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Effect of equol intervention on high-fat diet-induced non-alcoholic fatty liver disease

in ovariectomized rats
ZHANG Guiming, NI Xiangmin, CUI Hanqgiang, XU Zhe, LI Shuo, WANG Jian Department of Nutrition, Second
Affiliated Hospital, Army Medical University ( Third Military Medical University) , Chongging, 400037, China

[ Abstract | Objective To determine the effect of equol (Eq) intervention on high-fat diet-induced
non-alcoholic fatty liver disease ( NAFLD) in ovariectomized rats and investigate its mechanism of action.
Methods  Sixty 5-week-old female SD rats were randomly divided into 6 groups: sham group, ovariectomized+
high-fat diet (OVX +HFD) group, OVX+HFD +low-, medium-, and high-dose Eq groups [ 20, 40 and
80 mg/ (kg + d) Eq], and OVX+ HFD +estradiol group [ E2, 0.25 mg/(kg + d) ], with 8 rats in each
group. After 12 weeks of intervention, the rats were sacrificed and sampled. The liver index was calculated
and the serum levels of blood lipid TG, TC, HDL-C, LDL-C, FFA, liver function in indicators ALT, AST,
inflammatory factors TNF-o, IL-6, estrogen, fasting insulin ( FINS) , fasting plasma glucose ( FPG) and liver
contents of TG, TC,TNF-a and 1L-6 were detected. HE staining was used to observe the morphology of liver
tissue. qRT-PCR and Western blotting was employed to detect the mRNA expression of TNF-o and IL-6 and
the protein levels of NF-kB p-p65 in the liver tissues, respectively. Results Compared with the sham group,
the OVX + HFD group had significantly decreased serum estrogen level ( P <0. 05) and obvious hepatic
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steatosis, dyslipidemia, abnormal liver function and increased levels of inflammatory factors. Eq or E2

intervention resulted in notably increased serum estrogen and HDL-C levels, and remarkably reduced serum
TG, TC, HDL-C, LDL-C, FFA, ALT, AST, TNF-« and IL-6 levels ( P<0.05) , down-regulated expression
of NF-kB p-p65, TNF-a and IL-6 in the liver tissues (P<0.05), and certain improvements in steatosis of

liver tissues when compared with the OVX +HFD group. Conclusion

Eq intervention can effectively

ameliorate high-fat diet-induced NAFLD in ovariectomized rats, and the mechanism may be partially associated

with its inhibition on expression of inflammatory factors.
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IMIEFEAS 4 °C .4 000 r/min B5.0 10 min, YSCEE I
15, R4 B 3l R A 27 70 A A0 R 25 I 1A ( fasting
plasma glucose, FPG) /K3, ELISA {87 &G0 i 775 b
Wz SRS 2 (fasting insulin, FINS) 7K, (B fa S
FERIEE S ZHEPTFE %L (homeostasis model assessment-IR ,
HOMA-IR) , HOMA-IR = FPGXFINS+22. 6.,
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IL-6 7KF,

1.9 saf RAEB4%E R 5 (qRT-PCR)

i B R & B, T TRIzol 12070 42 JRUTF2H 21 5
RNA, JU7E RNA ¥ B2, 30 e s i 1a0) & 4 RNA &%
St A cDNA, A NCBI /3l 531 K Bl TNF-o  IL-6 FlI
GAPDH J7 55 5Pk 5 9, W3& 1, Bio-Rad PCR {{i#f
17 qRT-PCR R AT HC A AR (C) (2795 Jrikse
H RNA BRI &

x1 5|¥F5
e SR ek ]l
TNF-o 37 :5'-TAGCCCACGTCGTAGCAAA-3'
T :5-GCAGCCTTGTCCCTTGAAG-3’
1.6 3 :5'-TGGTCTTCTGGAGTTCCGTT-3’
T :5-GGATGGTCTTGGTCCTTAGC-3'
GAPDH 37 :5'-CCATGTTTGTGATGGGTGTG-3’

T :5 -GGATGCAGGGATGATGTTCT-3'

1.10 Western blot #m|

JH2H 2R & A A B R B9 RIPA i i 2]
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oL, A ] Tmage J AR BEAE AT ST 40 HT
111 %t $ 54

ffi ] SPSS 20. 0 B AT GE T 0 b, B i LA x+s
o HIURR AR T 22 0, SR 5 HEAT Tukey 55
JEkig . P<0.05 Bl =R BA G E L.
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g S HES ZEBLA T el , 98 A 240 1t =2 10 0 g ¥ 25 3 0l
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Mo SR U 25 T (P<0..05) 5 5 OVX+HFD 4]
LU, Eq s A BRI 5T 8 S 4 2085 (B 2 R AIG
(P<0.05) , Hrr Eq H e 7] e 20 10 2 B AOR BRUA o i
(P<0.05),5 E2 BA MU ERIRCR , T IR0
Eq Fl 3G hnmsgag, WA 2,
2.3 Eq 3 kK R foiF ¥ & FPG, FINS & F &

HOMA-IR 4%+

SHFEARY R, OVX+HFD 20 5L I M i 2%
K% T (P<0.05), [i{E FPG, FINS /K,
HOMA-IR i F 55 (P<0.05) ;5 OVX+HFD 4 [h%5¢,
2 Eq 3 E2 15, K RIMEMES R KB E & (P<
0.05) , MLy FPG FINS /K-, HOMA-IR g Z &A% (P<
0.05) ,Eq T Tl 5 B — 8 7R s AR, DLIET 3.
2.4 Eq xR R iE g RAKT 6%

