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 E. KT ZHBIER T CSTBL/6 D RAR BRI F % x5 & IR R 6 = 10 110k A/ 69 %
", B 48 RN R AL AT B (EF AR, S e B (ER T A w = 15% ) , & KA 2
BARIEFZA(BER T L w=15% b w=40 mg/'kg BREFE)FHEHANTZREFTEZA(E
AP A w=15% %l w =200 mg/kg ZARIEHF) ., 12 B gL Morris Kk & 5 B3F 0 Koy =
W8] 3 ] ATAC AR A Al s R vE e B B e B Mk =85 D RO D R R B AL B IR AR R R AT 2
B AR K A& BT AR B 69 mRNA RGA KT BFR A, & I8 iR ey B2 | 5 5 ST gk
HEFETHE(P<0.05), ik S e B Bi Ao B Hid = B8 48 Rednd 0 (P <0.05) , i L 2% F 4 SOD
('superoxide dismutase ) ## GSH-Px ( glutathione peroxidases) &7 % & %% (P <0. 05) ,MDA ( malondial-
dehyde) 22 2 F5 (P <0.05), X B F TNFa, CQX-2 IL-18 A R R XA KR FH R FRZH(P <
0.05), @it ZRLFEZTIHE DR T FETRAICH B E32IH(P<0.05) , 5 D4R 8g B AL B 3%
KAFHNEFKRE(P<0.05), KrtaAl FREAORAHNEFTHEP<0.05), ZREM, &0
IR R 45§ SO M B R, AR D R DR ) 1A T R ikt . BRI HE TR
BB DK B B OK S 32 SODYe GSH-Px 7 /1, 4% MDA 44 %, TR K EAR A BT A H 6
FERTF AT ET DR N BT ae H

KEW. ZRREE,; FINE, BIEL, B, BT
hE 9 EE. TS201. 4 XEkFRERE: A

T e N TR 2 A S R HA Sl ) 4 s %
FFET RO 20w IR R SR i AR gk
LRAIE Al DL G 22 MO AL S ok 22 O RE
itk 20, s B R B 2 B AL 1) S AN AR AR I K
P el R 2 2 e i i 2 A K TR R R 22
ERT BRI E 2 BT AT R B, 1
FiC I Re 1R AL M R AT HE SRR SE Carey
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BAWH . FRAHARFEREGFFER A IIA (21808171)

SEWTIE T SRR R X R IR R A P AR/ N RIS
(RSN, 45 R R I g SR 1 T 5 R/ B PR AR A,
UREEININ w = 4% W ERERT 4 4 H 5 /N B 23 1]
FAJICICRe B T W] Ak, JFTE Morris 7K £
B 23 MR S h 25807 5 OB
WEHERE T HERZBY IR, 3] HF ke
AR DL, EHAR LT 0 R EOFIE A2 KR

C (i s R IR 0T L R B s -9 E S 7/ BT EB 7/ R iR & Ol
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FERSRh™ LT 2 HA B0 0 T8 B A
PUEALRE ST, UTAFR, 2678 3R D A i 1
LB TRRER T Z " . AR BT
3 R B R I PROKAE TS 2O /N BRI 25 8] 27 2] 121
RE S RS2 K T REAIL I , LIDT O BROK DR A 62 i Y T
RAEHEILAR T,

1 #MREFE

L1 #R5H

FEORAETE 2R RHEIRIE TR IR - W iF 5 e $ it
£ H & W 4 N cyanidin-3-O-glucoside (w =
83.89% ) ,cyanidin-3 , 5-diglucoside (w =3.12% ) I
peonidin-3-0-glucoside (w =5.45% ) ; Ifil 15 &L JH [ iz
(total cholesterol, TC) F1H J# =& ( triglyceride , TG )
R &, S0 3K T A JE AR A A BRAA 7] 5 /B
EH'E AR Z (norepinephrine , NE ) i1 60 728 46 1
& /N Z B (dopamine , DA ) Fig B A 28 A6 I 3
FN B AN 5-F2 A 1 (5-hydroxytryptamine , 5-HT) fif
I e i ) &, S ST B AR TAE A IR
Al 3 N 1% ( malondialdehyde , MDA ) {55 & . 4F Bt H
MR AW I ( glutathione peroxidase , GSH-Px ) £l
R & SOD A6 a7 &, 44 W 3K T Rt AR )
TR,

L2 U=E5&&

XR-XMI101 %! Morris 7K 5 (B A 174 27 Mk
58 K5 A 3 A 3R g A AE S S R
8¢) , HROE A YRS A R AT MyiQ2 Real
Time %! PCR 1%, 3& [# BIO-RAD 2 3 UViini —1240
RUSHNAT WA 60T, H AR 5 He/ W]  SMZ140 Y
BEARAS, JE 1) 22 v BRI 0 ]

