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[Abstract]  Objective  To investigate the effects of glucagon-like peptide-1 (GLP-1) receptor agonist,
exenatide.on liver function and steatosis in obese mice. Methods Male c57BL/6] mice (8 weeks old) were divided
into high-fat-diet group (for obesity model construction) and chow diet group. 12 weeks later, mice of high-fat diet
group were randomly divided into high-dose exenatide group (H group, intraperitoneal injection 0. 02 pg/(g -+ d),
high-fat-diet], low-dose exenatide group (L group, intraperitoneal injection 0. 01 pg/(g * d), high-fat-diet], saline
group (NS group, intraperitoneal injection of saline, high-fat-diet), diet control group (D group, shifted to chow
diet) and high-fat control group (M group, high-fat-diet) for 4-week treatments ,respectively. The body mass and
serum biochemical indicators of were detected. Liver tissues were stained with HE, and steatosis score was
measured. Results After 4-week treatments, H group showed more body mass loss than L group and D group
(P<C0.05). The serum alanine aminotransferase (ALT) level of NG group was higher than that of H, L.,M, and
NS groups (P<C0. 05). Serum cholesterol and triglyceride declined to normal levels by diet intervention or drug
treatment. High-dose exenatide treatment ran a risk of increasing serum uric acid level. The serum levels of

aspartate aminotransferase (AST), glucose, homeostasis model assessment-insulin resistance (HOMA-IR) , lipase,
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and amylase had no significant differences between groups (P>>0.05). Hepatic steatosis score was reduced by diet

intervention or drug treatment. Conclusion

High-dose exenatide treatment can effectively reduce body mass of

obese mice, but it has little difference when compared with dietary intervention in improving blood fat and liver

steatosis.
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Table 1 Changes of body mass after treatment

. Before After After treatment— before treatment
Group " treatment/g treatment/g Value/g P
HG

H 4 35.9840.92" 28.47+2.05"-® —7.51£1.80 <0. 001

L 5 34.7341.96 30.65+1.36*® —4.07£1.667 <0. 001

NS 5 35.2641.04" 37.74+1.06" 2.4840.63 <20. 001

D 3 35.63+1.73" 30.65+3.19*-® —4.98+1.47% <0. 001

M 5 35.434+1.35" 37.8941.39* 2.45+0. 60 <20.001
NG 5 23.2141.56 25.11+1. 440 1.90+1.98 0.098

* P<C0.05, vs. NG group; @P<C0.05, vs. NS group; # P<C0.05, vs. H group
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Table 2 Effects of GLP-1 on metabolic profiles in obese mice

HG group

NG group

Ttem P
H (n=4) L (n=5) NS (n=5) D (n=3) M (n=5) (n=5)
ALT/(IU/L) 43+15" 36+E15" 48411 60204 32+13" 68+28 0. 040
TG/( mmol/L) 1.2540.29@ 1.622£0.58 2.0840.49* 1.17£0. 29® 1.1440.19* 1.7640.57®~  0.023
TC/(mmol/L) 2.5540.29@® 2.5440.57@ 3.58£0.61" 1.90+0. 2692 3.10%0.23 2.6210.33® 0.007
SUA/(pmol/L)  205. 0062, 45 92.00£27.75% 114.00427.02* % 80.00£26.46%  80.00+£27.39%  46.00432.86% <0.001
INS/(mIU/L) 2.2140.44 2.5740.09 2.5140.20 2.5740.20 3.6741.65" 2.1740.04 0.017
AST/(1U/L) 245£87 2744126 206484 206£51 166438 232£96 0.285
Glu/ (mmol/L) 10.35£3. 01 10.10+1.73 10.60=£0. 91 11.3340.99 10.1842.53 7.38%£1.40 0. 087
LIP/(1U/L) 88422 72427 90+34 87432 72417 120441 0.188
AMY/(IU/L) 2 450456 2 816685 2 908+253 2 386255 2510+279 2 544+£595 0.507
HOMA-IR 1.0232£0. 307 1.159=£0. 212 1.179£0.114 1.2992£0.198 1.671£0.936 0.71140. 139 0. 067

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: Triglyceride; TC: Total cholesterol; SUA: Serum uric acid;

INS: Insulin; Glu: Glucose; LIP: Lipase; AMY: Amylase; IR: Insulin resistance.

