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BRAHEME SD K (60 R) AFEXMEK, HhAEACTHA S RAEA. EAL. o 5%, 10% 20%%FKKEFRALA
(5%, 10%, 20%Z K AR Im1/100g bw), fA5% 8 B &, MEAE R EH BRI A& A ARE S oA R
BEAKT. fuag AR S Al . A B E M R R R A R A BN . F T T R B
FALEHF R BRI G B [ER TN B K KRB 5 B M e A R g K7 Fo 2 kol AR A 18 BA R B
BEAN B FHA (P<0.05), MFAMKEEREAREBELETHE (P0.05), BREEMTHA BN
AR E AR R D (P<0.05); T3 o AT P A A AN ER 7 BB IR (P<0.05). Xt KK 3R B 9 4 AR
BTN R el 43.43%, 15. 7% A i iis, Hd T ER MR T ai. [£1] 2
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Hypolipidemic and Antioxidative Effects of Black Rice Pericarp
Extract Accompanied by Its Components Analysis
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Abstract: [Objective] The hypolipidemic and antioxidative effects of black rice pericarp extracts were evaluated. [Method]
Male adult SD rats (60) were divided into five groups and were fed with normal rodent diet or a high-cholesterol diet. Black rice
pericarp extracts (5%, 10%, 20% of BRPE 1.0ml/100g bw) were given daily to rats fed with high-cholesterol diet. Serum lipid profile,
total activity of antioxidative enzyme and content of malondialdehyde in serum and liver were determined at the end of 8 weeks.

[Result] Feeding black rice pericarp extracts to rats significantly reduced the levels of serum lipids and titer of antibody to oxidized
low density lipoprotein (P<0.05). In rats fed with black rice pericarp extracts, serum and liver malondialdehyde amount decreased
while total antioxidation capacity and the activity of antioxidative enzyme increased. Component analysis of the extracts revealed
43.43% of anthocyanins and 15.7% of nonsaturated fatty acids in it, mostly oleic acid and linoleic acid in nonsaturated fatty acids.

[ Conclusion ] Black rice pericarp extracts showed antioxidative and hypolipidemic effects, which might result from the
anthocyanins and unsaturated fatty acid in it.
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[ AW R Y BRI o [ e (R R ol %
Ja, FORP R R B ARG R T B R A KIHRER,
SORMIREAE ] 25 etk geh it b, sz Bl
AR 2o PP BEK S B EUC 1 A A 1t g A
AT ISy, R 7 R AARAEAE I 4 R A
AP R EEE . (AT RE] Xia PR
Ling 25 L 515 5600 50 R IR € SRR K
A LA S 58 sh A 1 M AR 7K 0 3 ik sl A A Ak 1)
KA R, FFHENNZAE R S R AR e 281 i
AR MR B BB 3 B B e BT A A
1 — SR AMEE AL 525 A5 BRSO DAY
VI ELY H TG T FEKAEA LA P 1 AR B PR RIS EE
R, HFZEM S AR, ik, B
SRS A AR, W5 L v i e K B4R P I i
AR MR, I B LA B RITE 107 12 1)
iin% Ion =N €V I RINP S D BN =R e iy
SR R SR E M AE AR N PR S BRI TR VE T, B
JLFBRSy, R BRI LR,
1 #RIERZE
1.1 EIewrsd
T A W) B PTEAEE ) (TAC). &
BT R S8 (GSH-Px) i J1. 8 (MDA)
S HEYEALEE (SOD) E I E i 5 £ 4
R TR ST R s B (TCOL 1
M= (TG MsE A& At A AR TR AR
AT AR R IR R (LDL-C) i 2 5
JiR e EL AR (HDL-C) 5 B0 & il 23 X A
TAREA TSR ZbT BT FH L e Ak 23R 0038 [ 7= 4
Hrédi.

PUrAIR S G E A (ox-LDL) HUAARN iRk
AR A LR IE B LK 27 55— B s e 1 R
Lowry yEE 12 A &0 Sigma 2] 7= 5, BEARbi
Polystyrene Plate 4 Nunc Maxisorp j= fif; Protein
Detectro "™ ELISA Kit 4 Kirkegard Perry Labs ' i «

13 HAZ 7060 4 A AT, HAHSA
Als BRSO E T, B Unico 2]
S16MC BIXUP K MEARAL, g3 = i A8 ) s
Shimazu QP-5000 S, HA R,

11,2 FOREFEHA & SRR Ak Ak
RIBKRBITEEN “ o 157, B RELLRE

B AR T T EE L . LABTEER ek 1 57 JK
ARl (40 HY 5 H 60%Z BT, 50°C Fig
PE IR ARG, 15 BIIRZL EREROIR K B $E HUY) (black
rice pericarp extract, BRPE) .

