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Abstract

Objectives :
To evaluate the in vitro scavenging activity, inhibitory effect of LDL oxidation of pro-oxidant reactive species,
anti-platelet aggregative effects and anti-thrombosis effects in response to treatment with SA using various screening

methods including biological and non-biological oxidants,

Methods :

The antioxidant activity concerning extract from SA was studied with in vitro methods by measuring the antioxidant
activity by TEAC, measuring the scavenging effects on reactive oxygen species (ROS) [superoxide anion, hydroxyl
radical]l and on reactive nitrogen species (RNS) [nitric oxide and peroxynitrite] as well as measuring the inhibitory
effect on Cu*-induced human LDL oxidation and the inhibitory effect on thrombin-induced platelet aggregation and

thrombosis,

Results :
SA extracts were found to have a potent scavenging activity regarding oxidative stress as well as an inhibitory

effect towards LDL oxidation, platelet aggregation, and thrombosis,

Conclusions :
The SA extracts have anti-oxidative and anti-atherosclerotic effects in vitro system, which can be used for developing

pharmaceutical drugs against oxidative stress and atherosclerosis.
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1) Alet

Gallic acid (GA), aspirin, potassium persulfate,
ascorbic acid (AA), butylated hydroxytoluene
(BHT), 2,2-diphenyl-1-picrylhydrazyl (DPPH), po-
tassium ferricyanide (Ks[Fe(CN)g), nitro blue tet-
razolium (NBT), ethylenediamine tetraacetic acid
(EDTA), hypoxanthine, xanthine oxidase, sodium
phosphate monobasic (NaHPOy), sodium phos-
phate dibasic (Na,HPOy), hydrogen peroxide
(H,0,), ferrous sulfate (FeSOj), 4,5-diamino-
fluorescein (DAF-2), sodium nitroprusside (SNP),
diethylenetriaminepentaacetic acid (DTPA), cop-
per (I) sulfate (CuSOs), glucose, % gelatine
Louis, MO,
usA)olld F4sksdtt.  Dihydrorhodamine 123
(DHR 123)¢} 6-carboxy-2', 7'-dichlorofluorescein

Sigma (Sigma Chemical Co,, St

diacetate  (DCFH-DA)¥=  Molecular  Probes
(Eugene, OR, USA)olA FU3st91e™, Agaroseot
Coomassie ~ brilliant  blue R-2502 Promega

(Madison, WI, USA)ol|A], Peroxynitritei= Cayman
Chemical AHAnn Arbor, MI, USA)SIA F9J8}9]
t}, 2,2-azinobis-(3- ethylbenzothiazoline-6- ulph-
onate) (ABTS), sodium carbonate (Na,COj;), so-
dium chloride (NaCl), potassium chloride (KCl),



Folin-Ciocalteu's phenol reagent, human low-
ensity lipoprotein (LDL), fibrinogen, human plas-
ma thrombin, naphthylethylenediamine dihydro-
chloride (NED), ethanol (E), hexane (H), di-
chloromethane (DCM), ethylacetate (EA) % bu-
tanol (B) & Merck (Merck KGaA, Darmstadt,
Germany)l|A] T-48}5ict.

2) AR & AIZ9| K=
2 Ade ARE A8d  skamE
Santalum album L.; SA)& A& ¥ ‘ZF%]/\}(ZOOS

TP UG F FAste] ARSIt

© YAFFZE(SA extracts)

A& 300 goll 3 L] 70% Ethanols H7kate] 1
2} 12 hr, 224 6 hr, 33 3 hr FQF Aolx]
F=3%F 5 110 mm-pore-size fillerS $3) 95}%
o olg
Switzerland) 2 79t &53F Eg Az she] =4
AZET NE 104 g& AUKTE: 3.47%),

rotary vaccum evaporator (Buchi, Flawil,

@ I ASEZEY Az

T2 5-0 hexane: 70% ethanol extract :
HO(10:9:1, v/v/v)E #3835} hexane FEEE
oo % dichloromethane, ethylacetate, butanol
ToR AT #Hste] At FE
Hct. olmiel g FEH 482 hexane ex-
tract(H) 1.29%, dichloromethane extract(DCM)
0.33%, ethylacetate extract(EA) 0,10%, butanol
extract (B) 0,12%, aqueous extract(A) 0,02%%3t}.
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1) Total phenolics?| &H

