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Effects of High—Fat Diet on the Bone of Obesity Prone and Obesity Resistant
Mice and the Intervention of Quercetin

ZHOU Yinzhi', XIA Shufang', DUAN Xiaomei', YAN Biao', SHI Yonghui'?, LE Guowe™?
(1. School of Food Science and Technology,Jiangnan University , Wuxi 214122, China ;2. State Key Laboratory
of Food Science and Technology , Jiangnan University , Wuxi 214122, China )

Abstract: To investigate the effects of high-fat diet(HFD) on the bone of obesity resistant(OR ) and
obesity prone (OP) mice and the intervention of quercetin. Mice were randomly divided into two
groups : regular diet group (C) and HFD group. After 7 weeks, HFD-fed mice were devided into OP
and OR group according to body weight and treated with quercetin. Femur parameters,redox status
and expressions of osteoblast and osteoclast differentiation related genes were measured before and
after quercetin treatment. The results showed that HFD treatment significantly decreased femur

parameters of OP and OR mice. The expressions of osteoclast differentiation related genes were
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significantly up-regulated while the osteoblast differentiation related genes were down-regulated

significantly in both OP and OR mice. Femur properties were improved after quercetin treatment.

Consistent with the above mentioned , the content of MDA was higher, while the antioxidant indexes

and the expression of antioxidant related genes were significantly lower in OP and OR mice. Redox

status was improved after quercetin treatment. HFD treatment led to oxidative stress in femurs of OR

and OP mice,may by affecting the expressions of osteoblast and osteoclast differentiation related

genes, consequently reduced the femur properties. Quercetin can improve redox status,thereby

improving femur properties of HFD-fed OP and OR mice.
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J&% (obesity prone,OP,n=10), kb3t , 5 —4t, S Ig1H
W7 w it OR #1 OP J5, 25 IEJEFIHRHT /N B4 =i
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10), Rmm g HOM A B B2 22 69 FR S A R4t
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Table 1 Composition of diets

Jit &t 53 K/ %

M 80 H 2029 2028 WHIRIEAY 006  0.06
WRIR 45 .01 1.01
BRI 55 132 132
JIEL 0.00  1.00
AALsh 020 020
Tt R A 1.01 101
ek R 0.02 0.2
HAMREL 0.0 0.10

DL-#E4% 030 030
FokTER  60.86  41.58
E Rk 507  5.07

TR 0.10  0.10
4% W200 507 507
K 203 203
i 2.54  20.84

1.3 XWHE

131 “az#sdsd FA/DNREEE 12 h, SR
i S OB 92 b A6 /0N R A8 K b s B % R R
3 T AR B R K 12 1o 0 20 A o e R R PR &2
AR B A ALY U 2 WS I 0.9% i) T4 A 34k 7K
Hl 45 109% 2130 W, B T =20 °CH FH 5 80 4% 20 Bl B4
Z T Trizol AT RNA 280, KA MR AR T E
BT -80 CHEAR IR VKA - AT

1.3.2 AAERIKEIAFNE MDA T-AOC il E
4y i Pt A ) R A B R & U B
£e4E . GSH I GSSG & = 7 ot i e

1.3.3 % RNA & R& qRT-PCR Fi/E# K
Bt 2 A R B B E R ALUEET 1 mL
Trizol ", F K g BY J1 K5 I B BY W, 14 FH 2 3 ity 1 el
AR AR VKR A1 . A1 CE 15 min Ji5,10 000
r/min B0 15 min, WHCEO S 9 _LIEWONA 200
wL A5 R AT, #E 15 min J5,10 000 r/min £5.0> 15
min, W2 KA 400 L, A ZE R FL Y -20 CTH
Vo 0 S5 TR T A A A B TS Eh W U, TR AT 4 CliE i
A, HAHRAVEHE IR Trizol ¥ 32 BUBH & RNA , 25
F 153 #| cDNA, £ % )t % it PCR (quantitative
Real-time PCR) il /)s BB B mRNA /KF-, 5197
FILZ 2,

*2 5¥MF7

Table 2 Sequences of the primers

B-actin GGGTCAGAAGGACTCCTATG
Runx2 CCGTGGCCTTCAAGGTTGTA
Bglap2 CAGGAGGGCAATAAGGTAGTGAA
CTSK TGTGACCGTGATAATGTGAACCAT
RANKL CAGCATCGCTCTGTTCCTGTA
OPG ACCCAGAAACTGGTCATCAGC
Nif2 AGCACATCCAGACAGACACCAGT
NQO1 AGGATGGGAGGTACTCGAATC

134 FHE Ao g FEEEEK R
LUAT R A R B B A A AL 2 I DL AR R
% 1 . i In-Vivo DXS PRO 4= H 8554 ¥ X
SEHLI 2 e % B B K B (length,mm) . 45 R
O 5 5 v S %) 3 ) g 2 02 A0 A sy 5 B A2 2 IR
R B R (N) R H B AT =
RS R R R R T SR I [ W, 85 R
6 mm, BEKINEGEE 10 mm/s B E JBE W 245545 i

