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Anti-Oxidant and Hair-Growth-Promoting Effect of Pectin Lyase-Modified
Red Ginseng Extract (GS-E3D)
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'International Ginseng & Herb Research Institute, Geumsan 312-804, Korea
’SEWHA P&C Co., Ltd. 36 Euam-gil, Chung-buk 27860, Korea

Abstract — To develop new therapy for prevention and treatment of hair loss is very important according to increase of the
number of hair loss people. The aim of this study was to investigate the hair growth promoting effects of pectin lyase-modified
red ginseng extract (GS-E3D). We examined antioxidant and anti-inflammatory effects, human hair dermal papilla cells
(HHDPC) proliferation, and testoterone-induced Sca-reductase inhibitory effects. GS-E3D show not only 1,1-diphenyl-2-pic-
ryhydrazyl (DPPH) radical scavenging activity and xanthine oxidase inhibitory effects as an anti-oxidant property, but also lip-
oxygenase and hyaluronidase inhibitory effects as an anti-inflammatory property. Human hair dermal papilla cells proliferation
by GS-E3D was higher than those of minoxidil or finasteride, using the positive controls. Moreover, GS-E3D exhibited So-
reductase inhibitory activities after stimulating by testoterone. The present results indicate that GS-E3D has a potential to be
as an hair growth promoting agent for cosmetic materials.
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GS-E3D M= — Aol AFE F4k2 AA(
TARIA 43S Fiste] ARESIAL, GS-E3DE
of Bag WY o] wrEolHh. aokslH, 5 brix ¥
MFEE FEFUY] 10%] pectin lyaseE B3L 50°Col|
A 597 WESAIRL & 95°CollM BAE EEAEE v
AT Azste] sl AR AHSEIITh GS-E3DE
ginsenoside Rgl 4.49 mg/g, Re 9.5 mg/g, Rf 3.5 mg/g, Rbl
12.7 mg/g, Rc 10.5 mg/g, Rb2 13.2 mg/g, Rb3 1.9 mg/g,
Rd 20.8 mg/g, 20(S)-Rg3 1.0 mg/g, 20(R)-Rg3 1.0 mg/g,
Rkl 0.6 mg/g, Rg5 1.1 mg/g®] 5= = A2 AR5}
ATH.

Ginsenoside && &#4] - Ginsenoside 412 9] 3}o]
GS-E3D A& 10 mgS 1 mL WE-2o] =0 045 um WE
g2l = osie] AJEEom ARSIt AR 4
A Theel T gUAEA SR8 EE ALg T,
o] 542 water(A)2F CH,CN(B)2] B &S 18%(0%)l A
25%(30%), 32%(40%-), 40%(T9%L), 80%(905), 100%(95%5-)
o7 £AF o7 HIAAFTIL YA 18%(1208)% 2435}
At 47171 WatersAk] 1525 series HPLC(USA)E At
239, ZH L2 Kinetex C18 100A(Phenomenex, USA),
5 pm 250 mmx4.6 mme ARSSISITE AH %= 40°C,
42 23 1.0mL, AlE FYF2 20 uL, 452712 PDA
Detector(Water, 2998)%114] 203 nm Z73}e] £4]8 73] 5}
ATH.

DPPH radical &7 - DPPH(1,1-diphenyl-2-picryhy-
drazyl)= radical AEjol A HEFAS w3, $H9lo] HW =
9] 22-diphenyl-1-picrylhydrazine(DPPH-H)©.Z H3He
o GS-E3D9] F=W A 59| HA4Felse DPPHE] 3
AHE ol gste] SAHATE = ZF AlE 100 uLell 95% el
e 234171 135 uM DPPH €9 100 uLE H7}sto]
37°CollA 3037 oA HESAIZI F 96 well microplate
readers AME-3t 515 nmollA S8 =E SA3SIAAL, G
27O 2 ascorbic acidE ARE-3FAT

Hydroxyl radical M7{& - Hydroxyl radical &7 52
Parthasarathi 5°"2] W2 $435}0] 243810t} Hydroxyl
radicak> FeSO, 350 Lo} H,0, 350 uL, GS-E3D2] F=
AlE 100 s H7kste] 37°CollA 1087F wHeAIZ1 £, 20
mM sodium salicylate 200 uLE 2L 37°CollA] 2087+ |t
SAIZ T 562 nmellM] FEEE SN, TS
2 ascorbic acidE ARE-3IITH

Fe*" Chelating 8MS —Fe’ Chelating 2/9%-S =43}
7] {18ked GS-E3DS] F=1 AlS 100 uLe} FeCl, 100 pL
of S/ 600 uLE WL 3T o] THES A=l
A 30% <t HESAIZl 5 SmM ferrozine 200 pLS &3

0, of\
= ol

N

Kor. J. Pharmacogn.

