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FIELL, TR IR RLE R [R5 T AR A 25 W25 24 12 J8) . HE YLt S LI A2 T B2 AR R R 4= A 3l
AL AT AR LT H Y =5 (TG) JIREEE(CHOL) A N 5L & (ALT) A AL &0 (AST) /K- K 4141 TG .CHOL /K-, itk
S fHE (ELISA) T 5E K42 TNF-a, IL-6 .CRP K-, qRT-PCR 4L A AT4H 4! SREBP-1c.FASN fiy mRNA /K, Western
blotting & i 2041 p-AMPK .SREBP-1c .FASN 2 NF-kB-p65 B 2E 17K Z58R AR - =7l 2H ek NAFLD K
HFRENG BTN, B R MY TG .CHOL \AST ALT /K, [RIFFEARATZH 2 TNF-0. IL-6 .CRP /K, 4P ARSI b S 2e
S AEE T NAFLD K BUITFHE p-AMPK (97 #6157k -, %A% SREBP-1c ,FASN 2 NF-kB-p65 U #ik /K. £8P AFEIE H
AT HEIE 150 AMP KGR PR TR A 5 B 0 ) NF-icB 1 PRI AT A S AE SN , it NAFLD HERE
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Effect of Hugan Qingzhi tablets on AMPK pathway activation and NF-kB-p65 protein

expression in the liver of rats with nonalcoholic fatty liver disease

YAO Xiaorui, XIA Fan, TANG Waijiao, ZHOU Benjie
Department of Pharmacy, Zhujiang Hospital, Southern Medical University, Guangzhou 510282, China

Abstract: Objective To investigate the effect of Hugan Qingzhi tablets on lipid metabolism and inflammation in rats fed on
high-fat diet and explore the underlying mechanisms. Methods Sixty male Sprague-Dawley rats were randomly divided into 6
groups, namely HFD group (with high-fat diet and distilled water), control group (with normal diet and distilled water),
fenofibrate group (with high-fat diet and treatment with 0.1 g/kg fenofibrate suspension), and low-, moderate- and high-dose
Hugan Qingzhi tablet groups (with high-fat diet and treatment with 0.54, 1.08, and 2.16 g/kg Hugan Qingzhi suspension). After
daily corresponding treatments for 12 weeks, the histological changes in the liver were observed with HE staining. The serum
levels of triglyceride (TG), cholesterol (CHOL), alanine transaminase (ALT), and aspartate aminotransferase (AST), and the
levels of TG and CHOL in the hepatic tissue were assayed. The proinflammatory cytokines TNF-a, IL-6 and CRP were detected
with enzyme-linked immunoassay, and p-AMPK, SREBP-1c, FASN and NEF-kB-p65 expression levels in the liver were
determined with qRT-PCR or Western blotting. Results At high and moderate doses, Hugan Qingzhi effectively decreased the
levels of ALT, AST, TG and CHOL levels in the serum, lowered the hepatic levels of TNF-a, IL-6 and CRP, enhanced p-AMPK,
and reduced the expression of SREBP-1c, FASN and Ac-NF-kB-p65 in the liver of rats fed on high-fat diet. Conclusion Hugan
Qingzhi tablets alleviates hyperlipidemia and inflammation in rats fed with high-fat diet possibly by activating AMPK
pathway and suppress NF-«B activity to arrest the progression of nonalcoholic fatty liver disease.

Keywords: nonalcoholic fatty liver disease; Hugan Qingzhi tablet; lipid metabolism; inflammation; AMP-activated protein
kinase; nuclear factor-xkB
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NF-iB ) 1 PR [ E A S i i
AT TS, SRR RS S 1 NAFLD K SR
p-AMPK 5 A Z ik 0870 NF-xB 5 [ # ik igom > 12 3%
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AMPK F NF-xB A1 B A B G AR MR U a7
A P RE R oA FRBE T NAFLD IR Y = B il
I, S A G A BTN, a2
I RS BRIE I H Pl . ANISEIH I o 2 SR
HH 3BT B F 6 NAFLD B f CIt S S e S i AT
B PR VE (AR P A IR 5 AN T
AHIFFE I IR BT NAFLD K BR3¢
PG IR BT BU5 K BUF414 p-AMPK  NF-kB A
KR IR IR AT BRI H BT iR NAFLD /9 7] BefE
B

