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WE: BH  RUTRIRCE RS SR IKAE NS PR B ( DN) & 2ot A% v X 8 I 465 #4 Fn T g 1) A4 4 R B 3
BRAEZES . Fik Wit Sprague-Dawley KR 40 H B4 0y 1E 5 %) BRAL LAY AH R K697 41 A 3 ZEAR K
IBITAL, B 10 H o BRI CRhE AT AL SCIEIRIKIA YT ALK SRS T b R BB ISR 6 S i A IR I s v S DR £ TR
% (STZ)35 mg « kg ™' &5 DN B8, 22 J5 3.7 d A0 1 Y3 fRas IR i K b , 2 YR I+ =16.7 mmol « L™" 2 DN 3%
BRI o TEH X B BRI K AT e RS A BEER K 10 pL - kg™ - 12 h™ ' CEEIRRKIAIT R A T 5 F T4t
HEABRK 10 L - kg™ + 12 h ™" s R G HKIAIFALR AT B FEE S AIRIERK0.3 mg - kg™ - 12 h ™' JLHZ 8 Ji, 45
8 JHARRAE R FUMIBAR A B HEFR A o MLV FR AR 250 5 R 13 , 18 4 B 3l A= W Ak 2% 43 B ASORS: T K B i PR 2= 0
(BUN) F1L LEF ( Ser) 7K 3 B IEARAS il £ U Bk, SR A AR 55 R e (o (PAS) WA 15 IR 2 2R 2540 A4k 5 S s 2l 4424
R R B B AL AE K T B, (TGF-8, ) ik JE R I 11 4k B 4 (NOX4) & 1 ik K, i A Image-pro
Plus ZX X} TGF-B, F1 NOX4 7£'5 PRl U p 8 R B /K A T2 b S55R 5155 0 R4 b, A AU 20 3L %€
HBAIEYT 2K B 2s i % \BUN Ser K F 2141 H TGF-B, [NOX4 & [ R KK W 3E 5 (P <0.05) 5 Rl & BiRYT
20K B2 IS RS A 4 40 TGF-B, 2 /K- 3 T (P < 0. 05) s BT 2 R 6 IKVE T7 4 A SEZEAR BRI 41K B
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FREIBIIBITLL(P <0.05) , 5 FIRrE BRANSEZENN IRHE) A o Ja 8 S A oy SR T IR AR M IR 7 2k it R RV
WETRE s AP AR S ZET R T B0 4 T A R MR TGF-B, s NOX4 43 1 S8 AL DL o
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Effect of liraglutide and exenatide on renal structure and function of diabetic nephropathy rats

HU Jun-peng' , WANG Tao' , WENG Xiao-gang’

(1. Department of Endocrinology ,the First Affiliated Hospital of Xinxiang Medical University , Weihui 453100 , Henan Province ,
China ;2. The Third Clinical College of Xinxiang Medical University ,Xinxiang 453003 , Henan Province , China )

Abstract: Objective To investigate the protective effect of liraglutide and exenatide on renal structure and function of
diabetic nephropathy (DN) rats and whether there was a difference between the two treatments. Methods Forty male Spra-
gue-Dawley rats were randomly divided into normal control group,model group,liraglutide treatment group and exenatide treat-
ment group,with 10 rats in each group. Rats in model group, liraglutide treatment group and exenatidet treatment group were fee-
ded with high glucose and high fat diet for 6 weeks ,then fasting intraperitoneal injection of streptozotocin (STZ) 35 mg « kg ™' to
induced DN model. On the third day and the seventh day,the fasting caudal veins blood glucose was measured, and both the