P<C0.05, vs. M group; @P<C0. 05, vs. NS group
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%* P<C0.05, vs. NG group; # P<C0.05, vs. H group; /A
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Fig HE staining results of liver tissues in mice after intervention. X400

A: H group; B: L group; C: NS group; D: D group; E: M group; F: NG group

XoF 25 20 /) BRI B 197 28 P 0 3% 3 A7 ok R 36
% B ST 2E 5 X (P<<0.05) , M NS 41 i i 45 P
P4 T NG 40 (P<<0. 05) , H L. D 41 ig 15 25 1 1F
5 NG 4225 G247 L (P>0.05),

3 Wi

3.1 fERES GLP-1 Z{EEzh7

Wit 25 A 3 7 3 AR L A R 3% T R A T B Y
e [ 151, 32 300 8 ok 1 22 19 DG L I JRE 1 o TR 2 2%
52 R A 5, M0 RE A2 W 32 2 DL R T R
(body mass index, BMD) 3 ffif & ., 4 k5 T 4R 4H 21
2015 4EHEA B I 6 42 A 171 1T I 25 AE JBE 1) A0, 24
280 J7 NAEAFEBE F 8 Bk AH 96 I & RES , IR [ G AR R
8 0 R A JHE i 3 A v B Bl K 2 — L, 6 2014
AEE IR E SR kAT E R BT A R
2014 4F BAR RN AE N 8 5 430 32. 7060
41,6 %6 5 BUAE N R4 N JIE k2R 43 500 Sk 10,5 %6
13.9% . b 2010 4E4> 534K 0.6 F1 0. 9 AN 43 45 .
T 5 T P ] R L 28 0 R o 3R T RUAE N L B AR N
AR J5T 1) 5 S ) A

ST IR B R GLP-1 52 K38 3l F1) 1 1k
o R R R R R AT AR R AR KA S i GLP-
1 SZ AR BN 0 43 W W RE T I B T 2 B I 1R 410 11
T GLP-1 Z KB R 043w . i F GLP-1 Z1{k
WEh R Z Iz oA FE - 2. i T Rl

S BT AL I RE R BR T R 4 . A B2
16 5.

Xt B R R L IR IT T IR A R L 2
IR YT 38 SR YT . SCETRRAVE N EE MR 25
ok 8 22 1 32 FH ST k0 2 E0RE BT (KI8T L TR R
il He 2 AR A [ B 3 REORIE R R R R A AR . A
WE5E b & B0 H A1/ BUMAR T i A L O 7 L4, i
L5 DAk E TG 8 X i
INBRATHAERIT LB B i B F R iR IT =
XiF 4 8 A P R 0T A SR IR 2 iR T R Rk s
R EHM .

3.2 GLP-1 Z #3077 x4 BE B /N BR BT A 4K 51 B9 22
i)

T I8 W A 2 B 2 B AR e R R AR R T R A7
F R [ A2 BE 4015 24 1 7 7 JFF 40 P oot B OB 2%
S AR T ORS E BR 7 FEG . 51 ALTAST 755 .
i 3¢ 7€ R K Atk 2 R 1K A T RS M R D I AR Y
ALT AN, #ie b HG 457G W4l ALT,AST
HORNL1Z H NG 41 5 5 1 AR BF 58 5 & 35 2 A 1 45
HNG.D 4 ALT K T HAM., XMaiRE
LA ZSF EN T RE &M T NG 41/ Rk & K 6e
T A Rl U T R DR /0N BRI 0 5 L A
117 5% W IO il A8 A o (EL B 5 B — S B0

