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Modulative Effect of Human Hair Dermal Papilla Cell Apoptosis
by Oregonin from the Braches of Alnus japonica
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YDepartment of Cosmetology Science, Nambu University, Gwangju 62271, Korea
DDepartment of Oriental Pharmaceutical Development, Nambu University, Gwangju 62271, Korea

Abstract - A diarylheptanoid, (5S)-1,7-bis-(3,4-dihydroxyphenyl)-5- hydroxyheptane-3-one-5-O-3-D-xylopyranoside,
named oregonin (1), was isolated from the of Alnus japonica (A. japonica), which is a species of the genus Betulaceae,
growing throughout Korea, Japan and China. The structure was elucidated by various spectroscopic methods including
negative and positive LC/MS, 1H-NMR, and 13C-NMR techniques or by comparison with authentic samples. In order to
evaluate the anti-oxidative activities of oregonin (1) isolated from 4. japonica, 1,1-diphenyl-2-picryhydrazyl (DPPH)
radical scavenging activity and 2,2'-azino-bis[3-ethylbenzothiazoline-6-sulphonic acid] (ABTS) radical scavenging
activity were measured in vitro. Oregonin from A. japonica exhibited potent DPPH and ABTS radical scavenging activities.
A. japonica shows not only 1,1-diphenyl-2-picryhydrazyl (DPPH) radical scavenging activity and ABTS radical
scavenging activity, but also apoptosis modulative effects. The present results indicate that A. japonica could be a

hair-growth-promoting agent for cosmetic products.
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Z|TTNA Alnus?; 222 5E diarylheptanoid A€ 2] 315t
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vko] APAE BHH7] ko] QA Hf-F A2 HE Als)
A AEHAS sto] AlZARE(apoptosis) S X &
oregonin®| A|ZAPE} T E GEAoR %

kAol oot 84 -8 sk sl
EF, 2 Aol A & 23eE A8l AlEARE T} A
Y Zohg Adold 2% Holo upL B2, Bax,
caspase~3, PARP 501w, ol Sof cigt 7o} 274 kot
Ly, AlZ7FeRe] aQle® Qlel S50 o] 2= A& AA
A| AP (apoptosis) £} Al 2] AHnecrosis) & -3t 5= Q)T},
o) 71l MEAES A Y] Aol whe ofe] ehud 2
59 23400 48 e gt o 42
o) 3oz ol SEHoR Y AE Z5
oA YrH(Clarke et al, 1995), |5 QAFA q{&xﬂ,o a
WA, 319 57, 5, efeloltlolel sl ofg 7
o SJat AIZL] EAgoILt Alat AEAAR AT W30l
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APES FEshs 2 4719 43 Ak 4 Qi A=A
3} AT SAE YEAG AL ATAEL st § A
ZFQ1 Bel-29} 015 friedh= 7411 Bax7t EA8te] g3
O ZALE= AOE BT QItHAlnermri ef al, 1997),
o ATARS s Ao BAISER il 2R
2 Z, caspases A7} APESE I oA ZF a7 THEE
chepol A B R 1 B3 AR el 910w, o
0] B Folo] MTAEY| Y W AR E Holat 4 9)
THZhap et al., 2001), Caspase A G| a7} E/J3H=|H Thef
& A RS Refolol ATAES ke E 0 WA
71A E+=d|, £3] caspase—3 WAL DNA repair, DNA
stability 5 AAF 0] Trol5H PARP T So] M2 %
tjA]7]aL, PARP TiAS] AS {istal(Muller et al,
1994) 2|FA 2 Al AFE HAIR HolEA .
wHebA Ao A Al ZAPE S %55} o 2=, A5

Sl ok i Al AEEA 5O 918 A Aol o2

Al e 2te A7) 1A 7ol 71sE a4 SOl HEe
A A0 )9 S a5tk webd £ QTS T 4
AlEQl LA, japonica) 2HE] 1/ AR AR=HE L
] (high perpformance liquid chromatography, HPLO)E

o} 8310} oregoning THIa1) Releh T a1
magnetic resonance, NMR)¥} 4| 3 2u}E T2 a]/ A gkiA]
(Liquid chromatography—mass spectrometry, LC/MS) o]
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2 PUE 7H4] 3l Oregonin®] QA 245