3 g ASEYEe Total
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action”o] 23l gallic acidE® BHEEOR o] =
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ek, 40 pLe] WMHE FEE (1 mgml)E
200 pL9] Folin-Ciocalteus reagent, 1160 #Le| 3
3 FReh B ERES 3 2 oo
W28 5 600 #Le 20% sodium carbonate
A7kekiet, Ao 2 h F9l shakingsh &,
microplate reader (Molecular Device, Sunnyvale,
CA, USA)E o]&3te] 765 nmojA] #%E% =74
3l4Ek. Total phenolic compounds $HFE gallic
acid equivalents (#g of GA eq/mg)Z YERSITH

2) TEAC assayOf o|st Shitslg ol =X

NegrEe 3 e ASEgee] TEAC %
& Roberta9} Miller S7¢] wo| wa} =43}
Lt =, 10 pLe] W FEE 54E-4(2,500
pg/mlL) B Trolox standardel] ABTS™ &< 1.0
mlE F7Bste] 1# $ UV/Visible spectropho-
tometer (Amersham Bioscience, Buckinghamshire,

)& o83t 73dnmelA FFEE SH3H.
6:52} monitoringd}$dal 1 mM Trolox9} H|uls}ed
=] A MEE%)E T F mM tolox

YR

equivalents=.

3) DPPH assayOf|
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Ot F2|7| Azt

megkel fref7] &7 &= Bloisoll o3 W
W% weh Ak, =, DPPH  (ed-di-
phenyl-ﬁ-picryl-hydrazyl) 16 mge 100 mLe
Ethanold] &¢l & 100 mLY FHTE E3s}ld]
oA R o F o] ofd 25 mLe] UHETE
o] WMAFgFEE 0.5 mLe &3 F microplate
reader (Molecular Device, Sunnyvale, CA, USA)
£ ol&ato] 528nmelx] ARt whe FFwe] W
3= A6
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27 &= Gotoh9} Nikie] Wy
of weh SA k. Aol 3048 WHFFE
&, 30 mM2] EDTA (pH 7.4), 50 mM¢] NaOH
o 9] 30 mM hypoxanthine @ 1,42 mM nitro
blue tetrazolium (NBT)E ZFz}t 100 L, 10 gL,
200 pL F7bete] 73eiAl mwbeleinh oA 3
7 HESAIZ E3ME9] 0.5 U/mL xanthine oxi-

dase 100 #LE #7}8k 3 50 mM phosphate buf-

oxide anion

fer (pH 7.4)% olg3le] #% 23S 3 mL2 =
Ak, o5 oA A2ox 2087F WESAIZ]
% microplate  reader (Molecular  Device,

Sunnyvale, CA, USA)E ©]&3}l4] 560 nmolA &
B=E SAs

5) DCFDA assayOf| 2|8t hydroxyl radical

AAgHe| £
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chlorofluorescein (DCF)o] Ht}, dA FLo W
SeFEEE 10 L9 menadione 10 #LE ¥ 50
mM phosphate buffer (pH 7.4) 130 pLE %
T OHE A4AZl ¥ 125 M DCFDAY] ester-
aseE P v DCFDAE 50 4L 71l 604
7+ ARE FFo] WMIE excitation wavelength

485 nm 9 emission wavelength 530 nmojlA

"7 -dichlorodihydrofluorescein

fluorescence microplate reader (Molecular Device,

Sunnyvale, CA, USA)E =43}t

6) DAF-2 assay0i| 2[5t NO radical AHE1t2|
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MR SE 2 $o A5EY2e NO ndi

cal 27 &I DAF-2 assay S o]gsle] =4
3kt EolZel NOY indicatore] 4,5-diamino-
fluorescein (DAF-2)E A}l 27¢] ofn|i=r] A}
old] NOZ ER5tH] 490-495 nme] of 7|5 ofA
green®| FF
€. @] A7l DAF-29] oJ3] E-E NOY
o] ¢]&3t} 1mge] DAP-2Z 550 #Le] DMSOd|
=015 o]Z& 50 mM phosphate buffer (pH

