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Effects of Liraglutide on Endoplasmic Reticulum Stress of Fatty Tissue in Obese Rats
LI Hong-rui, CUI Yan, WANG Jiao, SUN Gao-jie, WANG Shou-jun (Dept. of Endocrinology and Metabolic Dis-
ease, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China)

ABSTRACT OBIJECTIVE: To study the effects of liraglutide on endoplasmic reticulum stress of fatty tissue in obese rats. METH-
ODS: 48 rats were divided into normal control group, obesity group and obesity-liraglutide group after given basal feed and
high-fat diet for 8 weeks. The first 2 groups were given 0.9% Sodium chloride injection intraperitoneally, and obesity-liraglutide
group was given intraperitoneal injection of liraglutide 100 pg/kg twice a day for consecutive 8 weeks. All rats were fasting over-
night and sacrificed after last administration. Each rat of three groups was weighted, and the fatty tissue around kidney and epididy-
mis were removed to calculate lipid ratio. The expressions of PERK, IREl-a, CHOP mRNA and GRP78 protein in fatty tissue
were measured. RESULTS: Compared with normal control group, the body weight, lipid ratio and the expressions of PERK,
IRE1-a,, CHOP mRNA and GRP78 protein in fatty tissue of obesity group were increased significantly (P<<0.01); compared with
obesity group, the above index of obesity-liraglutide group were decreased significantly (P<<0.01). CONCLUSIONS: Liraglutide
may ameliorate the body weight gain in obese rats and excessive accumulation of visceral adipose tissue, and significantly relieve
endoplasmic reticulum stress in the fatty tissue.

KEYWORDS Obesity; Rats; Liraglutide; Endoplasmic reticulum stress

Wit AT A 8 K- 4 v T TR S B AR R R IR D BE R AT REMLE .

HESR T AE S G B EAE MR RO K, 258 1 gl

Y47 15 ALIERE SRR A 100, IR 40 2 BORIRAG > 11 quse

MR RIS LE A AR A5 B B R UK DA g 14 & (GRS (—80 °C, H A% Sanyo 23 7] ) 5 16 Tk 5 1 35 0 HL

LI, SRS AHIIER 100000, BRI (i Bppendort /S 71) s 8 UV SEREHL IR AMH 2.4 . ik 1%

%%(Liraglutide)%ﬂ%%m%%ﬁﬁt L(GLP-D) KRS, A FIHL KRS (L ST — (088,

ACEA R e MO (R R 5 R AR 9P B 5 B A Y 12 2555k

ae, W HAIEDE 8 HEAS S0 AR o e e A T A AR ;FIJ R T B (B R M 25 A i

FY, b 2 ROBE DRI G HRERE TR AR A B A, e . o e '“ﬁ o r el e ot
DP50185, #LA% : 3 ml: 18 mg) s SLAit i 4} A g g Tl et (Tl i 45 5l

I EE R AT 20 MR S 135 5300 B O , o I S M e o e
ﬁj{%ﬁ(ERS)Si%ﬂMﬁc ﬁ?—i*gtﬂ,GLP-l HEjl%ERS H,(J,ﬁz %%E/M\EF"L‘),TrlZOl%ﬁE:JE'\RNA%%lﬁ%U[EﬁE%I&(ﬁﬁ)

FI . AR5 WEA ] T i 41 F 441 BUIS A 1 . ERS bk B w5 R s AR A il 5 s b (PCRO)IAAI & (e A4
R4 TR 10 0 RNA (04 SR (PERK) . PR R 51018 iy B 2E T AR BRI A vl
JULEE T 3R 46 1-o(IRE1-o.) .C/EBP [fl #5211 (CHOP)mRNA" s ALK GRPT8 {4 (5% [ Cell Signaling Technology 2%
Hly A R 225 11 T8(GRPTS) PRk st et )AL 1 (Bractin) Bk (L5 EBLAR A 71 s OB 1L
o GLP-1 22 PR 25 R R oul s g8 S I R BUA i . IRBARIC — BT (R E Bio-rad 4 H)) .
PIIIERE 7 4120 RAR NG W41 20 ERS (AR AL, ik — B4 Al 13 3h#l

S WLBFIEAE . BRIEHTI 4 50 R AR PSS . H i - 0371 SRR HA SDRRAS R, & , IR 130~160 g,

66295062, E-mail:542360301@qq.com EER0) T'ﬁ B zj] LY/ s TN 'ﬁj\: s itF A IE %5 : SCXK ( f% )
#Am A AR BEE, . BFSOUT . A R AR s . 2010-00020 KL 2 HUZEIAFR , A B ok, B Ll
L1 : 037166295062, E-mail : wangshoujun02@126.com 12 b/12 h, REFSHIAE (22 £ 2) C,AXHRE R (50 £ 10) %