= A3 Apoptosis X4 A%

B% shislo] 7] 418 283} ]iL51o] HF oregoninOR
2574 @DPPH AETS P 755} O 2R AR
5] g 178 451,

A3 A=

L FUYE(A, japonica)= 2017¢ 9¥ A7) ZHA]of YA
3 FYSBUH e ATHEVRBD o2y AE
5t 23 5 Aol Aslol ALgSIRo, EEEL
oot A 7154 A -l Haskar QIriAJ2017-09),
7171 9 X

'H 2 ¥C-NMR £43-8 JEOL-JNM-AL300(300MHz, 75MHz)
2 AIA|3}IT} High performance liquid chromatography
(HPLC)~ Waters 2695 system (USA)X} 2487 Dual rhamda
Absorbance Detector, Guard column : Phenomenex KJO—
4282 Guard column, Column : Sky Pak CI8 column (120 A ,
4.6%250 mm, 5 ym), Column oven temperature : 25°C, Mobile
phase : Water (A), Acetonitrile (B), Data system : Empower
2 Software (Waters Co,, USA)Q] %38 E3f JLA435Fc)

LC/MS+= Shimadzu prominence UFLC—MS system, Pump
A LC—30AD, Pump B: LC—30AD, Detector: SPD—20A, Auto
sampler: SIL—20A XR, Column Oven: CTO-20A, Communi—
cations Bus Module: CBM—20A, MS: ESI-IT-TOF MSE- o|-&
alolom, ARE27-E Column: Waters ACQUITY UPLC® BEH
C18 2.1 x 150 mm, 1,7 um, Column Oven Temperature: 35C,
UV detector: 280 nm, injection volume: 1 ul, flow: 0.21 m/
min, Solvent A Water in 0,1% formic acid, Solvent B:
Acetonitrile, solvent condition®]™, MS conditionS Nebulizing
gas flow: 15 L/min, Curved desolvation line (CDL)
Temperature : 200, Heat Block Temperature : 200C & 2}
7L /\47«4 o].O:] /\16—101] 5]. r,}

B 2olE 72 1)(Thin layer chromatography, TLC) plate
+= pre—coated silica gel 60 Fys, plate (Merck, Darmstadt,
Germany)2 AM851ITt apAkElEY 248 oKl DPPH
(1,1—diphenyl—2—picrylhydrazyl), ABTS (2,2 —azino—bis (3—
ethylbenzothiazoline—6—sulphonic acid)), L—ascorbic acid,
potassium persulfate, 5ol eF2-2 Sigma—Aldrich (MO, USA)
oA st} ARESHITE F 3w ELISA reader (TECAN,
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Fig. 1. The structure of oregonin.

Table 1. Retention time of oregonin and A. japonica extracts

Samples Retention Time (min)

15.561 + 0.019"
15.107 + 0.021

Oregonin

A. japonmica extract

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

Aol A8

7|0 ARAoA HAgel Ut kA= 2, %
gt FE2] oregonin (1) (Fig. 1) 1 mgS AE3] 3l 80%
MeOHE: 75104 Aol 1 me 7} ¥ =% 5}of 15 @d9H(1,000
ppm) ZASIGTE o] A NS 3)AIste] 125, 250, 500,
1,000 ppm 5E0] FEGNE ZABIYTH FELNS 90 10 A
Hsjol HPLC 8442 ALXJ31] JEAe] $430S 25319
tHFig. 2, 3). E3H A2 /S ol RS FalA 3
Z9oha} A 71| 225 u|X]F N 9] A|FA]7Hretention
time, RT)9] B} F2 QX5 F819THTable 1),

FEo| BAZAL ofgfje} o] AT TS, HHEAAE =

20T

P RTEES Webl= #4549

T RILY

5H/\1 oregonin ¥5E1} st

=1
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Fig. 2. Chromatogram of 4. japonica by HPLC.
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Fig. 3. Chromatogram of oregonin by HPLC.
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Table 2. HPLC method of solvent system

