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Abstract; Minimally modified low density lipoprotein ( mm-LDL) plays an important role in the
progression of atherosclerosis. In order to further study the inhibition effect of effective fraction of clove
(EFC) on mm-LDL, antioxidation was induced by ferrous sulfate in vitro and inhibition effect was
examined by the following methods: determination of conjugated dienes ( CD ), thiobarbituric acid
reactive substances (TBARS), UV-visible spectra, LDL-tryptophan fluorescence, free amino groups on
lysine. The results indicated that EFC (2.5 pg/mL) effectively delayed the CD to be generated, and this
delay effect of EFC was better than that of positive control-BHT (0.5 pg/mL) in the course of oxidation
propagation. EFC (50 wg/mL) also put off the generation of TBARS during the decomposition of LDL,
this delay effection of EFC was better than that of BHT (10 wg/mL). Likewise, the UV-visible spectra of
LDL during the course of oxidation could be protected from being changed by EFC with certain
concentrations (1.25 wg/mL, 1.5 pg/mL). Meanwhile, EFC (5 wg/mL) could significantly inhibit the
decay of free amino groups on lysine in terms of protection on protein (apoB — 100) oxidation of LDL

and this fraction (1 wg/mL) may effectively protect LDL-tryptophan from destruction (P < 0.05),
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furthermore, this distinction of inhibition effect was not significant with BHT (1.25 pg/mL). In

conclusion, these results proved that EFC had a significantly antioxidant activity on mild oxidation of

LDL, which provides reference for further research and development of functional food.

Key words: clove; low density lipoprotein; antioxidation; oxidative modification
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iK% FE 5 %5 H (Low density lipoprotein, LDL) J&
LY 2 A JEL [0 A A, B AR O 19 ~ 25 nm, -2
AT 2.5 x10° %5 1.019 ~1. 063 g/mL" > | &
B B [ R (40% ~44% ) (H M =EE (3% ~5% )
A A P A JEL T P 2H R ) A AR P O T apoB -
100(21% ~26% ) % iiff & A i 1k HE 18 B (5 b3k i
EARER AL S EE3L s 9% ~ 10% ) 21l Wk i (20%
~24% ) ¥ 4rF B . LDL b IR B &
ANEFRR WL , 5y WA AL, AL ™ Wy 2 ik — 2D Ak
JEEMER RAFHAAMKEERED
(Oxidized low density lipoprotein , ox-LDL) =4 =)

LDL AL & 1fi 73y 2 A Br B 1% LDL A 4L 4]
e Be B LDL 55 %Ak A8 i b B, ACH: BT & 15 Bt & AR
EALIB T apoB — 100 AR & A s A & 2E W A i,
M5 9 LDL 8 Bk 55 4 A & i IR % B2 iR &5 B
( Minimally modified low density lipoprotein, mm-
LDL) ', mm-LDL i i F W 40 ffd 2 11 52 1 19 7% 44
TR WA TT bR A I IR B 40 i 0 42U
R ARFIEAL LDL AR, XSS — R R
I, e 284 S ko AR RE AL TE AR . B, mm-LDL
i 5 1 19 30— A5 SR A A A 5% 42 K LDL
FiAE W By BEA ] mm-LDL j= AR, Al g 3% 9 >
ox-LDL 14 4 3 Jik 745 #% i £k, ( Atherosclerosis/AS) %
AR S IR ST W, VR £ 13 VR T $R U ik A AL
M LDL S AL o R, 546 J5URE XS LDL 55 4
AR AE i 1 400 1) ROR P AN 2 o

TH A ESEBRB MY T & (Eugenia
caryophyllata Thunb) )T IE5E , B AT i S8 AL PR
B PR HTAE HURE DR A0 T JRR T 1 S e 7 4
ek REER ARG AR Y. T
B EEW A N2 B ALY KR,
CAPITERM, T & KIRY) 5T A 32 50y BoA
il LDL SR 1 1 o S0 5 i 00 T4 2L
KB, T A E KA 87 Fi 2 & w9 i 4 Bk
PR AT P o [ B LDL 42 4k 48 it B A
AR 5 410 1 R, SR SR A 4 i) LDL S8 AL i
Wi A R BT HR T A RS L (Effective
fraction of clove, EFC) % LDL 55 & Ak 1& & 1)) i %5 5
AN B A, BT BIR ) S5 2 AH OC T RE B BF A R AR
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PRI, AR SCFE 52 36 3 i U] Sl 1% EFC 0  LDL 55
SEARAB M A T HEAT B 5, LS O I S A0 ¢ T RE £
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1.1 SEIe#

