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Effect of quercetin on learning and memory
of mice fed high fat diet
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Abstract . To explore the effect of quercetin on learning and memory in C57B/L mice fed high-fat diet and potential
mechanism.45 female C57B/L mice were randomly divided into three groups:control group ( normal diet) , high-fat
diet group(about 20% fat) ,quercetin group ( high—fat diet supplemented with 0.01 % quercetin).Morris water maze
experiment was conducted at the 26" week. After that, mice were sacrificed.Then oxidative stress indexes in cortex
and hippocampus were tested and the expression of NF-E2-related factor 2( Nrf2) ,Heme oxygenase-1(HO-1)
and Brain derived neurotrophic factor (BDNF) in hippocampus were evaluated by RT- PCR.Compared to the
control group,there was a significant deficit in learning and memory in HFD group ( p < 0.05) .The cortex and
hippocampus of mice fed high-fat diet were exposed to significant oxidative damage( p <0.05). Furthermore, the
expression of Nrf2,HO-1 and BDNF in hippocampus tissue decreased significantly ( p <0.05) in HFD group.After
treated with quercetin, oxidative damage of cortex and hippocampus was alleviated.Additionally,the expression of
Nrf2,HO-1 and BDNF were up -regulated and learning and memory was improved significantly ( p < 0.05).
Quercetin could improve high-fat diet induced memory and learning impairment, which might be attributed to up-
regulate the expression of Nrf2,HO-1 and BDNF.
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BE LIRSS S8, T AATE T B e KSR MAE
Yih, B B AP e AR 400, BLAR E, 1Y
SERINNRE ST AAVE . Heo J2 BUAMR HZ 22 0T IR P A
LR R R VA SO R et RS R G X (Y SE NN
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L4 JERRE CSTB/L MEE/NR RIS
Fute s Mtz FR - Sigma AN H] L A EE N 99.5% ; BB AL
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JRAEY) TAR ST 3 — Al L% 2 2 (3—-NT) 4 - F kL
TIHERR (4-HNE) ME IR & EIEs L REcA
BR 2 7] 3 AccuPower TM Greenstar qPCR PreMix iz 7]
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Morris 7K#£E  db T WK S0 R A FR A 7] 5 F96
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Jo MR YRR REYLIY 43 S 3 40 IE W % 8 2H ( Control
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& 55%

1.3 Morris 7k 5 L1
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FE AR ST ATK d, R R B K E T o & 5 A
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latency) ;5% 5d =5 [6] #8 ‘2R 22 % ( spatial probe ) J&7E &
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Table 1 Formula and nutrients content of the dietary
sl E (%)

Ry EH AR FlE F A
TR 53.00 31.00
M 24.44 31.00
INEEH 9.00 12.24
Ak 6.00 3.00
Ak 0.20 0.20
IR &5 1.20 1.20
TRTR S 1.60 1.60
yrali] 2.80 18.00
T ) 0.06 0.06
FE=Y 0.28 0.28
AR 0.20 0.02
BEMEE 0.02 0.02
FEVE 0.10 0.10
SANEDE 0.10 0.10
JE ] it 1.00 1.00

VE: BKBY, GOMT, /NAE by, 22 KT 35 IR 05 e 31 23531 R :3.3%
1.9% ,1.7% ,3.9% , & 957 (mg/1kg 154}) : Fe,53.7;
Cu,6.45; Mn, 53.7;7Zn,32.09; Se, 0.11;1,0.32, & & 44 £
(mg/lkg /EEH"H :Vm ’6;\]32 ’6;V33 ’30;VB5 ,16;V35 97;le ,25
Vi 0015V, 132,49 % ,0.2;V,,0.025;V,.,50; V, ,2; il A
INIE L 4E % 200mg,

