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Modulative Effect of Human Hair Dermal Papilla Cell Apoptosis by
Acertannin from the Barks and Xylems of Acer ginnala Maxim

Seo Woo Joung and Sun Eun Choi*
Department of Cosmetology Science, Nambu University

Abstract — We isolated gallotannin, 2,6-digalloyl-1,5-anhydroglucitol, known as acertannin (1), from the barks and xylems of
Acer ginnala Maxim. It is a genus of Acer species of shrubs in the family Aceraceae. A. ginnala grows in Korea, Japan and
Mongolia. We accomplished the structure elucidation by confirming that the result of 'H,”C-NMR,MS spectrum data was sim-
ilar to previous references. We measured DPPH and ABTS radical scavenging activity in vitro to evaluate anti-oxidative activ-
ities on acertannin isolated from 4. ginnala. Acertannin from A. ginnala exhibited potent DPPH and ABTS radical scavenging
activities. We examined the antioxidant and apoptosis modulative effects. This examination shows that 4. ginnala has not only
1,1-diphenyl-2-picryhydrazyl(DPPH) radical scavenging activity and ABTS radical scavenging activity, but also human hair
dermal papilla cell protection effects. These results indicate that the barks and xylems of A. ginnala might be developed as a
potent anti-oxidant, hair growth agent, and ingredient for related new functional cosmetic materials.
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MU (Acer ginnala Maxim.)= 2, F3XF 2 XA}
AR 7F e oA 2iof ghom, T Tt
T A E2A vt A= AR elA &8 2 Aek= Ab
A Eolt}."?

3HA| acertanninS A2 HE £ 2 AAE= E4
Z19] 3}3HE2 A, 1,5-anhydroglucitololl galloyl”]7} A%Hsk
Aol 24 Ao vl & F Ut} BEo A= &
| gallotannine- F7J4toILU G5 2O Z galloylZ|7} ester
Al e 7Rl gido] iRl Hls] AvEE
8 #2]¥ acertannine YWHQ] gallotannin= 7324
5402 QlaA xpdAgde] Adttal & < Qo AR
B £ ¥ 254 ¥slR gallotannin 3}E F
ginnalin B, acertanninf7} t-& & &A= AE7] 4]
oA A7 S8t e 5421 poly-phenolo]2f
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HuElom, drdatt, A 7H73 Staphylococcus
aureus, A W3 Staphylococcus aureus w5701 et 95
St SedS EFete] Tt +5= =, Staphylococcus spp.
9} Streptococcus spp.S B FE3 1HYdHF Pseudomonas
spp & EJHe AR gk Adstol gk S-S Y
Zwt 3 vl S|, AW o8 el 52 AN o
Zol eire IR OS5 7HE3 S o
ERNSIT). gk, olEy] SAPHHE 2 NC/Nga w20l &
sl o, ofEN 9] B o] 4 ue|evE
2 2 4HZ IgE, Th2 ARIETFIRI(IL4, -5, -13)2 &85
o7 e NA F= AL el gRds 48 7kl
By v ek

e B wed 4s 2dske 718l BT
of X RFFAH E(hair follicle dermal papilla cell,
HFDPC)S &8st AlEel H,0, E-83lq 413ty 2Ed
25 Fro] M229] APE Sk Apoptosis)E fEste] A4
Rt frdEs Bl 53], BT A2 AFER Qe
GEZ0] ofslEE AERYS dEste] H2 vl A
TFAREC] AL e 7158 P T Ty Rl A
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oA BRIl thek FA7F FA olwrst HHA At
71578 A Aol B =¥o] o] FoA|aL AR, gt
gk &%5o] JomA, QA kol ShuE A=
g
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olo £ AT AT 7R ZHE HPLCE o83}
o acertanning %2313 'H, "C-NMR Hl°|E1¢} LC/MS
tolElE Fote HE F25H L AL, A B
A 2 (hair follicle dermal papilla cell, HFDPC)E €-8-3}
of MEAPE F=Q Hlo| QA Ee] 2d Y& A5,
acertanning: E g A7 Q1A BfF Al 2] APE S
BHH R AAete], GRS s e HE-Het
AAZAM L] 7FsE 7S bl 248 7INko R Thef
g 71548 AEH 71578 FEE AR Y s Al
sl HESH] flste] A+E A8l

Me %

A ME - 2 (4. ginnala Maxim.y= 20174 92 73
71%= R SR SgaRdoA Ed A=
TEY)CERE AESE T F Aol Al AR
som, FFE-S AT M 7154 A Aol
B3 JTHAGM2017-09).

