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[(HE] BH NEAE GRS ERAXAMM GRPT8 4 FF W H T 4(ATF4) .CCAAT R /¥R T4 4% aRAREZ G
(CHOP) .\ TRB3 % & #= mRNA & ik H 5L 48 i # 32 & 3 & f8 R 5 K A MM ATF4/CHOP @ % ey ¥ va, FHik F 4 Wistar
KR 44 Ry ABa A, TRA 1. TRA2. 5411 R dBAL T LGkt . L4 34U THBRARAS AL, THA
14 FHEEKRI0 pgkg '« d "R TEHS: FTRA2LETHEEKR 200 pg- kg ' - d "AFTiEH. ZHTHR2ABLR. FA
RERRAATRBRETEMREEZ-EHNHBM L XL AN ABHEE(GIR), MEZE A XK EM i (FBG) . Z MMk & &
(FINS) | fo. 7% # & fig B 82 (FFA) % IR B B2 (TC) . = Bb# i (TG) AKX % A g & & 2 B 5 (LDL-C) #= & % & s % & f2 B & (HDL-
O3 M B B % 2 7 45 35 4 (HOMA-B) , Western blot #= Realtime-PCR # A # | B i GRP78,ATF4,CHOP # TRB3 & & %
mRNA ¥ k5, 8 SaBatak, HMg4 FBG.FFA.TC,.FINS,TG,LDL-C &K £ %4 % ,HDL-C.GIR # HOMA-3 ¥ & F
M (P<<0.05 & P<<0.01),%5 & fgsa4at, F i 2 HDL-C.GIR &= HOMA-B 4 & (P<C0. 05 &% P<<0.01), £ A HAFHE TH;: 5
FH 1A, TR 2 49 o FGB.FFA, TC F K, GIR &= HOMA-B 4+ & (P<C0. 05), 5 #4401k, & f5 22 GRP78, ATF4,
CHOP #= TRB3 % & & mRNA 6§ £ A R S 5 s, FHRA 1 5 T4 2 MA) &k ZH 5 .GRP78, ATF4,
CHOP #= TRB3 % & % mRNA A Z# FTH., &8 ABGKTERERIEAESRRARAIRLY FRAAEY R E B M
Re, 3 A R AR T AR B AR AR A T ATF4/CHOP @ %
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Effects of liraglutide on ATF4/CHOP pathway of pancreatic beta cells in rats fed with high-fat diet
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[Abstract] Objective To observe the effects of liraglutide on GRP78, ATF4,CHOP and TRB3 protein and mRNA expres-
sion in rats which fed with high fat diet,and to explore the effect of liraglutide on ATF4/CHOP pathway of pancreas in rats fed
with high fat diets. Methods Forty-four male Wistar rats were randomly divided into the control group,high fat group,intervention
group 1 and intervention group 2,11 cases in each group. The control group was fed with common food,other 3 groups were fed

with high fat diet for 8 weeks. Then the intervention group 1 was given with liraglutide (100 pg » kg™' + d™') by subcutaneous in-

'« d"!') by subcutaneous injection. After 2 weeks medication

jection;the intervention group 2 was given liraglutide (200 pg « kg~
intervention, the rats were killed. Five rats were taken from each group and performed the hyperinsulinemic englycemic clamp ex-
periment under waking state for calculating the glucose infusion rate (GIR). The fasting blood glucose (FBG), fasting insulin
(FINS) ,serum free fatty acid(FFA) ,total cholesterol(TC) , triglyceride(TG) ,low density lipoprotein cholesterol(LDL-C) and high
density lipoprotein(HDL) were examined, and islet beta cell function index(HOMA-B) were calculated. PCR and Western blot
method were used to detect the expression of pancreas GRP78, ATF4, CHOP and TRB3 protein and mRNA. Results Compared
with the control group,the levels of FBG,FFA, TC, FINS, TG and LDL-C in the high fat group were significantly increased, the
levels of HDL-C,GIR and HOMA-83 were significantly decreased(P<C0. 05 or P<C0. 01) ;compared with the high fat group,the lev-
els of HDL-C,GIR and HOMA-B in the intervention group 2 were increased(P<C0. 05 or P<C0.01) ,the other indicators were sig-
nificantly decreased;compared with the intervention group 1,blood FGB.FFA,TC in the intervention group 2 were decreased, while
the levels of GIR and HOMA-B were increased(P<C0. 05). Compared with the control group, expression of GRP78, ATF4,CHOP
and TRB3 protein and mRNA in the high fat group were significantly increased; compared with the high fat group, the expression of
GRP78, ATF4,CHOP and TRB3 protein and mRNA in the intervention group 1 and 2 were gradually decreased with the liraglutide
concentration increase, Conclusion Liraglutide can improve insulin resistance and protect pancreatic beta cells in a concentration-de-
pendent manner,its mechanisms may involve in the pancreatic endoplasmic reticulum ATF4/CHOP pathway.
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st IR HE R AR B, 2R 5256 A A A B0 & kot 55 g
MREFR IR KRl HEAT T 90, W22 X ERS A7 5 H 3% AL A 1 4
(ATF4)/CCAAT X /H458 745 & & A R & [ (CHOP) i@ #%
Y PR R L B s TR ORAPBESS B 4 M 9 T BB AL AR A
FOVR TR B B A B A4