Eofl A7ISIAAL, o] EFES A AF2olA] 3087 vk
A7l H TN EE 562mmolA] EFEE =AY,

deferoxamineS YANZTLOZ ARE-SIAITE

Xanthine oxidase XMall &4 — Xanthine oxidase 43
242 Stripes} Corteo] WMol wal 4319t} GS-E3D
o] = AlE 89 100 uL2}t 100 mM potassium phosphate
buffer(pH 7.8) 600 uLo] 2 mM xanthine 200 uL= 3 715}
3 xanthine oxidase(0.2 unit/mL) 100 pL= 7}5}e] 37°Col)
A SEZFuREAIZ] 1N HCl 1 mLE 7}8te] w2 &
EAZ o 9kl Fofl AAE uric acid®] S 292 nm
oM FE=E SHSIAAL, YA U2 glycyrrhizinic acid
£ ARS8t Xanthine oxidase 4275(%) [1-(A1 53
7RE] SRR S E)]x10002 YERY AT

Hyaluronidase X{ali &4 - Hyaluronidase(HAase) #3l|
42 Kim 5779 Wel mat 245tk F, 01M
acetate buffer(pH 3.5)° =<1 HAase(7900 U/mL) 0.05 mL
o GS-E3D9] F%=® A& & 0.1 mLell E§ste] 37°C
of| A 20%-7F WES-A]Z]ZL 0.1 M acetate buffer(pH 3.5)°1 =
°l hyaluronidase(12 mg/mL)E 37}t TthA] 37°CollA] 40
E7FUESAIZI & 0.4 N potassium tetraborate 0.1 mLoll 0.4 N
NaOH 0.1 mL& 873041 387k 71 gk § WAz
YZAIZ] §H-3-E°] p-dimethylaminobenzaldehyde(DMAB)
3mL B3l 37°CollA 20:27F RES-8ted 585 nmell A 3%
= 23193, Y RS glycyrrhizinic acidS AME-8F
ATh.

Lipoxygenase X3l A — Lipoxygenase 2 =42 7]

Eo WPe FAsk] 4 stk F ke 0.1 M
tris buffer(pH 8.5) 2 mL} A/ 58 0.02mLE #7}skar

ZF i Fst T 110 uM linolenic acid 0.05 mLE 3 7}shod
20i-7F HHSAIA 254 nmollA] S ST
DREMEHHDPC) SME - 2754 E(Human hair
dermal papilla cells, HHDPC)= ScienCell25-E] FFqto}
ARSI BAFAZS(HHDPC)E 96 well plate] 1x10°
cells/wello] H%=% 100 uLA 5513l 37°CollA 24417 &
¢F MSCM(Mesenchymal Stem Cell Medium) B <] ol ul] &
AIFEE A el AREE viAIE A A S viA] 100 pLol)
GS-E3D?] s=H A& & H7HE § 37°ColM 12717t &
ot miFAIH L. 2 & ZF welldll EZ-Cytox reagent 10 pL&
A7¥ete] FLe vk 2004 1A1ZE viGAIF T ©] plate
= 10327+ £33}l ELISA reader(MD, USA)E 450 nmell