QU 71A] 2l Oregonin® QA B+ M2 Apoptosis 28 &5

Table 4. “C-NMR spectra of oregonin

0 min 12 min 24 min 25 min

Solvent A (H;0) 100 90 75 60
Solvent B (CH:CN) 0 10 25 40

Table 3. LC/MS method of solvent system

20 24 25 30

0 min . . . .
min min min min

Solvent A (0.1%
Acetic acid-H,O)

Solvent B Acetonitrile 5 60 60 5 5

95 40 40 95 95

Inten. 1,000,000
- AT
25 =11
H110H 1) 5011280
00—+ T — i — —+ T
et 1 300 400 0 o mz

Fig. 4. Positive mode LC/MS spectrum of oregonin.
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Fig. 5. Negative mode LC/MS spectrum of oregonin.

run time< 40 min, column oven &%T+=25C 2 242 7AS
2-8511.9 1, Phenomenex KJ0—4282 Guard Z-%, VDSpher
100 C18-E ZH(5 um, 250 X 4.6 mm) 2] 2@ AMg3l0] 24E
PRCEES
LC/MS &4

L0 278 72 T3} o] Asio] Sasioiet, 2, 2
L2 Waters ACQUITY UPLC® BEH C18 2.1x 150 mm, 1,7 um,
column oven®] == 357, UV detector= 254 nm, injection
volume 1 uf, 2 0,21 me/min @ & 7}7} Agsto] BA1&
AlRYsE o, o] F/de] 2718 Table 33} o] A s3Itk

g B A Z 0| A] nebulize gas flow= 1.5 L/min,
CDL 2=+ 2007, heat block 2%+ 200C 2 ZH2} A A5}
4o] Hg3)3iY,

511

R

Carbon No. Oregonin
C-1 28.4
C-2 449
C3 209.0
C-4 472
C-5 76.6
C-6 39.7
C-7 30.3
c-1 132.9
c-1" 133.0
c-2 1154
c-2" 115.4
c-3 145.9
c-3” 145.8
c-4' 143.1
c-4" 143.1
c-5 115.6
c-5” 115.7
C-6' 118.8
Cc-6" 118.8

Xyl-1 102.6
Xyl-2 74.3
Xyl-3 76.6
Xyl-4 69.5
Xyl-5 65.8

*75 MHz (DMSO-d¢+D;0).

Oregonin

2y 2 By

TRE|E LC/MS m/z @ 501 [M+Nal*(Fig, 4), YAEH
LC/MS m/z 477 [M-H] (Fig. 5).

"H-NMR (300MHz, DMSO—ds+D:0): & 6.61-6.53(4H in
total, H-2', 2", 5, 5"), 6.42—6.37 (2H in total, H-6", 6,
4.95 (1H, brd, J=7.8Hz, xyl-1), 4.13 (1H, m, H-5), 3.72 (1H,
dd, J=11.4, 6Hz xyl—-56), 3.27 (1H, m, xyl—4), 3.07-2.50 (8H
in total, H-1,2,4,7), 1.66—1,59 (2H in total, m, H-6) (Fig. 1).

9 Sy Ey

BC—NMR (75 MHz, DMSO—dg+D;0): Table 4 (Fig. 1).

DPPH 32] tiz 274289 54
DPPH 2] Ft)zt AA L9 =42 Hatano et al. (1989)

-325-



ug/m aprotinin, 1 ug/mf leupeptin, 1 ug/m{ pepstatin)
314,000 rpmof|A] 155 Z<F

S #|8l|A] electrosample buffer (Bio—
o 2o} shale]