1 ME5FE

L1 g5 Wistar #itE KR 44 H 0 F b 5t 438 A
A6, % 5E R R AL B A BCER 337 kCal/100 gL BRIK LA W
64.19% I8 12. 04% B B 23. 77 % o w5 M6 T b 20 A - 38
ok 486 kCal/100 g, B /K 4b4 4 30. 01 % , B 53. 75 % , & 1
Ji 16. 24 %0 . 338 4R Rk 2w IR A R T L T BB P 0 A R
NI

1.2 S8l REGERMEMRSE 3 d, 50 R Bl s fsdl . T
T 1. FHid 2,640 11 H, WAL T & ERE. migd.
T 1T 2 457 & R8RSR, 5% 8 JH )5, X R4 45
TEERKE MK R ETEN,. SRS TREIBRE +
ARERKE H R N ES, T4 14T RIS IRE + M K
100 pg = kg ' o d T ES, THA 2 BT S RIKE + A4
£RK 200 pg o kg ' o dT TS, T2 A& 415
HOR RAT I BEARAS S 15 R 05 3R - 1 4 4 Wl i e 2 06 1 5 7 46 bl
i (GIR) L ) K BRI S RARHTAS 0 . M6 2 gl ik B . 4k 3
A5 20 LAY B DR 4 S IR 2H S R T — 80 C YR A b
JG R B —80 C vk AR 1%, I T Western blot i1 Real-time
PCR il

1.3 W R A g T 5 25 1 7 4 b i e i
i

L4 IMEMHEEAME Sl bsAEEBE 2 h,1 000
r/ming.0 20 min, B _E . —80 CUkAifR /7. EH4A AL
AR B AR L FINS 32590 2 25 i i g (FBG) L 8 IH [ B
(TO) =Bt H i (TG % %5 B2 Mg 25 3 IR [ /s (LDL-C) i = %%
FE 1 26 A H [ s (HDL-C) Il 35 3% 25 i W 2 (FFAD ] ELISA
1) & 2 (M R i AR ) R R ID «

1.5 5 B 4S8 B (HOMA-R)i+%  HOMA-B=20 X
FINS/(FBG—3.5).

1.6  Western blot 3BT ¥ R A7 14 J i 57 )8/ £, B 100 mg
HAMA 1 mL & 2w, vk EZfF 30 min, 4 °C 12 000
r/mingg.0r 10 min, BT W ™48 4% 1 BCA Y5 &8 3 LV B,
HEAT - b B B R B3R TS 94 I e 6 S HB UK (SDS-PAGE) | &
FLEFE 40 pg. BEM /0 B 5 % % = PVDF i), % & H £ 100 V,
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RO YKEE 2 h A4, # L TBST P88 4 31 A GRP78 —
YL ATF4 —4; .CHOP —# . TRB3 —HT #il B-actin —HT (g F
BB A TR BRA FD EIRIE R E 2 h, TBST ¥t i
3 WA AIMA Z B (W TR LBy TRARA R4 C
PERIL P . TBST YAk 3 k. TEWE = o, ECL & 67 X bk
FUEG, DA Bractin S5 A S0t B BB R 94 )5 A Tmage J 34
GHT.

1.7 Real-time PCR i  $% 18 Trizol 15 BH 5 M I JIf 40 21 432
Ui RNA, 3] Fast Quant RT kit J2 %% iR 51 & CRAR 41k
BHE A BRA 7D G A L cDNAL B R R 20 pL, ™ 4% 3 8]
UL 43 B 5% S % cDNA, L I R B4R 38 47 RT-PCR, A B-ac-
tn N Z. B EFF 94 CA8PE 15 5,68 ‘CiB Kk 155,72 °C
FEAR 15 s, F R R A9 25E01E 5 15 25 b A 15 3 it £
BN s M 2 A S By AR L IR RIS A Cofd . BA Y E
23 R#AT. B H Invitrogen 23 BRI & 8. 51 )T 5 40
T :GRP78 L 5'-AAC CCA GAT GAG GCT GTA GCA-3',
T 5'-ACA TCA AGC AGA ACC AGG TCA C-3'; ATF4 |-
i 5'-GCA TCT GTA TGA GCC CTG AGT CC-3', Fii 5'-
CCA CGA GGA ACA CCT GGA GAA G-3';CHOP [ i 5'-
CCT CGC TCT CCA GAT TCCA-3', Fi# 5'-CTC ATT CTC
CTG CTC CTT CTC C-3'; TRB3 I ¥t 5-TCA AGT TGC
GTC GAT TTG TCT TC-3', Fiff 5'-CAG TCA TCA CAC
AGG CAT CCT C-3'; gactin I {if 5'-ATG CCA TCC TGC
GTC TGG ACC TGG C-3', F#f 5- AGC ATT TGC GGT
GCA CGA TGG AGG G-3', #H Ct il At 22 it
BAH ML E A Rk E .

