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Screening of Antioxidative, Anti-atherosclerotic Effect of Alisma Rhizome Extracts
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ABSTRACT

Objectives : The study was conducted to evaluate antioxidative, anti-atherosclerotic and anti-hypertensive effects of
natural remedies. Alisma Rhizome (AR) has been used for a long time in Asia in folk remedies for treatment of hypertension
and stroke and has been used in Korean traditional medicine for the treatment of glycosuria. gonorrhea, hypercholesterolemia,
hypertension, and jaundice and its diuretic effect. These pharmacological effects of AR might come from antioxidant properties
of phytochemicals in these materials.

Methods : In this study, the antioxidant activity of extract from AR 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
radlcal} and on reactive nitrogen species (RNS) [nitric oxide and peroxynitrite] as well as measuring the inhibitory effect on
Cu” induced human LDL oxidation and on ACE.

Results : The AR extracts were found to have a potent scavenging activity, as well as an inhibitory effect on LDL
oxidation and on ACE against all of the reactive species tested, with the water extract showing particularly strong antioxidant
activities.

Conculsions : The AR extracts have antioxidative, anti-atherosclerotic and anti-hypertensive effects in an i vitro system.
which can be used for developing pharmaceutical drugs against oxidative stress and atherosclerosis.

Key words : Alisma Rhizome (AR), antioxidative, anti-atherosclerotic, anti-hypertensive
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o}, Superoxide anion, hydrogen peroxide, hydroxyl
radical 53 2 F2715 AAANA BAE BE
8l= 3FAkE} E4 2= superoxide dismutase (SOD),
catalase, glutathione peroxidase (GSH-Px), glutathione
reductase (GSH-Re) &ol 13 mlZAA A3}
A5 AAstAlsial el a-tocopherol, B-carotene, ascorbic
acid (AA), glutathione ¥ A 3FAkERA Q] probucol
oL} N,N-dephenylenediamine, t-Butyl-4-hydroxyanisole
(BHA), 3.5-(t-Butyl)-4-hydroxytoluene (BHT) 5
o] glom, o|H3t A3} ol 24 & AMSHA
ref2zRE B3 Ty w3t P ot
2} SALSLE A 9] AR 3t whe 5 o] 7
25, A FASAE Ho|gA W EAS Sk
stmz Ao gaksha 9] Apte] AAE e
T3] Al AEHA B dEIe] AT
é/\]-E.uﬂﬁE]—_J au J,]-XJ o]]/\] L].E].v]-\:]. X/\
3lo] w2 Ak} 1DLL (Low density hpoproteln
= A4 shijA)e] g Fo el 75 3
ke @ fA7IHA At £ w3
ANER F3E o] AL LDLE ®45y
$AstE AAME7E Ho] AFHNEE JA
g3 JGIA Tol| SA ] SAFUAS}E o
717 B, Jelug SHAsE Asby AEga
of ¢js) & *5}54 AN} 83 & 9
A5 Adbolgt & 4 i
4 2EY 2 FHE FHAS | 9
& FdEE 28 oM g1 4
ok F7 #ud-gkx] QElAl A2 (renin-angiotensin
system (RAS))el 43 A 7|Hdez Ay
I 9lEd, RASE 2A3ke 94 F /M F4%
EAE kx| 9ElA] A5 4 (angiotensin converting
enzyme (ACE))2A4] x| 284 T(Ang 1) A
g2 e] e A LEAl 1 (Ang HE A3 A
715, Ang 1= Ang 1I- 1 8 (type 1 (AT1)) &
449} Agste] A45 dEAEHEY Hu|E
Z7k07]%= EAe|w’, superoxide anion. hydrogen
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A AkAZ (Reactive Oxygen Species: ROS) ¥ &
A} A 2% (Reactive Nitrogen Species: RNS)2] A
A& F7IA WA Z 7)% o4 9 LDL A

2 Zx15te] P JEurs fEdy. oY
5t RAS 714 & ROS #31 714 3Hak ﬂzﬂﬂ 2
45174 =W Ang 09 AT1-54A419 248 vl
st HakstE iAo 84S A A OEAH A E