t
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o upo] oJsto] AAJsllTt & ARE 7 FEEE 2AEH§ .1
o 100 wl (control : 99.5% ethanol)o]] 0.1 mM DPPH -8} %%1 ok 57 JLof AR|A|Z]
(99.5% ethanol) 1.9 m¢ 5 713tc}, ZH AR 5714] S 24 AR, Aede
SF9ATt. Vortex mixer® 1027 ZIggE 3 377C of| A 30+ 54t Rad, USA)E 92 3 100°C of|4] 58 &
HESAI7]1AL 492 mofl A S5 S4sI3Ith H tixokE d& FEsl8iT. 1 % 10% SDS PAGEE: ©]-8-5t0] thilalS
2= L-ascorbic acid (vitamin C) (Xie et al., 2018)S 57} H2]$l & Polyvinylidene fluoride (PVDF) 2] 271 & ¢AHE
g 2Aste] SAsT ZF Ao AR 1CA] 58 A4S 449 FAIE olgsto] AAlskith ANE &
(DPPH 2}z @/ 50%= A Aoh= d] B3 55%) = Uet A= saA oA AAlskE SlAHlE-E AM5FAL, SantaCruz
walct, (UT, USA) ¥ Sigma—Aldrich Koreag 53| 7-Y3lo] ARE-3}
A Burnette et al., 1981).
2AZE9 &4
/32 Re et al, (1999) 2] W& =45} a2 nEt
ok Sl
Oregonin®| X F3
TLC plateAoll A 10%—HyS04 & FeCls &0 o]t Wkl
'H, ¥C-NMR, MS spectrum dataS 7|& E3(Kim et al,
2005)31} H]aLsto] 27k A2 ghe 2Q15te] oregonin &= X|F
o] DPPH }t] 2

ABTS Zg] #rjz
ABTS )zt 47
o] ZX519It}. ABTS (Sigma—Aldrich, USA) A]
L3f5te] 7.0 mMQ] =& FH|5FAL, potassium persulfate
£ STl &alfsto] 2.45 mM FE =
&2 Ao1A 12~16A17F F9F A

93t Sz I EEH W (radical stock
E5ATHFg, 1
= =0
Hp
E5)A A S

DPPH, ABTS Z&|g}t]d £A% &4
QYR 712 2257} o|2HEH & El??} oregonin®| g4k
A8 ffeiAl = 7}Zl 43
3lA)Ql Vitamin C (Xie
[EuA

2N _‘:_Z_

- o T

?'& "L

tﬂ' 23 1Cso 5 22t e
DPPHE}E] PoaI

2 73

R

8
(Sigma—Aldrich, USA)
|AS 11
o o3
0| QIAKIS-8- M (phosphate—buffered
o3
THISFRR

2ol =
saline, PBS) (pH 7.4) 0.2 3]A5}o] 750 oA =5 &4
S
S H
2753} ABTS 2]

gz WA3lo] A1
solution)< A|ZsHTh
Bo] 0,7~1,0 Aol] FLo] 955 sajele] Zulsksict
i ol E 22 ZH]5he] 96 well plate (NUNC,
USA)ol| A&} ABTS REg- Bl&51:9 (v/v) &2 B4 Aol A
304 &9 B At 2o A WhE-& Al7]aL, whgo] Edt
%750 mm oA 2elc) P R EERERRC
et al,, 2018)2} B 5lo] A1 %f,‘—
HFDPC A2} o, 22 b 34
QI8 = A L3 (human fibroblastic dermal papilla cells, =
HFDPC)+ PromoCell (Heidelberg, Germany)=5E ¢35} 217 é E] D% oregonin-
of ARESFAAL, uiz] o] e ol uj e FEAke] A 3ol &St 0.0 =
UAST 2 8709} 5%9] 00,2 SAISHE Hje IS AR ‘211 e i c4 DPPH #/c] 2
stoict. viAI o) 29vket mekel oo, A WEZH80~ 0,10 ug/n, ABTS 475 14,9650, 24
0050 Setep] ool A eI, WERE O AEE B 2ol thol delA 22 14 2355 1z
U] 2~ 3 Ai7IAgE AMSSIA o], AR S A= E2g oregonin AR} B WSS W) £ 7HA] A
. O B U1 e SIS AL eSS o 4 23
th(Fig. 6, Fig. 7)
Oregonin®] X &o]] 2J3t oxidative stress—induced apoptosis
oul Hzlo] ZIAEL
g2 frdst7] $ls A@et hydrogen
AZAE 274517] $1s1d 600 uM

T2
HDFDCO] A|ZZ=A
)

1718+ cHBoivin et al., 2006)
peroxideo| o3} =%

S5 ¥
neheE 7 o
Western blotting
M| EZE Akl (phosphate—buffered saline, pH 7.4)
(PBS)E & W A|A35}a1, lysis buffer (50 mM Tris—HCl [pH
7.4], 1% NP—-40, 0,25% sodium deoxycholate, 150 mM NaCl
1mMEDTA, 1 mM PMSF, 1 mM sodium orthovanadate, 1 mM
-326 -
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Fig. 6. DPPH radical scavenging activities of oregonin and extract of A. japonica. 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.