¥ BRPE FHZEMRU/KMRE, 2 AIBCHC 5% 10%A1
20%%, FHAEMR. . 7 3 > BRPE 4041
MEL 4CTRAE, BHlG 2 AN .
1.1.3 SEEM S 4l s SD KR 60 A
(EAEAIES : BASAIE T 2003A008 5, /K5 160+20 g,
EHT P B 2 2 s s oo deAit . 3 % aa e
BIESE 1 I LOE N IAEE, S HRE K MR, AR il
T RUIELE RE AT BEN L K 5 2 X HRAL . AR AR
i, miffE BRPE3 AMSEI04], 4l 12 K, 43 jildask
BT LAAS R AR A RE, AR HE NS5 1
1.2 AT AR

BAFRAT) M B 25K 253 Vs B ) S 58 s 5t
B CREE A AR IE S . BRTIET: 20037017 ). ¥
F AR R AN 7 FE SR, BRon] IR 2 T DASE Rl R
v 4 AL IREL (5 85%JEAARL. 10%5H
TRy 5%IE M O0.5%MHERHN ) o S U ) 6o HE A AN A5
IR RREE 45 T AE B ER K 1ml/100g A, 5%, 10%
Fl 20%BRPE 415r5I%5F 5%, 10%AH1 20%f] BRPE
1ml/100g A, HHBFEUOK, 3 Kidsx 1 k&
i, BRERRE YA, S0 A 8 M, SR A S,
56T 8 h, FHRRIRERCRIL 7 B0, 433E, -20°CLRAT
25 F o SIAE B FIR AR SESh ) 43 B I E-20°C IR A74 H
1.3 HMIERR A E
1.3.1 IMfig/KF#lE  TC. HDL-C fl TG KH
CHOD-PAP /i, LDL-C R EHE:%, 7060 4= H )
AR BTG 3 o
1.3.2 I LDL (48, $Raifiisdit RIS ks
JEE B0 B I RAIG % P IR £ 1 o Lowry s V240l LDL
HAGE. K Cu AR IR 8 AT Ak
AN, LDL &l 8 R R S P Bt bt Fie R kv 4
5E, PUAHXHTFEZE (relative electrophoretic mobility,
REM) K [z It LDL (PSR « Fa vk &5 L 7R ox-LDL
] REM A 1.4,
1.3.3 KRS F T ox-LDL HUAAR B FRHIR
4 Protein Detectro™ ELISA Kit #iHI 5. H 1xfik
BRI (1) ox-LDL FIURSR LDL (R EHFE 5 101
protein'ml”, #RJ5EBEARAR H 4°C R E LR . JHVER
PE3 U, ARSI 100 ul 1XBSA Diluent/Blocking
Solution #% 1 : 500 #RE 1) —HUIFWK, =il FIFE 1 ho
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FEVEEE, TN 100 pl JERMIVEWR, [N 30 min &,
A 100 pl S b2 ik W, 7EREFRX 405 nm
. M PP ox-LDL B EH ox-LDL W
JGREE R 2 LDL (MG R R

1.3.4 JHALSRBENH&ESEARETENE B
AR I A B ER K T, B 2o, B4Rt
FREE, H KB AR B SR KA S e A 2, 4°C RIS 10% i
13 (w2 v), 3000g 4°C &0 15 min, U353,
20°CH#-A7E %, Bradford 200 5 25 11 5 & .