GTAACAATGCCATGTTCAAT
ATTTCGTAGCTCGGCAGAGTAGTT
AATAGTGATACCGTAGATGCGTTTGT
CCGCAGGCGTTGTTCTTATT
CTGCGTTTTCATGGAGTCTCA
CTGCAATACACACACTCATCACT
TTCAGCGTGGCTGGGGATAT
AGGCGTCCTTCCTTATATGCTA

KEME; B THE (dry weight,mg) . ¥ & T
105 CH g+ B AE TR K7 T (mg) A5 BER B T
Hyrh  FE b i Ak 2R 577 A4 R S T E
Jo i i B 4 e S 3 g b 550 COR AR = AR TR
TR o3 5 i 5 RO 85 5t 6 43 28 (mg/g dry weight)
EDTA {5 7 500 % 45 75 45 B 0 5 20 2 (mg/g
dry weight) - PUFHRR ¥ Lt (7%
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5 TN NE JrE KL 5 o 2 7Y
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PRERE B K TR TR RS R S
BB EMT CH(P<0.05), 5KES C AT
MR PR A R S R HORR SRR AR OR
/NP RE

OP ZH/N AR BT & i 3505 T C 4/, i
WA BT E RS T C 4/ R (P<0.05),
Hoy-y % e R A K
CHRM 11.7% 3.1% .1.6% .13.4%(P>0.05), $&xm
iR H R 2l OP /MR B PERE T A IFoE R
B v N MR R R 2 0 AR R /N B i PR B
AR K (U 48 R T A E 111 28 R R o
R B KO AN BOR S M R T AR
JE e /0 BB 1 R 3G n ] g R T S R T A
A SR 7T, OP 2H /) B 1) B 8 38 R ik J3E 28
Jo7 8 4 OE IS Y % B /R 5T & (BMD/Weight) | 1 5#
JEMA T (Strength/Weight) {1 T OR 41/ C 41
(P>0.05) ., $2&75 OP /Iy B 4K 1 2 38 I E 2 B P RE
AR 453 3,

* 3 EHISHE B HRALAE S R A0 AL BE IR HT /0 R A B M BE (xs,n=10)
Table 3 Femur parameters of OR and OP mice after short term HF D (x+s,n=10)

e c | o | o |

ﬁiﬁi/g 26.04+1.51*
K B /mm 15.35+0.30
H 4 /mm 1.33+0.10"
K5y Img 27.18+1.84"
T 5 2 /mg 44+2.55"
T i3 1 5355/ (mg/g. dry Weight) 74.47+1.69*
5 5 it 3 %0/ (mg/g dry weight) 150.87+8.21"
B0 /N 18.34+1.76"
B B (gfemd) 1.83+0.01"
(B 58 BE /AR 5T 8 )/(N/g) 0.70°
(B 9% BEMA B 2 )/ (em?) 0.07*

25.93+1.70 33.01+1.30
15.14 £0.10° 15.82+0.15"
1.22+0.02* 1.44+0.09*
21.58+2.26* 31.93+1.53¢
36.5+2.69° 51+2.55¢
62.47+2.41* 79.56+0.02
126.23+3.56* 168.57+2.63"
15.34+2.52* 18.59+1.55"
1.64+0.02 1.86+0.02"
0.59° 0.56°
0.063* 0.056*

T AT BUE AR A ) /NG F Rk R IR 22 57 W35 (P<0.05) , A F) 7 B 3RR 22 5 A8 .35 (P>0.05) . (R IH)

2.1.2 K#ZHM BRI OR F= OP /1 KB A8
®rw AR 4AFH, SR H R 17 F 8 OR Al
OP /N IR T 2 2 = T C 41/ (P<0.05) , Ui B
R /N BUGHAE Bk AR PTRE i A R, KR I v
JiE HRE OR /BRI AR I it 25 B 25 T

Tl W v A EOAR 17 JE B OR 4/ BRUAY B 5 4 I
B R R bR R | AR KA
TR, RESRE S EEMRT CH (P<
0.05) , #&75 K M = iR H O 2 52 OR /) BB B
B A B OR /N R B PR RE

Tl W v A HORE 17 R, OP 4L/ RO B i K
B EAES C 4/ B e 3 22 5 (P>0.05) . H
SRR B BT A, B BT C

H/INEL(P<0.05) , $ 7 K 14 2 =g g HORL, X OP /)y
BB A KT E M, (R4 OP /N
e PEREREAIR, SR E R IE S, 0P 4/ By 1 i
B E B E LT OR 4181 C 4/,