- 1946 -+ China Pharmacy 2014 Vol. 25 No. 21 PEZGD; 20144758 25 55 21



2 FHik
2.1 BRGERSE

48 HR BRUE PR 7 15, BEHLECT 23545 S SR
TR (n=8) FlI & IR IR R (n=40) , 255 8 J& . LAl R
MRS A R BUR LE X BEZ , f 44 5 R F 1E e HR 4 K B
AR T HE+1.96 F5 BRI 25 1) 5 N TRDAk R 3 0K B 23S MBS Jrk 4 F e
JoE- A7 45 JR A, I B R TR PP 2H R U I VR 5 0.9 % Ak
ENE SR (A AR K | IR R - R IR 2 A BRI s v S R o
K 100 pg/kg, B H 29K, iELE8 .
22 FRARE

TSI TIFI ST T 4555 8 .16 J , LB 40 K BLiE 3 I ir
oA & . 16 AR, % A R BB RS & 12 h 5 Wik b3t
TRER, R B T RRU B 52 K A e i AL 2, B o I SRk
B, Fric e o7 B B A P ORAEREI . TSR IR IR LL : NR At
(%)= (SNG4 NG DT 41220/ K BRAR T i x100% 6
2.3 FERAZHZH PERK .IRE1-a .CHOP mRNA #i

B A K IR D741 28 24 100 mg, 5%3% 519K , R JH Trizol
FEBUE RNA, O EICEETT RN RNA M R4l . 43 U
RNA 1 pg 2 #%5%155] cDNA, & PCRAY 91, L5195
W24 N 2 B-actin: 5’ -TGGAATCCTGTGGCATCCATGAAAC-
3'.5'-TAAAACGCAGCTCAGTAACAGTCCG-3', "1 F Bt |
i . 349 bp; PERK: 5 -CTCCTGTCTTGGTTGGGTCTG-3' .
5 -CTTCTTGCGGATGTTCTTGCT-3' , ¥4 Fr Be K- J3 : 218 bp;
IREl-0 : 5 -GACGGACAGAATACACCATCAC-3' | 5'-CCAC-
CACAGGAGAGGCATAG-3', ¥4 i Bz J : 213 bp; CHOP:
5'-GGCAGCGACAGAGCCAAA-3' . 5'- CAGCTGGACACT-
GTCTCAAAGG -3, §" 34 Fr BE K J 2 111 bp, FERH P14 &4
H9:94 CHAEYE S min; A S 94 CAEE30s,iRB K308
(PERK 59.6 °C,IRE1-0 59 °C,CHOP 56.4 °C),72 CI{Ef120 s,
35 AMIEER s BT 72 CCHEMH 10 min, §7 88 =My 0EA TER R W EE
Jie ik AR, H 455 5 p-actin 2575 B K BT HOAE 00 745
T,
24 MHEXEBRN

B4 40K UG D7 414 100 mg, B T il i 4 41 A 0L
MM T ml 40 16 2R [ 2R FH LA TR 9 (PMISF ) -2 i 41 48
R (RIPA) =1 : 99 (BUHBLECL ), K H#E 15 min 5 B L
I, BCA 2R 16 SR 8 8 1k % o TRUREIN R IR 40 pg,
100 °C 5 min R (1AM 471 T BESEHT R AN - TR P A IR B e
HL Yk (SDS-PAGE) , 6 i, 1404, Jin A i K B GRP78 Hiif4 (1
1 000) K 4 CI5F 1 1%, TBST £& i YEM 5 min 3 ¥k, Fnsk
FR T AL BT IC —H(1:5 000)HFE 1 ho VRIS i th o2
M (PBS) %, Image Studio Ver 2.0 A4 J B {1 .
25 FitFEHE

K FH SPSS 17.0 G- 4-5 Ir i B s 64 14 #r , SR8k dis
YIRISE + bR 25 (3 +5) o o PRSI REA FLBER FH e K 50
Z A (A1 AEK LA R R 2553 Fr , W EL R LSD-¢ Az 6
3 #R
3.1 EEER

SEHOTT , SEAH IR R BT Y44 T 1 (168,75 + 7.025) g
v B AR K BT 24 4T e (165.58 + 12.926) g, 22 5+ LG 3T
2 o 8RR, FERE A R 4 KRR 28 R T AR (379.63 +
17.171) g, =5 A iRk 20 O B Hp 3 07 328+ 44 T £ [(430.94 +
10.662) g] KT LAl Ak 2 K BT 24 440 5 B+ 1.96 fiAmifiE 25 1)
HERER L 17 HOIERE L AR N 42.5% ), 73 MHIERELH (n=8) F1I
HEJE - R E IR (n=9) , HE JP 2 RIS fe - ) 2 R 2 A