1.3.5  MiEMFRE AP EE)) (TAC). SOD.
GSH-Px i J¢ MDA & #ill5Z  TAC. SOD. GSH-Px
W s P & MDA & &35 ORI S Ui 45, H a6t
JEVEI A

1.3.6 e ieatr S Ele LA FE 5l
2% e A B R AEbRE I R 422 22 -3- T AT . R
A HR-3, S-HENET . REFER-3, S- iR
FERFEE 4 Mg @t odrue &™), F HPLC 30052

R 1 BRI KR MAE KT A F200

1.3.7 W RIIR S ENE  RiRSEHA
IR (GC-MS) BETVEHT -
1.4 FARAIBFIGIT ST

KM SPSS 10.0 KA REATGE M. 2 A%
BT J5 2255 MR % (Homogenity of variances), Jj 7=
ANFEIE, 2R AT e dk B 51 5 AF HL R R 7 25 40 b
(one-way ANOVA); 7521 [ TP W5 LU R FH LSD 5.
2 HRESH
2.1 BREIREIX S BE MAE A 5 AS B9 5200

F 1A T LU AR AT, WFH AT LUE
, SEERAIHIEE, 3 4 BRPE 411MiE TC. TG /K-F
SEVERL,  (P<<0.05), 20%BRPE #4500 H £ 1%
TR, 3 AR ) R F -2
K% 3 BRPE 4] HDL-C & R4 iR 4] .25 Tt
= (P<<0.05).10% 1 20%[1] BRPE 1&g F#{k LDL-C
KF (P<0.05), 5%BRPE {fEHIAEE (P>0.05),

Table 1  Effects of BRPE on serum lipid levels in rats (mmol-L™', xs, n=12)

415 Group TG TC HDL-C LDL-C
XA CG 0.75+0.11b 1.43£0.060a 0.56+0.048b 0.22+0.043a
P21 MG 1.330.15¢ 2.10+0.14c¢ 0.48+0.046a 0.37+0.044cd
5%BRPE 0.76+0.06b 1.67+0.17b 0.54+0.032b 0.38+0.042d
10%BRPE 0.68+0.09ab 1.62+0.070b 0.55+0.036b 0.34+0.031bc
20%BRPE 0.62+0.08a 1.48+0.090a 0.60=0.062¢ 0.32+0.029b

CG=Control group, MG = Model group
Hev A PR RO AR L 22 M I 228 B 25 K7 (P<0.05), R

Values in the column without a common superscript letter are significantly different, P<0.05. The same as below

2.2 BRFERBHIX EAEIAE X R e kR gL

el

Bk AL FEEL Catherosclerotic index, AI) J&
L M G R JL IR bR ke s N BILAA S A2 3 kool R 4
(atherosclerosis, AS) fufa ki I— M40, AL =
FERHUARR A AS B rRebEsE N, K 2 WLLEH 3
AFIELLM AL A1 AL {H3%) B AR TR (P<
0.05), H.3 41 2RV KR.
2.3 BARERERBMXMEELEXRMRELER
2.3.1 RPUEALERST TR e R M ) [ I, A2
KBRS R K TAC SMIC T4 4 . 5\ BRPE 7
KN TAC 95w, Hrr, fIG5& 1) BRPE A 8
JIE TAC R, 225 RIE BFMKT (P>0.05), {0
ZAH YL ) TAC TR A Wi (P<
0.05). 10%F1 20%(¥] BRPE H S8 5i T i i75 AT i (1)

TAC, H:H 20%BRPE #1135 TAC /Kb xS e 41 i 5
B (P<0.05).

2.3.2 PrEALEEETE KRS A R K
F5 N v MR R A5 O R B A T s R R, R A
GSH-Px f1 SOD &1 F#AK, Jig i 44k~ 4) MDA %
BN SRR (P<<0.05). A BRPE B34

Fz2 BEAKERYMKRIFPEEFELIERBIZM (xs,
n=12)
Table 2 Effects of BRPE on atherosclerotic index in rats

2173 Group Al Al

XA CG 1.57+0.30a 0.39+0.076a
BLRLZ MG 3.44+0.58¢ 0.79+0.10e
5%BRPE 2.08+0.36b 0.703+0.082d
10%BRPE 1.98+0.25b 0.63+0.081¢c
20%BRPE 1.47+0.27a 0.54+0.064b

Al = (TC-HDL-C) /HDL-C, Al =LDL-C/HDL-C
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%3 EBEARFRERYNABRMBFMFRSITE RN
Mg (x&s, n=12)

Table 3  Effects of BRPE on TAC in serum and liver of rats

415 1L TAC JFFAE TAC

Group TAC of serum (u'mL"™") TAC of liver (ug” pr)
pugictiNeel 7.23+0.84b 1.59£0.072bc

AL MG 5.48+0.64a 1.45+0.080a
5%BRPE 7.06£0.54b 1.46+0.096a
10%BRPE 7.56+0.84bc 1.60+0.096¢
20%BRPE 7.95+0.68¢ 1.61%0.11c¢