"3l triazolofluoresceing Wk

742 1 @ 40082 M3 NO AlFEZ
SNPS} DAF-2Z 96 well plated] H7Fstlon,

DAF-25F NOS| HH3o S} WEEE WL 10
£ I excitation wave length 485 nm 2 emis-
sion wave length 530 nmo|A] fluorescence mi-

croplate reader (Molecular Device, Sunnyvale,

CA, USNE ol-g3te] Zahsi.
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100 #M diethylenetriaminepenta acetic acid¢} 10
#M DHR 1235 §-f3l= 50 mM phosphate buf-
fer (pH 7.4)% 7}sk4ict. olo] 10 M peroxyni-
rite® 7} & fluorescence microplate reader
(Molecular Device, Sunnyvale, CA, USA) ©]&3}
o] excitation 500 nm, emission 536 nmejx] =
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assay+= agarose gel “gol|x] &Ao| 71538 o=
ot e woz ANHYY. Phosphate
buffer saline (PBS, pH 7.4)oll =<l LDL (120 #
g/mL)E& 50 pg/mLe] PR F5E&, 10 #M CuSO:t
Tste] 37CoelA 12 ARREERE el g
% 0.7% agarose gelol| loadingdle] TAE buffer
(40 mM Tris, 40 mM acetic acid, and ImM
EDTA)OA] 85 VE 1417 53 7] %3k
Gel& 71%3}e] Coomassie brilliant blue R-250Z
A3k, ME9] inhibition rato ()& T
4ol <3 A

migration distance of ox LDL-
migration distance of s LDL

% Inhibition = X100

migration distance of ox LDL-
migration distance of n LDL

ox LDL: oxidized LDL, s LDL:
sample LDL, n LDL: native LDL

0) BAT 7 oixlo £

aeie) Had 27 o Wl Sl
Chlono Log A}¢] aggregometer (Havertown, PA,
USAYE ol&ste] ot &3 AZAE im-
pedance o2 ZA3IJTh WA, 3.8% sodium
citrate F-SIA7} EgtEo] Q1= Becton Dicknson
Ake] vaccutainer (Mountain View, CA, USA)E
olgste] 7S Addom ¥E Fdg AP
1,000 pmo 2 10%7F YAl stk A
ol (platelet rich plasma, PRP)S ¥zla}e] 2,300
mpmlE 1087 Y%
rich pellet)& washing buffer (pH 6.5)2 F W
AlataL, 2,300 rpmellA] 1023 ALakie] a3l
. 5 (platelet poor plasma, PPP)S A3k
% suspending buffer (pH 7.4)2 ¥-f3}a] 2300
pmlZ 1087 AARFo=zH  EiIHwashed
platelet) & ZAlstIt, 4t 75 B8 dAnA4
o7 Azdte] Fam F7F 4~5x10° cells/mLr}
HEE sXste] AP ARSI Washing
buffere] 242 138 mM NaCl, 2.7 mM KCl, 12

3l & ZAHE(platelet

s, XY, &%, TS, 222 119

mM NaH,COs, 0,36 mM NaHPOs, 5.5 mM glu-
cose @ 1 mM EDTA©|™, suspending buffero]
ZAL 138 mM NaCl, 2.7 mM KCl, 12 mM
NaH, CO;, 0.36 mM NaH,POs, 5.5 mM glucose,
0.49 mM MgCl, @ 0.25% gelatino]t}, Cuvetteo]]
PRP 400 pL, agonist (collagen) 50 L, sample
10~50 w8 BaL, & 2ugd 33E W71ekal
o} a9 2493 AAIFE2 0.5 U thrombin®
2 f%H aggregation (%)& R (A)SE, W]
S AAYs & thrombine® FE¥
aggregation (%)& AlET (B)oZ 3o o2 A
2kJol] w2} inhibition (%)& YERHITH

A-B
Inhibition (%) = ———— X100
A

A control aggregation (%), B: sample aggregation (%)

