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Effect of Black Rice Outlayer Fraction on Atherosclerotic Plaque Formation in Apoli-
poprotein E-deficient Mice and its Mechanism
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[ MeSH] Black Rice Outlayer Fraction;
[ ABSTRACT)]

poprotein Fr deficient mice and find the possible mechanisms of BRF in antr atherogenesis.

Lipoprotein, LDL, Oxidized;
Aim To explore the effect of black rice outlayer fraction ( BRF) on atherosclerotic plque formation in apoli-

Antibody

Methods

After 16 weeks inter

vention by 5% BRF, the atherosclerotic lesion area in aortic sinus were assessed by the method of image analysis and the serum

ant ox- LDL antibody levels were determined by ELISA.

er than positive group and WRF group. This results correlated with the lesion area in aortic sinus.

Results Serum ant ox-LDL antibody levels in BRF group were low-

Conclusion BRF has dra-

matically reduced serum antr ox- LDL antibody levels and this effect may be related to its antt atherogenesis.
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FEERADKEE T NT PO k. BARR
4 El Nunc Maxisorp /A 8 o Lowry’ s 7 il & 1% 7 & 4
El Sigma A & . 17 # o LDL #1 R | & K 7| &
(Protein Detector ' ELISA Kit) ¥ B Kirkegaard Perry
Labs 2 8] o FH AR 4 B 7= 547 46 .
1.2 SEEREpFIS 4R

45 Rt 4 AR AEE G E X H /N R (&
% % C5TBL/6], % Bl Jackson 3£ %o %) 4% 1k & B AL 4
A 3 4 FH M X B 2 (positive group) ~ 2 K H 4 ( black
rice outerlayer fraction group, BRF group) #1 & % & 4

1.1

(white rice outerlayer fraction group, WRF group) , 4 4
15 R 15 RAEM 4 F¥e B — @ /D B 7 B A X B
%8 ( control group) »
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T tH/N A RHE 7 & 1 (Table 1)

®1. TRLEE/NDREANEERERRM.

Table 1. Dietary Formulation of mice in different groups ( g kg)
154 iy 9 0t L ZH H 0 B ZH KA SE N2
FKTE R 397. 486 397. 486 369 364.5
ik EH 200 200 191.5 193
Lk 132 132 132 132
FE 100 100 100 100
K 70 70 65 67
L 50 50 50 50
R rRlERe Y] 35 35 35 35
HERIREGY 10 10 10 10
L- 2P B8R 3 3 3 3
] 15 12 L B 2.5 2.5 2.5 2.5
AUT B0 2K = Wy 0.014 0.014 0.014 0.014
HOR B - - 50 -
FoK - - - 50

1.4 zh¥iAF RALIE
WEEZR/DNRFEARNEERE Y 2 R,
EHER, NEEHFEERK. IWFEWNIRESE
FEACEL, B AR EIITHE R, URF
BERENLTEAR. FRAKNRKE, RF16 AR
Z /0 RIRHE#S o 1, 28 & /N R &, - 20 CR &
R, I B H & 2R 2 0o /N BRI .
1.5 NRESNPKSEREIBKHEDERE R AITEN
BUNRESNIE, FIEKEY Fr, Ba 0 e,
¥k Eade, 2E8HEL2 TR S
(Kontron IBAs 2.5, 1 &) 47 & 5 %o 4 /N R = 3 Jik
ZHhEFRRERUAREARENERET R, U
Bk EREERERNLERETELE LR
20 /1N BB B M A DR R A /N
1.6 MEPRFEEEANSE. EiIFfEE"
XRAEEREBOEIBLRXBREERED.
Lowry’s %4 IDL Z G4 8. KA Cu™ &M E
BEEREH#HTEANBIG. LDLAEFRENEE
FFI 3 e 48 BT s ok ik 2 =, DAAR 7 1 A% & ( relative
electrophoretic mobility, REM) & & Bt LDL #7161 12
E. Bik%ER K ocLDL B REM 4 1.4,
L7 PMRIVEMECBRREZEEESBRAKEN
mE
1R 42 1% 7 & Protein Detector ' ELISA Kit 3 BA 4 .
A 1= & & A %l &8 ox LDL F X #% LDL ¥ 3% &