1 Mgk

1.1 A

1.1.1 %%z SPF it SD KR 60 H, 74 it &
180~220 g, ¥ [ R 75 BERF R 2= sy s gty , S AR
5 SCXK (#.)2011-0015, L5 sy 35 T 55 7 BE B
A S NIRRE 12 h BT, TR 252 C,
A K ETROK,

1.1.2 %4 IHENR Rt ERREEERITEE b
I AL (5. 20150412) , 45 0.6 g JEiE DU
(BIA% 0.1g%20 Fr/ér) A A= 25:b A RS wl A = (it
5 :H33022462) .

1.1.3 &4 SRR, ) AR RS s oL B
HECRERE 20% S 15% JH[EIRE 1.29% JHRRER 0.2% | ik
FEFH 10% PR S55 0.6% A1 83 0.4%  TIIRRE0.4% &
fii i)k} 52.2% ) ; Trizol i 7 & , 3¢ [ Invitrogen 23 7 ;
SYBR®Premix Ex Taq™ Il (Tli RNaseH Plus)#%¢ )t 7E &
iR 45 . PrimeScript®RT Master Mix Perfect Real Time
3 i SRR €, H A TAKARA Bio. B =t 24t s Fifk
p-AMPKa, 2 [ Cell Signaling 23 7 ; HiiA& NF-kB p65,
2 [E Abcam 2 7 ; ¥t /& SREBP-1c, FAS, GAPDH,
Histone H3, 3&[¥ Santa Cruz /A,

1.1.4 % SL-502N HFRKV-(HrZ—), LR
ST BSA224S TR (1 5y 2 —) AEEIFE 2T A
F) 3 AU2700 4= H 3 A k40 #r4, H 2 Olympus 23 7] ;
ABI-7500 % aE ft PCRAY, 2 [F ABI /2w ; ABI-9700
3 PCRAY , 25 [E ABI /A7) s BX51 IE &5 i, H
A% Olympus 2 7l ; FJ-200 =53 /3 i Bl , b ipnAs e
#IJ; Legend Mach 1.6R{I =ik 25,001, 25 Thermo
/5] s BG-verMINI A VRIE ETHLPKA, AUAUH S A ]

1.2 Fik

1.2.1 Ship AR 225 K560 HUEM: SD K B I e
I LR  FR R T i B AL 53R 6 41 : 1EH 41 (Con) , 52
HIZH (HFD) , AEV4 DUERAH (FF) , 3 R B AR L rp L a3
FHMHLUHMMH) . IEHF AL TIER R, A4S
TR RS, 7E AL [R] I R SE 45 T AH R B 259

T 12 J], FLr I A A 44 10 mL/Kg 45T 7RI
IKHEE s PR K b R 2 43 ] L 0.54,1.08
2.16 g/kg M3 B AR R TR ETRE 15 25 2 s BT DURRAL A
0.1 g/kg MYEEH D RHR B B 4525, LRI, H % 12
S

1.2.2 ffgBAFhaetem 12 LG AR
AR IRRE , I 3R 1.5 mL, 3000 r/min, 4 CES.Cr
15 minZrES M , R4 B shA A A SR i i H
—HR(TG) JHEEE(CHOL) 45 N5 2 (ALT) FI 7 &
A RE(AST)IKF

1.2.3 IR A2 4m] B4R RH2H21 200 mg,
L4141 493% ,3000 r/min, 4 °CES.L> 15 min J5 H 1,
K4 A s AL AT SOG4 H il =R (TG) il
[E 5 (CHOL) 7K~ o 2R FH R EEK B2 W B 52 (ELISA)
TR G e AR IDTR (FFA) 5 i

1.2.4 Xy B-Fan  Hl8FA2155, H ELISA K
G100 A A5 BRI 2 2 2050 5 rp R SR BE I -
(TNF-a) . 140 A % -6 (1L-6) K C J )i 4K 11 (CRP)
s,

