin AT HAZE A3} S8
gk, RArAlEels B4l "3to] st Qlo] )Tl dUdAE
>33 247421421 insulin like growth factor 1 (IGF-1), vascular en-

dothelial growth factor (VEGF), hepatocyte growth factor (HGF), kera-
tinocyte growth factor (KGF), fibroblast growth factor 1 (FGF-1)& &

Hgto] RgFle] ks AT FoAeds X0 RA A

M E S 2-3H19,20].

GRS sl &ot thad Al AEQ1 Saussurea Lappa®] HEIE
A geJstellAE T, HAFE AR Foll AREE iR 4
A At21]. S T2 A7 EFEE sesquiterpene X ses-
quiterpene lactone] #}3E0] 4eiA Jlom, 53] G5 FEE
Tk =2 AREAE LEF costunolide 2} dehydrocostuslactone
< &, TS, B T, FulelgA B9 vkt o AgS
HolE AR Higlrh22, 23].
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Ak, JA B4 (human hair follicle dermal papilla cells,
HFDPC)9] A2z W 2k A7 ok Al dde] w|A]= s 24}
sto] R R 7)eA sPSE AAIEA 28 RS AlAskat st

2.4

2.1. 2=z H Al

Dulbecco’s modified Eagle medium (DMEM) % fetal bovine serum

38t Hl 32 A A 6 = 2021

(FBS)+= invitrogen (Carlsbad, CA, USA)AF A2, dimethylsulf-oxide
(DMSO), bovine serum albumin (BSA), phenylmethyl sulfonyl fluoride
(PMSF), 5 @ -reductase I, I, -actin, lanmin Bi= Santa Cruz (CA,
USA)A} Al$5E, phospho-p44/42 (Thr202/Tyr204), p44/42, phospho-
Akt (S473), Akt, (G-catenin (Amino-terminal Antigen), phospho- &
-catenin (Ser675), phospho- &-catenin (Ser552), phospho-GSK-3 &
(Ser9), GSK-3 /4 antibody+< cell signaling (Beverly, MA, USA)AF A
&<, Anti-Goat, Anti-Rabbit, Anti-Mouse IgG HRP conjugate anti-
body, Hybond-ECL nitrocellulose membrane, western blotting detection
reagenti= amersham biosciences (Buckinghanshire, England)A} A<,
Non-fat skim milki= Becton (Le Pont de Clanx, France)A} #|3%-S, leu-
peptin, aprotonin, sodium fluoride (NaF), minoxidil, finasteride, thia-
zolyl blue tetrazolium bromide (MTT), sodium orthovanadate (Na;VOy),
N,N,N',N'-tetrametylet-hylendiamine (TEMED)+ Sigma (St. Louis, MO,
USAAF AES, ©ilal &k AJeke Bio-Rad (CA, USAAF AlES T
dste] AFESIGlH: 2 ATt AR e e AdAlEs 2R
=84 FEo|th

=0

22, FEE M=

B Qe ALGE FEG Mol GAERACKN Telste] ALg
Sg00], YRGB 6 kel TS 40 L Po] FolA 33
F5e ¥ Aelmel i olnsieiek. of e 60 °C oISl Ak

FESe] Aozl 072 kg SHF 10 Lell FEA71a, m8lit 30 L
& 9ol Tste] mEEAE-S Al mEEHASE 60 °C °l3t
z = o

oA 79} 5Ete] FEE oF 60 g Azt on, WA

2.3. MIZE HiY

QA B34 EHFDPC)= Abm Inc (Richmond, British Columbia,
Canada)°llA TFd3ste] AL, 10% FBS, penicillin (100 U/mL),
streptomycin (100 pg/mL)°] 323 DMEME ARME3ste] 37 °C, 5%
CO, incubatorel| A wjFs}3ich

24. MIZMEE £

MTT assay S &3l J&ES 2415+ 0, HFDPCE 24 well plate
ol 4 x 10° 7| 253810 24412t WjoFer 5] G5 ] 255 5,
10, 20, 30 pg/mLZ} minoxidil 10 pMS 223+ F 48417+ i ekalSd
ok wjeF & 0.05% W/V MTT £S5 o] 37°Col|4] 3A17F BEAIX1
B A AAs L FAE formazand DMSO 1 mLE 59
ELISA plate reader (Thermo Fisher Scientific Inc, USA)E ©]&-5}%
570 nmellA FHEE S5k

T3k ERKS}F Akt 5 59 572> 24 well platee] HFDPCE
4 x 10°7048) #F310] 24413 vjoFeE 5] ERK A4 PDIS059 (20
uM)SH Akt SAIA] LY294002 (20 uM)E 1417+ Axe|eln sk
e &5 10, 20 ug/mL¥} minoxidil 10 pM 2] 3}1 01, 72417k

