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Preventive Effects of GLEDITSIAE SPINA Ethanol Extracts and
Fraction on Oxidative Stress and Human LDL Oxidation

Hyuck Kim, Min Ja Lee, Hye Sook Lee, Hyun Jung Jung, Sung Kyu Choi, Chang Sub Lee, Won Hwan Park*

Cardiovascular Medical Research Center and Department of Diagnostics, College of Korean Medicine, Dongguk University

GLEDITSIAE SPINA (GS) has been used as folk remedies traditionally for treatment of antiphlogistic and
antifebrile agents. An ethanol extract and its fraction of GS were assessed to determine the mechanism of its
antioxidant activity. Also, inhibitory effect of extract from GS and its fraction measuring the inhibitory effect on
Cu*"-induced human low-density lipoprotein (LDL) oxidation. GS ethanol extract and its fraction exhibited a
concentration-dependent reactive oxygen species (ROS) and reactive nitrogen species (RNS) scavenging activities,
including trolox equivalent antioxidant capacity (TEAC), DPPH radical, superoxide anion, hydroxyl radicals, peroxynitrite
and nitric oxide, using different assay systems. Furthermore, the GS ethanol extract and its fraction showed
dose-dependent protection of LDL oxidation induced by CuSQ.. In addition, the GS ethanol extract and its fraction
were characterized as containing a high amount of total phenolics. These results suggest that GS ethanol extract and
its fraction might be helpful for preventing oxidative stress and protecting LDL oxidation.
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3192 0m, Konoshima S92 &gz =] gleditsia saponin C
&) gledltSlOSled E & ErlIoknct olF HEd &8t A5 EA
Zhong " & HL-60 A Z(human promyelocytic leukemia cells)
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reactive oxygen species (ROS)
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BIKE(E 20 AedAdEe) Wy

o o] ROS E RNSE Sk YEOIAIE Ho AH, E3|
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1. kX
=

L]

2
FE50ll ARZSH EAM(GLEDITSIAE SPINA, GS)&= ¢
VI (Gleditsia japonica Miquel var. koraiensis Nakai)mgl TS
AET ROE 200734 S=IHES (F) SUSIEE S, X))
oAl FS & FHeRI5K A3
1) GS 70% d&& FEE9Y AR

AlE 100 goll 2 1LY} 70% o|&r&E H7Isle] 14} 12 hr, 2%}
6 hr, 33} 3 hr 9} A 204 Wil £&3F 5 1 mm-pore-size
filter (Whatman No. 2)& B8 &u519ic). 0] € rotary vacuum
evaporator (Buchi, Flawil, Switzerland)Z ZI¢} &6 5 52
AZBI AR 240g8 AATHFE: 240%).
2) Gs ASREEY Ax

70% TS E FET GS= 34t
(10:9:1, v/v/v)E E&l5kd o)
oloMEIoIE, HELE,
FAct olml & BEYH £&2 it ZEE(hexane, H) 017%,
CIE 2 20| EF & E(dichloromethane, DCM) 0.23%, o|EOMAIE]
O|E ZZE(ethylacetate, EA) 0.67%, EEFE FZ&E(butanol, B)
0.81% T2]al N & ZEZ(aqueous residue, A) 0.08% Tt A
goj AESE Gs9l 28 AlEw 48 A7 &717t AlAE A
W&ol BA3519 2™, voucher specimen (08-MRC-055)2 =
Siolsehst Agskdel Bk} Yrh

pst

it

Feoll Al RS Rt (positive control) 2 & L-ascorbic

d .

acid (vitamin C) % butylated hydroxytoluene (BHT)E AFZG}
At FiEEte SE0P] fold ARETE AlRleE
1,1-diphenyl-2- picrylhydrazyl (DPPH), hydrogen peroxide
(Hx0y), nitro blue tetrazolium (NBT), trichloroacetic acid
(TCA), 2-thiobarbituric acid (TBA), hypoxanthine, xanthine
oxidase, (DTPA),
4,5-Diaminofluorescein (DAF -2), copper(Il) sulfate (CuSO4)=
% Sigma (SIGMA- ALDRICH Inc,, St. Louis, MO, USA)ol| 4]
F9I5I%ich Human LDLY IKISIINE SEsb] 8
human low-density lipoprotein (LDL)Z Calbichem (Merck,
Darmstadt, Germany) SZHE TG EEoll ARSI