1.2.5 ML HE $ & BR3P RS &
L) 4% 2 T SR 72 , 2 I A HE (4,
FIEE BB F WS LUE S0, R
KaVERBITPERFIRI2Y 7 4E R ) (2010 AFA& T T Hr (& [E ]
SEBAARFEBE NASH I RAFZE 5 1 TAELFE RN
25 L) B AT IR 25 2 50 B4 0 M, Xt
NAFLD i gl B A T Ge T4 0 F4fr , NAFLD 6 8l
BUMPEN AR IR 1,

%=1 NAFLDiEFIERSEMER

Tab.1 Evaluation system of NAFLD activity score

Index Score/definition
0 (<5%)
1 (5%-33%)
2 (34%-66%)
3 (>66%)

Hepatic steatosis

0 (none)
1(<2)

2 (2~4)
3(>4)

Lobular inflammation (magnification x20)

0 (none)
Hepatocellular ballooning 1 (rare)

2 (more)
Total points 0~8

1.2.6 qRT-PCR#:| SREBP-1c.FASN mRNAK-F Kt
R RUITLZR 60 mg, T 2 b iV BT A I A
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Trizol 3R HE B RNA I 5E 6 B i 1004 1300 5 53t s 1

4 % cDNA, 2 Jif £ 14 : 37 °C 15 min, 85 C 5's, %

SYBR®Premix Ex Taq™ Il (Tli RNaseH Plus) %t 7E &
AN E UL B A SN, LA cCDNA RS 7438

RT—qPCR HLFA : AR (95 °C .30 s, Leycle) ;T}“i'n'a“

(95 °C.5 5,60 °C.34 s.40cycles) ; % fit it £ (95 °C .5 s,

60 °C.1 min.1lcycle),51¥1/75 L3 2,

=2 5|97
Tab.2 Primer sequence of qRT-PCR

HF &4, BCA(bicinchoninic acid) B 4E &
FIV B, SDS-PAGE HLIK /3 B A 1, LTRSS R B 43
B, 675 2 PVDF I I, J5 i 5% i ik B, =
PR L hy YRR, n—H i B (p-AMPKa, 1: 10005
SREBP-1c, 1: 1000; FAS, 1: 1000; NF-kB-p65, 1: 500;
GAPDH, 1:1000;Histone H3,1:3000)4 Cit i & ; 1k
T, — TR B E TR E 1 hJ5 , TBBS K 10 minx3
U BTN ECLAL F A R m i Tt e

1.2.8 it sz SIEE R AR SPSS 19.04b#H
B AR 2o, A R BCR R 207

Primer Sequence (5'-3'") 2243871 (One-way ANOVA) , 3:-H LSD K%k Dunnett T,
SREBP-1c F GGCCCTGTGTGTACTGGTCT KIAEM I LA, AR P<0.05 M2 gt L.
SREBP-1cR AGCATCAGAGGGAGTGAGGA

FASN F CAGGTGTGTGATGGGAAG VL]

FASN R TGTGGATGATGTTGATGATAG 21 faik ALT AST.TGA CHOL A

i Pesvavessaihiiiaionsvel SIE R AL, ORI 3 ALT AST . TG .CHOL

1.2.7 Western blotting #-m]  HGE i FZH 2N A 2k
TSI B O BUR AR 1, A AR R A B 1 I

TR TR (P<0.01) s SRR L, 47 SRR Rk
R A AR DURRZH LS ALT LAST . TG.CHOL
KO3 N RE(P<0.01),, HI FE R A el
BT IR (3),

=3 BAKRRIMFEALTAST. TG.CHOL 7k F Eb 3
Tab.3 Serum ALT, AST, TG and CHOL levels indifferent groups (Mean+ SD)

Group ALT (U/L) AST (U/L) TG (mmol/L) CHOL (mmol/L)
Con 32.75+4.03 108.75+11.09 0.34+0.04 1.46%0.79
HFD 106.88+11.18* 183.75+8.65* 0.96+0.10* 4.60+£0.60*
HL 66.44+15.60" 162.44+6.58" 0.66+0.04" 2.92+0.38"
HM 45.00+3.50" 138.00+10.17" 0.47+0.05" 2.52+0.20"
HH 39.75+8.27" 133.00+£10.52° 0.40+0.05" 2.09+0.27"
FF 45.00+4.38° 137.62+8.23" 0.39+0.06" 2.32+0.13°

*P<0.01 versus Con group. “P<0.01 versus HFD group. Con: Control group; HFD: High-fat diet group; HL: HFD +
Hugan Qingzhi low dosage group; HM: HFD+Hugan Qingzhi moderate dosage group; HH: HFD+Hugan Qingzhi high

dosage group; FF: HFD+ fenofibrate group.