T TUL Y B BT AR AR IROR 2 By (VL7 R
WRFFE PR A RAF ), ™ H) .
BEE AL S A% ik 40 H i 5 B K AE 45 A  LDL, B
e FE 3% R 3 B A 35 BB, W B BT B L Tt
FIA PR 7] 5 2-1i A8 B2 bE Z 8 ( 2-thiobarbituric acid,
TBA) , W A [ 25 5 A 2 il R A R A A 52,4,6-=
it FL A B2 VA MK (2,4, 6-trinitrobenzene sulfonic acid ,
TNBS) , g H AR B 0 AL BR AR AR . K
ARG 28 Sy [ 7 o A S B R 4
1.2 FEMHF5RE

TU - 1901 BIXOE o5 40 AT L 43 e B it b it
bl AL A R 5 AE 2 A5 PB — 10 B pH it
Sartorius L #3 ¥ #& A R H 3 H 52 F —4500 #5250
SICOCEE I, HOAR B A R ] CTISRT Bl gy
BUREOIL, B REEMM s TRARL
F] s DFY — C 2 i 5 A w4 AL, I 0% AR O HLAR 2 7l 5
FD —1A =50 B ¥% U5 4 Bl , b 5010 P BE 90 56 A &%
AR F S RE — 52 AU e e 78 KA, b 58 A= 1k
e
1.3 XBFHE
L3.1 A9 PR38 BR ik il 4 EFC

KB FrRTJr kil T HEASGR AL, T &R
PEad 40 H i J5 FREL 200. 00 g 85, 5% 1 B4 80k}
F 10 mL/g it £ 60°C | 180 r/min /K i 4 7 42 X
40 min, A 1 K, 2 WHRPOK & IF JER . BIC1/10
FEBOR A T AR Y . FIA 9/10 $ IO v 45 5
T3 i 7 0 KR A i, 2 I ) P 98 0 A0 1P o i 4%
REE R A1 0 B LR SR FNIE T B A I, AR
RKASE 4 AR 23 0 W 4, S b AR A B U 4 T
— KR T 5 A Tk, B TR IR H
1.3.2 iR s 2 R L

FAIXM - g I sk R N A B, R ERU0
3% 300 mL, 5 10 fF R FRUTTE K (0. 064 mol/L #745
2 = 1,50 000 U/L JIFZR 44,5 mol/L #h R pH {H %
5.04) 58 4y R ), WG pE Ak 30 s, 37°C K IR R
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Fig. 1  Effective fraction of clove based on

bioassay guided method

15 min J§ 4°C 3 000 r/min &.0> 10 min, 3 5. [
UUVE A 1 500 mL %% W (0. 064 mol/L #7 15 iR
BAS mol/L #h R I pH {2y 5. 11) YR ¥R UTLIE, 75 4°C
T LIEEE 3 000 r/min B .0 10 min £ E3E, WU
VE, A /b o W R ER 2% v (PBS) (160 g/L NaCl,
2.7 mmol/L KCI, 8.1 mmol/L Na, HPO,, 1.5 mmol/L
KH,PO,) ¥ f# LDL Jf BB 48 N 4°CiEHT 24 h, &
6 h ##—yk PBS,
1.3.3 R[A] pH {H T FeSO,-7H,0 %} LDL &4