AR, R —EMRAOCR (P<0.05).
HINHL, 3 ANFHEAICE MDA £ 2 T 6
M4l (P<0.05), RIUMBHIREMKR (K4,
2.3.3 $T ox-LDL Hifk/KF-  ox-LDL nJ LUK LA
FEA DU, HHUAK T A BUN— 2 B it ox-LDL
(1A B . AR 5 W LLE H: fEBE LDL-C KPR,
P BT ox-LDL HUAAZACT-th B i m T il (P<
0.05), %A BRPE #3741 ox-LDL B A=k
(P<<0.05), JFEIAIEMKBOCR .

F4 BAEERYMARMLBEMFERESAEEEEA_BRIENEM (xs,n=12)
Table 4 Effects of BRPE on activities of SOD and GSH-Px and MDA contents in serum and liver of rats

1135 Serum (uwml™)

HFRE Liver (u-g” pr)

28] Group

SOD activity GSH-Px activity MDA contents SOD activity GSH-Px activity MDA contents
X4 CG 363.60+32.36ab 510.08+23.70b 6.27+0.55¢ 106.09+6.66b 90.92+4.46b 1.0440.067¢
B4 MG 352.01+£7.05a 473.01+24.79a 7.80+0.59¢ 96.51+4.58a 84.72+4.18a 1.21+0.053d
5%BRPE 381.04+19.68b 507.85+11.15b 6.90+0.88d 104.83+4.03b 90.28+3.88b 1.08+0.067¢
10%BRPE 383.61+21.36bc 515.73£12.53b 5.93+0.60bc 111.46£7.02¢ 89.43+4.22ab 0.994+0.052b
20%BRPE 402.45+9.38¢ 518.00+15.40b 5.30+0.55a 116.68+7.79d 101.88+7.82¢ 0.86+0.033a
#5 BEAREREUWIMARIMEH ox-LDL kK FaIZ M *6 BERFRBYHELEESE
(x+s,n=12) Table 6 Anthocyanin contents of BRPE
Table 5 Eifects of BRPE on serum ox-LDL antibody titer in Tt -
rats Anthocyanin Content(g/100g)
#1531 Group WL OD fH Optical density KA F-3- M B Cyaniding-3-glucoside 22.60
XA CG 0.933%0.142a REH%-3,5- AR 10.23
BRI MG 1.525+0.141e Cyaniding-3, 5-diglucoside
5%BRPE 1.318+0.122d RAESEF-3,5- R ARIELT 7.58
10%BRPE 1.226+0.134¢ Pelargonidin-3, 5-diglucoside
20%BRPE 1.047+0.121b Hii & Malvidin 2.90
#4711 Total 43.43
2.4 BAKEIREVIHIRL S 5 w L
B . o . R BRRIEMMNEHRSE
2.4.1 AEETEE ARRBSRHUAY PRI R Table 7 Fatty acid contents of BRPE
ok 3 _4—04—0—!4. A i ke _._—G-P—H‘\ A /L/“—‘HA_
AR -3-MRTRE L RAA 3,5 CRTEREE . R NG TR Fat acid £ 1 Content(g/100g)
BR-3,5- MR IR R 4 Fide ey, H, RE FHERR Ciao 0.070
SRR3R R, R R-3,5- A W25 Ciao 0.053
e , o . FRHHI Cieo 1.120
Ve EILIR, BWEENEERK, H n 6, 4
EFI 6 BE SRR RS, S A o
FHAE TR A 5l 43.43 g/100g. FANBE 15 Ciea 0.060
2.4.2 JRWIRE R EOK RCHR I IR I R 1) 41 BENERL Ciso 0.290
SRR, SIS 14 B, F TR b
> . \ WAHFEZ Crga .
T@A%DHE%@%‘ 6 iF"l'l’ H?HEHBE?}E‘\%E‘J 8766%; H:'WIJE% Tﬁi@ CZO:O 0.150
K NR TR A T BR AT IR (R 7). WA Caoa 0.120
. T BRI Caoss 0.089
3 itig “A TR Cao 0.140
_ IIEW'J{EB? Caao 0.170
3.1 BREIRE LR MBS A ST Fn i & 10 N =R Caoo 0.089
VA=A &7l Total 16.60
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AR I S AS MBS A R 2 o il IR 1) e
LDL-C /KPS AS MR EBANSS, 1 HDL-C
DA AR 2 L ] Pt 338 [ 2 s R A A s PR T AT — 5 1)
Ht AS YEHU, Pt (TC-HDL) /HDL [¥{8 ] BA—
SEFERE BN HUR R A AS (fE e AHFoT & L
TN PEOK R A By mT ARG i i R b 77 K B 11 1L
TC. TG. LDL-C W&, [FII 390 HDL-C 1 &,
M M AR, BRI AS fakett, JF2I0] G
R ERUAIIOC ZR o WETUR, eI I A S A N T
— A PR RN, RN A 6 R
it —PE B LDL JE/% ox-LDL. J5 & ifid 5|
P D RERERG s (R oA 4 i K B e Wk I SR A
MR (R A AT A R 43 K R P AT P LR R
M1, RAEHGRME AS /MY, AW AR
KR ARIU IR B ox-LDL A2 il W) Sosisb, AT vk
BRI I HEAE ] o ox-LDL A2 e /b 1) J I8
— 77 A1 ] BE A REOK R S A K A Y LDL & &
Wb, Sy —J7 A e B T B YRR, TR
TR AR PR E R, BT R LDL AL
B
3.2 EAXREREEYIEMAESMELIERBY RER

