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Exendin-4 %] STZ 755 WB# BRI B s K B9
TP R R B A R ML A 5T

(HMLFBERE, V5T 810000)

[{E] BB W5 Exendin-4 XTEERAH 2 (streptozotocin, STZ ) 15 5 FOME IR 75 B 8 K BRAY T T84 SR & ml fig
FIMEFIMLE, Frik  BEEOCHRE RS 60 2 SD @R i, 5 45 R RS IR PR S B9 K U 78 5 BE AL 43
FEFIAL  DUBR FI 2 Exendin-4 (& AR AL, 25 AU R KR, 4145 9 B, BRI G, DR FI 200 E
10 mg/kg DVAREF] Fr, Exendin-4 {5 . HF Al 770 2 20 43 1) 2 3 51 Exendin-4 4,20 100 e/ kg, 1E 5 2H A4 K 20 8 B
BT agoK, W21 R R R A LR BB S B (total cholesterol, TG) (H il =g (triglycerides, TC) | i % B IE 8
JIFL[EI B ( high-density lipoprotein cholesterol, HDL) {I%%5 £ His 2 51 IH [ B ( low-density lipoprotein cholesterol, LDL) \JE
HiM (amylase, AMY ) | Ifil % ( blood glucose, BG) B4k il £1 5 H (hemoglobin, HbAle) | %5 I Ifil i Ji & % (fasting
serum insulin, FINS) KT "B JEFEEL (renal index, RI) B /NERTEFR B /INER AR LA K B 20 00 1) W A Bk Ak 2K 7
Y (glycation end products, AGEs) \PDK1.p-Akt,p-mTOR 1Rk E, &R Exendin4 ' SHIELH KK TG, TC,
LDL .BG HbAlc FINS | AGEs {5 RI'B/NRTGA F/NERE 42 PDKI ,p-Akt . p-mTOR & A ik =K T Exendin-4
G4, HDL = T Exendin-4 {7540 , BA W2 122 7 (P<0.05) ; Exendin-4 =5 520 K B TG . TC . HDL LDL,
BG .HbAlc .FINS AGEs RI . ¥/NERTEFR ' /NBk 4% \PDK1 ,p-Akt . p-mTOR 2 H #35HP{E T Exendin-4 FP3 R4,
HDL & T Exendin-4 F15%|#40 , H:h TC HDL . LDL AMY _HDL AT RI 'B/NER i FREAT W31 25 5 (P<0.05)
4518 Exendin-4 fBHSITE STZ 175 T HOWE PRI B R BT R AE KT, e 3L BG | 1 AR R BRAR D B, JLAE FH ML T g
L5 PDK1/Akt/mTOR 3 52 I 56 ABFFE R IR 6 57 W PR 155 8 S8 HAth 28 SiE o i B2t T i Il
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Effects and mechanisms of Exendin-4 on streptozotocin-induced
diabetic nephropathy in rats

ZHAO Yanhui, XIE Chengxia "
(Qinghai Red Cross Hospital, Xining 810000, China)

[ Abstract ] Objective To study the effects and mechanisms of Exendin-4 on streptozotocin-induced diabetic
nephropathy in rats. Methods 60 SD healthy rats without specific pathogen level were selected. 45 rats were established to

establish diabetic nephropathy model. They were randomly divided into model group, benazepril group, Exendin-4 low,
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medium and high dose group, and the blank group was healthy rats with 9 rats in each group. After successful modeling,
benazepril group was given 10 mg/kg benazepril tablets by gavage, exendin-4 low, medium and high dose groups were
injected subcutaneously with Exendin-4 4, 20 and 100 g/kg respectively, and the normal group and model group were given
purified water by gavage. One week after administration, total cholesterol (TG), triglycerides (TC), high-density
lipoprotein cholesterol (HDL) , low-density lipoprotein cholesterol (LDL) , amylase (AMY) and blood glucose (BG) were
measured, hemoglobin ( HbAlc ), fasting serum insulin ( FINS), body mass, renal index ( RI), glomerular area,
glomerular diameter and the expression of advanced glycation end products (AGEs) , PDK1, p-Akt and p-mTOR proteins
in renal tissue. Results The expression of TG, TC, LDL, BG, HbAlc, fins, ages, body mass, RI, glomerular area,
glomerular diameter, PDK1, p-Akt, p-mTOR protein expression in the middle and high dose groups were lower than that in
the low dose group ( P<0.05). The expressions of TG, TC, HDL, LDL, BG, HbAlc, FINS, AGEs, RI, glomerular area,
glomerular diameter, PDK1, p-Akt and p-mTOR protein in Exendin-4 high dose group were lower than those in Exendin-4
medium dose group, and HDL was higher than that in Exendin-4 medium dose group. There were significant differences in
TC, HDL, LDL, AMY, HDL, body mass, RI and glomerular area (P<0.05) Conclusion Exendin-4 can reduce