Dihydrorhodamine 123 (DHR 123) %
Molecular Probes (Molecular Probes, Eugene, OR, USA)ZRE]
agarose (LE, analytical grade)= Promega (Madison, W], USA)
o AEES AEsIct. B #EOl plasties2 SARSTEDT
(Sarstedt, Inc., Newton, KS, USA) AZE2 A& 3191oH, 71&

HA S TIE BE Ao R e SIAES A

diethylene  -trlaminepentaacetic ~ acid

peroxynitrite=

3. TEAC (trolox equivalent antioxidant capacity) assayol] &Jgt
Kigtgae &3

Vitamin E FEA|Q! trolox EES] L 5H& 5E5VI
93 W 02 TEACE S8, HA Gsl 2E5E8 3
Fx=Trb 1,000 pg/mlo] HEE §Adla, 8N 10 uls
trolox standardoll ABTS - + 9% 1.0 mLE H7}5I3Ch A=2ol
Al HESAIRE 18 Fol UV/Visible
(Amersham Pharmacia Biotech, Buckinghamshire, UK)& 01&
Sl 734 nmolAd EHEE SEIIYCH 6=t
monitoring3}93 I 1 mM Trolox®} B W8k HFRTY Aol %E
¢ Z, mM trolox equivalentZ LJERARACH

ot

spectrophotometer

AR =1
FBEE

4. DPPHoll 9J$F #2171 ~AZHe &3

DPPHE ol&t20l] =%E wl {21719 3t FEiE £x51H,
olol tigt &7 ¥EHES ZFP) Y YuMe YR FHsk]
96-well plate (Franklin Lakes, NJ, USA)ol thai} 2ol & &5}

.M tled 19 GS ZEEE EF40l =014 0l B
50 yLE 1 mLe| 0.1 mM DPPH-oJ&+ & SH3} 490tk 2]
SEZW O] 450 uLe] 50 mM Tris-HCl buffer (pH 7.4 &
7¥8}d radical A HHSE A OZTh HIE2 U204 30 B3}
Z1# 5193 2™ microplate reader (Molecular Devices, Sunnyvale,
CA, USA)E o] 8381 A& S8 E 517 nmoll A A& I, &
HUZRFZOR A5 SY8 T2 L-ascorbic acidE #2514
ICs (inhibition concentration of 50 percent)& T-SIHTCH

Sl

=]
R
Z

%A

5. NBT assayo] 2|8} superoxide anion (O; - ) AAHEMC] &5

TS R718ME 01851 FETH GS 4 80] superoxide
QEmog arisks 5HS S8 SISl tiew
22 Wl oiskl MEE UAIGICL B 100 4LY) BT
¥ ZEE3 50 mM] NaOHof| =¢Q1 30 mM hypoxanthine 10

anion<
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GLEDITSIAE SPINA ofE}g Z2&2 W

Loy

L % 30 mM2] EDTA (pH 742 2 41011, 142 mM NBT
g 200 uL HUIclo] HHE AlZATE H204 3 2 5t FA
171 THE mL & 05 unitS % &d1xo] Q= xanthine oxidase
100 pL g, & BE3E 3 mlrt HEE 50 mMY
phosphate buffer (pH 7.4)2 AlE Tl 7151990} §
A 2olA] 20 27 AAIGIH S

EBT 560 nmoll A GS £2E
A e BEZ 2ME9

>~

ﬂllﬂl

12 o
O‘ITE

fod

r, microplate reader £ 0183
0] superoxide anion®] A& & A

6. DCFDA assayoll €5} hydroxyl radical (- OH) A~AH g 39
3

Gs #£89] -OH MAsS &8sl sl 27,7 dichlo
-rodihydrofluorescein diacetate (DCFDA) ZHUHE S A2351
ZRFIFCPY. K84 DCEDAT} esterase Wi AMSIR TYREER
£ ot BlEFH01 27,7 -dichlorodihydrofluorescein (DCFH)
YO el 5in, DCFHE &4kl Q5] 41aksol 43 9
< UERI= 27,7 -dichlorofluorescein (DCF)o] HTt AH =&
9] ATE 10 pLe} menadione 10 yLE @ 1L potassium phosphate
buffer (pH 7.4) 130 iLE €& & - OHE AMAAZ] &, 125 yM
DCFDAGY esteraseS o] HEE DCFDHE 50 yL & 715k 20
87 ANE BB WsE SR o ¥39 98