RS MORGAN %5 g Jy 3 4 n 4 ol . 3 5t
Na,HPO, 5 KH,PO, [ BC L id & pH {8 4.5.5.0,
5.5.6.0.6.5.7.0.7.4 ) PBS, 7£iX¥ pH {H & F
T, HC4.9 mL CaEHT A LDL (48 il H 2 ot ok B2 Ry
3 mg/mL, LDL ¥ B ¥ DL [ 50 & 511 L A 50
FeSO, -7H,0 (& Jfi & i JF 75 pmol/L) | B 50 pL,
16 37°CHEE 24 h J5 ] TBARS By 7 4 ¢ % 7R A Al
pH {414 F FeSO, -7H,0 %} LDL [ &k SR, B
0.3 mL FHE AW, WA 2.5 mL 20% =& L5 v 1P
TR5T, B A 1 mL 0.67% TBA R %5], ¥ 7K i+ 30 min, %
HIF 2 (209C) ,5 000 /min 2.0 10 min, /N0 0% E
TR AE 532 nm Kb 3E OD {E, DAR & LDL 3 %, LA
1,1,3,3- DU S B N b MARkE 22 dilbr i il 28, s G B L
%1% [ W ¥ ( Thiobarbituric acid reactive substances,
TBARS) j* A it i 2 nmol/mg (LAZE 1) o
1.3.4  CD A iy &

X il ESTERBAUER %" i Jy sk Ry g g . i
& LDL g it 2o S0 16 40 9™ ) 2 88 — /% ( Conjugated
diene , CD) (17 A= 5 B 25 A il (1 400 7 5 2R o 3¢ 8 4R

FAXR IR S HH2,6- 8T X B EEIRE (2, 6-
di-tert-butyl-4-methylphenol , BHT) fH ' X} B 2H . T #&
AN TR e B A B AV 4L

ARG R A% SRR A AN < R O B4, DA
[ R R BV R AR PRI, LR A E 2T A ] s 25 B
A, DA R AR Y B v AR R, DA R AR R 2
B KA E AL ] FeSO, - TH, O, 42 #8443 AH
[F] s BHT [H P4 %f B ZH S A [F] e B EFC 419 i AH [A] 44
FRU BT BRG] 5 EFC R, L AR 4 4 30 A
[fl. DL pH{H 4.5 ) PBS ¥ fi LDL( LI R 5250 %
FHX Fh 7 i LDL) #2516 PBS pH {H 2 4. 5 i 2
9.8 mL LDL (%8 57 &t ¥k i o 250 wg/mL) Hrfin
A100 L FeSO, -7H,0 (& ¥k il 45 pmol/L) , )
B 100 WL A [6] e B2 0 FE ¥, 37°C K I I &, 2 i)
LR 0 B TR A5 VRS U 234 nm b OD fH, IR
FeSO, -7H,0 8%,

1.3.5 TBARS & &1 E

KRG X 2 2 i 7 s R s . s LDL
JIg 0k S A K 77 ) TBARS & 4, 51 PBS pH {H
45 ATEE R R 13,3 W O A E IR E R )
£ TBARS 55 gt K U 25 il 1 40 1 2021
1.3.6 LDL apoB — 100 w8 22 i 15 14 9 I &

% J RAJASEKARAN 4572 i 97 1l 5 LDL 55
AL M i A rp A FE X apoB — 100 Hp i 44 iR
(Lys ) Ui 5 % 35 15 P 0l 0 i I il 2R . 1) 19,6 mL
LDL( £ J5i 5 ¥ B O 500 weg/mL) 1 fii A 200 L
FeSO, +7H, 0 ( 4k i 2k 50 wmol/L) , FiiR Jil 200 pL
AN TR BE R, 3T C oK & 192 hy B 1 mL
WEE IR S WM A 1 mL 4% ¥ NaHCO,, il A 0. 1%
TNBS 37°C /K% 1 h, il =& 340 nm 4t Ay OD {H, LA
Jin TNBS Ry 8% .

1.3.7 5RO E & W E

FJH CHEN 25 19 J7 e RS A 1 e o 000 2 4% 4
i AP LDL 55 48 A6 A& 1 i 72 H apoB — 100 o €8, %
B2 (Trp) 5P KALA o 1] 4.9 mL LDL (4 5t & #¢
FE 4 500 we/mL) HlimA 50 wL FeSO, - 7H, O ( £ 3
JE 4 25 pmol/L) , FENA 50 wL AS [ ¥ B 19 B T,
37C /KB E 12 h, 7€ Ex 295 nm/Em 330 nm 4b i
A0
1.3.8 (A5 BRDGTE iy e

