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Abstract
AlM
To investigate whether liraglutide combined with
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vitamin E protects against liver injury and insulin
resistance in mice with nonalcoholic fatty liver disease
(NAFLD) and explore the underlying mechanisms.

METHODS

C57BL/6 mice were divided into a control group, an
NAFLD model group, a liraglutide treated group, and
a liraglutide combined with vitamin E treated group.
Peripheral blood samples and liver tissues of mice in each
group were collected for biochemical and pathological
estimations, respectively. Western blot was applied to
detect the phosphorylation level of IRS-1 in liver tissues
of mice in each group.

RESULTS

Liraglutide attenuated high fat diet (HFD)-induced
weight gain, obesity, hepatocellular ballooning, liver
lipid accumulation, and collagen fibril deposition
and reduced plasma free fatty acid (FFA), triglyceride
(TG), total cholesterol (TC), alanine aminotransferase,
aspartate aminotransferase, glucose, and insulin levels
and homeostasis model of insulin resistance (HOMA-
IR) value in mice with NAFLD. Western blot analysis
showed that liraglutide increased the sensitivity to
insulin by activating the IRS-1 signaling pathway in
NAFLD mice. Further, vitamin E and liraglutide had a
synergistic anti-NAFLD effect.

CONCLUSION

This study reveals that liraglutide combined with vitamin
E is an attractive therapeutic strategy for the treatment of
NAFLD.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Liraglutide; Vitamin E; Nonalcoholic fatty liver
disease; Insulin resistance
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NAFLD)FEHERR O . FF R 855 R &R, AR
TS0 UL 40 B A 7 8 4 R0 R TR 35 AR O 32 AR AE 1
BV . NEERTEEE, NAFLDR M £)30% 844
N B Hodr #ERRSE 25 R I8 B XN AF LD 7 %6 2
25%-30%"2, EIRFREINAFLD S ZAHH G )7 K is E 5K
%, (2 BT AEsR AMTAE VS 77 SRR B 54 1 e, 3G
FUNAFLDH R 3 EL215%-20%", JoIH DU R ERE N
SAE I N BEN AF LD 99 5 T 2 514 75%-100%"; I
H, HAINAFLDC 2IUKH LA, Kk, NAFLDE
GO — AN SR A JE AR L AT IRR _ TE R
BURTTNAFLDI 254, HOBARFIHE BRI A 428 R ERE
FIFNAFLDIIAIT, Wi 56+ R4 & IR & 4 4E REDT
NAFLDHLE A 5845 2, DR AHIF 78 AR 7 45 Rk
B YA REIRIT PINAFLD/N R, PAF SR HEAE AIM L.

1 #RRT5E

1.1 ##

1.1.1 £3%3h4: 40 H6 wki# SPFZCSTBL/6/N R, 1A% T
RV AE B 1922-25 CHBE R, ARUEUK IR
1.1.2 52 B3 bz R yE S (o A I B P22
FGE A =) 422 REW B WL 25 A IR A /)
B & ZRELIS A7) & B QO R A PR A |5
NRNAREEFEB . RITAERAEEEN. &
2 e AR BRI R Ui A
R Hh. FUER. . A AN H = e
S0 E R AR TRERE ST PR A ] p-IRS-
1(Tyr608). p-IRS-1(Ser307). IRS-1Hu4EIH E 3K E Cell
Signaling Technology /s &l; B-actindi A H VL7573 K
ARG IR AT,

12 7%

1.2.1 NAFLD/) AR 3 5 5 520 40 L C5TBL/6/MNR,
BEAL 7 A HEAH, R, Rh & RRIG T4, Rl &k
A Y WEIRTT 2, 4110 /N . 0k B 28 SR P -3 4
RIS FE12 wk; YA R = RE T RH60%i5 1
TARE 35%E T SYollF [l )i SR 12 wk; Flh &Ik
RITUL. Fld SRR A 4 A RERIT 41K A e v ke
HESEMEFR12, HAE SR 8 JA AR hr & KA TT 2053 R 40 il
H250 mg/kg d4E4EKE, FlR & KB G 4L RERITA
B A HE B 250 mg/kg-d4EAE REMPEIEIES0.6 mg/kg-dF]
eIk

1.2.2 #m 4 mlE: 3% L 2240(0.2 mL/100g) Rk
NER, TERERIRAS T, T8 I 3k Ui 7 2 44 (micro-C T,
INVEON, Siemens, TN, JE[H), F B 84T 54K
oy FUR B AT 73 #T.

1.2.3 Ryl 2 sl BN TR 2824 h, M= R
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1.2.4 FF 2 fk doi A fuaem): MEIELE S, 3% K 22
B4(0.2 mL/100 g)BRIEF /N B, YSCEE/IN B RS R IR UL L35
WRR A FEH W (alanine aminotransferase, ALT). K
1A R IR B FF4 B (aspartate aminotransferase, AST).
T 2 BB TR (free fatty acid, FFA). Hii(glycerol) « FLER
(lactate) == IE ILHE( fasting blood glucose, FBG). fH[H%
(total cholesterol, TC)F1H JH = fii(total triglycerides, TG)
i 4x B AL AT 5E ;23 % & 3R (fasting insulin,
FINS) I ELISAVEN &, FiotH & = ibiis 2
(homeostasis assessment of insulin resistance, HOMA-IR)
= FBG X FINS/22.5. #i%j i} fE i 4 (glucose tolerance
test, GTT) 7EMEFR @RI E 12 wkE 45810 b, N RAK
WIEST LS gl & Bl kg e 5 1B 8 21 52 i (insulin
tolerance test, ITT)7EAEEE G /NRIFE 0.5 TU/Kkg/R & 25
M5E.