5 959k

O o

2.5. Western blot

10 cm #jFE-7]9ll HFDPCE 3 x 10°70%) #5311 244]7F wjekst
5 2= B 35510, 20 pg/mL) ¥} minoxidi 1 (10 pM)S *]2] 3t
5 3YU3F wigkste] S el AHE-sEITE ERK S} Akt J14ESF 5742 10

Y
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cm H|%E7]°] HFDPCE 5 x 107714 2530 24A1F wijokst 7
Eak By 2Z2E3 minoxidilS A3t & 30% ¥ samplingd}ith
ERK 9} Akt 4] 572 ERK inhibitor (PD98059, 20 uM)$} Akt in-
hibitor (LY294002, 20 uM)Z 1A17+ A2 3T wiekd AEE
PBSE A% £ 4743} lysis buffer [1% Nonidet P-40, 1% sodium
deoxycholate, 0.1% SDS, 0.15% NaCl, 0.01 M sodium phosphate (pH
7.2), 2 mM EDTA, 50 mM sodium fluoride, 0.2 mM sodium orthova-
nadate, | mM PMSF, 1 mg/mL aprotinin, 1 mg/mL leupeptin] = 30%
ZF 3121713 15,000 rpmollA] 30423F QAR s H& ASAS
o]-§-3ak3ith. @S Bradford Ak o]-8-ato] RSB, 5F
2 x sample buffer (1 mL glycerol, 0.5 mL /(-mercaptoethanol, 3 mL

10% SDS, 1.25 mL 1 M Tris-HCI, 1~2 pg bromophenol blue)E =&t
3k ¥ 10~12% SDS polyacrylamide gell4] 27195 331t} PVDF
membraneZ ZO]A]7]1L, 5% non-fat skim milk”} 27}¥ 1 x TBST
(Tween-20, pH 7.6)% blocking A|71 ¥ 12} AF-actin (1:5000), 5 z-re-
ductase [ , II, phospho p44/42, p44/42, p-Akt, Akt, (&-catenin, phos-
pho- #-catenin, phospho- &-catenin, phospho-GSK-3 &, GSK-3 &, lam-
in B (1:1000)°] antibodyS 1 x TBST F 3% BSA°l| |45t 4
°Co|A] overnight 3F31t}. 22} antibody+= anti-rabbit IgG, anti-mouse,
1:50009] H]EE 3]4]8k0] WEEAIZ] v TBSTE Al &t
ChemiDocs ©]-8-3l Z} band2] AMZIS #

<1

AQ

anti-goats
i ECL ooz I &

339k

3.1. =8 B2 FE20| QM 2RFMIZS] SAo D|Xl= I
2 Al BA-FAIEHFDPC) 9] F41 el mlA]=

QEE grlsl] 918 GEE el 5= S, 10, 20, 30 ug/mL¥ &
AT vEAYMXD) 10 pMS 558 A2 sk 3 4847k 7241%F

wjeFste] MEABESS S8t 2 Ao, tR2T(100 + 0.8%)°l
H|3l 48A1ZE wljQF & FEEF e FE2EL 71749 stelA] 99.5 +
1.3%, 109.9 + 2.4%, 107.4 + 2.7%, 97.8 + 2.1%% YEFEOH, 724
7 kol = 1053 + 1.7%, 116.5 + 3.5%, 112.1 + 3.1%, 1052 +
2.6%% M|EZAEEO] JEFITHFigure 1). Atz visAEe] 4
£ 48417kl A 104.5 + 1.9%, 72A1ZFollA] 108.1 + 2.8%% YERTH

olgst A5 Fall BA-FAIRE digt GEE ey 550 a9
= 48AIZE BljFRTE 72A17F kel A M EFA 0] STt A= e
Ou% 10, 20 pg/mL L2 FollA AR nEA IR}

& ZE Bvk meba] o] A 10, 20 pg/mL FEC] T

._L
%3 o] 2522 720 ikstel AAsHIch

3.2, =3 w2 $520| o 2
ey
Extracellular signal-related kinase (ERK)= AI3E2] 42} =27 2
AR EZRD T2 WS sk 21597421 mitogen-activated
protein kinase (MAPK) % 3P} ERK S| 431= Al EZ2o 3k
u)x]u, ERKE] &/337t BA-FAES] S48 HXsks Jo=

SFMES| ERK QA0 O|X[=

H 1 EITH24].

GEEE By 22E0] RHFEAEY] F43 AEE AsHY AR
= 22} 94l ERK QAksko)] v)=]e 8-S western blot2 %3l
ZARIIE A da), dizdtel e gEd e 25 10, 20

ug/mL s k2 oF 2 7u), 320 = QAEL) SrEQlom, oA

wuk g e As gl v gk 649

Cell proliferation (%)

.
|
-
|
|

Concentrations (ug/ml)

Figure 1. Effect of Saussurea Lappa Root Extract (SLR) on the cell
proliferation in HFDPC.
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Figure 2. SLR induced phosphorylation of ERK in cultured HFDPC.