X F LETICIA 5" ) J7 o B4 15 18 . DA
13,7 45 0 A IR AW, 18 Uk S 280 nm, 4514
RIS (VO HE] 300 ~ 450 nm) X %4 i #4726
i o
1.3.9  SRAMAT WL O3S 4

K 1304 5 R E R AT 200 ~ 900 nm
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LDL & R i) 40 Ak ) 3 28 40 55 G 15 4 F1 B 12 1
Bk B Mk BE B B R AR DR G A Ak R O B, AT B
LDL & 1k i ox-LDL, 1fij & B2 . & % 1L A& 77 +0 X I
1,77 8 LDL 484k B mm-LDL"™’  WATSON 25 %) #
K JHBRL IR W 2k F AL LDL i % 48 1% mm-LDL {47 ¢
WFIE o WA 52 56 R FH 6 12 4% 420 fk 18 1 LDL il &
et mm-LDL HEAH SC I 22
2.1 LDL &4 Eifidi2d pH EEGMRL

AW RN LIS R B T (I Cu® (Fe’ " 45)
% LDL Ak & i fE 1 5 pH % V1M W IR
5% Fe’" 45 LDL 55 A fk {8 1fi i3 72 H (9 & pH fH,
ARSI E LDL 5% 5 1K & PBS 1 pH {H 1 [
4.5 ~7.4, 8L € TBARS = Ak A i Fe’ ™ %)
LDL 55 8 AL 1 1) fe i pH fEL. ARAE 1.3.3 W5y J7
B RINE 1 iR, £ pH (H 4.5 ~7.4 Ju
WL B pH (E 1 K TBARS ™ 4 5 B i FEAL (P <
0.05), pH fH 4.5 % F LDL 55 % Ak & i A= 1)
TBARS & pH{H 7.4 &N 15 f5 AL, XKW
pH i o] & 3% 5% W Fe’* X} LDL fy & {1k & M, H
FeSO, -7H,0 7E pH {8 4.5 41 F %} LDL & i /%
W, SATCHELL 25 o % I 45 5L, OF HL1E
&AM R X LDL #E4T A A B 1 £F & mm-LDL {1 b5
#E (3@ % mm-LDL 4 1mg 3 34 % 3 ~ 12 nmol
TBARS) ", L5 IR A RE S 76 MR Pk 46 1F & kB T 1Y
VR E R B AR Fe 1 AR A, A i 4 Al
Jo 3k A A R I G 5 7 AR B R T AL AR AR g i
FEO0 R0 B E 2617070 0 e, A S8 vk pH M
4.5 fEN RS2 LDL 85 %04k 19 55 i pH {E U 2%
. A5 RM, Al s A b LDL B W 40 i &
Wit S 23 76 V5 WA v ik — 25 Bl A1 W, TV 6 A 1
AEBE pH fHIEWFTE 4.5 Z2 477077 R WA SO I 1k
GER 5\ A BEA AR o

%1 pH{EX TBARS =42
Tab.1 Effect of pH value to TBARS component

pH {8 TBARS j= 4 f/(nmol-mg ™)
4.5 4.35£0.07"
5.0 1.03 +0.08"
5.5 0.70 0. 08"
6.0 0.59 +0.01"
6.5 0.36 0. 06°
7.0 0.25 0. 04"
7.4 0.28 +0. 04"