H

excitation wavelength 485 nm 2 emission wavelength 530 nm
oA fluorescence microplate reader (Molecular Device,
Sunnyvale, CA, USA)Z =831%]

7. DAF-2 assayol] ©]3} nitric oxide (NO) AAH GO &4
EYZAE (reactive nitrogen species, RNS)Q] A (EHS
HEBY] 218 2O 2 DAF-2 assayS 0831901, GS Z&
29 Eo0]Mel NO9 indicator®]  4,5-diaminofluorescein
(DAF-2)= XRA1Q 2709 omlL-r] Alolo]l NOZ ZZsk
490-495 nm&l  TiFlA] greend)  HEE  BEdE
triazolofluorescein T}=r}. &0l A7) DAF-20)] 9lal %2
¥ NOgk] &3} 1 mgQl DAF-2Z 550 uLo] DMSQd] =91
=, O]AE 50 mM phosphate buffer (pH 7.4)%Z 1 : 40081 2 3]
MBI} NO MEEH0) SIN-13} DAF2E 96 well plateo] &
715IR 2, DAF-291 NO2| vhgol 28 &= @32 108

3 excitation wave length 485 nm %! emission wave length 530

Of

nmof 4] fluorescence microplate readerZ o} &8l E&FICH

8. DHR 123 assayol] 21¢} peroxynitrite(ONOO) A &1 &7

GS ZEEQ peroxynitrite 24 &1 SHE 3] 96-well
microplatec] GS FE£E2g sEEE FGL 90 mM Nadl, 5
mM KCl 2 100 uM diethylenetriaminepenta acetic acid} 10 p
M DHR 1238 $F35l= sodium phosphate buffer (pH 7.4)2
713IArt. olol 10 uM ONOO'E Z7Is & EBHTAHAE olg
Gl excitation 500 nm, emission 536 nmolAl ZX ST
ONOO MO F = A TEE= peroxynitrite S AE AMESHA
L} SIN-10 9180 AA 5= superoxide anion®} nitric oxideQ] H}

20 41skE AE#AQL human LDL {IsliA o] niX]s &8t

SOF HgHE ONOOY MA g BESKICF.
9. Cu” 2 RL¥ human LDLY| {13t IR G3}0] &7
TE(Cu™) 0]208 $EF human LDLY 418} AZE x|
She GS F&E9 il BiES A5l st SHHAE vlg
ol = 717 dslg ZABIRICE
1) TBARS assay
GS ZEE0] AIFY] LDL XI3}E sk & AE0P]
g5l WA 2E %71 100 pg/mL7F EHEE human LDLE
10 mM phosphate buffered saline (PBS) buffer (pH 7.4)ol 5}41
SHACE 28I tigkst s & FHIE GS HEE 100 uLE A8
Fol YL 500 uLY LDLE H7ISKNCE 418lE RiEsh] 216
H7P 24 0.1 mM CuSO4E ¥ 1l 10 mM PBSE UELH O
AT ¥EHe) 21E B3V} 3 mLr} F R 5 ZENNE &
8t GOl 415} HEE FEol] 2t FHAEA 308 E¢t 3
7ColA FRIBI o, o] wh e A Hiksle] B4 EQ]
malondialdehyde (MDA)Y] kg &H35l7] okd 1.5 mLY)
20% TCA Bl 0.05 M NaOHoll =01 S%F9] 0.67% TBAZ F7I5t
& 90Ce oA} 508 S0t 71 Skt §he