@

£AE 7H4A7]12 NO (Nitrie Oxide: AFEHE )
ARE Z7IA dR3AS E8 AL AN =
A3 S FaAF)A B

A, Alisma Rhizoma, AR)= o] Alisma
canaliculatum2X, B AFol] &8 hdA PR
el A7 o] ¥Al Alisma plantago-aquatica var.
orientale 32 AL A. canaliculatum®] ¥EES 7
Z3 7102, AL o] vk o AFHs K
R MRS AASIY Axge Ao 2 5
9] triterpenoid #3EE -3}, alisol A B
- C ¥ alisol A monoacetate, alisol B monoacetate,
alisol C monoacetate, epi-alisol A, 24-acetyl A,
23-acetyl-alisol B, 23-acetyl C 52 EZsly, of
28 A, A, g AES g, Gxle)

# AF2E dehs 2220 garsiael net
< R3E3 Ay, vl E ®3o| streptozotocin
4 2k 339 FE A g, A E A
AzArse] v e Y i g FAFed
So] ByE Y

upebr, B AFo M Pk Hatkstast LDL
Atglda a3 2 ACE AN &5 in vitrool A A
o a‘LA]—p:]-z-]]i 7}-7@- E'_l_—o] OE}E:]Z AASJ,]. ‘6]-/\'] B‘]‘/\]—
3hAlql BHTS} wlwste] sty 59743 9 3
&3} oA BA 2A Q) A 7sAE A=

I, Mz o g

oT

(=
1 Al o
6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic
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acid (Trolox), Ethylenediaminetetraacetic acid (EDTA),
(-)-epigallocatechin gallate (EGCG), butylated
hydroxytoluene (BHT), dimethyl sulfoxide (DMSO),
L-ascorbic acid, a-tocopherol, deoxyribose, hydrogen
peroxide (H,0,), nitrobluetetrazolium (NBT),
trichloroaceticacid (T'CA), 2-thiobarbituricacid (TBA),
hypoxanthine, xanthine oxidase, D L-penicillamine,
diethylenetriaminepentaacetic acid (DTPA), 4.5-
diaminofluorescein (DAF-2), 3-morpholinosydnonimine
hydrochloride (SIN-1), copper (II) sulfate (CuSOy),
ascorbic acid (AA), humanlow-density lipoprotein
(LDL), sodium nitroprusside} gallic acid®= Sigma
Chemical Co. (St.Louis, MO, USA)Z3¥ +3}
9}, Dihydrorhodaminel23 (DHR123)¢}  6-carboxy-
2'.7'-dichlorofluorescein diacetate (DCFH-DA)+=
MolecularProbes (Eugene, OR, USA)2 ¥ F9
3l 2, peroxynitrite = Cayman Chemical Co.
(AnnArbor, MI, USA)Z3-€] Folin-Ciocalteu’s phenol
reagent, ferricchloride (FeCls), ferrous chloride (FeCly)
9} 2.2-azobis (2-amidinopropane) dihydrochloride
(AAPH)= Merck KGaA (Darmstadt, Germany)
i‘:'Ei TFHsAL T 9 el AFE> AllF A
& AR
2) AR Age Az

2 A N8R AMEE YA (S, Alisma
Rhizome, AR)+ ¥ o] Alisma cana]jcu]atumifﬂ
Aekel AR 2006094 A E5 (F) $Y8 B
°1W T4 F SR8k *P&TS}?&B}

) BAb A4 F2E (ARW)9] Az

*]E 100 g& =} 3 & 3 L round flaskel]l ¥
2 LY B 71st o 7k WEelA 3A7 A"
st} o] & 1 mm-pore-size filter (Whatman No.

DE ot & B4A BAEL AAsich o
okl rotary vaccum evaporator (Buchi Labortechnik,
Flawil, Switzerland)& °]&3td b3 3 +
TAZ 3t 1158 g9 TAAZEL AsE o

A& 11.58%).
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2) &AL 0% oletE F2E (ARE)S Az
A2 100 goll 2 LY 70% et AH7lste] 1
2} 124178, 22} 6A17F, 33F 3A17F SoF A2dA T
vl 23t 5] 1 mm-pore-size filter (Whatman No. 2)
= E3) oJ3sld}. o] rotary vaccum evaporator
(Buchi Labortechnik, Flawil, Switzerland)2 7+t
T5T 5 $RAzEA 2% +E AE 130

& AUHEE 13%).