HEZ 10mgL, RELEWARF 4CTHET IR,
B E AR R R, f0F & A K, m L 300 ML
HEW, TETEF 2h. Bl EWHARK P B, 0
TR KBRAE, WA =W RZE 150 FER/NR I
EACTHEER. ARBREZX KEMmA\RH
H &% 1010 000 F B By — FLE R (AR M B R B 4 &
WER/NRIG), ERTHET 1 he RO®ESE, v
100 VL B4 % ., K AL 30 min J&, Am A\ 100 BL K
R K. FEEEARA BB K 5 405 nm T HK.
3% # 41 oxLDL #fk #9 K F & A oxIDL 5§ & &
LDL 8% 3% & ( Optical Density, OD) B 2 1 & & 7K.

2 &R

2.1 ARZHANRAEMHF/|EWTK
TESLIGTF 4RI, DY LS 56 /N BRAF 4L P 4k &
N7 X1 g, 16 FJa, F 4/ RE-F¥RE S 26 X1
g, NASLIH/NRIAHERELEERER(P> 0.
05) » PYLHSZE /N FRAE SR 50 A A H P35 & =78
BEWER(P> 0.05) .
2.2 EREMBREEEEFRKRTHIELER
FRAE T 52 56 25 A N 2 K Forbes MediTech 2 ]
X HAK R RN K B B IR B A BRI o R I BE K
B2 5 EK R B B T R D AR 41 4 B = AR L, K
FEERYI S Em T B . R e R A
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MEITL RS ER S KR AR
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2.3 AESLIA N R ENPKSERN KB HEDER E R
AL 3

ST TR T DL e xR L B K R 2R K R
/N R FBNBKE A A FIFR 2 R MR D 1 2R
R, T B P R 2R R A P T T i SR AR . B
S3HT RIS SRR 2H /N BR 3 B ik 2 3 Bk s A BE B AR
5 s AR B A mT L, 8K B 2H /N B 3 3 ik 32 30
Jok ke A BESR T AR o5 4 s AR B 40 L R 3 (E AR T FH %
ST K 4L (P< 0.05), 2K f 41 50 Bk
SEBH RS B BE BT AR (13, 54% ) Eb BH 4 X5 FE 4 ( 26.
25% ) 1% 48. 42% ; K Bz 25 70 BH 4 %o JE 20 2 18] 3 3))
Jok 52 SR FEBE S AR 22 57 TC B (3R 2, Table 2) »

*2. TELEENREKSERFFERERALLR.

Table 2.  The lesion area in the aortic sinus of different groups

(x %5, n=15).
Groups Atherosclerotic Plaque Area
Control 0
Positive 26.3% %9.2%
BRF 13.5% *4.1%*
WRF 25.1% 7. 1%

a: P< 0.05, compared with positive group and WRF group.

2.4 AETEANRMBERECERZEREER
PIARKFRIEE R

20 /N BRI o A B 2 B R B B HAR KR
DLZ% 3 (Table 3) o A WLBH 4 XF B8 4H 1fL & H1 9T ox-LDL
PUARII K & F B X R4 P< 0. 05), 156 B 305
HHEEFERE, ST o LDL $T 44 1 7= 48 1
I, MRS A S BOK S T . SR OK Bz 20 5 B 1 o)
AR, BT o LDL ifk B KPR, 257 B A 53
PE(P< 0.05) « FK A5 H M A 2 BB ox-
LDL JiiAHI /K FERTLEZEM(P> 0.05) . MiEH
Pt ox- LDL HUAk 117K P 5 3= 30 ik 52 20 ik 54 A4 BE SR 10
HETHRBEE B EEMERK(r=0.638, P< 0.
0l) .