T AN [ T B A M i 2 [ A7 7 35 MR 22 57, P < 0. 05,

2.2 TEHBRMEM(EFC) X LDL 5 % S 4L #)
2R

2.2.1 LB TR (CD) 7= A i 4 il 250 R

LDL S A0 A8 i ok 72 32 273 O 43R 4 5 | [ A 3
ANHELEN B . WA LDL sy Rk B 4 AR R (A
e/ R E %) B WS #E, LDL MG i 2 42k 52 I 19
SESR B B i 8 B B AE By Br . fEX I R, H %k,
Fe’ " % LDL 1 Z A #1515 2 ( Polyunsaturated fatty
acid, PUFA) 3 S8 AL 8 1 5 1R IR Bt By S 8 4k, 7
HEAE 234 nm 4h AT AN €D 485 LDL
HEANR B AL A H B4 v JF S BORE CD Flfig
i ALY (LOOH) JE L 5 2, B, 24 CD k%
FROAAELI , 38 56 B BEA o L K it By BT iR . i B B CD
1 LOOH JFha ks, Rt CD T FE 3 S AR 3
G R 5 B b LDL B G i sh A28 4k
R 1. 3.4 Tk E S R AN 2 fros . S1EEML,
AN o W RE 1 EFC (1,25 pg/mL 2.5 wg/mL)
FHAE XS IR BHT $%) CD #7447 il R . CD F]
BERKRAL T H B E ) T, %, SleAaAddn T,
(35.4 h) M kb, ®Jm 1.25 pg/mL EFC ¥ T,
(47.4h) BB E S, KA REM 1.25 pg/mL EFC
AEAE 22 LDL 55 A (ki fE . % 0.5 pg/mL
BHT #£¥& 1y CD ik % KAHHBT,2. 5 pg/mL EFC #£ K
) CD A G218 IF i b I, JF H S KRB 8K T
0.5 wg/mL FHYEXT B BHT, X 2B 2.5 pg/mL EFC
i LDL 55 8 AL RCR 38 T 0.5 wg/mL BHT,

—— {25
13 —=1.25 pg/mL EFC
—x— 2.5 pg/mL BFC
11| ——0.5 pg/mL BHT
— FH

0.9

0.7

0.5

234 nmAbPR Y6 FE

0.3

X x——
0.1 u /x/
p T —

10 20 30 40 350 60 70 80
Sk 1/

K2 T A RCH A% LDL 55 4 4k & 4 i F2 Hh CD

7 AR Y 3 G2 AR

Fig.2 Delayed effect of effective fraction of clove on the

—-0.1
0

CD production from mm-LDL

CD g LDL % fk 7 19 B i i S5 | g 22
EFC {4 I/ F 2% B 3L 68 78 5 100 By Be 4 i LDL 55
A, ABFFEFE W EFC A S [ 22 3 B AE
J1t B, DL b s B A AT RE & EFC 7E LDL
FANG bR H 55 A B it BT A ok A A A
PR3 8 — A 00 R B S AR e R o B, 0 o
CD ¥y J% Ji& M T #0 # LDL 55 % fb = 4.
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BAGHERI %" BF 5¢ # #k #2 B b LDL 4 1k g #1
7 P 75 3 T 2R
2.2.2  TBARS 7/ i 41 o 26 5

Wi LDL 55T i 4804k 52 o7 4k 28 3547 , LDL 461k
A N 2. 2. 1 5 19 B I B R A ) R A Y B, O 9 3
TERGFE B BEA R 2B 9 LOOH % A: Wit , TE K it
(9 A R, S A 2B TBA I
PEAE 532 nm Kb A R AF WU B € 4 R . T
i3 3 5E TBARS 77 A 4 WS4 EFC X I A B
Bt LDL % 5 i S0 Ak 18 16 0 18 2B 300 . MR 1.3.5
ORI E LA RN 3 R . SRAM 2 A
JREUR FE ) EFC(10 pg/mL .50 pwe/mL) & B %o B8
BHT ¥ %f LDL 55 A fb 1 72 b TBARS fy /=4 B A
) B 2B A0SR {12 4841 TBARS 774 5524 75 h
IR, H AN 10 pg/mL EFC J5 TBARS 7 A it ik Bt
A 7 B L 4E S 3 80 h AT H B, LR R AT K T
5h,iX#IIFM 10 pg/mL EFC AE 4 4 2 LDL %
Fe’ " AL T TE B 19 55 A AL 7 il . 10 pe/mL BHT [t
[F] ¥ B2 ) EFC X%} LDL 55 %4k )~ 4= TBARS 19 1 27 3%
SRR BRI, Y R R BE SN F) 50 pwg/mL ), EFC
JE 2% s BB B o T 10 pg/mL BHT, RAHMAN
442U B4 B £ T B IO RiE S 2% LDL 5 Ak
15 0 2o R o 2 7