7171 % Al9f —'H 2 “C-NMR spectra= JEOL-INM-
AL300(300 MHz, 75 MHz)Z 37 3}%t}. High pressure
liquid chromatography(HPLC)= Waters 2695 system(USA)
S olgslom, AlF-E o Z = 2487 dual rhamda absorbance
detector, guard column- Phenomenex KJ0-4282 guard
columne AF&-3F% 3L, columne VDSpher 100 C18-E
(100A, 4.6*250 mm, 5 um)S AF&-319221H, column oven
temperature= 25 degree celcious® 447 5} 3L, mobile
phase2 T34 7] &, 1% acetic acid(A), 1% acetic acid
in acetonitrile(B)Z /33t ™, data system-> Empower
2 softwaer(Waters Co., USA)E Z}Z} ©] &3t} LC/MS+=
Shimadzu prominence UFLC-MS system, pump A+ LC-
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30AD, pump B+ LC-30AD, detector= SPD-20A, auto
sampler= SIL-20A XR, column oven< CTO-20A,
communications bus module2 CBM-20A, MS+ ESI-IT-
TOF MS< ©]4-31%1.2H, LC condition 2Hz} o3
t}. =, columne Waters ACQUITY UPLC® BEH CI8
2.1x150 mm, 1.7 um, column oven temperature= 35°C,
UV detector 272 280 nm, injection volume 1 ul, flow
= 0.21 ml/min, solvent A= water in 0.1% formic acid,
solvent B= acetonitrile, solvent condition®]™, MS condition
2 nebulizing gas flow= 1.5 L/min, CDL temperature
200°C, heat block temperature= 200°CE ZH2} Ad7gsie] A
Aol g3kt

Thin layer chromatography(TLC) plate= pre-coated
silica gel 60 F,s, plate(Merck, Darmstadt, Germany)E A}
315t ksl 5788 A9kl DPPH(1,1-diphenyl-2-
picrylhydrazyl), ABTS(2,2'-azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid)), L-ascorbic acid+= Sigma Aldrich(Milw.,
WI, USA)A T4 3F 3L, potassium persulfate(Samchun,
Korea), 99.5% ethanol Merck(Darmstadt, Germany)©l| A]
Z¥z} FUsk] ARESIT). §235%+= ELISA reader(TECAN,
Salzburg, Austria)s AME-5te] S48

F& 9l 23| - AW 7H] 2keS AW 3 60% EtOH
o= Ao 13] FEele] AFsiditt. 2 FEAE A9
= FAAZRE B9 HF 1522 ¢S RS, HPLC
loading &2 = “g&Fate] Aol ARE-sI3IT)

71E] AN BHa AV FEE8E 22, 4
Ak 33E21 2,6-digalloyl-1,5-anhydroglucitol(acertannin)(1)
(Fig. DS 1 mgs B3] F3ll 80% MeOHE 7Fted A
Zo] 1 ml7} =%=5 3} stock solution(1000 ppm)S Z=A1| 3}
#A ot ©] stock solutionS &4 3} 125, 250, 500, 1000
ppm =2 EFE&HE ZASIATH EFEHE 20w B
Fst] xFgo] 2 He2l¥]= HPLC chromatograms &
ArkFig. 2, 3). EF AP ABYS 919 WHEHLBE 5
A FEg A 1] 55 PR 9] retention
time®] B+t XFLAE ot FFe] FAXUE of
g} 7ol A3 v, WHEAAE FelA acertannin 3

Fig. 1. The structure of acertannin (1).
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Fig. 2. Chromatogram of 4. ginnala by HPLC.
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HPLC BA=A - o]57d¢] 271& Table I3} o] 4
< o, §%2 1 ml/min, wavelength= 280 nm, inject
volumn< 20 ul, total run time< 40 min, column oven =
TE 25°CE BHZxAL AE319 2, guard columne
Phenomenex KJ0-4282 Guard columng AFE3F1 3L, £
€ columne VDSpher 100 C18-E(5 um, 250x4.6 mm)S
AREste] A4S st