Western blotg S8t THiZlo| wWa £& — HHDPC Al
ZE 60 mm tissue culture dishol] 1x10* cells/welloll ==
5 B0kl 24817 BRE vikelint. viAlE AAgE & GS-
E3DE] = AlEE e sjA =2 wkstar 244]7) ul
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&3t & PBSE A& 3T Lysis buffer 100 pLE 3713}k
o AZE &alA7]aL F4wE] 3 (4°C, 12,000 rppm, 20
min) A X9 ZEES A AT A4 EElst] 4 &
W42 bradford assay= A FoFA2™, 60 uLo] TS
10%2] SDS-PAGEE ©]-8-3lo] 7] F&d 5, <] vl
Sol& A4S 9AIA717] #18 PVDF membranee] £71
TS 30-40 Vol 24]71 o4 o]E3)$ith. PVDF membrane
© 5% skim milkZ overnight 2|7 background= A|AAZ1
%, 12} antibody(1:1000)5 1A17F 52t ¥EE AJA E<l £
ThA] 22} antibody(1:1000)8 &©] 2 ECL kit(Amersham
Pharmacia, England)E ©]-§3t>] Chemi doc(Bid-rad,
America). 2 T WA TS AT
SAEN - ARdde e HAPS Fol] Hdsgs
H2H(meantS.D.)E FA| 3N o™, A X2 E SPSS 21
(SPSS Inc., Chicago, USA) BAIZ2 23S ©]&3}4
Independent-sample #test == ANOVA &4 3} Tukey B*
Al ofall p<0.05 FTollA Bk Fods 34
=
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She B K] B YRAE o3} sl =gl A
2577 9t} DPPH radical 275 AAENA ks &
(e}

°] DPPH radical £715-& 100 pg/mLE%=oA F 38.1%,
200 pg/mL =4 <k 40.2%, 400 pg/mL F=olA oF
45.4%, 2183 800 pg/mL FENA O 622%E FE oF
Ao g 27Tl #A JerTHFig. 1A). RO E A
3l ascorbic acid®] DPPH radical 227152 400 pg/mLolA]
97.1%% el GS-E3D+= ascorbic acid THH] <F 46.7%
Are] 275S Yeilie Zo2 lElen, o]8s &
= GS-E3Dd gHrdE ZEluE AR 5ol 9% Zo=w
R sA=bi=

Hydroxyl radical M7 - Hydroxyl radical> &4k
o]z FollA shskd oz wkgAdo] 7Hg 7, 2| kst
£ 7HAIBIAL DNA &748 FAY R0l fidshs &
RAA A S AZFsE £4-8 28 8H7] el hydroxyl
radical®] 275 FAISHAIS] Fa g 2ol AR AL
Ath? GS-E3DE 100 pg/mL EE1A F 5.5%, 200 pg/
mL F504 2F 6.7%, 400 ug/mL F=oIA 2 9.7%, 12
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Fig. 1. DPPH free radical (A), hydroxyl radical scavenging activities (B), Fe’" chelating activities (C), and xanthine oxidase inhib-
itory activities (D) of GS-E3D. The values are %inhibition compared with vehicle treated group. Results are means+S.D. of three
repeated experiments. Same letters (a-¢) are not significantly different at p<0.05 by Tukey’s multiple range test after one-way anal-
ysis of variance (ANOVA). Ascorbic acid, deferoxamine, and glycyrrhizinic acid used as positive control.
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3L 800 ug/mL =04 °F 11%Z hydroxyl radical 2275
o] Yeh tj2Z o2 A3 ascorbic acid 400 pg/mL &
Zof|X <F 89.9% A=2] hydroxyl radical AA X} &
° &4S WTHFig. 1B). Parthasarathi 5270 o3&+ wia}
7} Z4F 3229 hydroxyl radical AASE 20% PREOZ
e o]} B3t AFE BT

Fe** Chelating &M% - H(Fe)2 s RZZH 5 A
o] Fask AR AT AN} A ESE T A
HAollM 5 g 4ot ey, E o] AY2 F A
Al W EA8h= H,0,2k2] Fenton reaction®l] ]3] A E=3}
2 A EZEFE oF7lsh= 7423 hydroxyl radicals 4848t
of AlX W DNA &4, Al28] =3} 59 €l0] =7] wj
ol Fe’' chelating 58-S abslA)¢] 83 274 5 38t
U2 ARG Fig. 1€ Wehd ule} ko] GS-E3DE
Fe’* 0]2% 100 pg/mL F=14 F 9%, 200 pg/mL %=
SN OF 14.5%, 400 pg/mL =004 2k 19.8%, T2]3L 800
pg/mL F=04 F 322% chelating 4352 74 % 9
THow & THo] oA, HERFOE AREE
deferoxamine® 400 pg/mL F=0l4 85.7%2] Fe' chelating
G452 JeRTE Fe*' chelating 84352 #|=31HE
ol 2} hydroxyl group®] ¢} 91x|ol] WA= FEFS 1]
A Aor B E5 Qlofr, GS-E3Del FH = 3
FEolut Al Fo] AESol AEelA 7P 7= pro-
oxidant &1 Fe** ©]2& chelatingdhe 202 g1E ).