FEJHE 2 2 ROWE PR i ph S fE B0 R AR E S 2
RE PR #R A7 A2 5 KA . ABFSEHh HOMA-



32 PO R 2 2 i (BE 22 D

5 A8

IR.GLu K- oK B 4L 22 5, X 1T g 5 A F
FERT Gy B2 T S TR A G L I /DN LA R 3k 1)
PRI W2 WAR 1 o 60 PR s JB 3 b s > I e 3
W E—E R . GLP-1 52 1 3% 3h 70 A P30 38 5
U B0 3E S TR R AS 184 6K ot A XU . AR BF 5
oM 4 INS KOF R T NG 4 o8 38 22908 ik T g
WU B AN A T RE A T R R 1 R ) R U
PR B 5 2 ORI 5 A R T S R AL TG
KA AR 5 it 25 B U7 IR R Ak o DA T AR 36 i U7 1
JAN il A7 I n] g B ML i i Wnt/B-catenin,
PI3K/AK 455538 F A2 oF B 20 i 384 5 4/ - 400 il A
70Ot R A SRR R IR T A A ek
B AN AE .

AW H NS 4 TG, TC K¥FmF H H.NG
41, $ o 3 FE R K [R) B AT BE HL A R AR AR 0 1
PN SR T A Y I 3 & B H 2 L 41D 41 1 75
S NS BORTERIT IR A R B 3 Rl T
7 20 ¥ BE Ak B i B 25 AR 0 5 R SR B ET R H
B FE IR BRI IT 1 HAATE RECIE AN ok o AT 3BE G 3
29T 8, R 75 Bk — B oT . ARAFSE iR & B
M 4 TG KPR T NGNS 41, 5% I 7T 68 52 i i K
BUURRTE SR, 3 B TG KM & s XF T34
HEJRE HR 3% 5K U0 1M 1 TG /K S 46 &8 T AR5 5 55 4k
TG /K- 32 25 1§ B[] 52 i, 52 56 40 M 24 /N [
B, T BB 23 0 S 50 &5 SR i 52 ) 4 UG S 0T 5% B e
ko AR RN FER TR Y 2 RUBE IR R
H GLP-1 32 43 2l 55 n] 6 38 2o 9 4 4% 5T 2t DA 177 2
HRFIERR G & = . AR KB H 4. L 4/h
FUIFRERR Wi AS PEFE E 5 NG 4 22 3 St 3 X,
M M 2 NS A5 P2+ NG 41, X 278 L
FERR K TT B 15122 1 1 T T AT 240355 40 6 1) B I 2
FURG I # {0 L B R AR R ML o AS W, A fop i —
A5 AH 2K 1) 4 52 56 1) AL B 5

R ZE AR B 5 G IF i PRER MUE 3R AT
P L ABETE . 1A R AT s 2% Al PR F 5%
71N+ (e R TR LA 5 s 1L L SO L 3 ks AR A AL L0
73 3% 95 FLC LA B8 DL % fii A v 45 AR 22 400 I A5 0
PIAOG, H B2 IR sl i fa B R . AR
g H 41/ B SUA K H At 41 4 0k 571 4
(1 GLP-1 38 20 770 AT 58 23 52 i 55 JUE HE Tt L D52 g g
i 1 AR Ak 24 0 X B D SUA HE 52 i /)
DAL X oL R PR S M /0 o AR E RO R R SRR S
PRIEAH S W5 BRI A 7 30— 20 R I, [m] i A
WE5E Sk Sl ) S 56 o HoAE AR 25 4% 30 1 WL A 75