TEIEE 2014 FHE S HE 1M

T 5 IR R (BB ZH ) R B 22 5 B S # 8 X
(P<0.01).
3.2 16FREEARREFTEMAEMKLLEL

16 JHI2R , 55 1E % BREH LA, JIT Tk 28 AT JHE - ) B 65 ik 20
KRB R A LT, 22 5 BA e L (P<<0.01),
PR R T RHRE 2 A R A AR T L R B R 5 ST
ZH O, M- 5 R R LA B 2 AR A LSRR AT, 22 5 L
AHHFE L (P<0.01) , $&7- A4 & BRI 23 250 s A5 1Rk
VSRR BT RN e P ERR I ZH R R AR LR 1

F1 SRAXBREREMBEILET L (e L)
Tab 1 Change of body weights and ratio of fat to body
weight in different groups (¥ *s)

A5 n (g [N
R 8 505.50+ 11.686 2076+0.209
T 8 546,00 10.677° 3530427
R kel 9 525.63£8.815° 285540219

IR E X I AR P<<0.01;5 HNEJREAL Hu 4% - *P<<0.01
vs. normal control group: “P<<0.01;vs. obesity group:"P<<0.01
3.3 FEAA4AZH PERK IREl-0.CHOP mRNA &i%

5 TE 0T B U, HE S 2 AR JHE - M 5 R R S
12171 PERK IRE1-0., CHOP mRNA FiA ¥ TH 5, 22 57 HATSE
AR L(P<0.01) 5 SEELE HA , NEJHE-F 47 k4K BB
Wi 2 F AR REPR IR, 22 HA ST L (P<<0.01), 1
TREIILP 1, 25 2R k2,

IEHX IR MR A A X IRAL AL AU iR

P-actin S

CHOP LS
EARHEAL AL AR A
IREl-0

J-actin
IREl-a
B1 &AKXRIEHALSPERK IREl-«. CHOP mRNA &
peiy: )R NS
Fig 1 Electrophoretogram of the expressions of PERK,
IRE1l-a and CHOP mRNA in fatty tissue of rats in different
groups
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Fig 2 Electrophoretogram of the expressions of GRP78 pro-
tein in fatty tissue of rats in different groups

4 itig
JE JHE S 1 2 R 05 T BE R o E IR A T Ak R
E A VORI 77 0ok 700 S5 R R 2R AR SV T S (o s I 2
A BURRE IR St i 7 Bl R A B 8, A il 2 oK g 7 24
BT A AR B sk R BRI o . R BRI SE4E Y IESHERAS T L AL
R ZH AU B I BLERS"™ A7 3 il Py S o9 iz 384 2 1 LR oK
Pl 1(IRE-1) (28 PKR A A J5T 04 35 (PERK) FH e S80S ]
¥ 6 (ATF-6) 14 3 (1 A 4128 8 11 S (UPR) B 7ER S P4 52 )
T, TR GRPT8 TEAR UK ZS T 5 LA L 3 Rl 8
BOALG R IETHE R ERS WhREZ —", Rpgk i) ERS
AR T, CHOP & i ERS 75 S T2 7 A= ) — il
BESR IR T, TERE R EL/ N L, B0 B 40 PR CHOP =
AIGRAPREE B ANARE S TR T, P AR AR T | DA PR ™ E A
JE. Sharma S ZFUIRIFSE S5 R K W], GLP-1 324K 524 Exen-
din-4 AT LLAESFAR UG AT A0 23 T FEE GRPTS [ ik, BRIk
CHOP YA, S/ JHHIE A BT 48 BE 1458 , ERS SUWREAR
GLP-1 & £ /5 i L 4 73 I i —Fh 22 K, A A ik
JEEARAS A e 32 5 5 2RI VR T TR N 2 112 o AT ESE
i, X 2 BB DR Lo 100 A8 1 e KU AR , GLP-1 28
LI R ELA BRI DB A T B | S 1 ) 21K
B AR R b H il = AR /E I, Liu J&ECR d A
P SO I B R LI A8 ERS I Z AR AR . HAu 6T
GLP-1 RER G NE MRS T IS T4 ZLERS S HIBFFERD
AT AR, DR AT I L P S O KR
JIg 105 448 ERS {5 536 8% , B0 6 k- 00N bk K BUAR M 2 21
VAL IS O 7 384 175 530 % YRS R S A R AR L (AR I 2
LN T B O BIE RS BE UG . XS 5HhE
JIRT TR [ S A 0%, A il — AR
JEREARS T WA Z 28 B A0 400 B ERS, BB 7 48 i 3R 30 Ny
it SRBUE R ZEE o ABFIEIESE , TEAEE/S BUAS A A T
FNZA> ERS WAREWI RIS , £ 45 GRP78 Kk i . PERK
I elF20 BHR /K V-1 IRE 1-o WERR AL M5 25, e HOR AT
HEFIIG T, BEAh, Zhao LL ZFU M 5E 48 H , Rl & ik nT LA
U I 5 M 7Y ERS ; Liu J S OBFFTHE ), A HE IR REE 4
il ERS W42 W PR K O MRS o LA EBFFR 8480, I e
A LS g 4128 % 2E ERS, 1fif GLP-1 A LA 2% fif P J5 199 1o 344
XA SRR 5
25 LTk, GLP-1 s 2 R Rg kT i 25 e N A R Rl de
Jo i K P RERR I 2R 40t B 2R, ] G2 ARV 2L ERS
&2 3k
[ 1] Medani¢ D, Pucarin-Cvetkovi¢ J. Obesity-a public health
problem and challenge[J]. Acta Med Croatica, 2012, 66
(5):347.
[2] 2t sRar, o S A e & 28 A B T Bon, FFE
PRI XEEF RSk, 2011,20(7):597.
[3] Cunha DA, Ladriere L, Ortis F, et al. GLP-1 agonists pr-
otect pancreatic f-cells from lipotoxic endoplasmic reticu-
lum stress through upregulation of BiP and JunB[J]. Dia-