9

——EE
8| ——10 ugmL EFC
= 50 ug/mL EFC
'en 7| ——10 pg/mL BHT
g 25
56 .
£
)
H 4
%3
2>
1
0 ‘ 20 40 60 80 100 120
o [8/h
B3 T &AL LDL 535 & kg ifiif Pt TBARS
7 A Y I EROR
Fig.3 Delayed effect of EFC on the TBARS production
from mm-LDL

EFC i %0 4E 2% LDL 55 %8 4k 1& 1 i 72 b 19 IR
JF i A AL VE T (4F TBARS J CD 77 A i 4 ) ), JL T
B 11 J5 I 2 EFC J2 55 M 1 2 R 2 BR AR AL, &b T 3%
AR M B BRI T A8 A 38R A AT — 8 1 SR B R A
YR 5 T AN T Ak 1 WK P ER 8 X
LDL 5 BB A7 A AL A VT TR, 5258 28 i
SERE R B E T B AL AL o, 2.8 2 B
B LW i i AN R B, R
LAY EA HUAATE L 3 BE A %l LDL
Mot EALVE R, g, EFC A 4E 2% mm-LDL ff)

i ek 8 A P B 2 S0 T A R K 2

LDL iy fg 26 R A4l , Hoss A B i %
PR BRAE T 5 S 2 T 26 1 B SR I i . bR il o 5
KB EFC % LDL Ji 2 55 4 Ak A& i HL A % 4 1 400 ol
B9, LDL & 2 A 58 A AL s 1 2R BN Lys
Je Trp BRI AABM . TR, 76 2.2 A -
gL EFC 4] LDL 55 4 Ak i F b o 45 26 (1 9 40
AR AT T 5E
2.3 EFC 3 LDL EHAS UM EIRE
2.3.1  Lys JifF 89 4 3 35 P 58 06l 1 A58 3

IEH AR LDL &2 (& X%} LDL 75 4K # T Lys
5k 00T A Y B S A 7 A B K R R
S %t LDL Ht apoB — 100 ) Lys 347 16t , I i —
Z I I F B Lys o 1 107 B9 20 3L 05 1 28 0k, i
4k — 5 412 P A Ak LDL % 5 0 40 i 375 38 % 32 1k
WU, B LDL I [ 5 £E 20 1 v R 3% 98 5 R 4R B
RV TR A0 e X B AS TR

TNBS fig 5 5 1 5 Lys Jif 8 48 3 2 I 7= 28 18
340 nm A 45 S B AW, FIH TNBS 35 2 )2 i
EFC Xt apoB — 100 H1 Lys i £ % 3£ 6 # )5 55 ) LDL
55 ARG UG G TR R AR 1306 A D7kl
SELERANE 4 TR, 542 A L, EFC O IR
BHT #5 3 4 ) TNBS i ¥k F# K (P <0.05) . Bi%
EFC ¥ 48, TNBS i PE 39 28 32 9] EFC % TNBS
S AR ARG 1) 0 7 2R S YR R G . RN S pe/mL
EFC X} TNBS {7 14 38 55 (9 410 ) 25 4% 5 B Xk B8 BHT
Jo 3 2% 5 (P >0.05), RIFICT % B 55 21 15 40
#i LDL A AL /5 3] 7 245 1. M 2.2.2 45
w2k AT 41, LDL R 0 ) B 2% 5 AR BT L EFC X
ApoB — 100 H Lys i 55 % 5 1 9 55 (9 101 ) 7T g 2
PRI Ay L R 410 ) IS 7 A

0.5

P<0.05

340 nmAbR G B
=) =] o
[ w ~

=
o

o

Spg/ml  1.25pgml  TH
EFC BHT
¥ i

4 T AEARGHEALXT Lys i 8 2 505 P05 3 i 28OR
Fig.4 Inhibited effect of EFC on reactivity decrease of

free amino group on Lys

2.3.2 EFC i LDL 55 % {6 A8 i i 72 b (5 20 iR 2%
IR € )
(1) (IR %t 38 K I
B 7 bi& Lys 78 LDL 55 A e g 2 h & AR 8
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Fim, 524 = AP e M e, B 1 pg/mL
EFC BBXF Trp 2 6 ¥ K 7= A= I 25 0 i 2R (P <
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fluorescence quenching by quantitative determination
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quenching by fluorescence scanning
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