Xanthine oxidase X5l 4 - Xanthine oxidase= purine
thAtel] Fedsl= §4FA] hypoxanthine®| ) xanthineS Ak
3FAA uric acidE AL, ©] oA superoxide anion
S A’9312 2 xanthine oxidase A3l 292 kslelA] F
23 BAolth® GS-E3D2] xanthine oxidase #1324
Fig. 1DIA] VR b1} 720 100 pg/mL -S=0lA 2F 8.2%,
200 pg/mL F=NA F 182%, 400 pg/mL S =] A ok
19.6%, 223 800 pg/mL F=olM F 40.9%E = o)F
o=z Aol YR, thE-o 2 ARE-3l glyeyrrhizinic
acid 400 pg/mL F=lA 39.9%°] A3l & wlaste] of
49.1%°] Ee Al B4 e, Shin 5700 €18 100
pg/mL F%=2] ascorbic acidlM 11.45%2} RIS o) GS-
E3D9] xanthine oxidase 82§73t A 02 YESITE

Lipoxygenase X3l M — Lipoxygenase: & Z3}A|%
Ao ZHE leukotrieneS $/g5H, QITIAN 7184 243}
o] A5HR-S w73t} GS-E3DQ] lipoxygenase A3
’d A8E linolenic acids 71A= 314 soybean lipoxygenase
o o3 Fatst WS 7 A3 100 ug/mL F =004
OF 5.4%, 200 pg/mL FENA OF 8.8%, 400 pg/mL Ewo]
A 2F 20.1%, 22 3L 800 pg/mL FE=olA oF 454%F &
T oo A S et 2o ARE-gH
glycyrrhizinic acid 400 pg/mL =04 Hlasled <F 46.2%
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Fig. 2. Lipoxygenase (A), and hyaluronidase inhibitory activ-
ities (B) of GS-E3D. The values are %inhibition compared
with vehicle treated group. Results are means+S.D. of three
repeated experiments. Same letters (a-e) are not significantly
different at p<0.05 by Tukey’s multiple range test after one-
way analysis of variance (ANOVA). Glycyrrhizinic acid used
as positive control.

o] =2 Al @S HERATHFig. 2A). Park 52 &
2Fol Helicobacter pyloridll 7+ ¥ gastric epithelial cello]
A1 S-lipoxygenase &4~ &4 F7He AL, arachidonic
acid25-F 5-hydroxyeicosatetraenoic acid &< Aok
3 B8] GS-E3D2] lipoxygenase A8 =3t
HaL, o]H st A3= GS-E3D7} cyclooxygenase A& &
& PGE2 A4S JAlske ZAE*9} lipoxygenased] ¢] 3
EEZSA| A0 ZHE] leukotriene A4S BT 2Alslo] &
45 245 Yele A2 gR1=E

Hyaluronidase X3 &4 — Hyaluronidase= 3% B 2
@ fAof 719st= FA4 o hyaluronic acidS 7}
FRHSE AR 95 fishs Zos g4 I
=3l 2= hyaluronidase”F 571=]0] Z1sjol|A] S1Ea;
hyaluronic acid®] ¥©| 2} 7343132 %A} hyaluronic acid
7} Z7Fete] 9% 59l WS S7HI7IEE hyaluronidase
o] Al FF dS5oA Wl ozt R g et 7]
Hoedr Fastt’ GS-E3DY] HRES oAE 53t
gr oz E7E2 %7}ael7] 915te] hyaluronidase #3183
< 7k A3 100 pg/mL F=A 7.5%, 200 ug/mL &
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SOl 20.3%, 400 pg/mL =] 45.4%, I1E)F 800 pg/
mL =4 655%% T JEHOR =2 A S
Uehfo] oFE thxF o2 AFE-3 glycyrrhizinic acid 400
pg/mL S0 62.5%9} vlawsle] oF 72.6%=2 UeR) GS-
E3D7} @ EZo] opd FEEUS 7K uj hyaluronidase
Al Dol wig- ek AR SRIEATk(Fig. 2B). Park
573} Choo 572 717t @UskHE3] ginsenoside Rh29}
compound K7} hyaluronidase €3-S A|51] o, o]
£ 32 NO9F PGE2 A4 AIE FalM d5= oA
sk Zlo® Haskal ok, 2, 2 A7RfEel gt o]
A Q7Y GS-E3DE NOgH PGE2 434 A2k NF«B
p65 A 2 MAPKs A549 HZE AXe 95 <&
< Uehlle AS 16010, & AFE Bote] ¢F 9
2 9] ginsenosideollA] E1E|X] ¢FSFE hyaluronidase A
3 2= vebd S Sl