2. TEAC (Trolox Equivalent Antioxidant Capacity)

assayoll I8t ehitst gatol £

10 pLe] AR #%%F 3449 (1 mg/mL) =&
Trolox standardel ABTS * 49 1.0 mLE #7}sh
o] 1% & UV/Visible spectrophotometer (Amersham
Bioscience, Buckinghamshire, UK)ZS- ©]-83}e] 734nm
AN FF=E ZAsHYh 6%2F monitoring3Hs
T 1 mM Trolox¢t ¥]mste] FFxe] A#&S
T3 5 o]& oA Trolox standard curveel ©1%)

ste] TEAC oz Jehfold.

3. DPPHO|| 2lgt RE|7] &M 21| £F

DPPH (a,a-diphenyl-B-picryl-hydrazyl) 16 mg
< 100 mLY] olgkgel] ol 3 100 mLe] F74
£ st AFAR g F o] o 25 mL
of dAF =] HA F2E (05 mLe E¢T F
528nmell A microplate reader (Molecular Devices,
Sunnyvale, CA, USA)E o]43te FJ=E =4
sted 10y FtoZ el

4. Superoxide anion 274 2o £X

Al 94 =9 =@ FE2E, 30 mM9
EDTA (pH 7.4), 50 mM<] NaOHell lﬁ"] 30 mM
hypoxanthine @ 1.42 mM nitro blue tetrazolium
(NBT)< 7+t 30 L, 100 pL, 10 pL, 200 uL &7}
stod 7}slA wubsisich Abell A 382 Hk-sA 71
E31E) (05 U/mL xanthine oxidase 100 L2 &
7F8t % 50 mM phosphate buffer (pH 7.4)2 o]
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3l 2% H9)5 3 mLE AT o] F vl A
2ol A 2087F HFSA ] % 560 nmellA microplate
reader (Molecular Devices, Sunnyvale, CA, USA)
£ o83t FAEE A% 1Cy A2E et
Watet.

5. DCFDA assayoil 2fst

o] =X

gal 2259 - OHY AASE A7) 93t
o 27 7"-dichlorodihydofluorescein diacetate (DCFDA)
SRS AREEe EAsH Als 10 L
menadione 10 pL, potassium phosphate buffer (pH
74) 130 uLE 9ol - OHE AAAZ %, 125 uM
DCFDA®) esteraseE o] v} DCFDHE 50 pL
A7bstel 607t AR 3o WiE A
o} o] 3ol ok excitation wavelength 485 nm
2 emission wavelength 530 nmell A fluorescence

hydroxyl radical &M &

microplate reader (Molecular Devices, Sunnyvale,

CA. USA)Z ZAste] 10y w2 efidict

6. NO radical 27 g1te| &8

Al 3259 NO radical 27 &3+ DAF-2
assaye °ol-&3ted EAs 1 mgel DAF-2&
550 uLe] DMSOel &8jAZl % o5 50 mM
phosphate buffer (pH 7.4)2 1 : 400812 3] A3}
o}, 96 well plated] A Ex9] HAF 253 NO
AFEAQ SIN-13} DAF-25 o AHrlstgien,
DAF-2¢} NO2| ubgell o3 w&Es+= 33> 10
2 & excitation wave length 485 nm @ emission
wave length 530 nmellA] fluorescence microplate
reader (Molecular Devices, Sunnyvale, CA, USA)
£ o] &3l A3 10y F2E epsich

7. Peroxynitrite &4 o] £X

96-well microplated] ®A} FEEE FEWH=E
etz 90 mM NaCl 5 mM KCl % 100 uM
diethylenetriaminepenta acetic acid®} 10 pM DHR

-

3

s

o

oo TS =

1235 &+-3l= sodium phosphate buffer (pH 7.4)
£ 7lstgde) olel 10 uM ONOO & AHrlst &
fluorescence microplate reader (Molecular Devices,
Sunnyvale, CA, USA)E o]&3}ed excitation 500
nm, emission 536 nmelA HFPEE ZA 3o
ICs #toz Jepizich ONOO AAYozE= A
=& peroxynitrite & A AHE-SAY SIN-1e]l
o8] A== superoxide anion nitric oxide2]
-0 7 WA= ONOO S A4 TS HE
3ot