HE— AP IR AS B IS PR A 5T

AT TS A A - [R5 R 4T AN i Cafis 35 L T i
JSEARTEORS PR D7 5 (9 05 S I 3. M 5 SR AT AR
BT P 400 ) R OGN 07 T 1) 365 7 AS BT S A B A% L 1)
LIP /K22 S TG o 5 3 Al BE il T/ BUSFEAT Ak
T oy e AC £ Br Br. MO MR R 52 & 2 1.
NAKAJIMA" A K - 1 3 o3 il 7T e (o o o fig
U T 68 XU RS 36 T AS BF 5 Y NG R HG 2% 3 21 19
AMY ZZAEIF TR H 4110 22 52 o ge it o 5 3L T fE
F T 2 IR s 5 B AR W A PE AR B HAREAS i1
BIR ] o PRIt A (G LA i 0 — P BB

g5 Il A RE ST K B GLP-1 nl Be A A 7 T ik
B A (E 5 3 Y 70 B R L 2 2 T s B Rt A o
— B HEIE . MR e A S A B BIL AR L 3R T HE IR Y
1 R AN RE UK FE 25 W3R 7 » [R) I ik 5 28 ok 35 74
1 7 2 s BB IR O SF LR AR T .

Z % X W

[1] DE LAPERTOSA SB, FRECHTEL G, HARDY E, et al.
The effects of exenatide twice daily compared to insulin lispro
added to basal insulin in Latin American patients with type 2
diabetes: a retrospective analysis of the 4B trial. Diabetes Res
Clin Pract, 2016 (122) ; 38-45[2016-10-01]. http://dx. doi.
org/10. 1016/j. diabres. 2016. 10. 001. doi: 10. 1016/j.
diabres. 2016. 10. 001.

[2] SU N,LIY., XU T,er al. Exenatide in obese or overweight
patients without diabetes: a systematic review and meta-
analyses of randomized controlled trials. Int J Cardiol, 2016
(219):293-300[2016-03-08]. http://dx. doi. org/10. 1016/j.
ijjeard. 2016, 06. 028. doi: 10. 1016/j. ijcard. 2016. 06. 028.

[3]  World health organization. Obesity. [2015-08-24 ]. http://
www. who. int/topics/obsity/en/.

[4] KNOP FK, AABOE K, VILSBOLL T, et al. Impaired
incretin effect and fasting hyperglucagonaemia characterizing
type 2 diabetic subjects are early signs of dysmetabolism in
obesity. Diabetes Obes Metab,2012,14(6) :500-510.

[5] RANGANATH L, NORRIS F, MORGAN L. et al.
Inhibition of carbohydrate-mediated glucagon-like peptide-1
(7-36) amide secretion by circulating non-esterified fatty
acids. Clin Sci (Lond) ,1999,96(4) :335-342.

[6] BERGENSTAL RM, LI Y. PORTER TK., er al. Exenatide
once weekly improved glycaemic control, cardiometabolic risk
factors and a composite index of an HbAlc << 7%, without
weight gain or hypoglycaemia, over 52 weeks. Diabetes Obes
Metab,2013,15(3) :264-271.

[7] OWENS DR, MONNIER L, BOLLI GB. Differential effects
of GLP-1 receptor agonists on components of dysglycaemia in
individuals with type 2 diabetes mellitus. Diabetes Metab,

2013,39(6) :485-496. (RS 40 T



40 PO 1| A 2 4 CBE 27 WO 55 48 45
2006,16(2) :134-140. (41) :27916-27926.

[25] LEI H, WANG J. LU P, etal. BMP10 inhibited the growth [31] KARAKHANOVA S, MEISEL S. RING S, et al. ERK/p38
and migration of gastric cancer cells. Tumour Biol, 2016, 37 MAP-kinases and PI3K are involved in the differential
(3):3025-3031. regulation of B7-H1 expression in DC subsets. FEur ]

[26] LIU H, BAO D, XIA X, et al. An unconventional role of Immunol,2010,40(1) :254-266.

BMP-Smad]1 signaling in DNA damage response:a mechanism [32] LEESJ, JANG BC, LEE SW, et al. Interferon regulatory
for tumor suppression. J Cell Biochem, 2014, 115 (3): 450- factor-1 is prerequisite to the constitutive expression and IFN-
456. gamma-induced upregulation of B7-H1 (CD274). FEBS Lett,

[27] BRETON G, YASSINE-DIAB B, COHN L, et al. SiRNA 2006,580(3) :755-762.
knockdown of PD-L1 and PD-L2 in monocyte-derived [33] KLEINERT H, SCHWARZ PM, FORSTERMANN U.
dendritic cells only modestly improves proliferative responses Regulation of the expression of inducible nitric oxide
to Gag by CD8(+) T cells from HIV-1-infected individuals. synthase. Biol Chem,2003,384(10/11):1343-1364.