>

SUS TIA €
oAl Wzt A|Z1 = 2,000 rpmof|A] 1027} AAED] S92 &
AMEMNS microplate reader & 0]E810d 532 nmolA EEEIS

o dibe tiES ik o] ICeQ2 F6I%ct
2) Relative electrophoretic mobility (REM) assay of LDL
{tslEl LDLE A71A ol BdE 01T REM assay=
agarose gel &olA] HFo] 7hssl ol thel 22 HHoR
AAFHGCF?. HA 10 mM PBSol] 84% 120 ng/mLe] LDL 80
ULE 15 mL 889 micro centrifuge tubed] £F35}11, 10 uLe)
SLE G5 FEE U 48 fEAZEA A& sk 10 pMo] HE
E CuSO.E H7iole] 2 Mol & & 28 8¥g 37C water
bathoﬂﬁ 12 AJ7F B S A17) & 0.7% agarose geloflA] 7]
HEA 1A AR BEE A
A3, 387 AJolA] coomassie brilliant blue R-2502 @ARG19T
o o] BRI E TR S A 204 SEAR H7)HA] B
18K

A& oIt Agarose gel=

10. Total phenolics®] &H

GS 70% JEtE F&£&5 4 EME 239 total phenolics §F
ZF2 Folin-Ciocalteus B+20f 215 AAIGIH M, 58 EEEQ
Z gallic acidE ARZBI9TE WA 200 uLe] Folin-Ciocalteus
reagent®} 1160 LS EF47F E&F Sl 40 uLSl G5 2&
£ (1 mg/mL)g E7I15l0d 3 211 A20l4] A7 Tl
600 nLY] 20% sodium carbonate®} EF5le] TIA] A&0A] 2
A7 EQF HISH &, microplate readerE 0] &38Kkd FHT 765
nmofiA] total phenolices®] ¢S SHIIGCE Ak gallic

acid equivalents (ug of GA eq/mg)E VERNRICH

0

11. E4 A9
E7 BA2 SPSS version 14.0 for Windows (SPSS,
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Chicago, IL, USA) ZZ IS 0|83k g
EFBRE 7ol one-way ANOVAZR . Ayl
p<0.050] kol Fogol A= ALE ¢l @6} 300, Tukey
testE 0|83l 0]F HFINCE
4 3

1. Gs9] sRistax & [El7] 2AaH

ABTS 230 & radical®] &5 7} GS ZE29] Q5 4~A
e ARE Brict 23 HA PENECE AREE ascorbic
acid @ BHT= 737} 0.223+0.033 2 0.822+0.017 (ICs=pg/mL)E
trolox =8 1S _Or/\; 2A ERS L}E}M?}H(Tab]e 1). GS
oEtg ZEE W o]EY] F718W B2 22 Eiol B #
ov} B8 A&7 Hiudiie o ES 9 EA %%10] 0.0480%
71z} —2%% 1SS VIEMIRICE DPPH radical®] A4 &34
slRg m GS 5?%% radical®] E018 HJEiE 26l
E H HYon, E5] EA B3 39646:1254F4] B
ZF BluolAl 7 ‘;J% 1Cso (ug/mlL) &S VIERACE

wn
L FO

mlo g
0kl

o ox

L
o> i
E Jl)l-

fol

Table 1. Antioxidant activities of the extract of GS and its fractions
as determined by the TEAC and DPPH assay.

GS ethanol extract TEAC DPPH'
and its fraction® {mM Trolox equivalent) {ICso=ng/mL)
E 0.048+0.002 988.76+20.00
H 0.013+0.001 NAS
DCM 0.031£0,002 996.61£37.90
EA 0.048£0.003 396.46£12.54
B 0.041£0.002 1549.29+05.78
A 0.012+0.001 1417.711£32.36
AA 0.223£0.033 115314964
BHT 0.8200.017 160.51+10.19

L E 70% ethanol extract H, hexane fraction; DCN, dichlorometrate fraction: EA,

hy\ace e fraction; B, butanol fraction: A agueous residuer AA, ascorbic acid and

BHT, butylated hydroxytoluene. b : Each values represent the means + SD of triplicate
experiments. ¢ - NA is not active,

2. ROS Bl RNS&] &2 g3
GS Z&E0] superoxide aniong AHoh= HHE AHE

2} FEE Al sk 9&Eske 2aAE VBRI O (data is
not shown), xanthine oxidase@} hypoxanthine Alo]olA] YojL}

= UH2E E0} superoxide radical®] 4 & vt Lo] Z4EE}
A A AIZACE BA GS oEtE FEER ICx (ug/mL)E 71E
SIS W 41261308 =Y HYOoM, EAS AL