8. Relative Electrophoretic Mobility (REM) Assay
o| EJH
Human LDLY REM &#A< $l8]l PBS (pH
)oll ¢l LDL (120 pg/mL)E ¥4 ¥=9] ¢
"} F2E, 10 uM CuSOs8F &8ss 37ColA 12
AZHEt ek 3 %, 3 1g®] LDLE 0.7% agarose
gelol] loading@led TAE buffer (40 mM Tris, 40 mM
acetic acid, and ImM EDTA)elA 85 V& 1A]7}
5ot A7) %3kt Gel> 7Ax3led Coomassie
brilliant blue R-250% 343} 3, A&¢] inhibition
ratio (%)% ©h& Al 93] AAbstH.

migration distance of ox LDL
% Tuhibition = -rTugra.tlon fhstance of s LDL %100

migration distance of ox LDL
-migration distance of n LDL

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

9. Human LDL 4t=t Hd|=2te] £

glAL 3222) human LDL AH3} 94 &3 23
< 94} human LDL 05 mL (120 pg/mL)el 10
mM PBS buffer (pH 7.4)5 15 mL, 0.1 mM
CuSOy 40 pL & &vf == A2 40 uLE H7hst
of 37ColA 307k wheFatadet. o371l 20% TCA
£ 15 mL 005 M NaOHel| =9l 067% TBAZ
15 mL #7lebadet whg E3teE 90T, 4687
water bathol| A wlj oFslx X}34A| W78t 3 2,000xgel]
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A QAR sl AsdE Fstd 7IE2E A

% 532 nmell4 microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E o] &3] FJ s
SAst A& 73 F [Cy #ho= kst

10. ACE Maligzte| &4

AL F2ZE29 ACE A& A& 918 714
(Hippuryl-His-Leu) & 4= ACE buffer (0.1 M
sodium borate buffer containing 300 mM NaCl,
pH 83)el 27 #% =7} 25 mM, 40 mU7} &
E2 =9 & 2E A 200 ule bufferet
100 pLo 71d< A7lstad. Hxss A3t A
el 100 uLo] HAF FE2EE Y3 H2T A
Foll= 100 pLel bufferE 2ol vortexdt & 37CE
v kA A, Blank A 832 A &8ty BE A EHH
o dAZAE T 2AE 100 pLy AHArlstn
vortex3t ¥ 37CE 30—“5; wjeFstar whe- AAE
28 1.0 N HCIE 500 uL A7ksksiet. ol blank
Al Zte vixato 2 HCOlE ¥l vlz &4 100 uL
= Arleigich. B E Al2el 3 mLo) ethyl acetate
£ A7}ste] vortexdt ¥ hippuryl acid F&& ¢
& 1087 WAt A2 Alg el A9 ethyl
acetate® 25 mLA ¥tk o] ethyl acetate®<
100C Dry ovenoll A 4A17F Eot AxA 7|2 Ax
g Algel 47 3 mLe E& A7k £ 228 nmell A
microplate reader (Molecular Devices, Sunnyvale,
CA. USA)E o83t F3=E A3

24 FA A& AARE o3t 2ol sk

(A control-A blank)

-(A sample-A blank)  x100
(A control-A blank)

Inhibition(%) =

1. SHe

24 B4 SPSS (version 14.0 for Windows,
SPSS Inc.) programe o]$3ted z+ #+9 Hu3
EFHUAE AES T £ 7] Ao] 55 one-way

ANOVAZ ¥4 5 p.05el f2og Zel7t
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A= A Tukey testS o]-&ate] A s1g])

m. & =

1. TEAC assayol| 2o|st &titet oot

dArE A4 B T0% oleez FE3 ] o5
ksl 5312 TEACHOE 2X3F A3 Table
13 2 0% g2 F25 (001Dl ¥3) o
5 FZ2E (0.024) A Azt a7} oF 2240 =4
yebytoh(Table 1).

Table 1. Antioxidant Activities of the Extracts of
AR as Determined by the ABTS ™ Assay

AR Extracts lzgsﬁzle
(1 mg/mL) o
(1 mg/mL)
we E Trolox
TEAC
0.024  0.011
(mM Trolox 5 417040002 I
equivalent)

W, water extract: E, 70% ethanol extract.
"Rach value represents the mean = SE of triplicate
measurements.