1.3 SLWAE
1.3.1 Ak o

SPF &% 4 JHIAHEVE CSTBL/6 /N 48 Ik H 2y
18 o/ H At mt 4 8 A 42 5250 s W) A ml e it shy)
TRIFRAE 5 1 5K 592 50 sl Wy 4 A1) 98 B e 5l ) S 6 4 B
G

T35 %A AR HE R B R G S W) 5, IR 22 +2
CAHXEE 40% ~60% ,12 h BRAGEF, A i #EE
KoK,

GreH K 48 FU/NBUBCRI bR HE R B R SE3h W) b N
pep RIS S W AN = R A 8 S R Tl NV
JE K /N B AL 12 H BEALSY AT 4 41 %R

2H (normal chow group, NCD) i 1E # JiE & ; =5 g X B8
41 (high fat diet, HFD) FREE TS w = 15% il 5 5
B 1 2EOKAE T 2 41 (40 mg/kg anthocyanins from
black rice, LBA) HEEH & w = 15% 3 . w =
40 mg/kg FKAETT F 5 o I o 0 B BRORAE T R4
(200 mg/kg anthocyanins from black rice, HBA) A i
B w =15% ¥ w =200 mg/kg BKRAEFH K,
ANREETE 4 BT d s 1 RIRE B2 d iR 1
Wb e B EoR) A A S5/ U RGO
W1,
F1 4 H/PEURNR B RDEHE K

Tab.1  Composition of diet for four dnige groups’ g/kg

Tk Ay NCD  HEP “IBA  HBA
w( FRIER) 508 407 407 407
w( M) 242 242 242 242
w( FEHE) 119 119 119 119
w( M) 50 150 150 150
w(TYREY) 40 40 40 40
w( G ERBEY) 20 20 20 20
w( BIKY) 20 20 20 20
w( HER) 1 1 1 1
o ( HEIEE) 0 1 1 1
w( AT R) 0 0 0.04 0.2
o ( BEE) 263 263 263 263
w( BRI 50 150 150 150
w( BERKAEY) 627 526 526 526
SR/ keal 4010 4506 4506 4506

1.3.2 Morris K 'g L1

SR Morris' ' #E 37 5 7K 3 B 52 56 7 1% PR AL /N
BT 28 8] 52 67 1R 28 [B] 24 2D C A2 R T o /N BRGE I 3858
2 d JE AT MWM 5 AN I3 A 8 o 6 A T S 56
S R R S I T A58, 8 Sr A T S 96 0 X J] 40
J 5 d, EERAE9:00 ~12:00 [ B[R] Bk /)N B i 1) 3l
BERRUCMN 4 A5 BR A i1 5 137 B T A K H Ha, G 3 353
/N R LK T - 15 T A A ) TR RN Uk B A%
DL/ BT8R - H BN IR S - 15 14 B[] Sy 2k i v AR 30
Fr/NERIE 60 s INERBIRRIE V- & , WA RS- &
110 ;75 60 s NAREFR B BREF- , W HR1E B3/
ARG TN RIE 2V 5 I 8 10 s, 10 skl g ik
WM 60 s, AINEEERIIZE 3 I, YIZRIE G R 3 min,
1053 /)N B bt v AR A AR DK B 8 o (AT S B
FG S 2 K728 R R L R E 5 ER,



TR 60 s IRE LI, B/ BN 1 L BRBAK
HIC s/ PR SR 3 G B AT A6 i Bsf ] FIEDK R B, LA
P&z S R e DA€ i
1.3.3  iFsAradn
Fiz R 6 100l FH A VR U BH A5 0 S5 0 /) B i
1 TC TG M &&
1.3.4 /D REDR P AR R ARG ] T
/BT A 1Y GSH-Px .SOD F1 MDA i il 5
PR U BT B B AN EA S ERAE S
Hr 2 BRI E
1.3.5 N REDRoP o kA 2 A F e m
/NG S A T NE DA 1 5-HT 3% = Fh 20 i 25
P2 386 JF/KCSF- 4 591 422 B ELISA 35 0 & i

R TINRE |
1.3.6 JAXMEAL P Xz E B FHEE G mR-

NA % ik K-Fm 2
FH Trizol 35" 4RI 20 21 5 RNA, HBEHLS|
Y RNA S5 58 cDNA, AR 8 35 PR e 90 54
S5, 8 i qPCR 5%, i | SYBR GREEN
Yerbik, UL GAPDH Jp N2 3L 1R HOR X 2 2 A6 T /s
ORIKZL S TNFa, COX-2 IL-18 F: K # ik K ¥,
SR TG I LR 2.,