100

9
80
70
60 F
50 |
40 |- ]
30 F

20 - g i
10 -
o Lall |HH ‘ I

ABTS radical scavenging activity (%)

2.5

5

10 25 50 100

Conc. (ug/ml)
mVit. C @0regonin DAJ70E

Fig. 7. ABTS radical scavenging activities of oregonin and extract of A. japonica. 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.

9] Hy0.5 A3zof] ATJ3l%T}. Bax (Bel-2—associated X
protein) = T3 | ZAPE kel d BA2 A (Oltvai et
al., 1993; Sedlak ef al., 1995), H,0,9] A 2] Bax HApo]
T oot S7HI71= AS & 4= AUSIH: olof vhel w2
2 A 2|7t oregonin FE=2|EA] © 2 Bax 9] WS 251
T2A I 2% 0 4= G19iek. olefth AT oregonin® A
U A4k Q)5 AEH A (oxidative stress) 2 A ZAPES
Ao s AR SrEskaL Alth(Fig. 8).

n<
L
A
2T M
ANE
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Oregonin®] Z]&]9]] 2]t oxidative stress—induced apoptosiso]|
& AR F7tas

Ar719F S UsH B © & HDFDCO| Al =4
3l] 23l hydrogen peroxided] &3} G-=4 Aﬂi/\}
317] $J8ked 600 uM2] Hy0,2 A o] #]2)3t9t}, Bal-2%= o
A0l AZAE olAo] Trolst T ¥Rt A Tsujimoto
et al , 1984; Cleary et al., 1986), Hy0y 2] *]2]+= Bcl—2 £4}-9]
SRS OIS L4171 24 o 2= Q9 ofo] w5

B2 A 2] 5t oregonin FEOEH 02 Bel-29] W& 79
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Caspase-3 - A - -
GAPDH | o o o .
600 pM H,0, -+ + + +

Oregonin (ng/ml) 0 0 25 50 100

Fig. 8. Inhibitory effects of oregonin on H,O»-induced PARP-1,
Bax, Bcl-2, and caspase-3 protein expression in HDFDC.
Cells (1x 10° cells) were pre-incubated with oregonin in
various dosage or control medium for 10 min at 37°C, in CO,
incubator. Then, cells were treated H,O, (final concentration
600 M) and further incubated for 12 hrs. Harvested cells
were solubilized with protease inhibitors-contained RIPA
buffer and analyzed by western blotting by using PARP-1,
Bax, Bcel-2, and caspase-3 specific antibody.

SHA| 277 1= AL o 4= 9Iie) o]#gt A= oregonind
A EAJAkA] o3t AEH A(oxidative stress) L A|ZAF
we fubHow oAIghe Zueli olrkFig, §).

Oregonin?] ] 2]o]] 23t oxidative stress—induced apoptosis©]|
9|3 =% PARP-1 Tl o] UE A AT}
PARP-12 AJ2£2) sio] EAfs}o] cfge] NADE A} g3jo]
Akl 28 poly—ADP ribosylationg F-=3}13L 0|5 53l of
9} MIZAFEo] Tofst MBS FABHLILL, o] ol3)
PARP-19] P} A ZAPE] 21500 o A E2 AgE 1
QItHGodon et al., 2008; Schultz et al., 2003). HDFDCOH 7\1
)% 600 «M2] HyOpi= 2] AllZu] PARP-19] 4
21, olelet 2ot Ase] AEAbo] s
Sg3laL Sl oof Whaf oregonin®] Ae]= FE=oE
PARP-19] SR §0J5H] LA AL 3
t}, o]3h Ail= oregonin A Z Y| E/dAkA0 &Jgt AE
2 (oxidative stress) W A|ZAPES g2 0 2 A5k =1
staL lth(Fig. 8).
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Oregonin®] Z]E]¢]| 2J8t oxidative stress—induced apoptosisol|