2.2 422 TG .CHOL % FFA /KT

S IE R A L BRI F4H 2 TG .CHOL .FFA 7K
- T (P<0.01) s SR A L, BB AR Ao
Fl i AR DURHAFZHZ TG .CHOL \FFA /K- 2
P (P<0.01,364),
2.3 a8 K B FK-F

S IEH A L A 420 TNF-a., 1L-6 .CRP 7K
- T (P<0.01) s SAEAUA EL , 3T R 454
A3 DL 40 T 4H 20 TNF-a., 1L-6 7K F 5 35 P& IR (P<
0.01), [FIR, 47 s A A b e AR i A S AR DR
ZH 21 CRP /KA AR 2 I 44K (P<0.01,585)

2.4 FFLALT A F IR IBIL TN
IEH AN HES BE 55, /NS5 R B , it G
EAS A DX TCAR ARSI ; AR J2AH M Ak , 2006 A
HIINA—INGTE 2, A Ak A X 940
JLIRTE 5 B I i AR e 2 e A A 4 A (R B
LB Brb R g S AR DR AR R 2 i
DA S B, RAE AR D Ok ([ 1a) o AR AR
PEA AL NAS TS 25 R R B 1b) , 5 IEH 4AR L AR
éﬂE’J NAS FH> i 2 THE (P<0.01) s SARRIL AR L, § T
IR R A AR DR B NAS BV B 2
1E§<P<o.01>o
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NAFLD activity score
o B N W b OO N

F4 BHEKXRAFALTG.CHOL FFAKT LR
Tab.4 TG, CHOL and FFA levels in liver homogenates indifferent groups (Mean+SD)

Group TG (mmol/L) CHOL (mmol/L) FFA (mmol/L)
Con 0.70+0.03 0.34+0.05 356.89+50.04
HFD 1.16+0.05" 0.68+0.04" 588.37+86.44"
HL 0.95+0.07 0.46+0.04* 558+68.91
HM 0.78+0.04** 0.37+0.03** 376.02+53.60**
HH 0.77+0.04** 0.38+0.04** 397.50+58.27**
FF 0.78+0.04** 0.38+0.04** 380.40+51.39**

#P<0.01 versus Con group. *P<0.05, **P<0.01 versus HFD group. Con: Control group; HFD:
High-fat diet group; HL: HFD + Hugan Qingzhi low dosage group; HM: HFD + Hugan Qingzhi
moderate dosage group; HH: HFD+Hugan Qingzhi high dosage group; FF: HFD+ fenofibrate group.

&5 SEKRAFARTNF-0.IL-6,CRPKFLLE
Tab.5 TNF-a, IL-6 and CRP levels in liver homogenates in different groups (Mean+SD)

Group TNF-a (pg/mg prot) IL-6 (pg/mg prot) CRP (ng/mg prot)
Con 12.78+1.06 6.94+0.77 125.82+12.32
HFD 30.16+2.81" 17.89+1.34" 321.49+36.86™
HL 21.18+1.19** 11.77+1.08** 278.99+39.9
HM 13.87+1.48** 7.94+1.22%* 160.20+£13.86**
HH 14.67£1.37** 8.28+1.20** 162.26+11.62**
FF 16.74+2.61** 8.45x1.21** 167.85+39.62**

*P<0.01 versus Con group. **P<0.01 versus HFD group. Con: Control group; HFD: High-fat diet
group; HL: HFD+Hugan Qingzhi low dosage group; HM: HFD +Hugan Qingzhi moderate dosage
group; HH: HFD+Hugan Qingzhi high dosage group; FF: HFD+ fenofibrate group.