LC/MS M= - LC 2712 72 vt 2o AAst
o 88l =, columne Waters ACQUITY UPLC®

BEH C18 2.1x150 mm, 1.7 um, column oven?] &%=+
35°C, UV detector= 254 nm, injection volume-> 1 pl,
F 021 m/min® 2 7z} AAgste] 443 Algsisl o,
ol§/de] 72 Table Ik o] g3l ¥, MS =
712 nebulizing gas flow= 1.5 L/min, CDL temperature:=
200°C, heat block temperaturei= 200°CZ 22} Ad7gsle] &
o) A-&sIATHFig. 4, 5).
2,6-digalloyl-1,5-anhydroglucitol(acertannin)(1) — white
amorphous powder, Positive LC/MS m/z: 469 [M+H]'(Fig.
6), Negative LC/MS m/z: 467 [M-HJ(Fig. 7), 'H-NMR
(300MHz, DMSO-d+D,0) : 5 3.24 (1H, t, /~10.8 Hz, H-
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Table I. HPLC method of solvent system
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0 min 10 min 18 min 25 min 40min
Solvent A (1% Acetic acid-H,0) 100 85 65 65 100
Solvent B (1% Acetic acid-CH,CN) 0 15 35 35 0
Table II. LC/MS method of solvent system
0 min 20 min 24 min 25 min 30 min
Solvent A (0.1% Acetic acid-H,O) 95 40 40 95 95
Solvent B Acetonitrile 5 60 60 5 5

Table III. Retention time of Com. 1 from barks and xylems
of A. ginnala Maxim

Samples Retention time (min)

16.696+0.021
16.668+0.016

Acertannin

A. ginnalia Maxim Extract

The results are expressed as means+S.D (n=3).

1), 331 (1H, t, J=9 Hz, H-3), 3.45 (2H, m, H-3,5), 3.91
(1H, dd, J=10.8 5.4 Hz, H-1), 422 (1H, dd, J=12.0, 5.4
Hz, H-6b), 4.44 (1H, br d, J=10.2 Hz, H-6a), 472 (1H,
m, H-2), 697 (2Hx2, s, galloyl-H), "C-NMR (75MHz,
DMSO-d+D,0) : & 63.8 (C-6), 662 (C-1), 702 (C-4),
71.7 (C-2), 748 (C-3), 75.7 (C-5), 108.6, 108.8 (C-
2,6.2"6", 119.2, 1194 (C-1,1"), 138.5 (C-4'4"), 145.5
(C-3.5'3"5"), 165.5, 165.9 (C-7,7") (Fig. 1)

DPPH =2| 2jC|Zt £A7{&f89| &8 - Hatano ef al.'"?]
Wl o]sle] AAlEItE & A8 8 7 wEHE ZAT

m/(xid0)

£ 100 pl(control: 99.5% ethanol)®ll 0.1mM DPPH &<
(99.5% ethanol) 1.9 mlIE- 7Hstt}, 7} A5 5714 5%
ZA|59 . Vortex mixer® 1027+ 2188 3 37°CollA 30
£ &<t incubation AlZ1t}. ©]F spectrophotometersS ©]-8-
slod 492 nmellA FEES SHsITh A tixeEEe
L-ascorbic acids 57 T2 Al A3 7 Al
F9| rkelRe-2 1C,, XI(DPPH #EZ AL 50%= <
Alshs dl 283 F5)= JERAITH

ABTS =2| 2{Cigt A7&89| £ - ABTS |z &
7] BAL Re er al”e) WHS £ dto] 28T
ABTS(Sigma Co. USA) A2k SF<rol] £3lisle] 7.0 mM
o] FTEZ S|}, potassium perdulfate(Sigma Co. USA)
& SR g3lsle] 245mM FEE FHlsle] F 89S
11 H&2 4ojA 12-16A17F Ft HEE = W] 5t
radical stock solutionS A Z3&}3 A|ZH solutiong PBS
buffer(pH 7.4)2 343t 750 nmol| X FH =S =43}
0.7~1.0 Alo]9] FFgko] Y =& A3l FH|s, 5%
HE A5 FH]31] 96 well plateol] sample:ABTS HH3-

Pekda AZdm

" «—Target Compou nd i

BCorc Mehod

I T L T R R
50 75 0 25

O L S L T R S By By B e
10 175 0 25 A0 75 min

Fig. 4. Chromatogram of acertannin by LC/MS UV dector(254 nm).
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Fig. 5. Total Ton Chromatogram of acertannin by ESI-IT-TOF MS.
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Fig. 6. Positive mode MS spectrum of acertannin.
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Fig. 7. Negative mode MS spectrum of acertannin.