9l3|| F+=% caspase—3 TlZ o] WA & 7}
Caspase—3+= A|228] N|ZAPES] HFHAE Y ohe A

2 4719 EoR HAS | kel AlEALE A4S B

H|7F A Q) Al i APES Hohe thilo|tt, webA] caspase—
39] TS} L T W 21 BAIS A EAPES] 1
of gt Fagt HFAEE A=A QIth(Alnemri et al,
1996; Harrington et a/,, 2008), HDFDCo]| #|2]% 600 xM2]
HyOu= 51 M2 caspase—32] T2 M-S S7FAIH
. oleja Auk AlEe] zAbEo] HEH0 2 Ays T o)
= 5188k Qi ofof vty oregoan Aels FEoEA
caspase—3 Tl A W2 {0051 AN 7| = A Q.'OJ
AT}, o]t A= oregonind AU} BdAkao] o3t &

)2 (oxidative stress) W M| ZAPEL G380 2 AT
£

slal QichFig. 8).

o K

In o mu’

olN

M Q

FT AFREPAA A Tt dofelEo R BRI
H L S et R AlEe] 716 e Mol 23
of whebA i AFAAl 2 B T st & 4= ek & 05_
ToAE 71E RS TAHY 282 SldEo] Ao
*1 i, 40“4—& A EF U=

f %

O

o)
o
re
rH
)
il
2

QL
).
2
rlr
R
r&
o
. do
Ry
s
B
=
i
i
N

g} g1o] e
Eol5lqictt 224 0 7 oregoning E3I5H

] of| A BRASE SAJALAE 7S A A S a5 7]
Z 35t Aok AEd 2o ofR HAEA 2] AFE oA Y =
B Bajol B EHE 710 4 e g
G AR 2A Y AL7RAo] e AL SISt

rE

o] =1 2017 & AR (I8l | e B g o] Ao gt
LA ] 2| S Hho} 3] &3 19](No, NRF—2017R1CL
B5016051).

References

Alnemri, E.S., D.J. Livingston, D.W. Nicholson, G. Salvesen,
N.A. Thornberry, W.W. Wong and J. Yuan. 1996. Human
ICE/CED-3 protease nomenclature. Cell 87:171.

Alnermri, E.S. 1997. Mammalian cell death proteases: a family
of highly conserved aspartate specific cystein proteases. J.

-328 -



Cell. Biochem. 64:32-42.

Boericke, W. 1927. Pocket Manual of Homeopathic Materia
Medica with Repertory (Ninth Edition). Boericke & Tafel,
INC. Santa Rosa, CA (USA). p. 24.

Boivin, W.A., H. Jiang, O.B. Utting and D.W.C. Hunt. 2006.
Influence of interleukin-1a on androgen receptor expression
and cytokine secretion by cultured human dermal papilla
cells. Exp. Dermatol. 15:784-793.

Burnette, W.N. 1981. Western blotting: electrophoretic transfer
of proteins from sodium dodecyl sulfate—polyacrylamide
gels to unmodified nitrocellulose and radiographic detection
with antibody and radioiodinated protein A. Anal. Biochem.
112:195-203.

Choi, S.E. 2013. Chemotaxonomic significance of oregonin in
Alnus species. Asian J. Chem. 25:6989.

, K.H. Park, M.H. Kim, J.H. Song, H.Y. Jin
and M.W. Lee. 2012. Diarylheptanoids from the Bark of
Alnus pendula Matsumura. Nat. Prod. Sci. 18:106.

, M.S. Jeong, M.J. Kang, D.I. Lee, S.S. Joo,
C.S. Lee, H. Bang, M.K. Lee, S.C. Myung, Y.W. Choi, K.
Lee, S.J. Seo and M.W. Lee. 2010. Effect of topical
application and intraperitoneal injection of oregonin on
atopic dermatitis in NC/Nga mice. Exp. Dermatol. 19:37-43.

Clarke, P.G. and S. Clarke. 1995. Historic apoptosis. Nature
378:230.

Cleary, M. L., S.D. Smith and J. Sklar. 1986 Cloning and
structural analysis of ¢cDNAs for bel-2 and a hybrid
bel-2/immunoglobulin transcript resulting from the t(14;18)
translocation. Cell 47:19-28.