10) Fibrinolytic clear zone2| =X

wekzge d7d) ek 224 human
fibrin plateZ o|-&3le] ZA3}Tt 60 mm petr
dishol] thrombin €< (50 unit/mL)< 25 L T
3l & oJ7]9] 0.1 M phosphate buffer (pH 7.5)
ol 0.5% (w/w)7h HE=s 59l Eetzr=zl 8
125 mLE FYskaL 2 Aol vEglo] 2
S w7hA Aol 3081t BAEt vHd g
At Az gBd Fo] Sl Wk
Z5% 0.2 mymlE EI 37CAA 24 A]7HE<H

W= W3 lysis zoneo| B/ A3

1) SA2

EA BEAe SPSS version 14.0 for Windows
(SPSS, Chicago, IL, USA) program= ©]-&3}e] 2+
o] [t FFUAE AEStL & He Aol
HE one-way ANOVAZ £43 T p(0.05914
ol Apol7t = B¢, Tukey testE 0|83t

oz Hlarst itk
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1) Yield of fraction and total phenolic
compounds,

WieksE  70% ethanol (E) FEE9 44L&
10,40 g/300 g & 3.47%%on, &ujE 5o
A% HZT (1.29%) DCMZ (0.33%)) BF
(0.12%)) EAZ (0.10%)) A% (0.02%)9] F£o=
UERtTE (Table D).

Folin-Ciocalteu reagent methodol] &Jsf =%3t
Hig7% 2] total phenolics $Fe 223,48 pg GA
eq/mg (DCMZE)olA 66.48 p#g GA eq/mg (AF)
o] W9Aal, DCM, EA, E, H, B, AZ £02 3
& 727 VERTKTable D).

Table |, Extraction Yields and Contents of Total
Phenolics in the Extracts of SA

Sample” S(?Z)lg Total phenolics (#g GA eq/mg)”
E 3.47 138.83121,34¢
H 1,29 128.78+8.74°
DCM 0.33 223.48+18.49"
EA 0.10 181.85+11.79"
B 0.12 80.59+9.56°
A 0.02 66.48+8.38°

1) E, 70% Ethanol extract; H, Hexane fraction; DCM,
Dichloromethane fraction; EA, Ethyl acetate fraction;
B, Butanol fraction; A, Aqueous fraction,
2) Extraction yield is expressed as the percentage dry
weight of SA,
3) Values are meantS D, (n=3).
*a-d Values with different superscripts in the same
column are significantly different at p{0.05 by
Tukey test,

Olet efitatgat A DPPHO 2let

ZFEED0] EF2 0.73 mM Trolox equiv-
alent?] & VeI, &l RIE
o= 0,22~1,14 mmol Trolox equivalents $H$]<]

& Qg

o
o

Fstdde Btk WdFe DOMZ(1.14 mM
Trolox equivalent)¥} BZ(1,11 mM Trolox equiv-
alente] 71 2 RS YERRleH, o
% EAZ(1.05 mM Trolox equivalent), AZ(0.77
mM Trolox equivalent) % HZ(0,22 mM Trolox
equivalen)®] TAZ AL E4do] FHAEQITH
g, tzwoes ARE AA B BHTE 27
2.35mM Trolox equivalent % 2.24mM Trolox
equivalent® YEPHTE

DPPHE ol-gsto] widtdke] fe|7] &ARHE
S AY 237559 A5 ICofko] 3,487.60 ¢
g/mLOE UEEOH, EA #8E3} DOM +8&
o 27 aAZTE= ICsake] 4 2,107.63 ¢
g/ml} 251291 pg/mlEN Y53 5 A
24E Btk wg o %ﬂﬁﬁ e EoA
Fel7l 2R gt 2 SR HAH
th A B9E (1C50=2,820.00 /Jg/mL)) B 9
(ICs= 4,487.11 pg/mL)) H £8E (IC5= 17,506,
pg/mL). (

wr ¥ rr

3

NG}

(Table 1I)

Table II. Antioxidant Activities and Free Radical
Scavenging Activities of the SA extracts as
Determined by the ABTS'+ assay and DPPH assay

Sample TEAC? Free radical scavenging
: 1)p (mM Trolox activites”
equivalent) (IC50=pg/mL)

E 0.73+0.01" 3,487.6019.58°

H 0.22+0,01° 17,506,98%739.18"
DCM 1.14+0.02° 2,512.91437.63"

EA 1.05%0,02 2,107.63132.96°

B 1.1140,02° 4487.114139.35

A 0.7740.00° 2,.826.00+83.85"