3 iTig

AR As RN R A R B2, (B K&
TF 50 22 B, 8010 7 385 2% b o 82 o 7= 2 1 3 B 79 ROS
FEENBKOEREREAL & A 1 — AN kR 2R, 3895 A R Ak
73 T LA A2 I P B T UL B, O R AR
B LDL FISAL, D3 5 Bk g 5 BE B i) T B RN R T

3. AEXWLANRIFER ox LDL FLAFRRIKFE.
Table 3. The serum anti ox LDL antibody levels of mice in

different groups (x Ts, %, n= 15).

Groups Optical Density
Control 0. 012 £0. 001
Positive 0. 079 £0. 028
BRF 0. 036 0. 013*
WRF 0. 061 £0. 020

a: P< 0.05, compared with positive group and WRF group.

IRZFE I 82 5 (LDL) B 2 As KRATK &
SRR SCEE R R R . LDL fENLIA N AL B G
724 ox-LDL, ox-LDL H A % 9% J5 1%, 8 R oL A% ™=
APt ox- LDL B Ak, i A w] LA I 3 $T ox-LDL H
EPUAE o BUE AT FLINA, o LDL H & ik 1)
JERE 24K N LDL %8 AY 5y A4 38 0 i) — A~ A= Wb
B, R T WU SEAL B K. B SR
WA PR B N, ILIE 5T ox- LDL B £ Hi 4437 B2
D) I

TEATI FEH, BH A B2 AT K Rz 20 1 afiL i
P ox LDL Uk KPR 4L (P < 0. 05) , FH
MXTHRAH S Aok H 2 B T2 EEZE R (P> 0.
05) , X — &5 AR W K L AMH] 7 #FEE E 2 E 5
Bz /I BRUMLYE H BT ox- LDL HUAR I 7™ A2, BRAIK T 3R £
H E J Bk B /)y B AR P S84 B OK ol 1 —
73 M R I S 56 BRI BT ox-LDL HLAR HI7K-F 5
PR FERE I E AR RN E B ZEIEMHK(P<O.
01) o XI/RBAKEFBENIEEA E FEF BRI/ R As
TERCHIAE R AT 6 55 L B AR ML A S AL S BOK P, b
Jig i A oK

FEXT FEK B 70 R RN REOK G oK B B b
YER 5, W& B ARG RBIERIER. A
I, FRAURE A B 7K 3 T BE 2 25 3 & /) B 4
A4 B AL B ( superoxide dismutase, SOD) A4 Ifil 23 i
H K A AL P ( glutathione peroxidase, GSH-Px) #1715
P, FEA T G i %846 9 (lipid peroxide, LPO) 7%
B, SCHR[ 8] A, A 12 ANFh R i IR IR AN [F]
AFRAE R B kL, R 3 FE K K B2 ORI i 42
B A S T B R RS IR RS &
2RFEMAM R TATIE S RN, BK LRI BT
As TERI AT RE & 5 oK Bz v s i 2R Ak & 1 B B B AL
YEH, BEAEHUAAR B AL REBUK A 5K .

MK BCE IR 0 T Al DUE Y, AR IR
BRI BROK B R S & 2 64 mg/g, FK 5
FOK AR LG, SR & B 22 R IR K, B K &
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(12 mg/g) F 5. 4 fif . FEOK Bz A ) B ) 0T
FHBORAR, FHE R —FKEERNEOER(ar
thocyanidin) A2 H #2849 ifi ( anthocyanin) , 2 1 LAAEF
7B~ 57 & T ( cyanidin 5-glucoside) N F . EER A
H C6C3C6 F=AFI, C3 LA RE, B 5 HE(flar
vone) 7 ¥ i isoflavone) « — & %l ( flavanone) « JLAS
% (catechins) S BEATTMIAT A, SFRA B B 24 i
(flavonoids) - AR5 B A R 1 ()50 A0 P 5E AN
TR E AR, R 2 AR g5 MR ER .
W I, PSR VI B 3R ( quercetin) T LA
15 I U ( 15 lipoxygenase) BT 75 5 1) LDL 4 54k A1
eI AR, Bz A )L 28 25 ( catechin) 3 BE B
LDL F%fk 5 A LDL A

MR MECRN EMAEERE SR
HEKEBERKZESR, R EIEANRE1% R
& LPO (14 1, FEARMLAR AL RLBOKF T o oK
B EmEENMm LR EBITRESS T
KEHT As B . 2 T T Fh Bl o e 32 2E4E R e A 175
Tt — BRI .