inflammation levels in streptozotocin-induced diabetic nephropathy rats and improve their BG, lipid levels, and pancreas

function. The mechanisms underlying these effects may be related to inhibition of the PDK1/Akt/mTOR pathway. These

findings provide a new direction for the clinical treatment of diabetic nephropathy and other inflammatory diseases.

[ Keywords]
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SRS IR ARSI 257 Oy 32 8 S W PR B e A R | Xk K
U 5 — WP T 5 STZ 60 mg/kg, 24 BG = 16.7
mmol/ L, FRME Jg ++++ Lk 1 3 B R ' s R RS
RV, ) K g B R BB AL 43 R B AR A4 |
DUABEFI2H | Exendin-4 1% |, ol i 7 5 2, B 245 9
Ho DUJIR 3% F) 4 #E B 10 me/kg DR 3 ) A,
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Exendin-4 4 20 100 wg/kg, 1E H 20 AR 2 3E 5 44
TalEoK S e AT 20 pl/g, BT KR
PIELRs21 ,
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FIE 2 HDL )55 T Exendin-4 {KH| &4, BA §3%
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Wk 2 fros, B DR % ) 2H | Exendin-4
I AT R 41K B BG  HbAle \FINS 7KSF- 348 F
SHA, BA B EMEZESR (P<0.05) ; DUIREF 4 |
Exendin-4 fI& . /Al &5 7 22 40 K B BG . HbAlc , FINS
KPEUR TR, B W22 5% (P<0.05);
Exendin-4 X, H #1571 2 41 K B BG , HbAlc , FINS
AL T ULAR % R 2, A B EMEER (P<
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2.4 NEAKXBEKE RI.AGEs, S/ERKER, BN
KERLE

Wk 3 ME 4 o, BEALA | DU F) 4
Exendin-4 fif | A1 & 57 i 4R RI,AGEs | ' /hER
WAL B/ NRERY S T A, BAE B EEER
(P<0.05) ; DR FIZH | Exendin-4 {15 | 7 &5 71 £
HRFIE RLAGEs B /NERTE AL B /NER AR AR
TR, A W2 5 (P<0.05) ; Exendin-4

.q

EAHA

T
ta

Exendin-M&FI =4
Exendin-4 low dose group

Exendin-4 medium dose group

I PR R R B EE RTLAGEs B /BRI
B /NER BT DR R4, B B 5 25 5% (P<
0.05) ; Exendin-4 1 &7 5 41 K AT  RILAGEs |
B /NERTETAR B /NER AR MK T Exendin-4 IG5 41
HA B2 S (P<0.05) ; Exendin-4 185 # & 2H K
AT  RIAGEs, B /NER i AL B /NER AR KT
Exendin-4 "P#| e R E RIE/NeR T ALE AT
B EFME2E S (P<0.05)

i

Exendin-4 &4
Exendin-4 high dose group

1 RAREUE A GRS 5L HE Je (@l
Figure 1 HE staining of renal tissue injury in six groups of rats

#£1 NHKE TG . TC HDL LDL AMY /K H# (5+s,n=9)
Table 1 Comparison of TG, TC, HDL, LDL and AMY levels in six groups of rats

3 SEERE(mmol/L)  HIM=E(mmol/L)  B5EEEREEEA (mmol/L) RAENEEH (mmol/L) TEMEE(U/L)
Groups TG TC HDL LDL AMY
Ee(EEi
1.35:0. 11 0.93=0.06 2.99+0. 15 2.19+0.06 1035. 26536, 24
Blank group
LRI
i 19. 5622. 56" 3.89+0. 15" 1.78+0. 12V 4,990, 15" 5698. 35+658. 69"
Model group
DR A4
VU E',ﬂ il 18.1122.33? 3.750.13"% 1.980.11V% 4.710. 12V% 3125. 26+625. 3912
Benazepril group
E EQ
Exendin-4 4L 17,2122, 15V29) 3,210, 11" 2. 110,092 3.86:0, 112 2435, 264513, 24129
Exendin-4 low dose group
Exendin-4 R R4 13. 1521 56V 2.25+0,0629% 25540, 11294 3.1120.08V294) 1835. 14489, 36V
Exendin-4 medium dose group
Exe."di""} R 12.89+1. 46239 2,010, 08234 2.89+0, 11V239 2,980, 07V2943) 1335. 24+399. 86234
Exendin-4 high dose group
F 31.980 82.449 166. 574 77.992 88.400
P 0.001 0.001 0.000 0.001 0.000