%2 qPCR 5T
Tab.2 qPCR primers sequence

BN # R 519
F:5'TGGTGAAGGTCGGTGTGAAGS™

GAPDH
R:5"AACAATCTCCACTTTGCGACEG3’
INF F:5'CGTGGAACTGGGAGAAGAG3?
o
R:5'GGAATGAGAAGAGGCTGAGAC3'
COX2 F:5"ATCATCTCGCTAATACTAACAAC3’
) R:5'TCAACITCPAGCAGTCGTAGTT3’
1B F.5'GETACCTGTGTCTTTCCCGT3’

R.5'CGTCACACACCAGCAGGTTA3’

1.4 HHESIT

{# ] Graphpad Prism 5. 01 #¢F4811, i i B A
2 ANOVA M dis , SR 5 i 47 Tukey 2 8 LU 303
F105 2253 M B35 PR 56, B VR A R B R R A7 7E
BEMEZER(P<0.05),

2 GR5HMH

2.1 EXRIEFZITINE Morris 7KK S RIVAIE T
MWM 3 8 FH R PEA /)N B2 1) e 7 R 2 >

Ficizae 7, XNRIEAT T 5 d B RE AT 52
55 4580 T 5 d YR /N BRI 0k dkt vk Ok A 5RO
BRI, WE 1, WE 1 (a) B, BEE I
BB, 2520 /) B 06 ik v ER 1 P B 32 3% 3 4
M, TESS 5 REF, 5 NCD 4 b, HFD 240 1 AiAT i
R B ZEIER (P <0.05) , U6 B = G e £ % /N BRLY
22 FEAZRE T E A . SR HBA 4H%¢ HFD 41
/N b T AR 0 2 AR (P < 0..05) , T B e 5
RAAETT R AT DG S IR A T LR Ay 2= 2 Fildie
BE 15, FESE 5 RAYEEASIIAHAE]  HFD 4 | LBA
ZH 1 HBA 21 /)N BRI vk 5 25 24 B B K T NCD 4H (P
<0.05) 1M HBA ZH/)N A9 Ui UK g 0 57\ T HFD
H(P<0.05), W 1(b), Wi KRG Z ks T
T IR R /N B 25 (] 2 20 T2 e & mT DA %30 it
HH I AR,

701
60
2 501
% 400 a
=
= 30 -&NCD ib
- HFD b
90 -+ LBA
-+ HBA
10 Il 1 1 Il Il ]
0 1 2 3 4 5 6

t/d
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5 800
.@E a
ml ab
7= 600 o NeD b
=S -= HFD
400 -4 LBA ¢
- HBA
200 L L L 1 | ]
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t/d
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BT INBUK R R BT 52 K

Fig.1 Navigation testof mice in Morris water maze
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JITAE 2 B[] B AR5 NCD /N BRI i o2 . i
S BT R THA/NR, JUHOE HBA 4/ RAE
55 3 RIRAY IS A] A Eg A2 HFD 4350 B 3E K (P <



BB ROR AR

25
a
T
L 20| a
= b ==
=
=I5 b —=
s
mX
= 10+
&
1]
® S5r
0 Il L Il L
NCD HFD LBA HBA
2H 51
() b/ )s BRI A5 B s ] E9) B2
54r
E45r a
P I b
@ 3.61 b
$£27F T
jusd
‘\Eﬁ 1.8}
1
# o9l
0 1 | 1 i
NCD HFD LBA HBA
215
(b) /)N BRI VK BE B8 1 2
6 =
K5 a
s
K 4+ T a
and
4o 3+
B b
= ot T
ﬂg C
= 1 T
BUS
0 1 Il 1 Il
NCD HFD LBA HBA
2050

() Xf/NEUE I RT3 BE T RS20

HBA

(d) /NI Ak
AR R R B EMRZE R (P <0.05),
B2 /NROKGE S 2 R R AT N L g g

Fig.2 Space exploratory test of mice in Morris water maze

0.05), WIE 2(c) A (d) i, HFD 20 /)N fR 25 i 5
B A NCD 4B s> (P <0.05) , %KM
IR IR E AL T /RS LS IR RE S . gt
FORAET R T IR/ B, Hat BRaeor & kg s