[ &% 3R]

[1]  Reeves PG, Nielsen FH, Fahey GC.
dents: final report of the American Institute of Nutrition Ad Hoc Writing Commit-

J Nuwr, 1993, 123

AIN-93 purified diets for laboratory ro-

tee on the reformulation of the AIN-76A Rodent Diet.
(11): 1939-951

[2] Wang X, Greilberger J, Ledinski G, et al.  Binding and uptake of differently

Jb 50K % O
BT 9% 5

ARTCR 20 M B T 5 P BT ) R4 S L

oxidized low density lipoprotein in mouse peritoneal macrophages and THP-1 mac-
rophages: involvement of negative charges as well as oxidatiorr specific epitopes.
J Cell Biochem, 2001, 81 (3): 557569

[3] EVEAR, X, RTE, 5. PSSO B RE S BRI AR
RHEEREDRCEZREN. RFEMAXFFHR, 1995, 24(3):
169-171

[4] Shaish A, George J, Gilburd B, et al. Dietary B carotene and tocopherol comr
bination does not inhibit atherogenesis in an apo E deficient mouse model. ~ Arte-
rioscler Thromb Vasc Bol, 1999, 19 (6): 1 470-475

[5]  Parlinski W, Tangirala RK, Miller E, et al.
against epitopes of oxidized LDL in LDL receptordeficient mice with increased
atherosclerosis.  Arterioscler Thromb Vasc Biol, 1995, 15 (10): 1 569-576

[6] Yasunobu Y, Hayashi K, Shingu T, et al.
tive stress as reflected by autoantibodies against oxidized low-density lipoprotein
and oxysterols.  Atherosclerosis, 2001, 155 (2): 445453

[7] WEp K, E &, BENTT, & EKSHNR HyP R GSH-Px BIREH. &
TP EHKFFIR, 1997, 13 (6): 346347

[8] Fh &, FKAML, W, & FORIGURMNE RIS BRI R 3R
HIKER. BRI, 2000, 22 (3): 246249

[9] Luiz da Silva E, Tsushida T, Terao J.
ase-dependent lipid peroxidation in low-density lipoprotein by quercetin and quer-
cetin monoglucosides.  Arch Biochem Bigphys, 1998, 349 (2): 313320

[10] Hayek T, Fuhrman B, VayaJ, et al.

Increased autoantibody titers

Coronary atherosclerosis and oxida-

Inhibition of mammalian 15 lipoxygemr

Reduced progression of atherosclerosis in

the apolipoproteir E deficient mice following consumption of red wine, or its

polyphenols quercetin, or catechin, is associated with reduced susceptibility of

LDL to oxidation and to aggregation.  Arterioscler Thromb Vasc Biol, 1997, 17
(11): 2744752

[11] Bor MV, Cevik C, Uslu I, et al.
activities in patients with acute myocardial infarction.
(5): 271-276

[12] Hemnig B, Meerarani P, Toborek M, et al.  Antioxidant-like properties of zinc

J Am Coll Nwr, 1999, 18 (2): 152158

Vitamin E and heart disease: basic science to clinical intervention

Selenium levels and glutathione peroxidase

Acta Cardiol, 1999, 54

in activated endothelial cells.
[13] Pryor WA.

trials.  Free Radic Biol Med, 2000, 28 (1): 141-164
(Sbcgmss B, SCR

Bl Bl Bt 7T O

EERE SR AN 3} R R T YT I W

Ao FUBR IR 53 T A W02 A0 A 2 0 B 2 L G 25 B A3 1 A B 2 55 T VA AH S 40U
WHIETT, IS RSS2 BE . FRIBIRIEAR AR, A BN E 1S Frmaill )7 %

georgeliu@ bymu. edu. cn.