TR AW TR I PR OK R $ ) mT DA e ot B AR
W, SR A AP A A B S T ek i T S
IR, BEAPUAM. B A S E. ey
Xia PR Ling 256118 LI SR o K R 1) 1 i —
. A RLRAEA SIS S A N IS b & A Bk
BOK Jr HAT ORAEVE I 205 PRy . AW &
3 8 T A 1) FEOK R AR P b ' B ROK 38 KOK Bk
L WFT TR SE AR A 2R B PR OK 3R 1)
G061 e T R A R K R e DR 3 K ) A B )
RETT 32 BT 2 550 I AR AT T 22
KEEHA P AR T IR TR I A e S & it o 5 RSR
MR B 43.43% 1) R 4554 2 -3- i e B A5 AL
O S 14.5% MV R A5 AN AN g 19T 1R -

KTETRUEYPEEAIE T, AR
Z [3RIE . Kano!™4% CLIF WIS O H i & e (1
FEAR AN PURATE PE o ANV R 4% (07 18145 T ok
(AN ERE 2 E VR oy a2 I N F b NP R e o d
Re ) 5 R e B b (T S R B AR (P
<0.01), $E/R B AKBHALII AR S ety
K EMRREY. I, EFRUAY TR LR
KEEH) R AP UAAAE R 2SR

SEOR R BRI E B AN RN TS 75 1 i T R IV i

R n-6 RAEHIEIIIR, B EFRFIIIRY
n-3. n-6 RAFINE T RAT PR ML TC 238 i gAY
AEEMEM . Allman-FUV%5E L U & 5 & R 125 48
¥t n] LLBEARIN TC A1 LDL /KSF. S& 46ttt i fig
AR 52 0 H BT IFSTE L 2>, Takanori ™45 & &
IR T 35 -3 2 B T )58 R OK e 2 N B v T R
HIR RN 12 R, RIS RO T m IR R L
ANEULE TG 25 W] 2 B Yamakoshil® 45 % BT 1
T A AT S 5 I A 7 3 R R n) DR AIC A i
LDL 7K, s ik iR B T B AR 5T
SE0, HEDTE T RN AN R TR nT e A2 KB
HOREDUAEAL . BRIAR AR 1) 25 i (Rl T
AT B AT BB 1) T By 38— AT oy AT
&, P, ANHEER S ALY FURE EIRAERIR AT fg
BT BEOK g Hp A AT RN RN i 5 PR A PL A Ak R
JEAE R P R DT ER O NRAR BAE R —20 4 B 3
IR R A ER AT

4 i

AW ST 2 AR W25 1 AN [ ) 52 1) BEOK B S By )
DABERARG e i HIRE K SRR IR A, SO N IR A Y
WOIRZS o AT KU ) E 2oy R RS =
S-HIEPET SO S RO 43.43%, RIS EN
16.6%, .1 87.66% A AEFNENIR. Ity CHER
SRz P R T RIAN LRI G 7 1 A L R A p LA AL R
Bée 100 A5 1 FH 1 2 24 T At o
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