T 52 AAME, D P<0. 05 SHEBIIAH 2 P<0. 05; 5 IR FI4IM e, > P<0.05; 5 Exendin-4 {4 e, P<0.05; 5 Exendin-4

FlHEARL > P<0. 05,

Note. Compared with blank group,! P<0.05. Compared with model group,? P<0.05. Compared with benazepril group, ¥ P<0.05. Compared with

Exendin-4 low dose group,* P<0.05. Compared with Exendin-4 medium dose group, P<0. 05.
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2.5 NEXRBA
KEARZELER

wmak s B2 Fron, BEARLA] | DUAR 3 R 4
Exendin-4 i, 7 A1 & %] & 41 K B PDK1 . p-Akt,
p-mTORZE AR B EYE TE A4, AR EHER
(P<0.05) ; DUIRE F2H | Exendin-4 % | A1 7] 52
ZH K B PDK1 . p-Akt . p-mTOR 75 FH 26 ik I TR AU

40 PDK1/Akt/mTOR 5 Si&

4, BABEEZER(P<0.035) ; Exendin-4 i FFl
muiéﬂj@ﬁ PDKI1 ,p-Akt.,p-mTOR & 4 %A 1K
FOUREF A, AR EFEEZR (P<0.05);
Exendin-4 HF1E; 5 2 20 K B PDK1 | p-Akt . p-mTOR
FBHFEIEBMT Exendin4 LHI 41, A B2
75 (P<0.05) ; Exendin-4 57 & 20 K Bl PDKI1 ., p-
Akt .p-mTOR & H3FRIAE LT Exendin-4 H15fl| i 41,
S IEFEEZES (P>0.05),

F2 NUIKE BG HbAle FINS /KF 4K (w£s,n=9)
Table 2 Comparison of BG, HbAlc and FINS levels in six groups of rats

20 5 IfiLKE ( mmol /L) BT H (%) 25 & ML RS (wU/mlL)

Groups BG HbAle FINS

23 4

=H4 8.62+1.26 28.46+3. 11 15.26+2. 13
Blank group

4R

peme 29. 88=1. 89" 37.89+3.26" 33.69=6. 88"
Model group
DU 1l 2

21.56+3. 1112

Benazepril group
Exendin-4 IG5 &2
Exendin-4 low dose group
Exendin-4 H1 5] &4
Exendin-4 medium dose group
Exendin-4 /& 7] 21
Exendin-4 high dose group
F 42.118
P 0.001

19. 88+2. 1523

12.56+1. 15294

12. 11+1.21D239

33.15+3.15"% 29.88+4. 1512

30. 11x2. 10923 26. 15+3. 12023

29. 88+2. 561299 19. 512, 1302949

29. 16+2. 11D 19.01+1. 891234

9.418 11.515
0. 001 0. 001

5 AL, Y P<0. 05; SR, > P<0. 05; 5 WUAREFIZHALL > P<0. 05; 5 Fxendin-4 &I RHHA L ,* P<0. 05,
Note. Compared with blank group, " P<0.05. Compared with model group,? P<0.05. Compared with benazepril group,® P<0.05. Compared with

Exendin-4 low dose group,* P<0. 05.

£3 ANHKBIAE R LB (2+s, n=9)

Table 3 Comparison of weight, Rl in six groups of rats

4151 BEHTARE (g) LSRR (g) (I
Groups Quality before administration End body mass RI
2% 4
= H4 219. 12+8. 65 244.36+8. 67 0.210. 02
Blank group
T 4
Lt 221.52+9. 02 296.95+8. 34" 0.59+0. 11
Model group
01 ) 4
o E',ﬂ Al 215.96+7.98 265. 69+8. 292 0.42+0.09V?
Benazepril group
Exendin-4 IG5 12
 Fxendin fiml il 221.09+7. 46 284.36+7. 3619 0. 380. 0212
Exendin-4 low dose group
in- F 84
Exendin 4,*"J£’E 221.09+7. 36 276. 3428, 15039 0.25+0. 0323
Exendin-4 medium dose group
Exendin-4 ALt 219.46+7.15 263.25£8. 16D)49 0. 2420, 02DDIH9)
Exendin-4 high dose group
F 0.611 45.135 15.295
P 0. 692 0. 000 0. 001