AA 2.3510,01° 136,95%1,10°

BHT 2.24%0,00° 168.0343,33°

1) E, 70% Ethanol extract; H, Hexane fraction; DCM,
Dichloromethane fraction; EA, Ethyl acetate fraction;
B, Butanol fraction; A, Aqueous fraction; AA,
Ascorbic acid; BHT, Butylated hydroxytoluene,
2),3) Values are meantS D, (n=3),
*a-g Values with different superscripts in the same
column are significantly different at p<0.05 by
Tukey test,



3) ROS (superoxide anion 2! hydroxyl

radical) A7{g1t

Wetekol superoxide anion A7 S =3
3k A3} DCM fraction®] ICso@ko] 1,744.13 pg/mL
o2y 7P =7 JERth olF EA £95E (Gy=
300218 pg/ml)T E BEE (1C5=5229.94 #
gml) £ ZAdigon, Yxrer ARRH
AAS} BlBtME =2 AAEINE YERASIT

Weksko] hydroxyl radical &7 2342 =A3
23 DCM #8=9 ICso#ke] 238.22 p#g/mLO=E
7P E=7 YERRAL BA 88 (1C5=282.49 ¢
g/ml), E B8E (1C5=379.65 pg/mL), B ZI&
(IC5=774.81 pg/mL) £O 2 F4tsl o] A
9]}, (Table 1I1)

Table lll, ROS (Superoxide Anion and Hydroxyl Radical)
Scavenging Activities of the SA extracts

ROS (IC50=f1g/mL)

Samplel) Superoxide anion” Hydroxyl radical”
E 5,229.94%97 31" 379.65+5.88"
H NAY NA
DCM 1,744.13%129,70" 238.2211.65"
EA 3,092,18%61,96° 282.49+8.90°
NA 774.81£24,97"
NA NA
AA 10,445.55%300.00 58.31+0.91°
BHT NA NA

1) E, 70% Ethanol extract; H, Hexane fraction; DCM,
Dichloromethane fraction; EA, Ethyl acetate fraction;
B, Butanol fraction; A, Aqueous fraction; AA,
Ascorbic acid; BHT, Butylated hydroxytoluene,

2),3) Values are mean®tSD (n=3),

*a-e Values with different superscripts in the same
column are significantly different at p<0.05 by
Tukey test,

4) NA is not active,

4) RNS (NO radical & peroxynitrite)

ZFE2% EZY ICsik2 224,16 p#g/mL ©]R

i, AE B¥= TdMe EA ZIEY ICsoftel

B9, ONIE, BFF, U, 429 121

14,40 pg/mLOZM nitric oxide AAZAo] 714
= UEhden e 22 AR JEth
DCM #8=(1C5=23.33 pg/mL)) B £I& (ICs=
55 pg/ml) A BEE (C=80.19 pg/ml). thx
02 Q1 AAS] A ICsfke] 8.27 pg/mLE LfEL
HHH, BHTE= NO 47| 27| #H=A] ket
Wekgke] peroxynitrite A~AEIHE 245 A3t
FZE=9 EZ9 ICsfke] 183.45 pg/mLOE 1}
gor BIE Fors EA BYE9 ICxate]
9.40 ug/mLOZH EYUst peroxynitrite AL
< B9}l w3 DCM EEE(1C5=12.66 #g/mL),
A BIE (C=31.95 wgml) ¥ B #I=
(IC5=36.07 pg/ml) o2 Frksleido] byt
o 39, gzreg 29 AA ¥ BHTY ¢
ICspate]l 244 2.81 pg/ml, 11030 pg/mLe] per-
oxynitrite 224 43S YeRASITE WEske] per-
oxynitrite &7 BAL AAHTR= Thh Y &4
& Hglov Het E BYES A9l YA £
oA BHTET 958t 27 E48 Yk
(Table 1V)
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Table IV. RNS (nitric oxide and peroxynitrite) scavenging
activities of the extracts of SA

RNS (IC50=¢g/mL)

)

Samplel> Nitric oxide radical” Peroxynitritv:5
E 224.16%12.57° 183.45%5.79"