2. DPPHo{| 2|5t

DPPHE elgsted HAte] A4 5l 70% olek2
FZ2EEY w7 aEdE AT ZAHe
Table 29} 2o}, 94 & 70% ot FEE9 +
g7] 2AZIE [Cy #tel 27 1.937.01 pg/mL
2 1975.04 pg/mLoE YePg o} dxZo g A}
435 Ao Akl AA (1C5=162.80 pg/mL)
9 A sakstAl el BHT (ICs=191.15 pg/mL) 2
o= A3 Sokek(Table 2).

28)7| 47 &1

A=

3. ROS (superoxide anion ! hydroxyl radical) 2

H 21t

AL A4 9 709 oehe FEE2] superoxide
anion & A& A3} Table 2¢] ekt vle}
Zro] 1Cs kel 27 29.09, 50.77 mg/mLE  AA
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(1050—1 22 mg/mL) Heh= v el oyt BHT

) Boh= E9oH(Table 2). Hydroxyl radical
iﬂ RS AT AT 10y Fhel 474 2,206.27,
3.328.35 pg/mLE Jeht 7323 shalksiA 2 odE
A = AA (IC5=59.79 yg/mL) HojE= vgro
BHT (NA) 2ot =3tch(Table 2).

4. RNS (NO radical % peroxynitrite) 271 23
A} FZEo] HHA] nitrosamined] 214 A<l
A4 elzkel nitric oxide A7 #AS A A
= Table 29} ‘5%\— FZ2E (ICs=517 1
g/mL) ¥ 70% °let& FZEE (1C5=9.54 ng/mL)

o

oo TS ==

oA BlwA ¥ NO radical 24 &4& vepd
vy g x2Fo® o]&¥ AA (1C5=59.79 png/mL)
4 BHT(NA)E ®Ate] nls] &A43] Y& 44 &
}5 BYeH(Table 2). = o2 RNS & 3hital
peroxynitrite 27 &= A3 A3} 0% ot
2 F%% (IC5=124 pg/mL)el peroxynitrite A
A 237} 4 FEE (1050=265 pg/mL) e &7
3ol wlel] o ¥ ZloE Jepgon A4 F
%’54 39 dxFos AHEE AA (IC=254 n
g/mL) o A7 Z9E B, ¥ 59
Ze] peroxynitrite 2AA R LS o 4 919
H(Table 2).

Table 2. DPPH Radical, ROS (Superoxide anion, Hydroxyl radical) and RNS (Nitric
Oxide Radical, Peroxynitrite) Scavenging Activities of Extracts from AR

AR Extracts Positive control

Wa

E AA BHT

DPPH radical

scavenging activities 1937.01423.34° 1975.04+25.87  162.80+9.64  191.15+10.12

(ICs0=pg/mL)
Superoxide anion
scavenging activities  29.09+2.45°
(ICsp=mg/mL)
Hydroxyl radical

50.7744.12 1.22£0.02 NA*

scavenging activities 2205.27+25.69° 3.328.35+45.04  59.79+2.96 NA®

(ICs0=pg/mL)

Nitric oxide radical

scavenging activities 5.17+0.35°
(ICs0=pg/mL)
Peroxynitrite

scavenging activities 1.24+0.26
(1Cs=pg/mL)

9.54+0.83 99.79+2.96 NA*

2.656+0.51 2.54%0.04 072.41+28.90

*W, water extract: E, 70% ethanol extract: AA, ascorbic acid.
°Each value represents the ICs. mean = SE of triplicate measurements.

°NA Is not active.

5. Relative Electrophoretic Mobility (REM) Assay

Fig. 1= Cu”'el 93] 4%+ LDL izt
REMell #gt &ate] 2315 B o3 9lvh. Native
LDLY REM< lelgtx 7HHeS o, Cu*" A7t

o 98 REMe] 3577HA] Z7}stal, ©jAl g4
FZE 1 pg/mL A7l &8 142744 A=
(Fig. 1).
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y 120
S 100 | —
E o
2 80} - ]
2 =
S L
=5 60 |
= 3
(B) £ %
%é 40 |
g 2| H
=
o L
Native Ox-LDL  W-1 W-10 E-1 E-10
LDL

Fig. 1. The Relative Electrophoretic Mobility (REM) of Human LDL Incubated with Cu’" and with or
without Extracts of AR.