1 EERRFEARHERBYIHE

Fig.1 Liver pathologies in the 6 groups (HE staining,
magnification x400). “P<0.01 versus Con group. **P<
0.01 versus HFD group. A: control group; B: high-fat
diet group; C: HFD+Hugan Qingzhi low dosegroup;
D: HFD + Hugan Qingzhi moderate dosegroup; E:
HFD + Hugan Qingzhi high dosegroup; F: HFD +
fenofibrate group.
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2.5 AT H G R AT K RIS AR Hoa

T AMPK 436 P 5 Hoa v 56 Thr-172 03 15 5
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fr A 2 AR DURR P p-AMPK ot 8 1 3258 /K F
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FHEE, FFENE B b g S AR DURRE R S
B R BURF I SREBP-1c. FASN & [ 1 2635 7K - (P<
0.01). [AlA},SREBP-1¢#1FASN ) mRNA ZiA/K -5
HEARPARFER—2(F 2C),
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Fig.2 Expressions of p-AMPKa, SREBP-1c and FASN in liver homogenates. A: Western blotting; B: Gray-level scores; C:
SREBP-1c and FASN mRNA expression determined by gRT-PCR. “P<0.01 versus Con group. **P<0.01 versus HFD group.
Con: control group; HFD: high-fat diet group; HL: HFD + Hugan Qingzhi low dosegroup; HM: HFD + Hugan Qingzhi
moderate dosegroup; HH: HFD+Hugan Qingzhi high dosegroup; FF: HFD+fenofibrate group.

2.6 PIFENE R ARSI K I R 89 B EAE T

R 5 AT, 3P R v s R 2 e i AR
NAFLD K FUITF4H 4 TNF-a. IL-6.CRP 7K - (P<0.01),
[@] B}, Western blot £ il £ 25 < U & i 4% H NF-
kB-p65 M [ARIEAKT 45 R IR, SIE R 4AH L, 15

HIZH K U4 A% T NF-kB-p65 (18R (3814 7K - i &
Thr (P<0.01) , iiHr B G L = i 2 A A D AR
KBTI o NF-kB-p65 YR 1 235K SEetbi Rl 2]
R (P<0.01,813).
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A Con HFD HL HM  HH FF
NF-«B-p65

Histone H3

HH
4 Fk **,
I I |
04 I ' . . ' ' I
Con HFD HL HM HH FF

B3 &AK R NF-<B-pesHIZEFRE
Fig.3 Protein level of NF-kB-p65 in the hepatocyte
nuclei. A: Western blotting; B: Gray-level scores. “P<0.01

@
O e =
> v o

(NF-kB-p65/GAPDH)
o o
N w

o
=

NF-kB-p65 protein level

versus Con group. **P<0.01 versus HFD group. Con:
control group; HFD: high-fat diet group; HL: HFD +
Hugan Qingzhi low dosegroup; HM: HFD + Hugan
Qingzhi moderate dosegroup; HH: HFD + Hugan
Qingzhi high dosegroup; FF: HFD+fenofibrate group.

3 itig

Bt A= K P BR i, NAFLD 8ok 5 DL AP
P H ORI ZEBAE TR JUHAENE R AR R 2Rk
75%™, {H H AT A PRI NAFLDIRIT 2549 BT
TN R TERRNE e 5 7 il R PR ) (R AR N 1Y
YERIMLEI I ANTERE . ASCIFFTZS SR B  BERIZH KRR A
J e SRR AN, 1E TG .CHOL M AF4ZI TG,
CHOL FFA 7K 45 1F % 41 2. 3% T 5 (P<0.01) , RAE
TR A AR A, A S R IEPERR AL ,
IRBAR SO NAFLD K EGERS T . RIS, i s A
rh e R 2H R 2 PRI NAFLD K BRUMYE ALT . AST
I K FHZ TG . CHOL . FFA K SF- (P<0.01) , $il il 4¢
it KT, G AT AR ST HERR e ARE U7 , Ut B4
TG A AEA R NAFLD Y & JRERE