27l vlEmAIE oF 3.4 F7FE A THFigure 2(A)].

PD98059+= MEKS] A4 ERKS] &S olAsith wlebr o
53 We) 2550 ERK ¢I4HE 3 &J’]"—E Felalr] 18 20 uM
PD98059E @]dlo] FARSE Ax) &g My FEE9)(10, 20
pg/mL)S] A2 A S7HH OJ*L@P} PD98059°ﬂ o8 A= A
< EQl3kSithFigure 2(B)].

3.3. 2% we| £520| ERK Q1MI8} A28 S8 Ol 285
Hme| Z4 &7 &3}
ERK A28 5 3P P £3El ANET £4E Bl

2
13l PD98059E 1AIZE A A st & FET B FEES A esto]
72417 Blekst F| MTT assay% AAERtE A3 A PDIg0s9
5 A tlZ2T(100%)°l 8l3l 93 + 6.2%= MES52o] ZHAH S
F8E] 22510, 20 pg/mL 222 PD98059 H-EA] 2

27; 1103 + 11.2%, 68.6 + 4.1%9} 128.7 + 7.6%, 84.9 +

2

o}
[e]
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4.7%2 M| FEZ20] oA E AU tKFigure 3). A oFA Tl vlisA]
9] A$- 114.2 + 7.4%°14] PD98059 H-E-=]2] A] 82.6 + 5.2%= 7F
259t} o]#igt Auh= GEE He] FE50] THFAES] ERKE
Qlatsl BARE T8 Axe TS FHUAASS HolFTh

3.4. =T 2| FEE0| QUM RRFAMIZES| Akt QA0 O|X=

oi5t
oo
Akt B3P0l Fo3 93E d= Wnt/ F-catenin pathway©ll
Qe v °

I} 5
= Row d#A glow Akte] QAEE= GSK-3 4
S-catenin®] eHY3}E F x| EAFAIES &

= 7
FEEF ey FEE0] Akt OJJEMI il 1“ IS ¥ A3,
10, 20 pg/mL FEoA] tiztel| vlsl] 24z} oF 2.54), 3.28) AAksrh
=R599lom, okt v)EAE-S 1.24] 57 A THFigure 4(A)].
wEh o]idk QAL Akt FRE E3 Z91A] FelEly] Y
PI3K/Akt 2JAIAIQ! LY2940025 A A 2]3te] FRlsiict A8 Az
SESF Be) 2E50) o8 T7HE Akte] A= 1Y294002 g3

2ol &8l JAHE Ag g1 THFigure 4(B)].

3.5. T8k Bg| 2E20| Akt QAE H2E E51 O ZRFA
Zo| BA =7 53}

Akte] BHE BT =
213l LY294002 (20 pM)
w5 Ayatal 72/\1&
&5 sk

A8 A3}, ) Z27(100%)° Bl8l LY294002 ©EA 2T 73.2 +

35%E AEZAESC] TAHSA, $5E By FE2E 10 pgml &
CAE TS 119.1 + 8.7%004 63.8 + 3.7%E 20 pg/mL FEAHE] T
116.2 + 3.4%°lA] 72.5 + 8.0% = A|E2] AEH0] 7HAE A Th(Figure
5). 3 FAETLOT AFEE n)EAE10 pM)e] A 1163 +

3.4%°14 705 + 5. 4%& A EAEEo] HAHGI olef st d¥E &
slo] FEF Be] 2550 Akt AAH} FHS 53 BAFAEY F
/q 0 5;(] gke slo] o]-gil:]-'

Aoke 8

3.6. I=2t 42| FES0| QA 2R

220 njxl= P&

Wnt/ S-catenin A& FZ2= g0 Wby}l nuko] el A A
o Ao, Wnt A7} & H-F- GSK-3 ,£+= APCS} axin, &
-catenins A4Fs}Ete] AEZAS] F-catening w3l U FH|FESE

SIESITH25]. TS Akt ©) QIAERE E8 GSK-3 2 (Ser9) 9] Qlakab=
F-catenin (Ser552)2] QAS}E F-E5HH, PKAS AJAkSl= A-catenin
(Ser675)9] QAFslE F=dl & YE o] 5] target gened] TS
A STH26].