242531112242 GS =& W B3 & 71A U2 2he VIERHS
L Tk 2 F ROSY generation B}S & 71A st &4 24
EAR hydroxyl radical& Ao gh= GS 2EE9] Eitg B
V5192w Bt ZEEoA] ICx (ug/mL)O] 1272.45+23.272.
VeI GS dEtE £ B8 £F 437 v 5i¥E
) BAA OE H39] AL} hydroxyl radicalE &} &=A AA
& UReH, FIUEFE MYt 487 & EA
AAE (ICs = 2616941356 ug/mL)S B HLH.
AA OS] BETA ST T P
(Table 2). GS Z&E9] NO 4

H 2 DCMoflA} &=
7 ggol ekl

H3l S
232

7

}_
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Brrelse SHETLE AFEE
ascorbic acid (8.34+1.10) B} 2458} ICs (ug/mL) 2+ VIERN
9“?} GS ogte ¥l Ti2 BEojAe EAd Hlsly 250 a3
AATHTable 2). $+3 Superoxide anioni} NO
H dl2o] 98] AMAMEE peroxynitrite (ONOO)= GS
g8 3 —E—i o g3l thE ol aA EikES Vet
Wit 24 dEte FEES 401148229 ICxy (ug/mL)=

1om, DCM3} EA BEo] z+z} 9.77+1.10 & 8.62+1.19%4]
NN ETFOE AKZE ascorbic acid (5.92+0.04)} HILEIHS
o FAlSH @dol e R2Z F7t HUCKTable 2).

1} EA E3 (801:022)0] 2k

Table 2. Reactive oxygen and nitrogen species scavenging activities
of GS ethanol extract and its fraction.

GS ethanol exract  Superoxide” Hydroxyl radica®  NO° ONOO-
and Its fraction®  (10g =pg/mL)
E 49418242613 1272452327  40.79+120 4011£822
H NA® NA® 18755¢829 5787+1393
DCM 3723682800 NA® 5816225 977£110
EA U9531+1224  26169+1356  801x022 862119
B 307861+2549  32764%1837 24724142 6560+829
A 688869+19.87  92368+1545  60.36+1.53 6386+10.24
AA 1041.1822024  61.79+2.96 834110  592¢004
BHT NA® NA® NA® 121.84£1890

© B 70% ethanol extrach H, hexane fraction: DCM, dichloromethane fraction: EA,
ethy\aceta e fraction: B, butanol fraction; A, aqueous residue: AA, ascorbic acid and
BHT, butylated hydroxytoluene. b : Each values represent the means + SD of triplicate
experiments. ¢ : NA is not active,

3. Human LDLQ] &}&} CHXﬂ a3
CIs 552 GS ZEEE Al sisie Wl ZF&E4
£ 1IDLY| 413} oA HJ%% TBARS % REM HO R ZH35}
T} B A8 EFH0) TBARS assayE E3F LDLY 413}
W MR EFOT AMRE ascorbic acide
.OJIL GS #&ZE & FA B¢
(11.20+1.24)0] FAISE ~A E4g B (Table 3). 413} LDL
9 A7)E ol54 & 0183 REM “04«1 A= GS otz
Z£% 2 DCM, EA B3lofA] CuSOZ | LF LDLY] A1gHA
Ae ARSI on, B8] A& ANEl &% 10 ng/mLoli &
RFEOT A}RE) ascorbic acid Bt 248 &4 SWE VE}
o)

et

=]
piny

o

® 2 8

e &d5I9E

6.18+1.24 pg/mL9] IC5& LIERNR]

Table 3. Inhibitory effect on Cu®-induced LDL oxidation of GS
ethanol extract and its fraction.

LOL oxidation®

H a
(S ethanol extract and its fraction (Cazpa/mL)
E 2783213
H 38342+1545
DCM 54652800
EA 1120+1.24
B 51112549
A 61242887
AA 6.18+124
BHT 263024
a : E 70% ethanol extract H, hexane fraction: DCW, cichioromethane fraction: EA,
eihylacetate fraction; B, butanof fraction: A, aquecus residues AA, ascorbic acid and

BHT, butylated hydroxytoluene. b © Each values represent the means + SD of triplicate
experiments.