AMPK FEV R N fil T S g A i A v L
B SFEEEVENEFH 35 A A AMPK BT 38 52 300 i J3R 25 ) A
KHEHER 75 IR IR AL R IR G A A o
FRI4 18 BFFE I, 25T AMPK BER 19/ BR s s fl Rt
MR FESE 5 JR R SRR A , IO = BB 5 ZE 41K
Pt , MEE /NS 12 A IR A2 s R e &
VRMERCE AR R I e s Rt rp , R R T R4
AMPK A THE , ML Hh = e & |, p3Es
M AN R SR AMPK 3G, AT TR 7 iRk
320 NAFLD, G5 AGE AR BT il I8 98 0E SOV
PR AT PEAE e X T R AMPK I & 1N
1HY7 NAFLD %50 — A S ZABLE] . AR SCHIFFE 25 58 i

N PG AR R A e 2 TR NALFD KRR
JHE p-AMPK (1) 25 1 26 3K 7K S, FEAKT Ui 48 4 7
SREBP-1c F1 FASN [ mRNA & [1323i57K -, /DT
AR A . TR ST ARUESE , B3 B Al 3 sk
PAMPK/ACC/CPT L i ele s FFE N i S Ak ™, fh bt
B B BT e S AMPK R T
AR DGR BTG iR 1 B 2R3 LLIR 3 268 NAFLD fFE
RIS G, % I A AR SRR A

NF-«kB L 28 UF S22 A Z DI RE I FE S H 7,
P65 J& I K NF-kB Ji i — B2 A > . NF-xB 7E
NAFLD filf & & il i v e s 2R R 3k
B Wb By R BT JC HOE FRA RE TS §% ok K
NF-kB, 34 /ill TNF-o.. IL-6, CRP %5 % JiF 40 MU K 1~ 1Y 26
ST oY 3 3 TR o 1 O = =4 g = w22 a0
JE 2l b bR IR AR R R AE RN, T B N I A
KT e A5 NAFLD™ , [a]in 256 o7 %
A, AMPK 7] 38 32 410 i) NF-1B 8 35 2 1 T D8 R A
B ARSCEE B R B ALK RN 40 A Y NF-
kB-p65 MY HE [ F R A IE 4 & Ty, L TNF-a.
IL-6 .CRP /K-l 5 2 iy ; i g i b L2
AE i 5 PRI NAFLD K FRUH-AH A 2% H NF-B-p65 %3k
IKSF- % TNF-a, IL-6 . CRP /K- , Wl 400 8 i SV
T NASH I Rt . Fh AR, S IR A T Agim
1 BHIET NF-xB {55 i, )8/ TNF-a., IL-6 .CRP % 5 iE
DRtk b i A A H NAFLD ASBT R AEH

Sk

[1] Tuyama AC, Chang CY. Non-alcoholic fatty liver disease [J]. J
Diabetes, 2012, 4(3): 266-80.

[2] Golabi P, Locklear CT, Austin P, et al. Effectiveness of exercise in
hepatic fat mobilization in non-alcoholic fatty liver disease:
Systematic review [J]. World J Gastroenterol, 2016, 22(27):
6318-27.

[3] Lin Z, Cai F, Lin N, et al. Effects of glutamine on oxidative stress
and nuclear factor-kappaB expression in the livers of rats with
nonalcoholic fatty liver disease [J]. Exp Ther Med, 2014, 7(2):
365-70.

[4] Zou B, Ge ZZ, Zhang Y, et al. Persimmon tannin accounts for
hypolipidemic effects of persimmon through activating of AMPK
and suppressing NF-kappaB activation and inflammatory responses
in high-fat diet rats[J]. Food Funct, 2014, 5(7): 1536-46.

[5] Li M, Ye T, Wang XX, et al. Effect of Octreotide on Hepatic
Steatosis in Diet-Induced Obesity in Rats[J]. PLoS One, 2016, 11
(3): €152085.

[6] Ducommun S, Deak M, Sumpton D, et al. Motif affinity and mass
spectrometry proteomic approach for the discovery of cellular
AMPK targets: identification of mitochondrial fission factor as a
new AMPK substrate[J]. Cell Signal, 2015, 27(5): 978-88.

[7] Smith BK, Marcinko K, Desjardins EM, et al. Treatment of
nonalcoholic fatty liver disease: role of AMPK [J]. Am J Physiol



- 62 - J South Med Univ, 2017, 37(1): 56-62

http://www.j-smu.com

Endocrinol Metab, 2016, 311(4): E730-E740.