LDL (120 pg/mL) was oxidized with 10 uM CuSOy at 37 T in the Jpresence of AR extracts for 12 h. (A)
Lane 1: native LDL: Lane 2: LDL and Cu’" Lane 3.4: LDL and Cu’" and 1, 10 ng of W: Lanes 56: LDL
and Cu’" and 1, 10 ng of E (B) Protection rate (%), Each value represents the mean + SE of triplicate
measurements.

6. Human LDL Atst A™ &zt

CuSOs $-=-LDL Az} A &ste] digt €x}
F25° 35 AEs 47 Table 3o vepd v}
o} Zro] ®IAL A4 7l 709 olehE FE2EL 10y
Zkel 247 98.34 png/mL, 121.62 pg/mLE W20
2 A" AA (IC%=21.09 pg/mL) 9 BHT
(IC5=26.31 pg/mL) Bobe gtot viwH #2
35 Ve ek (Table 3).
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Table 3. Inhibitory Effect on Cu?*-induced LDL
Oxidation of the Extract of AR.

AR Extracts lZosmve

ontrol
Wa E AA BHT

Inhibitory effect on Cu”
- induced LDL oxidation 98.34 121.62 21.09 26.31

b
(ICs=pg/mL) +8.63" 9.85 +0.62 +0.22

W, water extract: E, 70% ethanol extract: AA,
ascorbic acid.

"Rach value represents the ICx, mean * SE of
triplicate measurements.

7. ACE Mol =1t
2 ATdA B 9s 9 oRe FEE
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ACE A&lgA<s EAM% A3 Table 43 2k
0% et 25 Roe I 322 ACE
A& A o] A ey £3), HAl ¢ FEE
(100 pg/mL)oIA 68.34%<] 48 A &35 B

o] fzFoz AHE" ACE Az Aos 1 gl
L odetzae) §1474%RTE kA $E
ACE Aslzats vepd & & 4 3Iiek(Table 4).

Table 4. Inhibitory Effect on ACE of the Extract

of AR
AR Extracts lzgilgzle
(100 ve/mb) 100 g/mL.)
W E Enalapril
Inhibitory effects
68.34 5175
on ACE 050 4198 87.47+0.39

(% inhibition)
W, water extract: E, 70% ethanol extract.
Rach value represents mean = SE of triplicate
measurements.

N, T FH

A= A EZHe A ot Ex3F AWARS
+Aste] A FAsE do7]E ROSH RNSE
28 o5 AA Helr ARHOE 27
2] ko o ALEH AEHAI}E o7 23 A
Mxeke] Wsl 2284 Zh4, DNA &4 &
Aol Aol ks FA = o, ofe|FA 733}
AEuks, AA, gzsfolmdy, WA, o

AA, Fd 5o A =4 AE fus
. o1& AF8A 24 (oxidative damag )< &
6:)]-%]—3:].7:“ HJ H]‘o‘/\z—) a‘]%]—@:].zﬂ 3 ]"‘E‘
A SHAESE whej Aol o8] oA E A -’F— Aot
143} vho A= ROSH RNSE #HAaAlZ #gt
oflgl ME W redox stateS ZA3dI redox
signal transductions 7Fs3HA sHAIgE, o]t Wt
JAE sAE agl sasidE LDLe A
34 WS JAIstE R dAks) d oAt Ox-LDL

kr

S T S ] 01)4
ro, ﬁi T

ols

-

oo TS b

o A& AsdaH TUAE ST AR
A o) 7 A e H-8F Aol =7 3
= 27kl A A o] FopAHA HAE2 o
7154 24 A6 2T A7 &) AT
Siet. 6] SRS 2T At FEAEE o E
sto] A AAR ez AEARldAA s A

gk, Akt o g Sl
bl o

fot
K
N
N
2 3o g

rlr
N

-
oX,

g1 Jd”,

TEACH-E Miller 5'%¢] 1993l A&t uhy
o2 kst &3 SAe A 7 F s
AREEE= v 0 2 2 2-azinobis(3-ethylbenzo-thiazoline
6-sulfonate)&] <Fol& eHZ(ABTS )& 2A%
= akstA 9] T8-S Frtkske Al 7]xEka 8l
o} o] HFHE FHY 734 nm I EAgoz
W AEANA vebd 4 o ATAE i &
& 9lem ABTS 7} B3 714+ & vol 43
HEE ALK/ AP AR BRd A48 4 9
s 7 e =3 Al o] Heljvx
chefst shabsbAlo] del -4l zfelE vERd
g w7esl =2 Ao=w od#x 9lth. Rivero

e 14%‘g glolel] Wh3 TEAC 7S 2A3 2
Froll whel 0.064~0.3462.2 eht A
Efé—o]] u:].a]. a‘]-%]—g].v—o] A]—\:l—a’]— ;(]-o]‘?- _;l_o]_‘:_ 7}\3