HFD 4/NEURA L i 2538 m (P <0.05) , H 58K 4E
HRAMBRVICHR, Z5H 0L B4 REN, BRI
H R MR A AT Lo m IR/ B )22 2T e 2
BE 103

2.2 BAEBZEINMRIMFE TC 1 TG I

1T R R M £ 184 in S b R E Al AR 8 25

SEPI I BB KU, TC R TG 5 33 285 995 1 JE
WML ARBFFEH, 5 NCD 4 He#, HFD 41
) TC 1 TG 1B F+ 5 (P <0.05) ;5 HFD 41 Lt
i, LBA ZH A1 HBA 414 TC #1 TG ¥4 FF TR, H
HBA 1035 TC A1 TG 2 B T 37.4% (P <
0.05) F1138.2% (P <0.05) , 25 .4 W BEOKaft 35 &
AT LA 250 26 ARK v i TR £ 5 1 114 g OS] e R vy T

M=,
2.3 BREBEXDREGDEP LN HIERN
=)

SOD 2 1 B 4 BT 5 7 0 2 4
AR, FLIE ] Fr AL PR B B B 1 B H Y
Bt 71, GSH-Px fiffefEfk GSH ZZ 4 GSSG, i 7 1Y
1 A YA R TG 1 AL A, TR T 40
JI6L S (bt MR D BB AN 32 461 5 S AR W B AR R 1) 6
g L=, MW 3 Al LLE I, 5 NCD 4 H g,
HED /NI S i v SOD F1 GSH-Px il i /1 i 3%
FEAC (P <0.05) , 1M HBA 41 SOD £l GSH-Px i 77
WHFD A W HE- S (P <0.05), 05T
30. 6% F136.3% , Wu 2513 B9y 7 Bk B A LE
FOKRIER 3 FPAETE = 200X BRI B 15 T/
BLAISZIR , R IH 200 mg/kg I HEHAY 3 AL K fE
FFE LA SOD Al GSH-Px HOE 11, SARWF 5 45 S —
5, MDA 2 A o 5EAE T AR AR b /e i 7= A
(R Tt LAk ™= 1, 2 AR Ao S A A FE ) de EE
Yz —. MDA B)7= A2 nE 4n i B A #3455 , IR e e
PraE# A BAF 5T v MDA & 2 — A% FHF 48
B, ATl AE MDA 5 & 1 i 28 90 R 0 i ok S8 Ak 1
JFE, VAR E MUAR N 2 B AR B, A9 b s AR i
£ XF R 4 /N B Sh A b () MDA 85 28 48 1 % X6 R
HIPRIEZ (P <0.05) , 1 i 7 i BOK AL KA B
R IRE X HR A S 2R AIR T 21. 6% (P <0.05) , 45
R Saliu 55 AN BYAFRGE R — 30, BN 10% 5950
A LA 2 AR v I R 2 K BRI TP ) MDA & i, 27
i 7 AR ORI T 2 W K AL 7 g
5 AR v v I T 1 /N UG 4L 2 P i SR AR TS T
I AR B Ak
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Tab.3 Effect of anthocyanins from black rice on serum lipids in mice

M IEHE bR NCD HFD LBA HBA
TC 3.3320.26° 7.32 +0.31° 6.04 +0. 42° 4,58 +0.39"
e 1.56 +0. 13" 3.53+0.23° 2.35 +0. 19° 2.18 +0. 18"
PREARF T, a,b,c FRAFERENEZER P <0.05,
150 15 800 - .
N NCD E31BA ]
a 2 140
~ a Nep ﬁ’ﬁ%‘; _ 700 - g@ HFD [mm HBA )
3 i 2 600 a 120
= 100 = = = 500 -
= = )
R £ 2 400 =
! < = =
= < <300
2 50 = = g
P = T 200 ]
= = 100
0

SOD GSH-Px

AR TR R B E V225 (P <0.05) ¢
K3 SRORAET 2008/ UK N TR AL TR AR Y 5
Fig.3 Effect of anthocyanins from black rice on

antioxidative indexs of brain in mice
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ik 2 2 H B e A 2835 o — R T AR iR A
HE S BB, TR AS R, kS R
RIEER I RF i EEAEH, 2 T Ligk
FAONL 5B S ST S L EaR "
FERAETT 22060 /)N BB A P 21 Ao 2388 Jo 5 1) i)
W 4 fE 4 AT AT NCD 41 oA, HED Y /N i
AR FIRE SO S-SR AT wmISA T
R et Fovh 22 0 e & i A o IR (P<0.01)
5 HFD 41 Fb#%, LBA 2 Fl HBA 4k H B F IR &
SRl Bl a2 e i T R
o, HA R RN K R 25 T W KL B R T LU
e R I 5 R /D B8 S AR B S ph 28388 T %
HATRER,
2.5 BAREBFEINNBRRALRKEELEFE