1.8 il 4bs A SPSS19. 00 A AT S ik Ak #2, 3f &
PRI Ths Rox . Z AR % 2 AL R H R 5 22 4
Br.Lh P<<0.05 HZESFAZIT¥REX.

2 & ES

2.1 —WHE SxFEAML, A4 10 FBG.FFA . TC,
TG.FINS,LDL-C ¥ %7t & , HDL-C, HOMA-B #1 GIR B &
TR 22REGIFEE L (P<0. 0 s 5 E IS4 M . T HWid 2
Il FBG.FFA . TC.FINS,TG,LDL-C ¥ & T [ . HOMA-8 Fi
GIR F} &, 2 S8 G112 75 L (P<C0. 05 8, P<<0.01); T4l 1
Il FFA T, HOMA-B fl GIR i B F 5, ZR BRI %8 X
(P<<0.05); 5T 1 A, THA 2 K1 FBG.FFA. TC
B & T %, HOMA-B 1 GIR B g F+ & (P<<0. 05), L% 1,

* 1 THXR—BBIB R (TLS)

i H Xf B2 (n=6) FIE 4L (n=6) TH4L 1(n=6) FHH 2(n=6)
FBG(mmol/L) 5.05+0. 20 7.59+0. 70° 6.88+0. 20 5.87+0. 40¢
FFA(mmol/L) 0.3040. 04 0.6640.05" 0.61+0.05" 0.3240.03%
TC(mmol/L) 1.0540.09 1.3240.07" 1.3740.05" 1.2340.06¢
TG(mmol/L) 0.1640. 04 0.33%+0.02" 0.2940.02" 0.2740.02¢
FINS(mmol/L) 19.2440. 68 30.9340. 27" 29.26+0. 30" 24.42+0, 314
LDL-C(mmol/L) 0.26+0.08 0.4340.07" 0.40+0.07" 0.33+0.06¢
HDL-C(mmol/L) 0.82+0.07 0.5440.06" 0.5940. 04" 0.600.05°
GIR (mg + kg™! » min™1) 30.77+2. 37 18.83+1. 95" 21.55+2. 469 25.80+1, 409
HOMA-B( %) 249.66+19. 87 151.77+62.07° 173.43+69. 24" 207. 3414, 47%de

4 P<C0.05, 5% AL 48 ;0. P<<0. 01, 5% R F 4 5© . P<<0. 05, 5 IR AL L 54 P<<0. 01, 5 IR Al b4 5. P<C0. 05, 5 F il 1 Hi
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2.2 HAKRRP ERSH XEHEF mRNA [FRE SXHEA
FHLG . 35 6 41 8 i GRP78, ATF4,CHOP, # TRB3 mRNA
EI L ESAHGTE L(P<<0.05 3% P<<0.01), S5@Eigd
Fe#, T4 1 A T4 2 19 GRP78.ATF4,CHOP #l TRB3
mRNA LKL TR 2 RAGITFE X (P<0.05), 5T Hi4A 1
e, THi4dl 2 GRP78,ATF4.CHOP 1 TRB3 #y mRNA ik
TR ZERAH SR L (P<<0.05), WK 1,
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: g,
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0
ERE R Tl FeE2

7 s FIE T
* . P<C0. 05, X B L # ;7  P<<0. 05, S IR AL b 52 . P<
0.05, 5 TH4l 1 lL#
1 FHEARIEIR ERS 8K EF mRNA B3R ik

2.3 FAKBBEM ERS HXKEE A FKAREO  Western blot £
M4 20K BUBE R 40 40k GRP78, ATF4,CHOP f1 TRB3 % |4
FHXT 22 3K 7K 1 L A8 : 55 % B AL L L =i g 4l GRP78, ATF4,
CHOP.#1 TRB3 4 # 114315 7K - B i &5 T4 B 41 (P<C0. 05) ,
SRPLE KT WG, TH4 1 f T Bidl 2 GRP7S, ATF4,
CHOP.#1 TRB3 #EFRXH T, W BT R4, ZERAS
EERE L (P<0.05), 5FW4l 1 i, FHdl 2 4 4% 49
B (P<C0.05), WL 2,

FERE FASE FHE1 FHE2 RBE BmAsE FRA FHd?