GLEDITSIAE SPINA olBtE Z&E 3l BalEo] 41315

=

E H DCM EA B A AA

N O §10 5 10 § 10 5 105 10 S 10 5 10

100

1
n

50

~
n

Relative electrophoretic mobility
(protection %)

N OS 100 105 10 5 305 105 10 5 10

Fig. 1. Effects of GS ethanol extract and its fraction on reiative
electrophoretic mobility of LDL. Huma LDL (120 pgprotein/mL) was
added to GS extract, its fraction and reference antioxidant including
ascorbic acid. Tne LDL oxidation was inifiated by adding 10 uM CuSOs After
incubation for 12 h at 37T, then oxidative LDL was loaded on 0.7% agarose gel
for 60 min. N, native LDL; O, oxidative LDL: E, 70% eihanol extract H, hexane
fraction: DCM, dichloromethane fraction: EA, ethylacetate fraction: B, butanol
fraction; A, aqueous residue and AA, ascorbic acid.

aad

4. Total phenolics g}

GS ofttz & 239 total phenolics SIS HAS AT
GS olEtE REES 133182540 pg of GA eq/mg@l phenolics
e UEMRSE ThE ®Be SEES Ve DOM2
184.89:8712 ZHFo] UL, tF2SE EA7} 170.83:444F
total phenolics 0] E=AH FH 71 UrH(Table 4).

Table 4. Contents of total phenolics of GS and its fraction.

Total phenolics
(ng of GA® eq/mg)

GS ethanol extract and its fraction®

E 133.18+5.40
H 1453+133
bCM 184892871
EA 17083444
B 16.9746.71
A 6797787

a @ E 70% ethanol extract H, "exane fracton: 2OV, dicrloromethiens fraction EA,
ethlacetate fractior: B, butanol fraction: A, agueous residue. b : Zach valLes represen:
the means = SO of “iplicate experiments. ¢ @ G4, gallic acic

al z

IO A BiEolr ERHlE FAKE 2 FiEsLol
A7 QlE AR LEiA lomY, AR U dng &
E310] 7t & LM EolA] HEA™ 2 HepG2 A Eel|A] VEGF
mRNA 23 & Al sk RO
TS 7IEL U T FESI 712 5100H, EEEE, I
b= 852 VERICET SIREY. SRR o)

AE#H 28} human LDL A1gleiAel mjAle gt

HARlE dEg BEskE ddoli] QlofA HEl Xkt T1sH
S5} Qoltks A2 2T Hol By Lalel Bl o)
PR RS U1 BQ3 B84F Q0108 ARSI, R
Aol tHAKRHER reactive oxygen species (ROS) 2 reactive
nitrogen species (RNS)Q} 22 {21719 iR FEkwn], 24
2 radicals® ZE AFSE AEPASH A@o] Q. meka o)
28 ROS B! RNSE 4AGK = k2 BEdl 5o 3leH, &
5] B ZEe AAEA ol AXBIILA} Sl A7t &t
S AdElo] ok SH, R ojeldl AR W {al7] e
AR M3 =23 BE 5 TR Yolo] B s Qo
YA 0 Z AR WollA] FeISHEL UEZ radicalse] HEFE =
superoxide radical (Oy +) & hydroxyl radical ( - OH) 0] I
o, olg2 MlZEY 74 HEQ Exg ARG MLAES A7
A AME U A BAFEY] AN &g Qo7inhY. ol
radicalsZ AAIGL7] 18 HEAQ] AIFHA LS (in vitro)
Z TEAC #¢9 &% 8l DPPH radical®] £271E & & Utk
TEACE 4284 vitamin B £84¢] trolox® ABTS Qo)
radical (ABTS+)S AA Sl S8 HI W8k HERL EHE
ol YHOE gdgolt 28 AET radical 27 &
=) I

=
gelol ol ZuQe S8¥n*?. DPPHE B¢ &5

o o

0

Tt 213 O 2 radicalo] AAETH BHEAH T
Y. ol#15t Y18 TAB GS 70% oEFS
o

FEE
ABTS ¢Jol2 radicalg £AGHe EIEE BU1SH 23 EA 2
1 trolox &8 A7 Wikol =tow], DPPH radical®] AA
3} EAV} ICsy (ug/mL)ol 9Jo] 28 A4E7h 5 TolA] ]
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