E Rk KT R0

PR S B AT B G A5 493 1 Iz U8R N, R B S
BIHUIAS PR G E R o SR SR AE R F e S A 7E T4
P2 2R J A M2 o AR A SR AL EE A i v XL i
B kA Ak S i e S5 95 0 BB BR AR PR - ELAE A G
15T SR PR 4 2 R AL R A G Ak B B A K
WHIARIE | ] R 2% 965 BRAE DA B A s 2287 . N
T T fRREOKRAETT R T PR 52 2 i E AR, AS A 58 )

5-HT

B e S 85k T
AR FRE RN E 2R (P <0.05)
B4 HORIEFE N /INER M s 4
o JRE GRS

Fig.4 Effect oftaithoeyanins from black rice on brain

monoamine’neurotransmitters content in mice

FE T RS N e S/ B il 4 2L
TNEaCOX-2 | IL-18 B A R KKK, 5 R WK 5,
HED #(% IL-18. TNFa Fl COX-2 FE PR 2 ik /K 45
NGD 4H & T & (P <0.05) ., 5 HFD 4 %, LBA
ZHHFN HBA ZH1Y IL-18 . TNFa 1 COX-2 K& &3k K
S TR HBA A5 FRET 60.3% (P <
0.05) .53.9% (P <0.05) F148. 4% (P <0.05) ., 4
R, B AR 2175 A/ BRI Hh i) A0 TR 1 2
PR B g e 3k, BRI/ B A HTBE T, sk R 32
T PEKAETE 21 T HUs S il IR B 75 710 K
T A E T RE R ) 2Rk

3 &

T R R KR AT 5 R /)N B T 1 in i afi Al S
WO HG/NR S RHEC, 2R EYEA R
WPTAAAE TR T, AR RGE B R E S
YIRS 25 I B B AR B 41 SUR B AL BB
FREMAL e, EATE S, DimigEe /Ny
BEAL BFE T BORAE TS Z6 /N U 28 (8] 2% 21 8 12 fg
FIF I,

MWM 3805 Bl FH A DA 7N BRUZS [R] 2 6 1) 2 2]
ICIZBE J1 . ARWFIE & PL, 200 mg/kg MK AE T & 1A
WEE/INERL 12 8IS /0N A 32k ke vk OR: 30 B S AR (P <
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Fig.5 mRNA expression of inflammation

related genes in brain
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Effects of Anthocyanins from Black Rice on Learning and
Memory in Mice Fed with High Fat Diet

LI Xiang'?, ZHANG Tingting’
(1. College of Food Engineering and Biotechnology, Tianjin University of Science and Technology,
Tianjin 300457, China;
2. School of Marine and Biological Engineering, Yancheng Teachers University, Yancheng224051, China)

Abstract; To investigate the effects of anthocyanins from black rice on learning and memory in C57BL/6
mice fed with high fat diet. 48 C57BL/6 mice were randomly divided 1nto¥, groups: normal chow diet
(NCD) group, high fat diet (15% ) (HFD) group, high fat diet plus 40ymg/kg anthocyanins ( LBA)
group, and high fat diet plus 200 mg/kg anthocyanins ( HBA) group. After 12 weeks, the cognitive
components of behavior were evaluated by Morris water/ mazesfest. Serum total cholesterol and
triglyceride, oxidative stress index, monoamines contéutfofyhippécampus in mice were determined. The
expressions of inflammatory cytokines in hippocampus” were determined by real-time PCR. The results
indicated that spatial learning and memory abilitys, activity of SOD (superoxide dismutase) and GSH-Px
( glutathione peroxidase) in hippocampus éfmice impHEFD group were significantly reduced. The serum
total cholesterol, triglyceride, MDA (imalendialdehyde ) , and inflammatory factors TNF-«, COX-2, and
IL-18 mRNA were dramatically increased. However, supplementation of anthocyanins from black rice
significantly elevated the spatialslearningiand memory ability of mice, the oxidative status in hippocampus
was dramatically improved, andiiie mRNA levels of inflammatory factors were significantly reduced. In
summary, HFD led to chroni¢” oxidative stress, impaired the cognitive ability such as hippocampus-
dependent spatial learning/and memory. Anthocyanins from black rice, could improve the oxidative
stress, increase the<dactivity of SOD and GSH-Px, reduce the production of MDA and the mRNA levels of

inflammation fagtors, and finally improve the learning and memory ability in mice.

Keywords: anthocyanins from black rice; learning and memory; high fat diet; oxidative stress;

hippocampus
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