J Clin Immunol,2009,29(5) :637-645. [34] EMENS LA. Chemoimmunotherapy. Cancer J,2010,16(4)

[28] TANIGUCHI T, OGASAWARA K, TAKAOKA A, et al. 295-303.

IRF family of transcription factors as regulators of host [35] LIB, YANG Y, JIANG S, et al. Adenovirus-mediated
defense. Annu Rev Immunol, 2001 (19); 623-655[2016-07- overexpression of BMP-9 inhibits human osteosarcoma cell
21 ].  http://www. annualreviews. org/doi/10. 1146/ growth and migration through downregulation of the PI3K/
annurev. immunol. 19. 1. 623. AKT pathway. Int J Oncol,2012,41(5):1809-1819.

[29] BYRD-LEIFER CA, BLOCK EF, TAKEDA K , et al. The [36] SABADO RL, BHARDWAJ N. Directing dendritic cell
role of MyD88 and TLR4 in the LPS-mimetic activity of immunotherapy towards successful cancer treatment.
Taxol. Eur J Immunol,2001,31(8):2448-2457. Immunotherapy,2010,2(1) :37-56.

[30] ZIMMER SM, LIU J, CLAYTON JL. e al. Paclitaxel (2016 — 07 — 10 W 2016 — 10 — 27 f& )
binding to human and murine MD-2. ] Biol Chem, 2008,283 L .
CF3EES 32 50) Metab, 2016: jc20162775 [ 2016-10-04 ]. http://press.
[8] YUAN GH. SONG WL. HUANG YY. et al. Efficacy and endocrine. org/doi/pdf/10. 1210/jc. 2016-2775. doi: http://

tolerability of exenatide monotherapy in obese patients with dx. doi. org/10.1210/jc. 2016-2775.

newly diagnosed type 2 diabetes: a randomized, 26 weeks [13] CHAURASIA B, KADDAI VA, LANCASTER G. et al.
metformin controlled. parallel-group study. Chin Med ] Adipocyte  ceramides  regulate  subcutancous  adipose
(Engl),2012,125(15) :2677-2681. browning, inflammation, and metabolism. Cell Metab,2016,

[9] SEGHIERI M. REBELOS E. GASTALDELLI A, et al. 24(6) :820-834.

Direct effect of GLP-1 infusion on endogenous glucose [14] SO A, THORENS B. Uric acid transport and disease. J Clin
production in humans. Diabetologia,2013,56(1):156-161. Invest,2010,120(6) :1791-1799.

[10] BUNCK MC. CORNER A. ELIASSON B. er al. Effects of [15] NAKAJIMA K, OSHIDA H, MUNEYUKI T, et al.
exenatide on measures of B-cell function after 3 years in Independent association between low serum amylase and non-
metformin-treated patients with type 2 diabetes. Diabetes alcoholic fatty liver disease in asymptomatic adults: a cross-
Care,2011,34(9):2041-2047. sectional observa-tional study. BMJ Open,2013(3):e002235

[11] ARMSTRONG M]J, HULL D, GUO K, et al. Glucagon-like [2013-01-03 ]. https://www. ncbi. nlm. nih. gov/pmc/
peptide 1  decreases lipotoxicity in  non-alcoholic articles/PMC3549261/pdf/bmjopen-2012-002235. pdf. doi:
steatohepatitis. ] Hepatol,2016,64(2) :399-408. 10. 1136/bmjopen-2012-002235.

[12] PETIT JM, CERCUEIL JP, LOFFROY R.et al. Effect of (2016 — 11 — 07 Witk ,2016 — 11 — 27 &)

liraglutide therapy on liver fat content in patients with

inadequately controlled type 2 diabetes. J Clin Endocrinol

i B m