1.4 HF@mRXEMERUE

SEGLE AT, DAL B L 22 A BRI /DS B, 4 AR BRER
1ML, 76 pK W B I 5T, 58 43 25 00 SR i J2 )2 Rl
JH 0.9% A= BEER 7K tise B 2 2% 11 4% 1l , 2540 B2 )2 Fn i
LB EAAFR L 1:10 JH 0.9% 04 71 ¥4 A 3L ER 7K H1
SITHCR T A A R ICRE AR B e, A i S i A e
A 1mL Biozol 1) DEPC 4b¥iid 1y EP 4 b, --70°C
PR, P R R 2 o A sk I8 PT 45 25 35 10 202 6 1k
TE 430nm P T I 2 7 R B AS B H K ( GSH) Fi 4l ik
TAL e H K ( GSSG) W 56 & (OD) {8, 38 a1 A i 1l £k
PHERE T b GSH FIT GSSG ¥k BE, 28 i GSH/GSSG
iz FEORE N 592050 S B I 5 I B AR AAE 520nm ST
ME T-AOC W5 (OD) {H, PA K AE 532nm KT
M5 MDA W56 (OD) B, AR $8 AH A 19 23 330
ZHZUh T-AOC F1 MDA &4, ELISA 351 & 5 A xYL
PRI, FBEAR (XAE 450nm % K g 2 )2 b
3—NTHIE S 4-HNE W S5'%G R (OD) {H , i o = i it
LRI 3-NT fll 4-HNE &, 296E & PCR HAR
K 9 5 25 4 vp Nef2, HO — 1 1L & BDNF 1%y ik A
Kk,
1.5 RNA RRERfIFEHEREMRIEEEZ PCR

% Biozol 2 L iy Ui B 45 42 B g 5 2H 21 19 A
RNA , 5483560 BE T4 e H i vk &, BG4
) RNA £ 5% 2wg, i A OligdT 2pl, 20mmol/mL
ANTP2pL, F§ DEPC 7K %b B & R & 10uL, 70°C K%
Smin J5, VK IEE % H1; B JS i A : 5 x RT Buffer
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Table 2 Sequences of primers in quantitative real—time PCR

SN TR WG9 (5'-37) FEGIY(5'-3")

Nif2 AGCACATCCAGACAGACACCAGT TTCAGCGTGGCTGGGGATAT
HO-1 ACAGGGTGACAGAAGAGGCTAAGAC ATTTTCCTCGGGGCGTCTCT
BDNF TGTGACAGTATTAGCGAGTG CAGCCTTCCTTGGTGTAAC

B-actin GGCTGTATTCCCTCCATCG CCAGTTGGTAACAATGCCATG

%3 H RS E RN Morris Kk 255045 RS (n = 10,7 £ D)
Table 3  The effect of quercetin on the results of Morris Water Maze experiment of mice fed high—fat diet(n =10,x +SD)

5 HEBET R ()
: EHH ERH Mk Bz 41

5 1d 31.78 £6.71 34.81 £6.91 33.64 £5.43

5 2d 25.64 +5.58 30.56 £5.63 2542 £4.03

% 3d 17.29 +5.97* 27.48 +5.86" 20.66 +6.48

5 4d 10.98 +1.95° 23.23 +3.30° 16.31 £5.98"
-6 G Rk 1R A5 (% ) 51.86 £1.27" 33.84 £9.02° 4637 +4.32"
-5 52 BRI K SRR L 45 (% ) 49.04 +7.20" 33.17 £9.07° 4439 +3.10"

& AT A B A RN R R A 22 57 3 (p <0.05) AT IR PR3 o i 22 5+ (p > 0.05) 3% 3 A

5pL,40U/pul RNA A0 5] 0.25uL, 200U/ pL M—
MLV % %% 3¢ fiff 0.5uL, DEPC 7K 9.25uL, 37°C 7K #
1.5h,95°C 7K % 3min , 15 3] ) cDNA
1.6 P EE PCR