TE: 525 4 L, D P<0. 05 SHRILIA L, 2 P<0.05; 5 IR FI4AH 1L, >

FIHEAME,Y P<0. 05,

P<0.05; 5 Exendin-4 G40 L, » P<0. 05; 5 Exendin-4 H

Note. Compared with blank group,! P<0.05. Compared with model group,? P<0.05. Compared with benazepril group, >’ P<0.05. Compared with
Exendin-4 low dose group,* P<0. 05. Compared with Exendin-4 medium dose group,> P<0. 05.
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NAKELAGEs F/NERTETER | B /NER AR HEAR (45, n=9)

Table 4 Comparison of AGEs, glomerular area and glomerular diameter among the six groups

20 5] M S AL AR B /INER AR (unit) B /NER EL A% ((pum)
Groups AGEs Glomerular area Renal didiameter
EeY
= A 0. 68+0. 21 74.15+9. 89 91.26+5. 46

Blank group
4
e 1.87+0. 48" 119.45+12. 229 121.56+11. 22"
Model group
I T3 F1)4
VUK 1.05+0. 3502 101.01£10. 2192 114.33+10.25"2

Benazepril group
Exendin-4 IG5 &4
Exendin-4 low dose group
Exendin-4 H1 5] &2
Exendin-4 medium dose group
Exendin-4 S 7] &4
Exendin-4 high dose group
F

P

1.38+0. 4723
0.95+0. 41V

0.59+0.28V2HH

14. 140
0. 000

98.02+9. 881
81.25+7. 891934

79. 88+7. 45349

12. 967
0. 001

110. 12+9. 89V23
95.21+8. 11V234

94. 11+8. 262394

10. 927
0. 001

TS AAMLE, Y P<0.05; SEBAMIL,> P<0.05; 5 IURIFHAA L, P<0. 05; 55 Exendin-4 FI AL, * P<0.05; 5 Exendin-4 tft
FEAAL,> P<0.05,
Note. Compared with blank group," P<0.05. Compared with model group,? P<0.05. Compared with benazepril group, ¥ P<0.05. Compared with

Exendin-4 low dose group,* P<0.05. Compared with Exendin-4 medium dose group, P<0. 05.

RS ANHKREHL PDK1/Akt/mTOR {55 5 B 2 11 835 B UL (x4s,0n=9)
Table 5 Comparison of PDK1/Akt/mTOR signal pathway protein expression in six groups of rats

i) T I L 2 1 B 1 BRER L Akt AR 1L mTOR
Groups PDK1 p-Akt p-mTOR
23 194
= HA 1.01+0. 03 0.98+0. 03 1. 05+0. 02
Blank group
il
ke 2.89+0. 02" 2.56+0. 11 2.45+0. 10"
Model group
M
VAL 2.45+0. 039 2.31x0. 03D 2.22+0.119?

Benazepril group
Exendin-4 IG5 2
Exendin-4 low dose group
Exendin-4 #1521
Exendin-4 medium dose group
Exendin-4 & 7] fg: 41
Exendin-4 high dose group
F

P

2.010. 019
1.25+0. 020299

1.2420.01D239

234.638
0. 001

1.56+0. 01D
1. 1220. 052

1. 11£0. 01 V39

62.359
0. 001

1. 58+0. 06123
1.22+0. 01V

1.21+0. 03299

61.777
0. 001

S HAMLEE, D P<0. 05 SHRILMI L 2 P<0. 05; 5 WAREFIEAN L, > P<0. 05; 55 Exendin-4 fEFIH41HI L, P<0. 05,

Note. Compared with blank group, " P<0.05. Compared with model group,? P<0.05. Compared with benazepril group,® P<0.05. Compared with
Exendin-4 low dose group,* P<0. 05.

TR LR fO I £ 118 1
PDK1

R ILAKL
p-AKt

R {bmTOR
p-mTOR

GAPDH
SE: 8k TR R Exendin-4 Exendin-4 Exendin-4
Blank Model Benazepril fRFIEA bl A
group group group Exendin-4 Exendin-4 Exendin-4
low dose medium high dose
group dose group group

2 BF4{4UF PDK1/Akt/mTOR i B 4 PDK1p-Akt . p-mTOR 2 Western blot [&]
Figure 2 Western blot of PDK1/Akt/mTOR pathway protein PDK1, p-Akt, p-mTOR protein in renal tissue
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3 it

DR 9 B s 2 DR AR EA T R A R L R
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