[8] Lin KT, Hsu SW, Lai FY, et al. Rhodiola crenulata extract regulates
hepatic glycogen and lipid metabolism via activation of the AMPK
pathway[J]. BMC Complement Altern Med, 2016, 16: 127.

[9] Salminen A, Hyttinen JM, Kaarniranta K. AMP-activated protein
kinase inhibits NF-kappaB signaling and inflammation: impact on
healthspan and lifespan[J]. J Mol Med (Berl), 2011, 89(7): 667-76.

[10]Park HJ, Lee JY, Chung MY, et al. Green tea extract suppresses
NFkappaB activation and inflammatory responses in diet-induced
obese rats with nonalcoholic steatohepatitis[J]. J Nutr, 2012, 142
(1): 57-63.

[11]Li Y, Ma J, Zhu H, et al. Targeted inhibition of calpain reduces
myocardial hypertrophy and fibrosis in mouse models of type 1
diabetes[J]. Diabetes, 2011, 60(11): 2985-94.

[12]Li Z, Xu J, Zheng P, et al. Hawthorn leaf flavonoids alleviate
nonalcoholic fatty liver disease by enhancing the adiponectin/
AMPK pathway[J]. Int J Clin Exp Med, 2015, 8(10): 17295-307.

[13] Tang W, Zeng L, Yin J, et al. Hugan Qingzhi Exerts Anti-
Inflammatory Effects in a Rat Model of Nonalcoholic Fatty Liver
Disease [J]. Evid Based Complement Alternat Med, 2015, 2015:
810369.

[14] Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis in adults [J]. Aliment
Pharmacol Ther, 2011, 34(3): 274-85.

[15] Um JH, Park SJ, Kang H, et al. AMP-activated protein kinase-
deficient mice are resistant to the metabolic effects of resveratrol
[J]. Diabetes, 2010, 59(3): 554-63.

[16] Yang M, Li X, Zeng X, et al. Rheum palmatum L. Attenuates High
Fat Diet-Induced Hepatosteatosis by Activating AMP-Activated
Protein Kinase[J]. Am J Chin Med, 2016, 44(3): 551-64.

[17] Mottillo EP, Desjardins EM, Crane JD, et al. Lack of Adipocyte
AMPK Exacerbates Insulin Resistance and Hepatic Steatosis
through Brown and Beige Adipose Tissue Function[J]. Cell Metab,
2016, 24(1): 118-29.

[18] Fritzen AM, Lundsgaard AM, Jordy AB, et al. New Nordic Diet-
Induced Weight Loss Is Accompanied by Changes in Metabolism
and AMPK Signaling in Adipose Tissue [J]. J Clin Endocrinol
Metab, 2015, 100(9): 3509-19.

[19]Kudo N, Arai Y, Suhara Y, et al. A Single Oral Administration of
Theaflavins Increases Energy Expenditure and the Expression of
Metabolic Genes[J]. PLoS One, 2015, 10(9): e137809.

[20]Andre DM, Calixto MC, Sollon C, et al. Therapy with resveratrol
attenuates obesity-associated allergic airway inflammation in mice
[J]. Int Immunopharmacol, 2016, 38: 298-305.

[21]Yin J, Luo Y, Deng H, et al. Hugan Qingzhi medication ameliorates
hepatic steatosis by activating AMPK and PPARalpha pathways in
L02 cells and HepG2 cells [J]. J Ethnopharmacol, 2014, 154(1):
229-39.

[22]Napetschnig J, Wu H. Molecular basis of NF-kappaB signaling[J].
Annu Rev Biophys, 2013, 42: 443-68.

[23] Glauert HP. Role of NF-kappaB in hepatocarcinogenesis and its
potential inhibition by dietary antioxidants[J]. Curr Cancer Drug
Targets,. 2012, 12(9): 1160-72.

[24] Zhang B, Roh YS, Liang S, et al. Neurotropin suppresses
inflammatory cytokine expression and cell death through
suppression of NF-kB and JNK in hepatocytes[J]. PLoS One. 2014,
9(12): €114071.

[25] Zeng L, Tang WJ, Yin JJ, et al. Signal transductions and no-
nalcoholic fatty liver: a mini-review[J]. Int J Clin Exp Med, 2014, 7
(7): 1624-31.

(i 22 1)