NN 0.4% B Mt iz 2, OR+Q 41 /I B4 14 okt 2t A
X OR /N FRIEA o B AR A R 0 ) o % B B
SRIE KAy K E ) C HKF; OP+Q /N R A
JifE i AR T OP /NEL U 2 T C /R, OP+
Q HH/NEURE Wy BT B BRI TR RS
JE B B, WK 4,
22 SEBRAFEELEMS RMEREKIT/NR
BESLEFERENTH

R 5 s, A C 4, 0P 4171 OR 41/ i
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x4 KHSHE B R E RS B0 AR RE K /N BB IR B 14 88 (x+s,n=10)
Table 4 Femur parameters of OR and OP miceby long term HFD (x+s,n=10)

i T

T g 29.76+1.25" 35.39+1.98"
K JE fmm 16.18+0.11" 15.31 +0.08"
H 4% /mm 1.44+0.03" 1.32+0.02
JK 53 Img 3243021 25.82+0.36"
5t it /mg 52.55+1.2" 44.64+2.58"
Wi T 43 %/ (mg/g dry weight) — 80.21+4.41° 76.00+5.03"
55 [ 4 73 K (mgfg dry weight)  167.41+8.90¢ 148.20+5.43°
3 /N 17.49+1.04 13.91+0.51*
5% JE /(gfom’) 1.7320.16" 1.28+0.03"
5 B/ B 4 )/(NVg) 0.58" 0.39"
B LR B )/ (em?’) 0.058" 0.036°

B Pt S AL BE J1 48 b T-AOC Fll GSH/GSSG 7K -
3 FEAR (P<0.05) , B8 T ot A Ak #1457 1 MDA 7K
-4 2 T (P<0.05) , 32 W] OP 1 OR /N B i 4R
FLRE T BEAG , AL IE JERAS 2R 4 . OR /N TR Ak Ts
FR¥EIE T OP /NEL (P>0.05) , MDA 7K T OP /h
FL(P>0.05), LT OP /N B 4T 480 Ak N B0 fiE 77 L OR
AINEAIG, SRS OP 241/ B 5 2 MR o i
55 /R IR T C 4180 OR 4/ Rl — 3,
®5 EHEKEBRREELEFERE (xts,n=10)

Table 5 Femur redox statebyshort term HFD (x+s,n=10)

GSH/GSSG 2.32+0.30 1.82+0.15* 1.78+0.11*
MDA/
1.75£0.11° 1.96+0.23" 2.28+0.41
(nmol/mgPro)
T-AOC/
2.35+0.01" 2.01+0.35* 1.61+0.30"
(U/mgPro)

17 JEE F1 C AL, OR 4H/NERAT OP 4H /N FR
P AL BE 13848 T-AOC #1 GSH/GSSG /K- B &
R AIK (P<0.05) , i It o S8 Ak ) b 35 ) MDA 7KF- 1
ﬁ%ﬂ%(k&%),iﬁfﬁtﬁﬁﬂ f= BB H AR IR OR A1
P/INER B LA R RE T o RN 0.4%1H K %
F OR 1 OP 41 /Iy B B S Ak 8 T R 25 3 15 21 4K

®6 KHSKEMRRK

36.12+1.5 48.89+1.68 ¢ 40.18+1.30"
15.51+0.42* 15.90+0.06" 15.92+0.19"
1.30+0.02° 1.47+0.09 1.45£0.04
28.12+0.42% 28.66+0.32ab 27.53+2.41®
45.65+1.56° 45.87+1.80" 49.33+1.20"
77.52+0.81° 77.21+2.64° 78.07+0.40°
155.10+1.27 151.33+7.12* 157.36+7.43"
16.63+1.62" 14.53+0.64° 18.16+0.76"
1.68+0.14" 1.35+0.12* 1.81+0.07"
0.46° 0.29° 0.45°
0.047 0.28¢ 0.045°
2,06,

23 BIEBRAREHERES EMEREKT/NR
REMEERAXERRIE
I — AR5 T 0 BR AR, B 0 T
S — AL R A MR A, R A T B 2ot
FRO AT LA AT DA AT ] A 30 s e A
W =2 18] A7) Runx2 2 — Ff s ST IR 1, J2 AR
1M S T 6 T 1O B A 0 18] R T 40 A 1 K
B A A AR IR Y R 40 M A A, Runx2 & (R
B /N BB A0 M TE I Ak e ek 4k Bglap2
2 AT A0 R AR R e A 2k T L
B 20 B 43 A0S RANKL TF 545 00 T Fl i 40
AR, SR A LT R 25 1 RANK 254 it
T 200 T A 1) R 40 43 O 0 4 40
P, i E WO N, OPG H 8B 20 43 ik , oA
& RANKL #9353 Z 1A , 5 RANKL 454 J5 )5 # A
e & FEAEHT, OPG. J2& 1 W Y58 410 1 771, RANKL 19 K
IRFEEHLHI RANKL/OPG b T 40 i ) 5502 448 o
IR 412U FH I K (cathepsin K, CTSK) /2 i
HAHMEEZNIES T, S 5FmEEIER, I
AT DL e 3R 4 W R 0 O T o R A R R
Ji JRE £ /0N B B R oA R G 4 i 43 Tk 3 8 T BE S