Godon, C., F.P. Cordelieres, D. Biard, N. Giocanti, F. Megnin-
Chanet, J. Hall and V. Favaudon. 2008. PARP inhibition
versus PARP-1 silencing: different outcomes in terms of
single-strand break repair and radiation susceptibility.
Nucleic Acids Res. 36:4454-4464.

Harrington, H.A., L.K. Ho, S. Ghosh and K.C. Tung. 2008.
Construction and analysis of a modular model of caspase
activation in apoptosis. Theor. Biol. Med. Model. 5:1-15.

Hatano, T., R. Edamatsu, M. Hiramatsu, A. Mori, Y. Fujita, T.
Yasuhara, T. Yoshida and T. Okuda. 1989. Effects of the
interaction of tannins with co-existing substances. VI.
Effects of tannins and ralated polyphenols on superoxide
anion radical, and on 1,1-diphenyl-2-picrylhydrazyl radical.
Chem. Pharm. Bull. 37:2016-2021.

Kim, H.J., K.H. Kim, S.H. Yeom, M.K. Kim, J.G. Shim, H.W.

QU 71A] 2l Oregonin® QA B+ M2 Apoptosis 28 &5

Lim and M.W. Lee. 2005. New diarylheptanoids from the
barks of Alnus japonica Steudel, Chin. Chem. Lett.
16:1337-1340.

Lee, S.J. 1966. Korea Folk Medicine. Seoul National University
Publishing Center Press, Seoul, Korea. p. 40.

Lim, HW., M.K. Kim, H.J. Kim, J.G. Shim, G.H. Kim, H.K.
Choi and M.W. Lee. 2004. Quantitative determination of
diarylheptanoid compounds from Korean Alnus. Kor. J.
Pharmacogn. 35:384-387.

Muller, S., J.P. Briand, S. Barakat, J. Lagueux, G.G. Poirier, G.
De Murcia and D.A. Isenberg. 1994. Autoantibodies
reacting with poly(ADP-ribose) and with a zinc-finger
functional domain of poly(ADP-ribose) polymerase involved
in the recognition of damaged DNA. Clin. Immunol.
Immunopathol. 73:187-196.

Oltvai, Z.N., C.L. Milliman and S.J. Korsmeyer. 1993. Bcl-2
heterodimerizes in vivo with a conserved homolog, Bax, that
accelerates programmed cell death. Cell 74:609-619.

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang and
C. Rice-Evans. 1999. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free.
Radic. Biol. Med. 26:1231-1237.

Schultz, N., E. Lopez, N. Saleh-Gohari and T. Helleday. 2003.
Poly(ADP-ribose) polymerase (PARP-1) has a controlling
role in homologous recombination. Nucleic Acids Res.
31:4959-4964.

Sedlak, T.W., Z.N. Oltvai, E. Yang, K. Wang, L.H. Boise, C.B.
Thompson and S.J. Korsmeyer. 1995. Multiple Bcl-2 family
members demonstrate selective dimerizations with Bax.
PNASU. 92:7834-7838.

Tsujimoto, Y., L.R. Finger, J. Yunis, P.C. Nowell and C.M.
Croce. 1984. Cloning of the chromosome breakpoint of
neoplastic B cells with the t(14;18) chromosome translocation.
Science 226:1097-1099.

Xie, G.H., S.E. Choi, M.J. Mun, J.H. Jeong and K.H. Park.
2018. Ameliorative effects of combinative injection of
Ginko biloba leaves extract and vitamin C on ischemia/
reperfusion liver damages model. Korean J. Plant Res.
31:268-273.

Zhap, 7.Q., J.M. Budde, C. Morris, N.P. Wang, D.A. Velez, S.
Murak, R.A. Guyton and J.J. Vinten. 2001. Adenosine
attenuated reperfusion induced apoptotic cell death by
modulation expression of Bcl-2 and Bax proteins. J. Mol.
Cell Cardiol. 33:57-68.

(Received 8 February 2018 ; Revised 16 April 2018 ; Accepted 18 May 2018)

-329-