- 1948 - China Pharmacy 2014 Vol. 25 No. 21

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

betes, 2009, 58(12):2 851.
Chen J, Guo H, Zheng G, et al. Region-specific vulnerabili-
ty to endoplasmic reticulum stress-induced neuronal death
in rat brain after status epilepticus[J]. J Biosci, 2013, 38
(5):871.
Teodoro-Morrison T, Schuiki I, Zhang L, et al. GRP78
overproduction in pancreatic beta cells protects against
high-fat-diet-induced diabetes in mice[J]. Diabetologia,
2013,56(5): 1 057.
LiuJ, LiuY, Chen L, et al. Glucagon-like peptide-1 ana-
log liraglutide protects against diabetic cardiomyopathy
by the inhibition of the endoplasmic reticulum stress path-
way[J]. J Diabetes Res,2013:630 537.
FIEH]. KBRS 3 I8k R 5 6 T ik Ao i B 2 &
AKX F 09T R [D]I: R R, 2011:22-36.
Lee J, Ozcan U. Unfolded protein response signaling and
metabolic diseases[J]. J Biol Chem,2014,289(3):1 203.
Han J, Murthy R, Wood B, et al. ER stress signalling thro-
ugh elF2a and CHOP, but not IREla, attenuates adipo-
genesis in mice[J]. Diabetologia,2013,56(4):911.
Chen YQ, Chen MJ, Wu ZH, et al. Ox-LDL induces ER
stress and promotes the adipokines secretion in 3T3-L1 ad-
ipocytes[J]. PLoS One, 2013,8(10):e81 379.
Engin F, Nguyen T, Yermalovich A, ef al. Aberrant islet
unfolded protein response in type 2 diabetes[J]. Scientific
Reports,2014:4 054
Hotamisligil GS. Endoplasmic reticulum stress and the in-
flammatory basis of metabolic disease[J]. Cel//, 2010, 140
(6):900.
Nakatsuka A, Wada J, Iseda I, et al. Vaspin is an adipo-
kine ameliorating ER stress in obesity as a ligand for
cell-surface GRP78/MTIJ-1 complex[J]. Diabetes,2012,61
(11):2823.
Zhao LL,Guo H, Chen H, et al. Effect of liraglutide on en-
doplasmic reticulum stress in diabetes[J]. Biochem Bio-
phys Res Commun ,2013,441(1):133.
Yamamoto K, Sato T, Matsui T, et al. Transcriptional in-
duction of mammalian ER quality control proteins is medi-
ated by single or combined action of ATF6 alpha and XBPI1
[J]. Dev Cell,2007,13(3) : 365.
Song B, Scheuner D, Ron D, ef al. Chop deletion reduces
oxidative stress, improves beta cell function, and pro-
motes cell survival in multiple mouse models of diabetes
[J1. J Clin Invest,2008,118(10):3 378.
Sharma S, Mells JE, Fu PP, ef al. GLP-1 analogs reduce
hepatocyte steatosis and improve survival by enhancing
the unfolded protein response and promoting macroautoph
[J]. PLoS One,2011,6(9):e25 269.
Mundil D, Cameron-Vendrig A, Husain M. GLP-1 recep-
tor agonists: a clinical perspective on cardiovascular ef-
fects[J]. Diab Vasc Dis Res,2012,9(2):95.
Hotamisligil GS.Endoplasmic reticulum stress and the in-
flammatory basis of metabolic disease[J]. Cel/, 2010, 140
(6):900.

(i H #1:2013-12-30 &[0 H #:2014-03-04)

HHEZEG 2014 4E55 25 4545 21 )