H AgrellA] FEEF ] FEE(10, 20 pg/ml)> ERK S} Akt] 9
ksl X3 AESA G FRIsHIth meka] B FA 9 2l
A7l WSt BAIZE Q= Wnt/ F-catenin pathway S western blot
A& wdl st A9 A G e FE= 10, 20 pg/mL
A Al AIZE U F-catenin?t GSK-3 #9] U FF2 YoM,
GSK-3 4 (Ser9)] o1ita} £x10 7 <18k F-catrnin (Ser552, 675)2]
QIAEsl 318 18k tHFigure 6(A)]. ©lof AEd 3} & o] Iy
Tie gobiy] Q8 BArAEe] Ay S Fel gafiste] A

S sk Az} MEA U F-catenin (Ser552, 675) Aksl= 7

SEMIES| Wat/ £-catenin AS

n&“j

25kt Ml 32 A M o6 &, 2021
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=
2
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b
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© 40 |
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Figure 3. SLR increased cell proliferation via ERK activation in HFDPC.

A
SLR(#g/ml) - - 10 20
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p-Akt |—— T T —

s 3
g 2
2.
0
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(B)
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MXD10pM) - -+ o+ - - - -
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p-Akt |m ]
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0 [ [ [ [
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Figure 4. SLR induced phosphorylation of Akt in cultured HFDPC.
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Figure 5. SLR increased cell proliferation via Akt activation in HFDPC.
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E]—llj_ﬁg: g]
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E

< 2= S tHFigure 6(B)]. &3t Avl=
FZ5(10, 20 pgmL)°] GSK-3 & (Ser9)S 1Ak3lslo]

F-catenine FZA5k3 Ao T HMAE TS el

3.7. 958 #a| FE20| M 23
&0l 0jXl= A&

YAz ERe

EMIEL| 5 z-reductasel| Bt

F71¢] 4 L7]E S5A7| ], Hike] Agaks o
Al BAFAEE BHEEE target AXE =2 FEAE
ZHAIH, in vitro®llA] ]o}O]EiEﬂiEiEﬂ =2(DHT) HAEAHE
(Ml vl k==l =84 Fgkeo] oF sulf Y %S A0 E By
eH27]. vhebd A S 2 UANT — DHT)Ol #oSh= 5 2-reductase
o] & oAlE gR A xmel o] Fa% AEE ke Fow dEA
Atk
£ A= 5 g-reductase B/ ol v A= L
ol i 112} 5 g-reductase type [ I 11 9] ‘i’a}?ﬂ
=AD3} 87 5 z-reductase type 11 #|A|91

slod st Ay Ay, gk e %%‘3(10, 20 pg/mL)<
FE OJFEAOF 5 greductase type 1o WS JAISFI th(Figure
7). A AT O AREH vHAIDS thxate] vl & xjo] 7}
‘/]‘E]"/]'X] ko) sy eglol= A2Z Q18| 5 g-reductase type

i

E_i

, I7F A Zad o=z yepyth
4. 4 =
A GET e FEE0] QA BRTAE T4 9 2Rk A
T A v IS dolry] Q| AEAES, M
/3% & MAPK S Ql4tsl, ERK S} Akt] Mitsl AR5 B3t Al
21 &3}, Wnt/ F-catenin A SAE, 5 g-reductase T3 A& E3}
o t53 22 A7E Ik
I S5 e FEE0] BATAE Oist S4 nXe 93s ¢
o}17] 9)& MTT assay z1eyst @4 523 Y FEE 10,
[e)

20 pg/mL FEOA BHFAEL] BE 1 %ﬂﬂ

Z¥RTF 72478 wjokol|A] A Z20] § :Q%

w3k otz om AE msAd(10 HM)W - ]
FEEY TR H £ RO Uehdeh

2 RHTAEY FAS M GEe W) 3

A58

E0] ERKS}
Akte] QIEsto] WX PaRE ol 7] 213 western blot 4
= AAET O A G5 e 5510, 20 pg/ml 5%
oA ERKS} Akte] sHE Fxapglem, ERK AR
(PD98059) 2} Akt JAIALY294002)5 A 2|sle] &gt A},
71 QAFsE7F PD980599F LY2940022] A A= 13l oA
H9le golslait). w3l ERKY Akt ARE E3h gk g
FEEY Ax T &dE dotrr] sl PDY8059S}
LY2940025 2|3+ & MTT assayS 3t 23}, ERKS} Akt
AAAZ Qe RAFAELY F2o] AlE A& RlEginh
ol A= T3l ERKS} Akt] QIS BA-FA L] S
o Bojgttia e 5= gk
FEE e FEEO] EATFAES Wnt/ F-catenin FZel| 7]
= FES F7lsl7] 913l western blot 418 HAIEGATE AY
Ax}, G5 ey 35510, 20 pg/mL FEAN RFAEY
e QHg3l A2 GSK-348 (Ser9)<] <IitelE S7HAIA

o vk A4 B A nXe 9 651
(A)
SLR (#g/m) - 10 20 -
MXD(104M) - - - +

B-catenin """‘ f— Py "'!‘
p-GSK-3p(Ser9) | |

el &V ) N———

B-actin |'-—f—' — — |
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Figure 6. SLR increased the phosphorylated A-catenin in HFDPC.
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