! confirmed that the DN model was established successfully. The rats in normal control

blood glucose value =16.7 mmol + L
group and model group were given subcutaneous injection of saline (10 pL - kg™ - 12 h™") for 8 weeks;the rats in the ex-
enatide treatment group was given subcutaneous injection of exenatide (10 pL + kg™ « 12 h™") for 8 weeks ;the rats in the li-
raglutide treatment group was given subcutaneous injection of liraglutide (0.3 mg + kg™ + 12 h™") for 8 weeks. At the end of

the eighth week ,the blood samples and kidney specimens were collected. Serum were collected after centrifugation blood sam-

ples,then the automatic biochemical analyzer was used to detect the blood urea nitrogen ( BUN) and serum creatinine (Scr).
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Kidney specimens were made into wax pieces,and the changes of renal tissue structure were observed by Periodic Acid-Schiff
stain (PAS) ;the expression of transforming growth factor-g, (TGF-B,) and nicotinamide adenine dinucleotide phosphate oxi-
dase 4 (NOX4) protein in the kidney tissues of rats was detected by immunohistochemistry method ; the semi-quantitative anal-
ysis of TGF-B, and NOX4 protein levels in renal tissue was performed by using Image-pro Plus software. Results Compared
with the normal control group,the levels of fasting blood glucose (FBG) ,BUN,Scr and TGF-B, ,NOX4 protein in renal tissue
of rats were significantly increased in model group and exenatide treatment group (P <0.05) ;the levels of FBG and TGF-B,
protein in renal tissue of rats were significantly increased in liraglutide treatment group (P <0.05). Compared with the normal
control group,the body mass of rats in the model group, liraglutide treatment group and exenatide treatment group was signifi-
cantly decreased (P <0.05). The mesangium of rats in model group, liraglutide treatment group and exenatide treatment group
was thickened , the thickening was most obvious in the model group and was the lightest in the liraglutide treatment group. Com-
pare with model group, the levels of BUN,Scr and TGF-B, ,NOX4 protein in renal tissue of rats were significantly decreased in
liraglutide treatment group and exenatide treatment group (P <0.05). The levels of Scr and TGF-B, ,NOX4 protein in renal
tissue of rats in liraglutide treatment group were significantly lower than those in the exenatide treatment group (P <0.05).
Conclusion Both liraglutide and exenatide can improve renal function through down-regulating the inflammatory factor ex-
pression and reduce oxidative stress; liraglutide can better down-regulate the expression of TGF-B1 and lessen the oxidative
stress mediated by NOX4.

Key words: liraglutide ; exenatide ; diabetes nephropathy ; rat ; transforming growth factor-g, ;nicotinamide adenine dinu-

cleotide phosphate oxidase 4

Bl R 9% "B 9 ( diabetes nephropathy , DN) J2& # JR
o S B DL UL A O R IE 2 — , 29 1/3 b
PR B AT B TIE D RE R4 3, 7 EE R e SR A AR
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SR %, TGF-B, it 3k ol LA B RE R0
THHb, PR T R A 7 A 9 M 4 (reactive oxy-
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Ji 5 I Bl 2% AE JIK-1 ( glucagon-like peptide-1,
GLP-1) ZRBI4) 2 3x 4F 2k T s R 1) — ol B g
2y, W3t 5 R M Z R GLP-1R 454, {2 k5
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1.1 RIesh¥ (@R Sprague-Dawley (SD) K
B 40 H IR 180 ~220 g, Jb % £ ) 46 52 45 5y
WHARA PR A #2435, Zh & 4% 17 ATHIE 5 : SCXK
( 51)2012-0001 ,

1.2 FERAMNEME SRR P s>
$5 68. 8% 3@ A kL + 5T 3 4k 20. 0% FEWE + it it
G340 10. 0% &I + T /340 1. 0% JIF [ B + o 43
$50.2% it 48 IH B2 B4 5 85 IR 7 &R ( streptozocin,
STZ) (3¢ [& Sigma 22 7)) 5 L ZEAR K (3£ [ Baxter
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H20130435) ; F) %7 & #k (743 Novo Nordisk A/S />
A TEHIE S : 120110026 ) 5 iR il NOX4 Hifk (3
[ Abcam 22 7]) s TR B TGF-B, ik (3£ [ Bio-
world 2> ] ) ; GTVisionTMIII $5f fl/ % 18 F B 0 2% 2
LU AR IR & (R R R R A BR A7) ) 5
Au2700 4 H gl A P A 27 o3 A ( H AS BbR B2 38 2
A)) 510,25 L i i e (b 9 2 S el R A A
J7) ;551 DS-File 16 2 iU M iR &2 48 ( H A Ni-
kon 3 H]) o