fii FH BIONEER 4 5] 9 AccuPowerTM Greenstar
qPCR PreMix i3 &, & FLINTA cDNA A4 0.5uL, 1E
TEESH) (10mM ) 4% 0.4uL, qPCR PreMix SuL, L
WZEK 3T, AR R 10ul, P78 45 44:95°C,
5min;95°C ,205;60°C ,30s;72°C ,20s ;45 I EFF , fL )
72°C ZEfHf 2min, A B—actin (100wmol/L) Sk P 2 FE K
AT ERE I PCR 4307 NG b Ess A4
YWIRARNSFEITER(FIITFHE2),
RT-PCR= Y1 45 5P Bl ¥ ik it 2 PP Al o 66 BRI AH X
Fik AT )7 752 I8 Kenneth and Thomas {3 37 )
Tk
1.7 HiERESSItFA*

SR SPSS17.0 Geit# A4 X B A 7 B PR 3y 2553
K AHICHESIAT , I Duncan 2236 bogss, SR $disH + SD
PR, BFEIK N p <005 R KF-p <001,
2 HRESMH
21 WEEWNSEBRNMNRKEEXRRERNI N

r 23 TR, B 4d BE AL AT SE g6, B Ik
A Ta] FE A, /)N B RE B AR (escape latency , EL) 32
iRt A, BUNZRES 3d, 5 IEH HAH L, &
/R EL B FIE (p <0.05) Mt &= T His EL R
[ {HJC W 2 P 22 55 (p > 0.05) 5 25 4d, @ IR 4H /N B
EL B ZFIEK (p <0.05) , Mt f 3K 4H T )5 EL 5 245
5L(p <0.05) ;7E55 5d myZs MM R SL g b, S IR 2 R
-5 G BRUF UK B (] L A7) R0 i A2 L A7) 5 0 B 20 A L Sk
E KA (p <0.05) , BRAnHi i 25 PRI b B W 2 T
= (p <0.05) . ULAIWESE] 26 FE AT, & HELH /N B A ]
0N RE ) W PR IR M 2 R AT DL S R 5 A
R Iat VA=A B

334 o3 m10m

22 WERMSEARNMNIKKEEMEDEWLE
FREH T

R 4 RIS s 4/ N JZ g 5 T-AOC 5
IEHZH A LU B REAR (p < 0.05) , 25 TR R 5 3%
FF(p <0.05) ; 722 GSH/GSSG 7K -5 3 F & (p <
0.05) , 45 THit e RIS E 104 5 g4l /N )2 vk
3—NT MDA DJ Jif§ Do 4-HNE MDA ()& 5 g 35 T
75 (p <0.05) , B It e 25, n] i F KRR 2 )2 MDA
FVE 5 MDA 4—-HNE &4 (p <0.05) , Ff-{fi 3— NT 4%
R IEH K,
2.3 MWEEXEEBRNRIEIHRH Nri2 HO-1
#n BDNF E E 183 iz £ 8500

mE 1 FTR, ST R E S, Nef2 (HO-1 1

1.2
1.0 1
1% 0.8 1
K 0.6

Z 04

B Control
HFD
HFD+Q

0.2 1

0.0 -

BT kB el HOR N B 25 4121 rh BDNF,
Nrf2 Pl HO-1 JE K ZIXAYFEM (n = 10,5 + SD)
Fig.1 The effect of quercetin on the expression of
BDNF ,Nrf2 and HO-1 in hippocampus
of mice fed high—fat diet(n =10,x +SD)
TE R BT RRoR 22573 B3 (p <0.05)
FA AR FREFR R TE B 22 5 (p > 0.05)
BDNF (1335 5 1E & A48 Lk . 35 F 98 (p <0.05) , #iit
K Z T HUS , Nef2 \(HO—1 F1 BDNF (1 33k 5 @ IR 20
AR IR (p <0.05) , Hirh HO-1 RIAPKZ 2 1E
AR
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K4 BN EAR HRN UK RS2 At T S AR RS 2R (n = 10, % £ SD)