Bysgly B Agels d@xts FZ Lujo
3} M3l o] debA = s Bt
2715 Atstel o8 A" spsty EAEA
A= o8 fE71E AEke T8 e
212 9ieh. DPPHE 513 nmellA %OE% Hol
Hep el sltER kst A EA e AR
o Yen 59 BHA = Z7} w2 E171
A AL AT A3 200~1600 pg/mL7HA
7} Z7Vstel et 884~93.6%%5 <A 7)\—‘13 L}
2 uf gleh
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AL A hydroxyl radicald] AAS SA71
o F T HHANEE o] &3 ATFEol Msuperoxide
anion> F2 AA WellA NAD(P)H oxidasest
xanthine oxidase®] k5ol o] A=A, o] &
W73t 27| AAM AAAH d&E e A
oz g, E AR AE 9 94 2 0%
o eh-& FZE9| guperoxide anion &7 EIE =
A&7l S8 NBT & ol &3lded o+
xanthine oxidaseZ hypoxanthinez} HFS-A]7#A]
superoxide anione AAA17]H, WA= superoxide
anion hypoxanthine2 uric acidZ, NBTS 4
8 diformazan®.® WAZIG!, =3k hydroxyl
radical>- 7 w4 Sl FEI7IZ 2AS
biomolecules] XAl <A 9l8le), whebr, A
AEo]] ZA3}= hydroxyl radical 274 S 7343}
e oy gkt AsE ksl AdolA
23 9Ju|7} 9ot Hydroxyl radical &4 &2
A3l7] 98 DCFDA assay= Dyedl Abslzn
AARE = §3E& ZAHTOoZH  microsomedt
ester DCFDA%MS] A3ub-gAE EA3h W
2 microsome®] AtA: BHZ AAE AT
ferritin®] €45 H7ksh7] 913 w23, Bo o
m 7+t A 2~#l o], Superoxide anion® Hydroxyl
radical> W £3 ROSE £ A grle] g4
2 70% oAetE FZE0AM ROS &7]%50] AA B
= &37} vju)siA|gt, BHTR o= &H43 &3}
£ ekl

ALABES = o2 79 AFOEAM A
EEA o] 7t AEZE & AEY AsA
F28 As sy A el Wz &4
7} 912} (Endothelium Derived Relaxing Factor:
EDRF)2A wqubgel] A3y AE P4AS
AT 53] 719899 #= 9l HPA Al
AGEA2ZA Y 7H5A wEe] A =L A
< W3 gioh ARARSES o8 22| |A nitric
oxide synthase (NOS)ell 2J8 L-arginine® 2 €]
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FA =" NOSE Al 7HA19] isoforme 7FA1 22
©om type I (neuronal nitric oxide synthase, nNOS),
type I (inducible nitric oxide synthase, iNOS) ¥
type I (endothelium nitric oxide, ecNOS)ZE &
ok 53] A 27 SAstEEA 4 EE NO
= 79 3¢ AxEAS JepE ZeE 9
sioh NOE HH7]E 6-10%2 dieds] Zof A
oz AA HE3dl] ATt o Fo] wo
22 72 NO o+ NOS #d 54 NO
o] orAstEl BAFEQl nitrite, nitrateE =338t
Ao o)A 1 ¥, A W &3] 4]
Fo) X & superoxide anion¥} nitric oxide’} A=
4 9l o 5o Abmnubgol ofdle] HIA|EH
Well A peroxynitrite”} A ==d o]t dH 9
HES- A el LDLY A Wi st dasiA £
o] AbstA Eapo] of7|® 4 gty A Qg
Peroxynitriter= 7 ¥h2-Alo] superoxide anion}
hydrogen peroxide 2t} 7F&alAut A W ulo]
7175 obA «EAl wprh oleh & AFZ nitric
oxide®} peroxynitrite 274% AP o2 HA} F2E
o] RNS® A& oz wa & 4 9lEA
S AR An dape] A 9 0% oEE &
Eol|A BHTel wls =43 &35 vepjon,
AASt vl ZIM = 2L 2IE HEPSIEL