1.3 SN ERAE K40 HSD REBEHL A IE
O RRZE BRI AR RIE I A AR L KR T
41,4341 10 2 Bg] SEFRIRIES T 4 AL 8k
TR FAIR B DN A Y i 26 R FH e B DR R R
JINFIE STZ 3570 R BRUG 68 FH veo W l Ri) 3% ©
&l Z I s MMV 5 STZ 6 35 mg - kg™, STZ 3
UVIG 3.7 d JE A0 SR A HE R K IURE 10,2 YRR
FI216.7 mmol + L™ BRI, B IE 4 T
LR BN AL B, SCFETRIRIGS T 4R Bl 4 T 328
10 L« kg™ - 12 h T R IR T ALK LA
THHEAK 0.3 mg - kg™ - 12 h ' IEE R IRALA
MR TR K S wL - kg™ - 12 h ™ KR
TSRS 8 .

1.4 EIELR

L4.1 —fRE WERB— RSO0, (L5 R 5T
7 (body mass,BM) =5 i [l ( fasting blood glucose,
FBG) Wil , 18 o o} BE 4 DU LR PR

1.4.2 MmiEWwN 4 AREAEHES )54 T K
JEREE, AT 1 mL JEGF S JEAT O NEUMZY 1 mL,4 C
3000 r » min "' B0 10 min, BFVER, ] Au2700
4 A ) A WAk 2 23 A ORI i R 2R 4 (blood urea
nitrogen, BUN ) | Il ¥& Il B ( serum creatinine, Scr)
K-

1.4.3 BEHAREESEURRBRARULFR
T4 LR B BB 5 AR BRER AR A AR I3 %
109 Hi: AR VA 3 O R RE AR, AR 478 B AU,
FATR > $0 10% rh Pk I RE [ E 24 h A s 1)
AR 4 wm) o B e BOSCK A7 5 U1 Fr 9647 1o AR
R (periodic acid-schiff, PAS) Jt & 15 550U A i
U5 R AR R K IR UE 3 IR, 45 5 ming 2 )5 {1
PRBUT B 1% 3 R K W 4% 5 10 min, Z8 4R KR
BE 3 K, 4% 5 min; Schiff 37 5 i 1S min, 281K R

VE3 UL 5 mingS g - LT BT IR EUBNAL I 3 IR, £
2 min; JEK MGE 3 min, IR AOKE &2 YL 20 i A%, 251K
Uk 3 min, BT =R 6 JE e S A WL 58 A2
UL BT BEGRA R it e A
BRI, 5 0 22 K 5 P Wl R 4k 2% vl K ( phos-
phate buffer saline, PBS) }&%% 3 ¥k, 4% 5 min; SR 5 fii
FHARR R T i A8 52 88 3 B P Bt e 18 52 (i 2k
5 min, H17%5 & 10 min) , PBS 2%k 3 X, % 5 min; {&
3% H,0, I 0 P A AL 15 min,
PBS 23 3 ¥, 45 5 min; AF50 40 10% 11334 14 1.
THER T EH 30 min, 325 175 A Uk B 42 s & )
YLK TCF-B, Hiffk,4 CHFF L7 ; £ 30 min
J& PBS 2 3 ¥, 4% 5 min; i N A ) R AR C i I AL
t=EHTAk (37 CHFFE 30 min) , PBS 23k 3 Ik, 45
5 min ; — 4 3LBE A ( diaminobenzidine , DAB) i £,
BARNEE G B, B, H o RITKR
NOX4 HiR e 20 Bk 24 I Jy vk [m) b e R
WABEXT FiR %2 PAS Je il 2] i Fl TGF-B, |
NOX4 Hi A& fo g 4 Uk 4 B L 800 J i A7 BR AR
170 59{#iF Image-Pro Plus6.0.0.260 4> Hr {45 4%
Y] TGF-B, F1 NOX4 2 i 14 552 2 414k~
SR HAT R T GH R B R PR o