H NAY NA
DCM 23.33+2,01° 12.66+0,32°
EA 14.40+0,79% 9.4040,51%
66.55%1,64° 36.0710.66°
A 80.192.12" 31,9540, 78°
AA 8.27+0.23" 2.8140,08"
BHT NA 110304317

1) E, 70% ethanol extract; H, hexane fraction; DCM,
dichloromethane fraction; EA, Ethyl acetate fraction;
B, Butanol fraction; A, Aqueous fraction; AA,
Ascorbic acid; BHT, Butylated hydroxytoluene,

2),3) Values are meantSD (n=3),

*a-f Values with different superscripts in the same
column are significantly different at p<0.05 by
Tukey test,

4) NA is not active,



5) Human LDL AtSt AAX|E ot

cu’'ol o8 §=EE IDL F2ste] REMO o)
ok Witkgko] B35 HojFal gtk E, DCM, EA,
B 9 AREE 50 ug/mL F=oA 2k 20.00%,
9.33%, 41.67%, 11.33%, 14.67%, 467%q LDL
A8 B ads yepiglen, 53] DCM +
o] A% tzTo= AR-E BHT (51%)9} v/\h&
AEIE Bt (Fig. 1)

Relative electrophoretic mobility
(protection %)

c
a0
o
20 rﬂreg
’ » [ = B ="
Tz 3 a4 & 7 8

Fig. 1. The relative electrophoretic mobility(REM) of
human LDL incubated with Cu®* and with or without
SA extracts

LDL (120 pg/mL) was oxidized with 10 #M CuSO; at
37C in the presence of SA extracts for 12 h, (A)
Lane 1: native LDL, Lane 2: LDL and Cu%; Lane 3:
IDL and Cu”™ and 50 p#g/mL of SA 70% ethanol ex-
tract; Lane 4: LDL and cu® and 50 #g/m of SA hex-
ane fraction; Lane 5: LDL and Cu®* and 50 #g/m of
SA dichloromethane fraction; Lane 6: IDL and Cu®
and 50 pg/m of SA ethyl acetate fraction; Lane 7:
IDL and Cu” and 50 #g/m of SA butanol fraction;
Lane 8 LDL and Cu”™ and 50 mg/m of SA aqueous
fraction; Lane 9: LDL and cu® and 50 #g/m of as-
corbic acid; Lane 10: LDL and cu® and 50 #g/m of
butylated hydroxytoluene, (B) Protection rate (%),
Each value represents the mean of triplicate
measurements, Values are mean®tSD (n=3). o
with different letters are significantly different at p(
0.05 by Tukey test.

Bars

P2 % BN S50 ¥ 6P

9] thrombing 28k A< 10006 i <3
52 Hglon, JIadAA ASPS A3
45 3. 5%94 SHES Bl s olde] A
& et wudd 22EL HF B
10 pg/mLE A2E ul, A (18%), B (26%), EA
(27%), DCM (49%), E (59.5%) % H FI=
(09.0%) =] &S el (Fig. 2)

Aggregation (%)
[=}]
o

=

NN NN

1 2 3 4

Fig. 2. Effects of the SA extracts on the platelet
aggregation induced by thrombin

1: PRP 445 pl+D.W 50 pL+thrombin 5 #L (50 U/mL);
20 PRP 445 pltthrombin 5 #L (50 U/mL)+aspirin 50
#L (100 pg/mL); 3 PRP 445 pL+thrombin 5 uL (50
U/mL)+SA 70% ethanol extract 50 #L (100 pg/mL); 4
PRP 445 pl+thrombin 5 #L (50 U/mL)+ SA hexane
fraction 50 gL (100 p#g/mL); 5: PRP 445 pL+thrombin
5 #L (50 U/mL)+ SA dichloromethane fraction 50 L
(100 pg/mL); 6: PRP 445 pltthrombin 5 4L (50
U/mL)+SA ethyl acetate fraction; (100 pg/mL); 7: PRP
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tion 50 gL (100 pg/mL); 8 PRP 445 pL+thrombin 5
#L (50 U/mL)+ SA aqueous fraction 50 L (100 #
g/mL), Values are meantSD (n=3), “8Bars with dif-
ferent letters are significantly different at p{ 0.05 by
Tukey test.
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