5BF AR L, OVX+HFD 41k KL% HDL-c
IK - i 2 B (P<0. 05) | IfiL3% TG . TC LDL-c . FFA 7K
TR E T} (P<0.05) s Eq T 15, OVX+HFD K iUl
i TG . TC LDL-c \FFA 7K 5 2 FEAIR (p<0. 05) , 1L ¥
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ROR B T HOR SHG 0, Eq 09808 B ., DL 4,
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A:AEF R4; B:OVX+HFD 415 C:OVX+HFD+/& 51 & Eq FF48; D:OVX+HFD+ ¥ #| & Eq T141; E:0VX+
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FA(n=8); 5:0VX+HFD+ZH A% Eq F#A(n=8); 6:OVX+HFD+E2 FFi41(n=9);a:P<0.05, 58 F R
4816 # ;b P<0. 05, 5 OVX+HFD 41 st 4
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1.5 K28 (n=10); 2;0VX+HFD 4 (n=8) ; 3:0VX+HFD+{& %] ¥ Eq T8 (n=8) ; 4:0VX+HFD+ ¥ #| & Eq
F(n=8); 5:0VX+HFD+&#]| & Eq T4 (n=8); 6:0VX+HFD+E2 F7i28(n=9);a:P<0.05, 58 F K

44 ;b P<0. 05,5 OVX+HFD 48 1b4x

A.TG; B.TC; C:LDL-c; D:HDL-c; E.FFA

4 JHAKXRIMFRERKFLE

2.5 Eq bk SRR F KT 6 %ok
SEFEARY A, OVX+HFD 41K BUITFIE TG . TC
KAV 2 5 (P<0.05) , 5 OVX+HFD 4 [L#,Eq T
Hifg OVX+HFD KU HE TG . TC K- F FFRAL (P<
0.05) ,5 E2 HAMRIIERZCR , Eq THRCE 23
— B AR, DL S
2.6 EqxTk R ALT = AST KT 45 %
5B F AL &, OVX+HFD 4]k Rl ALT.
AST KB % F+ 75 (P<0.05) , 5 OVX+HFD 41 b %%,

Eq 5§ E2 i J5 K BUMTE ALT, AST /K & 25 FF A%
(P<0.05) ,Eq T AL F 23— & 5 5 AROB R, I
K6,
2.7 Eq 3 XK iF A=A e K BT KT 69 %0
S{EFARY A, OVX+HFD 20 K B 38 Fi T
KA F TNF-o  IL-6 7KF 8 2 755 (P <0.05) , 5
OVX+HFD 4 Fb#5, Eq 75 K BRI TE A IE TNF-oc |
IL-6 7KV 2 AR (P<0.05) , 5 E2 HAA ML /E
RO, i TR 0, Eq RRON 3858, ULIE 7,
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185 A28 (n=10); 2:OVX+HFD 28 (n=8) ; 3:OVX+HFD-+{%# % Eq F %L (n=8) ; 4. OVX+HFD+ ¥ # & Eq
FRA(n=8); 5:0VX+HFD+Z#) % Eq FFAZ(n=8); 6:OVX+HFD+E2 FF£1(n=9);a:P<0.05, 58 F K

20142 ;b P<0.05,5 OVX+HFD 48 1t4k

A:fn TNF-a; B: e [L-6; C:#f TNF-a; D: AT IL-6

7 AKX MFEFRFAERAE E F kT LR

2.8 Eq * Kk SAFME TNF-o IL-6 mRNA %3k 64 h
SRFARY A, OVX+HFD 4 iF 414 RIEH T
TNF-o IL-6 mRNA 223k 7K 39 2 71 55 (P<0.05) ;
Eq 3% E2 T-HiJ5 T 414! TNF-o . IL-6 mRNA &3k 7K F
PR (P<0.05) , WLIE 8,
2.9 Eq 3K &AM NF-kB p-p65 & & £ ik 9% vh
5\F AR, OVX +HFD 41 IF 414! NF-«B
p-p65 H [ FRIKK 1 B T+ (P<0.05) ;Eq THif5
JFH 2L TNF-kB p-p65 45 1 3R iA K- B F FEL (P <
0.05), LK 9,

3 itig

NAFLD Kbl &2 2%, “ ZHAT ™ Ut e
FIPL(IR) R EAL  RAEH 7 BRI 55 2

PR ZAER T2 Bk, J[F 2 iF NAFLD &4k
JENH S NF-kB R0 2 5 5o K A0E R G0 I FY
SRS R TR ITF IR 5 E 5 380 o5 () ) vp R AR
J11, 76 NAFLD i #i B F1 NASH B b iR T 2y
NF-«B il J% > . IEH BT, NF-kB il i 5410
Nk S e A T il o) pi S Y (9 37 N R S
R, NF-«B 1) il & B R AL K i S0 i/F NF-kB %755 ]
AN 175 SRS TNF-ou 11 TL-6 25 48 i PR () 1 L 1)
Fik, SR ISRE ARG o M TR
B A i EE R UG K, 445 T Op ST
RETOR SR 2 B AR NF-«B S T 55
T A7 MEPR R A B PP X — A E AR R T
55248 28 RH DG 1 JHEAIE SAE 1) 48 BE 379, -3 3 NAFLD [
A 1) NASH R4 A R S5 1 0l R e
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B8 JAKXRIFARARIERETF mRNA RikKkFELLE

AR R 15 Ty 20 e As DL R 75 WA R i 4 24 )
A% NAFLD ) &5 R 284 L%, NAFLD 5.0
MG TS Sk R 45l P 43 A 3 I X
AHE SRR Y H 35 T4 T S H v] B 5 B ) ™ R R
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AR AR FE Y MEBEE AENR VIR i VE
T2 BB YIS, A7 i U1 Bk K R O0 S0 = e
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