1.5 ZeitZe4bEE i SPSS 19. 0 k47401t
SIHT T OB AE £ bRt 2E (2 £5) R, Z 4]
FOACR BN T 225007, 2 LA B ACR ¢ R
R g K a =0.05,

2 #R

2.1 —fRRE a2y 8 e, B AR KA
I A NSLIEIR AT 7 2R BB IE 0 B R SRR B
Rt 22 BE TG 2R 2% KRR (BM B i R
T s FFLE BRI 20 A3 ZE R IR 7 2 R B A L1
DU T2 R SR A TR R JEE 1y sty , G PP R i 45
JRIR Y7 AR BRI A fie o WA i o

2.2 4 AKX BM.FBG.BUN,Scr 7k FLb& 4%
RO, 4 HREE 28 Ji )5 BM 4245 2y i i
THr, ZES A Giit2a 0 (P <0.05) , Hirp ik 4 %) i
IR B BM JTHs e B R 5 TR0 IR B, AT
A ARG G S A SR IR 7 4R B BM i
FIEAR,FBC E T, ER A LI AR (P<
0.05) s BT FIHLE MRIAT T 24 SCIEIRIRIAT 24K
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B BM K FBG P HL 22 5 4 LG22 78 (P >
0.05) ., HEHIZH AN SLHEARMRIA ST LK Bl BUN  Ser /K
SE TR R O IR, E R A R (P <
0. 05) ; FIHLEIRIf T 4K B BUN  Ser 7K1 5 TR %
MR MRS LG22 (P >0.05) o SHEAYAH
FOA, MR KR 7 24 SCIFEIR KGR 7 41K B BUN,
Ser B ERFAR, 22 A G52 (P <0.05) s F4iL
BIAT AR Ser KPR IR P FFAIG, 22
FAGIT AR (P <0.05) s ML & IR 74145 3 JE
#1 4£KR BM.FBG,BUN,Scr K F L%

ARRKIGTT 41 K B BUN 25 R B4 it E L (P >
0.05),

2.3 4AKXRREBALARERSILE 58 0E 1,
TEH R B2 I B /NG B /N IR G5 1 3 AT T 5 A
TRYZH R AT DL B /INER S I IS JEE | R e A /N
LIRS IS RIRE BRA YT 20 N S ZETR BRYA YT 41K
B FT DL /N BRI B R L AR B A B/ INE RIS
JEES L, SRR L A A TR, R IKTR YT 2
TR

Tab.1 Comparison of the levels of BM,FBG,BUN, Scr in kidney tissue of rats in the four groups (xxs)
2153 n _ BW FBG/(mmol - L™')  BUN/(mmol - L") Ser/ (pmol - L~1)
L 428 Mg

TE X B2 10 214.28 +33.71 349.28 +27.60° 4.53 +0.31 9.16 +1.81 33.62 £3.13
BT 2] 10 212.85 +33.89 283.75 £29.54% 31.42 +1.68" 15.08 £3.00" 56.53 +3.40"
FlFrEpRiaIT4 10 212.14 £28.26 249.50 +30.31% 29.34 £4.04" 10.49 £2.01° 35.68 +3.00°
SCEETRRIETF 4L 10 214.28 £27.45 260.00 +49. 15% 31.21 +2.78° 12.76 +1.81"™ 43.92 +3. 10"
F 0.008 10.126 102.239 14.306 44.826
P >0.05 <0.05 <0.05 <0.05 <0.05