ZRFMEMHHDPC) BME - 574 % (human Hair
Dermal Papilla Cells, HHDPC)= Al 2ol 9dste] =
W o] 2do] B Alazo|t). 84k =553 ginsenoside
Rbl ¥ Rg37} Y= a7} dvke 2’ gl9loy, &
HFEES 24 7EElete] LRt SRE AEAE Al
7131, ginsenoside RdE 73315t GS-E3DY| thgh SR g k=
HAEXR ekttt GS-E3DS] EA-FAHE S5
7] flsto] fEthEato 24 v= FDAC] 3440 13

AEE AP o 2A & BAFAE S sE 54
g A3} finasteride®} minoxidilolA= 2.5 ng/mLolA ZHz)
123.2%%} 116.0%, 5 pg/mLol|A] 122.3%9}F 111.6%, 10 ng/
mLAA 119.7%S}F 112.1%2 e AsoA] B454
Z FAE 9 A4 YeRd ¥, GS-E3D= 2.5 pg/mLo]

m 0 pg/mL =2.5pg/mL =5 pg/mL =10 pg/mL
150 - ef
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g T bcb b b o L
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Fig. 3. The effect of GS-E3D on the proliferation of human
hair dermal papilla cells (HHDPC). The values are %inhibition
compared with vehicle treated group. Results are means£S.D.
of three repeated experiments. Same letters (a-f) are not sig-
nificantly different at p<0.05 by Tukey’s multiple range test
after one-way analysis of variance (ANOVA). Finasteride and
Minoxidil used as positive control.
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Fig. 4. 5o-Reductase inhibitory activities of GS-E3D after
stimulating by testoterone. Minoxidil used as positive control.

A 1093%, 5 pg/mLoIA 128.1%, 10 pg/mLolA 132.1%2
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£ GS-E3D7} e 270 Hlsle] ZHFAHE 52450
Hold AAMAZA R e GRARZA ] i
7Fs/dS AlAFeEATH

50-Reductase 24M| &4 - So-Reductase= testoterone-
dihydrotestosterone(DHT) 2. 2 3+ A] 7] & 40l H, Sa-
reductaseol] 93l HJo 2 AikE DHTE= B 7€ &
ofAA| slod BRES fualA she Zlow dHA ok
GS-E3D9] S5a-reductase A EAS dolr 7] ¢35}
HHDPC®] 5 uM testoterone> %231 So-reductase®] B¢
dE §=38 3 GS-E3D 25 ug/mL, 50 ug/mL, 100 pg/
mLS *2|8} Sa-reductase T A o] WHS =3I
=443} GS-E3DE 5E2EF 0= testoterone]] 2|3t Sa-
reductase®] WS AT SRIsIATHFig. 4). YEAR
A 7 Bol o] 8E 3 e S UERT minoxidil= Sa-
reductase®] S AU 2™, GS-E3D 50 pg/mL4 2+
2 Az A EHE BAT Murata 5= SAFE=3
ginsenoside Ro7} testosteroneS #2] AF]¢] oA <
BEIH} QLS HVele], FATlRE SAFEEC
GS-E3D2] So-reductase &4 A A1 Sz &)
Kim 5 32242142 hair follicle FH2] @z 3ke]
TES et S A7 23S 7H] minoxidil
F H)5E S 7HE Ros Ru s e,
HAite] g av= & dExl asolt) ¥Rk ofy
2}, §REX|5oA AsAlE FaoA A4k S o
Astar, 2] TAE SAHNAE AASAY BAHS B
2bskA] 2E# 2] g FHAM ] FF5E JAlst] 9B
2 dpsle Zog duA ok B dA3olM GS-E3De
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