1.2.5 FF4AL2TC. TGHAM: MRS, 3% M L 24
(0.2 mL/100 g)RME/INER, 73 BSIFZHZA. FREX100 mgfH-4H
21, BET1 mLI/K CEERISIHA B, 4 5i10% )
HLEH. 4 CHAE T LL12000%g/minE L2 10 min, Ytk
FIEW. BER P TGMTCE Sl 4 B 3h A7 i
M5E.

1.2.6 42290 R ) & BN B E IR 2H 24 (white adipose
tissue, WAT). #a i ffig i1 2 (brown adipose tissue, BAT)
AL, K, 10%HIHE R AR E, FLE T3 e i)
i

1.2.7 w4 0% &: S umEER/NRFALY F, &
il /KA I, 10%25 28 R RS [ 5 30min, M7 /KBEE30 s,
0.05%Triton-1003Z 510 min, 60% 5% AEEIZ130 s, JHIZLO
Bet130 min, 60%:7 ARFEDED min, S8 A8,

12.8 HE &: H5 pm/FE ALY Fr, &kt KAL),
THARZEPEAIZN 5 min, WAE/KBEE] min)5, 1%
AE 431630 s, 1%Na,HPO, 12H,O% IR H 1 s, MK
Vi1 min, 1%L G403 min, PREEREEB K, —
FRAGZ B, PR s, AR IR

1.2.9 Masson# &.: H(5 um/EE LW, SRk
WG, Weigert A AKE TR Y% S5 min, Massonfii F 41 H 4L5
min, 2%VKBEBRIZYES s, 1% EHIR /KA 73462 min, 7K
JEBE G5 min, 0.2%UKBERRIZ L0 s, IERSER LMK, —
FRAGZ R, PR s, AR IR

1.2.10 Western blottil: FFHZISIHG, 4°C &4 TN
AR ZE30 min12000% g/minE 0210 minAEHE
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O spES 2R B E Flmean+ SDFR IR, £ 4H 81504 99
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2 BR
2.1 A FERRIEA A ZEA SRR H 500 R e
A SR AL EAC VA3 CIREIETE /N e et
E3J 68 % 2 N AF LD/ R AR =55 5 (B LA) A 7 T
H(HIP<0.05) (K 1B); Bi#ENAFLD/N R ARG A&
L TLAS(P<0.05), /0 BUER AN S 6 (14 5 s 4
i B 425(341P<0.05)(K 1D); #I#HINAFLD/) K MLIZFFA
TG. TC. HlAIFE/KFP<0.05)(EI1E), H4:A %R
E5 R & Ik BA PRI (341P<0.05). BRAR, FI & ik
A AR RERe I ERIR ARG 7« 1 IR s i AN
g DT BT 2 (349P<0.05).
2.2 A3 & RIS YA ZEA F AR 5090 B
AR T n WML, mEREHNREY
TN B E ERP<0.05); KIEANB LR EZERIY
P>0.05); SxFHEZHAH LE, AR/ R IDRER 35 PR
(P<0.05), SR AHLL, FIF &KL FH & IR 4E
A= KB/ R RERE T 51 (39P<0.05)(K12).
2.3 FlE G RRBEA Y A FEX F ISR H S0 0 Ry
BF 4845 09 %5 vm 5500 BRAAAR L, BEA 20 /)N BRI FF A i i
i S PESHRRIZE A P R R0 S5 4 4 T
1, SRRV AR L, FR S KBS FIR & KBS 4 AR R
ESSREAIHIX — IS (BI3A). 50T LA L, R ZH /)
RIMZEALTMAST/KF. HTCHMTGAKFE. /MRS
(FF A e 5 R 2 L) B 3 T R (3P<0.05), S
AHEE, FIBE IRERIFE & IR 4 2R RELL DL FFahndd
I PR (P<0.05)(KI3B), H.4E4: RE 5HF & kst
B S /N B0 62 R DR A FH B A B RE
FH(P<0.05)(&13).
2.4 A& RkBE A Yk FEX F SRR H SRS
FIAAGHoh G R LL, AR /)N R 23 I IR
Jik &% 2 ATHOMA-IR{H #H . 7+ 51 ($1P<0.05); S A ZHAH
bl s R B R fr B BRI & 4k A2 REWR YT 5 LA L3RS
IR B B (41P<0.05)(KI4A). GTTAITTES: SR,
P75 JHR 2 B o PR EEG  4 2E Z B2 /)N BRI o e
i B R 5 2R 34 RS I 2% 6 25 0 S T R (4B AN C).
TN, ARSI R B A KBS R B KR G T T R
AR v g 2 2 R T LA B R .
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