T S LR P <0. 055 5 1E 7 X AL HR" P < 0. 05 5 SR A H A P < 0. 055 5 B Ay r 41 B P < 0. 05,

A TEH X BRAL; BT C A BRI 745 D < SCEIRARIAY T 41
E1 4HAXREMAR PAS FBLER( x400)

Fig.1 PAS results in kidney tissue of rats in the four groups( x400)

2.4 4AXRBHEAAS TGF-p, . NOX4 EH %
EESREE APRIE 2.3 Fik 2. IER M IAR
SR IEZH 2 TGE-B, \ NOX4 2k 2 0 B 4 5 4 1
A RS GG T4 STEIRIKIG T 4R BV JIEZH R
H TGF-B, . NOX4 B3 FH L ik, Hovp DU R 4
DAB Jetafip 8, IR ARG T 4Lk, MR kG
SR . IR N IRAL M, A 20 A0 S ZE IR K
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v Ty o b
J v, 4 .
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v e -4 - . [ p i . "
\ “w : ‘' .
A - - «B A
. * s ot 9 I SR M L

A TERO IR B AR ; C FIRLE IIRYT 4L D LR IR T AL

HIT ALK BB 4L 4 TGF-B, NOX4 ik i % T}
B ERAS B X (P <0.05) ;NOX4 Fik%
TG FE (P >0.05) , SHEAH LA, Al G
JRIEYT AR SC FETR IR TA YT 4K BUE Ik 24 21 v TGF-
B, NOX4 Fik @ EREK, 225 A gt L (P <
0.05) , HFIHLE R yh T7 4183 FEBR BRIR YT 41 A
T ERASI R (P <0.05),
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2 TGF-B, #4 AXRBHEARPRIE(REALUZFELRE, x400)

Fig.2 Expression of TGF-B, in kidney tissue of rats in the four groups (immunohistochemistry, x400)
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A SRR

A TERO IR BRI ; C. FIRLE IR 4L D LR IR T 4L

A TR

B3 NOX4 £4 AARBEARTRE(REALULEFERE, x200)

Fig.3 Expression of NOX4 in kidney tissue of rats in the four groups(immunohistochemistry, x200)

x2 4HEXRREHEHALRF TGF-B, NOX4 K F LI
Tab.2 Comparison of the levels of TGF-@, ,NOX4 in kid-

ney tissue of rats in the four groups (¥ xs)
215 n TGF-B, NOX4

TR B2 10 0.004 0 £0.001 7 0.001 4 +0.000 9
T2 10 0.0259+0.004 0*  0.0112+0.002 1°

Flfr e pyayFee 10 0.009 6 +£0.003 7 0.002 6 +0.000 6"
IR MIAITZH 10 0.018 9 £0.005 6 0.006 2 +0.001 22

F 36.978 69.820
P <0.05 <0.05

T SR IRAL LR P <0. 055 S BIRAL AR P <0. 055 57

PERKIRITAH LR P <0.05,
3 iFig

DN J&5 A B i e Z e A, FeE 2 A
WEIRI I B ) R 40 £ 19 R0 6 1E 76 18 AR 1
2009 ~2012 4EFK [ 2 FUBE IR L 19 DN R A1E
FX N 30% ~50% . DN 9 KR HLE 4 A
A, LA 5 A IE IO 30 ) 2% el AR L AGEs 1R
R VF MR RAE N FEA N S 2R B
JIRE B9 45 b 98 i S I A8 B U 2L 4 485 ) L K E A el 2 v
EE SRR, RN T TGF-B, J& H BT AN
FECE WL ik LR BB 0 G B 2, BT
TGF-B/Smad3 i PR RE L FEAIG Ser, B 3EE H R, DN
fHL R IGIFAE DN BRG T G A o S 4h,
B2 i ROS S L0 B I 28 1 5 2240 Jox , L
7 ROS By HL 52 53 NOX, BEAE B 241 ] 4 E L
JI7 A0 A 7 3 1 1, T 0% DNy s et
MEAEA AR TR BT 8 A e KRN S ZEAR KB TR
PRI AN , i8] LA B3 i gl R PR B A
N s AGEs R A BIRESE DN A /EH .