Table 4 The effect of quercetin on the redox state of cortex and hippocampus of mice fed high—fat diet(n =10,x = SD)

e I 51 EHH [SLEEE Wit Rz 2
N
GSH/GSSG 0.91 +0.03" 0.80 +0.03" 0.88 +0.05"
T-AOC(U/mg pro) 3.81 £0.42° 2.40 £0.28" 3.13 £043"
MDA (nmol/mg pro) 277 £0.47" 4.44 £0.72° 3.59 £0.27"
3-NT(nmol/L) 160.31 £0.31° 178.40 +7.18" 166.11 =1.90°
e
T-AOC(U/mg pro) 2.54 £0.28° 1.74 £0.33" 2.15 £0.31"
MDA ( nmol/mg pro) 2.96 +0.49° 4.81 £0.45° 3.86 +0.53"
4-HNE(ng/L) 6.64 £0.47° 8.87 +0.63° 7.89 £0.52"
1 : GSH/GSSG 3 R A e H IR/ S8 Ak B4 It H K T- AOC : BA B 0 fk BE 7 s MDA . 7 8% 3- NT . 3 i JE i &2 ;4 - HNE .4 - }2
TR
3 i TR, PR ARIE T HO-1 FRixAT LA i e

3.1 INHIRE ST B T KA, RPN Y
PHEFR RS T FELL A )01 RE 1 T R, LR kREV A
AT & B DR G B BE i N A A, (H R s 4
MR HBARPLHRIA AN G 28 . BaTEe T iz 852 im0 2
SR I E U e 5 FARPL A UG tau B 2R ULAE,
A AR P B AE P 2R IR AT PR e A S R o A R
K2R SRR N A i RIA B =2
—, BAR I 0 HE A S AR 2% ~3% ,HA]
THAE T HLR ALY 20% B4 . ISR 2 & PoBE 1 it
FIFIZ AT, =5 e BE 18 A 1 F1 Big 77 198 4K i i ##f 22 5T
PR S 25 4, T L v Ve JBE 14 I 7 42k B8 1 AR Uk 3 ¥ Bt
AL T 7K S HRAE A5 I 2H 21 55 N %5 & 3% 31 ROS 19 4
£ . Susan ATV 12 H #1149 SAMPS /)N U P4
RO & B W 2w T 4 H /N, g2 e
J1 TR, 4 THUEAMAT a— iRl N- 2 k-2
AR (NAC) J5 & 3, R el A0 N i R B v 4%, 2%
1C1ZRE JIAS 2 2 , U B ALk N U 2% S 12 L e
FIRWEZEANLN . AT & Morris 7K 2K B W5 5]
26 JE AR H /N B2 > 812 he 0 B35 T R, Ak
BFE AR A K B/ BRI 2H 2 GSH/GSSG #1 T— AOC
KA 2 RRAR, & 1 B4 Ak ) 3—NT Fafig ot ot 4 Ak
P4 4—HNE MDA &8 03 L, #il e 0T DL 2%
=il S S R =R A VAT G LR S Bl VA1

5t BH < B v B8 ] S B0/ BRI 38 AR A S AR S ik 4T
%, 51 T AR B A TG BT i AU AR A 47, AT S 3R
220N RE T T R, T AL R 22 AT A S 2 U e ik S 4
AR Gy =SB R Ta VAL =W N

3.2 KEFEsEN T Nif2 Bl is S — RSP E AL
PRPER 00 S 15, 02 U 2400 it P 010 3 D B B 1) 2% A4k
L IR EI PN T o Al B A = W A VA s S 1
Andy"® S PR 25 J52 S5 A0 A A% 5 s DR N2 ) 38400
AL | s E P AR AR N 2B, JUHSE N T GSH 19 &
JEANF R 5 A W 5% & 3035 28 T L3 o 3 5 Nef2 45
EAAS S 18 3 WG /N B ST iR A e T e .
M £T 22 S A AF (HO- 1) 2 AR PN T IZ A2 46 0 — Fh i 4
AP, HO- 1 19155 % 335 JZ il i nE Nef2 76 HO - 1
G 7 XIS PrE b ot (ARE) 1945 & T