HES 1 9i A 30452t onpé"ﬂ*ﬂ HH8-& A7, Bt
o] B F 750 nm ol FEEE SHTT

HFDPC Cell - HFDPC cell PromoCell(Heidelberg,
Germany)=7E] sl AR-S1L, WA= manufacture‘s
instroduction °l] =ate] A€t ARG-SIITE 2% 37°Ce}
5%2] CO,Z A= incubatoroll X HlsIATE. wiA]= wf
2wiet wgksilom, Al 2] W7t 80-90%7F =235}
ol Alth wigsisiet. W Ry g A2E s & W

\\|||\||||\\\|||\\|||\\||x\|||\\||‘\\||‘\||\|||\|||\|||\\\I

s n 2 il it 1]

A| 2~3 passageZHA T ARESIG O, AR T M EE Y
F sl715ict

Western Blotting — Al & PBSE FWA| 2 8132, lysis
buffer(50 mMTris-HC1 [pH 7.4], 1% NP-40, 0.25% sodium
deoxycholate, 150 mMNaCl, 1 mM EDTA, 1 mM PMSEF,
1 mM sodium orthovanadate, 1 mMNaF, 1 ug/mL aprotinin,
1 ng/mL leupeptin, and 1 ug/mL pepstatin}E ¥ °F 5&-7F
Aol HlYAIZIE 14,000 rpmollX] 1585 A&k,
5L Aa SDS 4TI Y 00O 52
10% SDS
PAGE% 014‘10}04 ‘jr LS —% =g E_F Polyvmyhdene
fluoride(PVDF) 2Hol] %719 2Rl ERY 48 717}
P2 olgalel AN A FAle zara«aw A

Alete A &S ARSI AL, T EAE
USA) 2 Sigma-Aldrich KoreaZ %3 7 z‘ﬂ@l Ak%é}ai
=

A o

Acertannin?| £=FH - TLC plate’dol Al 10%-H,SO,
2 FeCl, &0 93 w3} 'H, "C-NMR, MS spectrum
dataZ 71E B} wlasled 77t AXgS BRlsle] 2,6-
digalloyl-1,5-anhydroglucitol(acertannin)(1)2 % 574 3}
ATHFig. 1).

DPPH, ABTS Z2jgit]Z 275 &4 - AuF 714
253} o] ZFE £ acertannin®] Fs}F A4S A
at7] f1iA] F7EA A F W<l DPPH 2t 4A G
ABTS 212 475 SAMS Falix st S5 4

[e
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Fig. 8. DPPH radical scavenging activities of acertannin and extract of A. ginnala. Values were expressed as mean+S.D. of three
determinations. Values were expressed as mean+S.D. of at least three determinations. Values bearing different superscripts in the
same column are significantly different at p<0.05 by Tukey’s test (a>b>c>d>e>f>g).
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Fig. 9. ABTS radical scavenging activities of acertannin and extract of A. ginnala. Values were expressed as meant+S.D. of three
determinations. Values were expressed as meantS.D. of at least three determinations. Values bearing different superscripts in the
same column are significantly different at p<0.05 by Tukey’s test (a>b>c>d>e>f>g>h>i>>k>I>m>n).

o2 2wl 73 e dIskAQl Vitamin C9F HIAL
ste] AES g A7 10,5 27 ¥aeiis o, Al
i 71 552 DPPH U2 47152 182.69+3.14 pg/
ml, ABTS 242758 43.38+0.08 pg/mlz 22t =74 =90
™, acertannin> DPPH 2}t 4752 74.02+2.63 pg/ml,

ABTS £7%< 21.95+0.06 pg/ml= 24z} 24 =05, &
A Z+2] Vitamin C2] DPPH 2}t 27%S 244.03+
1.84 pg/ml, ABTS 2271%5& 141.57+0.72 pg/ml= 2+2t =
AE Agro] gl mEbA AV 7R FEE a2

8 27 acertannin® FPNET WSS W F
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Fig. 10. Inhibitory effects of acertannin on H,O,-induced Bax,
Bcl-2, PARP-1 and caspase-3 protein expression in HDFDC.
Cells(1x105 cells) were pre-incubated with acertannin in var-
ious dosage or control medium for 10 min at 37°C, CO, incu-
bator. Then, cells were treated H,O,(final concentration
600 uM) and further incubated for 12 hr. Harvested cells were
solubilized with protease inhibitors-contained RIPA buffer and
analyzed by western blotting by Bax, Bcl-2, PARP-1 and
caspase-3 specific antibody.

7] ARoA B vl 7r=E gk ks g4-S JERISL
S & AUATH(Fig. 8, 9).