Flhi e ik 5 KRR GLP-1 BHAY 97% (W IR
5[l ¥Rk . HENDARTO %55 5 & R, Bl 6 ik
g 0] IR 2R B 200 v s D A e T A4S 1) 2Rk
YIRA B, > NOX4 133k, FE @R EE T AT

£ IR NOX 41 ] PR 38 o0 R R - 2 1 U A 3
TR NOX 351, DA T Ak ) 36 5 BB A A 4/ 1
P I3 3 1 1 R T 1 RAS R G5, | 41 4
H TGF-B, HFE " il i % N 1« B i B, A1
IR VR U R 7 | R 200 L Ak B 1 -1 A5 R PR 1
FEKF, W% DN R . FIRIE KL —FP 5 K
SrFHE U 75 2CHEAT A, 78 IR R S v
A /D HEE, (F R 0 4 R D B T R
AR ABFFEEE R BN, FIRLCE IKIRYT 8 JEI KR
S AU 2] M %, BUN, Ser I JIE4H 20 TGF-B, |
NOX4 5 13235 /K V- 34 1 3 B AIG, 3278 Rz & Ik
38 20 93 4% DN R BB I 480 A L 8RN 9] 2 1 IR
FIRUGE B IR TIRE

SCHETB AR R AR GLP-1 HA 53% A HLR )y
LI W R 1/ S 1 57 8 S N =
BR R A T 1 = 4 AL TGF-B, mRNA Rk, 3%
ARIKAEDS T I = 515 519 TGF-B, mRNA F3ik/K -,
FER L DN A v, SCSEAR KRR A% 2 T 1 8 FR 3k
IS A NOX4 JE[H i) 223k, I/ NOX4 [y =35
IR, SANCAR-BAS %' it g e B, 3L FEAR Ik A
3 U8 55 NOX4 1) 3 35 & 3 ek /b 48 1k 1 3 1) 1
F, B REAS T 18 5 /DN A0 v 1) A 200 e e b B
FI-1 R4 ] 85 B R -1 B R A KO AFSE
S5 R BRI Ui BUN  Ser 7K 5B 4
Z1rf NOX4 [ TGF-B, /K-35 8 2 Ty , S A Al il 2%
JEH) o SCHEBB IR T2 B 28 B /INBR UG T B, [R) B IR IR
T DS SEAR RS R BB . SCEETRRIAY T ALY
BRI ZH A B HLAE, P BUN . Ser K- RRAR , B I 41
21 NOX4 \TGF-B, FRiEREAL, 38R FEHR IR AR 1238
VA A AR L RN R R R TR T R R
DN K BB IE IR

ARG T 7E DN BRI BRURE T i 5 8 ik
FSCFEHR IR & B, R IKIE 7 4K B Ser 55 ik
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A NOX4 [ TGF-B, & AR IBACY i & I T35
BRI AL, R PE#E GLP-1 KB 1E IR TT DN K
BT, R IR S R B BB A% B 4 bl iod i e
HFE2H 2R 9 5 1oy A 4 A IO B A K B S E o
£ LBk, ML & IR A0 3L ZE R BKAE AT T DN
AR R U 249 BE T Ao D S A SR R R R A IR
FIRBEER BB NELRE BRI S DN & R ;
AIPE RS IETR A B e 2, n] A5 SCZEAR IR
i i B A 56 o SR S T AR & IR S ZEAR ik
5 DN Hr GR35 JIE 2 BE D7 1T B TR J= R A AL, 5 22
THERPEA (R BRI

S 30k
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