2B AU ERRKT (xx5,n=10)

Table 6 Femur redox statebylong term HFD (xs,n=10)

I N S T T S S

GSH/GSSG 2.14£0.09" 1.3620.13
MDA/(nmol/mgPro) 2.05+0.12¢ 2.98+0.26"
T—AOC/(U/mg Pro) 1.89+0.03" 1.32+0.05°

1.9810.18h 1.32+0.15° 1.76+0.19*
2.14+0.24* 3.370.11° 2.35+0.26°
1.93+0.15" 1.46+0.05 1.76+0.20
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AREFRERYYERS TPl BRI . Nef2 BERS 8 1 1 BR
ROS 4t @t F- i 2, 1 % b 16 )L i (NADPH
quinine oxidoreductase , NQO1) & Nrf2 A9 T i 4T %
AT 3L P NQOT AE % 3 5i il M2 /&7 i H RS /DN BB 4
LA AL RE 1™,

2301 7w REHE By B A R R AR D FOR B AR BCE AR
XARFE WE PR, S5 CAHME, mIEHR 7 w
A, OR 41/ F Bglap2 .Runx2 1) 3 ik JC & 3 A2 4k,
RANGKL/OPG CTSK 32155 i 3% [k (P<0.05),
1M Nrf2 NQOT Fy 353k 8 i (P<0.05), 7% 1]
] M g H OB BE S LA OR /DN BB 13- 40 JH T R AR %
SRR B FRIR TR B AP TR OR /N 1Y)
BHERE, OR /NEUBCH Nref2 8 30s , Ll R iiEst A
NQOT 1Y 5 R £ w5 BB Y Bt Bk g

AR MRNA K

E1 EHEEERORM OP/MREXERNRKIE
Fig. 1 Gene expressions of OR and OP mice after short
term HFD

5 C ML ,0P 4/MR Runx2 Bglap2 1) ik
39 2 B 1.34 il 1.49 £5 (P<0.05) ,RANGKL/
OPG ,CTSK (1) 235 43 1 2.56 1 2.25 £ (P<
0.05) , 48 7~ J A 1] WEE =5 i HORE , OP /0N BT B 3 2ot 184
CLT = =R e O = 1107 R N o = e ) o = e
ML A K - S BCE AR T RE R S5 E M RE Y

gh B — 8, Nief2 NQOI1 Ay ik % T
(P<0.05), 47 % Wm0 s H O OP /D BRURE 2
28 P ™ B A 3, Nef2 NQO1 i nl B 5 2ok
I RANGKL/OPG,CTSK i1k i, S 280i
(A

2.3.2 17 w IeRE 5 B An e RE AR AT A ROR B A R
MR ARE &K WK 2-3 R, EiE HAR 17 w i,
5 C AL ,OR 41/ Belap2 . Runx2 )31k 1 2
T4 (P<0.05) ,RANGKL/OPG CTSK f4 ik . % |
J# (P<0.05), 1 Nrf2 NQO1 fy £k B & FiH (P<
0.05) , F&7R KW= 1 H KL BB 6% 38 1o 38 5 A B 440 i 43
AR OG5 PR B 22 38 4100 1) 1 4 431 A G 25 R
AR I T A G 35 PR 1 3 3k B AT AE JRE I /s B

L
HE o

AT MRNA K

2 KEBEEER OR/NREXEELNRE
Fig. 2 Gene expressions of OR mice after long term HFD

M 0.04% % %= )5, 5 C 4, OR+Q 4
/NEL Runx2 19 ik 8 3% 1 (P<0.05) ,RANGKIL/
OPG .CTSK %3k 3% T (P<0.05),Nrf2 NQO1
3k .35 1 (P<0.05) #2705 Hif K 3% Al i 1 o
B BT RE T, Fe s R A Y A3 Ak 3 i
20 B 1 43T ok e A Bk B /N B -1 P B

5 C AL, 0P 4H/) Bl Bglap2 \Runx2 11 % ik
i 2 T (P<0.05) ,RANGKL/OPG .CTSK ) % ik i
F T (P<0.05), 1fi Nrf2 NQO1 Yy 23k B % T 4
(P<0.05) . 47 K] i 3 I H R BE 08 38 o g 3
B 20 L R DG 35 PR B 3k 400 i 1 40 O AR
OB R RN SR Ak 3 R AH OG B R 1Y) 25 3K 5% i) A IR ) Ik
/N BB PR RE
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