Acertannin X 2|0 2|8t Oxidative Stress-induced
Apoptosis FEEALS| 244 Ss ~HDFDCe| AlX5A4S
23171 98] %23k hydrogen peroxided] 93] F= ¥
apoptosiss 5-8317] 915t 600uMe] H,0,5 Aol 28]
3199 th.  Bax(Bcl-2-associated X protein)= THIEA S
apoptosis FrEh AR g A P19 4 0,0 A2 Bax —.—Z}
o IS okl S7HI71IE AS & UL olof vt
3 THE A2]Sh acertannin® FEO|EX O Z Bax2] &
642 sl A7l A & 7 AUt oleigk Az}

£ acertinnin® A E] A k40 o)3F 2E#| 2~ (oxidative
stress) 2 Al| ZAVE (apoptosis)E B X 07 JA|THS SH
312 QIthFig. 10).

Acertannin X{2|0| 2|8t Oxidative Stress-induced

ApoptosisCHI CHst AMEXIe| B7tgs - 471esdshy

©2 HDFDCY MEZEAS Fasr|s] e
hydrogen peroxided]] 2J3-=% apoptosisE Z79317] 25}
o 600 uM®] H,0,5 A3l A2t} Bel-2& tiE2<
&}-apoptosis?l] ] 3]-3: chil g Rz Y g o042

Bel-2 £AFe] HES Fofs Aandls e & 5 U

o}, olollutsy %;—":—Héi 223 acertamnine FEo|EHoO R
Bcl-29] 2SS FosA SVHAITIE RS & )\91‘:} o]

213 A= acertinnin A EW Ak} AEFI2E Q13 A
FAPEL A& 2= Q= njo] Q. mF=S ﬂ?ﬂ =42
o WebA apoptosis 2H F5o] Y= e & 5 gl

(Fig. 10).
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Acertannin X{ 2|0 2|8t Oxidative Stress-induced
ApoptosisOfl 2|3l REE PARP-1 CHHEo| g5 oiX|§
I} — PARP-12 A|29] dof&x)ste] thaFe] NADE AHS-
slo] BATNZAS poly-ADP ribosylationS =313 ©]&
ol steIMEAPE ] Folste AsdDS EAsAIT
o]Z2218] PARP-12] E43h= apoptosise] 3ol thak |
F= ARgE ek HDFDCO A2 600 uMe] H,0,
= FolsA MEW PARP-19] 3S STV AL, ol
A= M3E2] apoptosis7t A= L -5 SHEstaL T
olof] ukaj| acertanmn«] e FELEH S Z PARP-19]
i S folshl AT As Rl ol

Sk AF2A] acertinnine AH1E ~E# A IHOZRE B
frSlapoptosisE A= AS & 5 AUk(Fig. 10).

Acertannin | 2|0 2|8t Oxidative Stress-induced
ApoptosisOi| 2/5f FE=E caspase- IF_“’—'."é'°| ursy ofx|
£3} - Caspase-3= A|2Z9] apoptosis?] HEHAE T3t
= BAEA 719 tFet 2SS A A2

717-& 53l irriversible cell deathE Hdoh= T do|t},
wpebA caspase-39] E/dst e TlE WA St &
12 cell apoptosis®] Yol th3t T3k HSAEE A

53 ek HDFDCO 22 E 600 uMe] H,0,& #-<]
SHAl MY caspase-32] T AHAS FUMAF AL, o] g
A= A9 apoptosis7t HEH 02 JPAT| AL S-S
Skl k. ool whall acertannin®] 2] L&A
O caspase-3 THHAWRH S oA AT = 7;4\2 Eis
o159t} o3t AF= acertinnin®] Al ES] F=
Hl2E= ghalz] a8 dAgko 2 ol R8T /“]]4_-4 AF
g3E aHH o= AAEE & AUrkFig. 10).

24
=

2 )0 ] qué 7Ho]94 Mu];qo _&;Lg} /\1—_/] Ae 6&
ZINF717] f1g FUe] FEL Aol g A o
Eo] g2 7154 sHgE AIe] EdAdel mebA 7%
4 SHE w5 dol wE "R 34 ke 7154 s
F el ik Aol B3 A ] AUTH 2o we}, 71E
ookl IRt & ¢ Qe R o2 RY AMESH
A B S g 8F0= %‘73 gl AlaAlE HAER
FE gske A97F ASE S k. 2 Aol e 2
o] 3 gRo oA A BT AL 4hshA
ZEF 20 ok Al EAMESE g 8408 2 = A
AE FE AR = AFE-ERE £28h acertannin
< ek B Ay #HE AAES S5
acertannine 7383t A AE AASES TR Eel o
*"HO] T2 BT AlEe] APES TRl 2d8ES &
ol 3lATh. olgfst A¥Ed] H|Fo] & uf, acertannine T
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