FEBER £ BDNF A 42 i 5 40 itg 7P Y GDNF 2%
KK 5 Yoshiko! " 45 A %2 B 4— @ QA (4—MC) 7]
VL5 S 2 T 41 i sl #H 4 ifg vy HO—1 By 3R 3k, X4t
AL T | g B 2 O T, 3K — o AR R AR T
PI3K/Akt H i SC B Y, iR WF 598 2 B Nrf2/HO -1
3 AE TP AR R 28 R G T kP R IR BT A AR DL R 4
e IEH DI RERIAE . A2 vp, 28 652 i PCR
ZE RN ,26 JEUE , i Rg /) BRI 55 Nef2 Fl HO-1 3
PR 2 3R 25 HH B 25 P T U, M BT IS, Nif2 3R 3K
K3 L, HO-1 ik /KSR E B IEH , A K
W g REE M H] T Nef2/HO- 1 38 % 14 1 # 3k , i
T K IE & L& L B EE F1, S BCE S id12 68
FIR B, Wil i 25 35 E i Nef2/HO -1 FER 3k, 1 om
T FERPLAALEE ST, TS T 24 10 12 BE J1URGR o
3.3 VR PER 22 IR K T ( BDNF) 5 Howg S5 i )y A2
A Trk B FE4E £5 48 22 50 2 fiok 706 P4 A0 T 98 M4 A9 o 72 v
KAFHEEANE . Aiguo' " AL T RS ISR 2 4
H 5 %3 BDNF Z&fph 1 1, CREB S5 3L [ 338 B 3%
PETUE L iE 2N RE 1R, A T HU AL VE 69T
&, B R AR A N SRR B s e, SR AR 1 1 il CREB 19
WOE A R IE R AL, 1IB1Z NI RE A5 3K 52, B R Ak
R AT A3 3 52 i BDNF A 28 Sl i) 45 2 sk o] 98 4
INFIBE ) o ARSI LS R WoR , W B4/ Bl & BDNF
FeIR K B3 R, 45 T il 25, BDNF 3Kk 7k
3 LA, BT DL FRATTHE IS A v AR R 2 S il
TZRESI T HE 2 N i S T I 0 S Ak 0 38, B 55 T 4
Lot ol i PE R AT AP

3.4 Witz A —Fh R AR S ERSEY) JT) IZ AEAE T
IR FNER S T, B Bem b AL e [ AR SR R
HE 1. EAMIEF W, M X EF PR PrEEm . b
Bk i %G EOA B 22 4% 0 AE . Mubeen Ahmad
Ansari " FEHF LA G SR BRI B-TE B RER &
(AB) , BEERAMATEIG F TR, A h3E/KF L T1,3-NT
M 4-HNE &8T5, ATk PG & AR
755 00 40 I B P R 55, 40 AT TR R o, A i 3t
3—NTH1 4-HNE 7K 5-#3F B, Ud B IS 247570 &8 4R 2
T L 3E Ak vek 4 AR B THOIR S e HE ph 2s on AR B R
IRA RS 2 B B 22 0T DL I R gE R 28 o0 Nef2 2% 5%
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57, BEIMA D H B K S-S B 1E H, 0, 355 5 1 AL 197 38
Sl T T 5 Shuang' ™ & B Kz 2 AT LA L 3
VAR 2L TS S 11 T U 20 I 480 Ak O B8P 5, R4
AR S5 80E ERK ANV HO-1 S35
XKoo ASSZEG K BLLS T M ZIG TR, N BLAS (A2 )
IO RE 7175 3] 25 19 58, 4801k B TS B 3 ok,
Nrf2/HO-1 3 % Ff1 BDNF 3 [K 23k B 3 - JE, Jr LA
AT HE DU M S 224 0 =5 18 H RN BRLAS 1] 2 S 1012 RE
3, ATRE S L E Nef2/HO—1 Hr4a fh 3 i i ik R 3 ik
A6 fiR S S N 38, LA R 1 E BDNF JEPR 28364 56,

&% 3k
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