2 BREKXRER ERSHEXEZEBARIEER
3 3 ®

WEoE & B B AR T S BT A s B TR FBE & 8 4
M REZEEL, B RS A B R AR A & IR W2 fE N E 2
—H L HOMA-B & I F PR SR 19 15 5 8 40 1w 2 BE 1 15 45
1B 5 3 24 L 0 R A AU 0 HE B0 fEL I AU R g i U R B fE A
Bt Je sz b GIR [ b FiEAr IR B4 ofi , SR 32 R IR
PR ARSI AR R L e R R KBS 0 IRALAE L L GIR
HOMA-B T [, FINS Fh& , B30 T 65 R 5 2 i AE IR S B
Iihe kiR . [ AP H B FFA. TC. TG.LDL-C ¥ & % J} &,
HDL-C & MR mASZEEL . A& ok —F K3 GLP-1
Uy, I e K T B I M 5= KR 2 M5, GIR F &, FINS
TR HOMA-B F+ &, M B . 1t A8 B& 1K . HDL-C F+ &, B 5 100
pg c kgt d ORI R RAL L3, 200 pg o kg e A AR
JOR T T 3k SR T W A8, 33 % WA R R S e R RO M R A v R K
£ R BB L BE A R IR FER S B ThAEWGE . 5 R
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L5

W5 K B0 (2 W o R 5 IO V195 100 T o A T RSP 4 T A
PR I PN A B T A Y 1% O HE R A P I L RS T R
ERS K4l 1= . 3 T £k A8 4 4 B 98 15 & 1 (GRP78) &
ERSARBEMEE A . O A MH W0 55 & g & 10 T K BB R
K IR, P95 30K 6 I 7 GRP78 363k T & » i P 5t 1)
N R DG B 5 IR e S T AR IR L R RO IR ARG R S
Z AL EAE R R AR GRP78 ik 7t X B W] IR 0B 5 2y
AEWIE 5 ERS # YA, BUeE RNA K i 14 2 H % B R N
JoT 8 (PERKD 2 N 5% 9 B8 1 fd) —Fh T B 25 2 11, )2 ERS
19 3 A5 i B 2 — Fe 2 ERS A PERK % T i 2L A% & fh
HF 20 (elF20) F1 5% 3t 35 4L B F-4 CATF4) 77 9 = H +
CCAAT B8R 45 4 8 1 [ U5 8 1 (CHOP) F1 9 7 08 T 56 Bl
W Tribbles 3 (TRB3), CHOP # TRB3 3 % 5 41 s ¥4
TR EANEE AN IR R S5k ERS, 2 5
AT, S8 IR RS DI RE IR, B R . B A O
FER I AE INS-1 20 it . 45 iR 2 175 5 GRP78, ATF4,CHOP %
ETHE LR FFA 514 1 ERS S il 68 76 I8 % M B S 809 8
AP TR AR R R EAR DY, AL RLH . ER
JETE G0 T i FFA Jh . 5 A0 2= 6L, K BUBE I GRP78,
ATF4,CHOP # TRB3 A2 [ Al mRNA ¥ 8 F+ &, Ui B &
JRIEMTHXEOMEENEERFEH LR ERS, iS5
IR & 20 B D B F B AT 00, 5 RIR I FE 45 R AR — B

Moffett 451 % BRI B Ik vl 36k 20 B R 95 KBRS R B 4m
JEL AR T AR B S B A B AELIE A DG ML A BB AR S
K IF) B KT S . GRP78. ATF4,CHOP 4 % 11 Al mR-
NA Kk W8 TR 328 GLP-1 52 4 3 30 530 F) 30 4 ik v fiE i
it ATF4/CHOP jii 8% 2% it ERS R ORI RS g A BIRE. T A
WHoE & W TRB3 KNS 5 gl Ik A0 s BLAZ fb L 1 B 5 TR OB IR
IR S ARTFAE S B R B RS AR AL ECE IR, I
BT T TRB3 i35 0 % Z [\ 1 B AR AL 3 A E 2L &
PE— BT . 0T R 3 06 A ST ) L 45 bk — T i R 3K L
T I AE X B L s TR S50 a8 S B BB 3R, 5 — T A 3 R
HHIE S B AN AED e,

25 BT . e R s B e A3 3R AL A bR B R AR
20 0 3y R 57 B, ORI B RS B TR, I BRI G 28 R
JEEHR ERS, #il il ATF4-CHOP-TRB3 3@ f#% 25 [X () & ik . il 2 Jj
240 A A T 3 PR e S A0 A T R A R (R R B R R L i
2 2R v 2 7 T A A AL 3 TR U8R N ST I I AT i —
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