ol o] LDLS cholesteryl ester®] 4=
A 1 2K 35%9 triacyl glyceride, 40-44%<
cholestryl ester, 20-24%<] phospholipid, 9-10%<]
cholesterol & 20-26%<] apolipoprotein®.2 A5
o oleh. ol oM AF AHE9 A=
At % Abs} LDLe] #1552 9l=H. LDLe] &
20 macrophage 5o <3 AME}=E™ cholesteryl
ester7} S713ke] =2 ME A4 Sl Fajatka,
2171 2 HAEEe] AXMEOEHN o5 AHE
ZAo|| iatEo] FAE JeRE 2o dHA
olth. AbshEl LDL2 A=8A E4E #a)3)
I G5 oA A 2 Ae AR
Ao FU43E fusb] 997 Ryd"s

fd

ae e =
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gro| 2o 93 LDL A} Al 2atE 2R3
A3} Fx ¢J£4 22 malondialdehyde (MDA)<]
AAE Al AA Holr AbshH AEH 2o
o fHEE A 2 Qg AW fE ot
e 2 A7 @ 5 Ad5E AARE Bl s
REM assay®} human LDL A3} oA &35 Ab
& A3} &ate] st gabsiabg o] Abksl LDL
el A A FAREHES FAe o3 dejue 4%
Adubs-& JAFozH AN EJEY] FTHA
27| E WE 4 Qe 718 EAE o 4d

G+ 9les An,

g, ROS ¥ RNS&= s9743e} I v9
FS fst= RAS 71Ad = Fedsh=d RASE
T2 Al Bxdle A7|5E 245 5 8%
o] £5 9 o]ghe] QlojA wjg Fog dTE &
Pk ohe} FHZell= AAL 7 39 5 ooFst =
Aoz B3l Ao dujx I FoAo] dF

T 9lek. RASE 2As:= oA 3 /14 328

1

2)
5

249 ACEE Ang 1S Aol & Ang I
2 A% A2’ Ang 11+ NADH/NADPH A-3
240 L& B8 WIAE W A AEHA
anion®] A =3l dAHPI T A X u]
9 A3} e YIH 29 7% oAHE 2o
2H NO9 Al o] ¢E& FAaAZIY =3 ACE
= ZE) =89 /7]d Al (kallikrein/kinin system) ol
5 24ste] g3 oj-EAlel Bl 7] (bradykinin)
9 (ke st HTo|de oA AGY
ACE AdjAl= Ang 9] A3 Heldy)d)
5 AAAA R £33 o)t AT F
o2 EEg. A oz, AE2Y,
drzd, gArzyd 9 g2xstzd Fo] 7|
ol AALoz o 4HY glom yHEgH &9
ARA AZAA FuA A9 9 ARA Fo A
2A2 g AeE T g, Ty ol2d oA
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B ACE AdAIE WEsr] Sl @ dTEe]
PaatA APH 2 9ok Kwon $5& Fuljel] =
At 14% 19714 A 2E Hegs 325 F
£ B3lsle] 7029 ACE A zsts As9:
9 400 pg/mL F=NA ACE 4L 50% 1A A
e FE2ES 165 oo™ HEEY [Cono
300~400 pg/mL <49 #& By ¥ 78k v} 9]
o}, 9ol A 19609 & A (Bothrops jararaca)
o] Fox ACE AsjAI7} HA= A, S o+
S, AolE], A 5o A s E, |
A GAlA HeE A=, 2 9 JARY
et rol= WA F, AAES] shEZF, 'hd
59 AFME ACE Asl| 2Hg-o] A=A =
gt gHebE vRe AAES o 43l A-dRA A
< ANE Ass] 3 A3t AxREHAEE
Al-Qattan 57 vhg F%E0] 2KI1C WA A3
ACE Asiza7} =hd3he 83l v} 913, Inokuchi
5% g 2220 ACE A 232 Vel S
S BE v} gloh =3 el A Agshe ghef
F 49 % 9Rx F2E ¥4 5] RAS 9
Al Al-E3A AL A s &34
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AZ o]&HI e T F AEF sl
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