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[HE] B BTRIRE O3 RS (diabetes mellitus, DM ) 2K 5UEF Ak B W5 200 i 32T 79 52 M) A AT B A9 B AR AR 9 L
Hilo Jiik 8 FWSHEYE SD KR 40 A& (200 £25) g, 434 3 A : OIEHFTHR(NC) 41 (n=10) ;@DM 4 (n =15) ;OF
P (LR) 4 (n=15), DM.LR £H £ 55 i i A 4] 37 B B /N B4 IR AAS T 3 (streptozocin, STZ) I & 7 5375 T # 57 2 AU
DM K BUSI%], NC 415 LR 41K BLF R R & ik 100 pe/kg 18 6 8 i 41 (2 wk/d) , DM 41 A BUAT A6 38 46 7K I 6 o9 0 o
12 JRJG R AR 45 AR BRI IR AR AN B 20 U AR, R 45 41 K SR LIET LR 3% 24 h FRZE 1 8 2 A R0AR 5 S 20 AL v AG ) B A%
2 fifn#a 4k 2 H -1 (monocyte chemoattractant protein-1 , MCP-1) (4% K 7-«kB ( nuclear factor-xB,NF-kB) .CD68 7£ K & ‘B ZH ZH
KRS , RT-PCR &5 1 MCP-1 \NF-kB mRNA FIkACERAE . 850 5 NC 44, DM 415 LR AR RIREH JRE .
M WLEFZK 370 2 B FF (P <0.01) ;LR 21K BRUREE 1 R 2 M ILEF K -4 DM 2 B g AR (P < 0. 01) ;NC 44 KR IF 44
MCP-1 NF-xB.CD68 5 /& 323k , DM 41 K Bl 24141 MCP-1 NF-kB.CD68 (5 /NER 15 /N ) 235 B B4, LR 41 U4
21 MCP-1 (2.93 £0.27 vs 4.64 £0.38) NF-kB (5.44 +1.65 v59.76 +1.83) .CD68(4.47 +0.66 vs 7.15 £0.85;2.53 +
0.87 vs 5.65 +0.69) % DM AU B3 TFE(P <0.01) o FHKMATES R TR, B 4141 MCP-1 NF-«B,CD68 (5 /K B /NE)
Fik5 24 h JREAEEE BE MR, 4L CD68 £ik5 MCP-1 \NF-«B fyFik 2 BEEH%, 8  FlRi&iknT s
JE P MCP-1 \NF-kB 1l CD68 &3k , MMM #0 il 5 15 40 i SR 4 , ook A2 1 R, S S 401 55
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Effects of liraglutide on macrophage infiltration in kidney of rats with diabetic
nephropathy
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[ Abstract | Objective To investigate the effects of liraglutide on the macrophages infiltration in kidney
of rats with streptozotocin diabetes. Methods Forty adult male Sprague-Dawley rats (8 weeks old, weighting
200 +£25 g) were randomly divided into 3 groups: a normal control group (group NC, n =10), a diabetes
group (group DM, n =15) and a liraglutide treatment group (group LR, n =15). The rats of group DM and
group LR received intra-peritoneal injection of low dose streptozotocin to induce an experimental model of type
2 diabetes after high fat and high glucose breeding. The rats of group NC and LR were treated with liraglutide
(100 pg/kg twice per day) by hypodermic injection, and the rats of group DM were treated with equal volume
normal saline. In 12 weeks after establishment of type 2 diabetes model, we sacrificed the rats and detected
24 h-urinary protein excretory (24 h UPE), serum creatinine (Scr) and blood urea nitrogen ( BUN). The
expression of monocyte chemoattractant protein-1 ( MCP-1) , nuclear factor-kappa B (NF-kB) and CD68 in the
renal tissue was detected by immunohistochemical assay and reverse transcription-polymerase chain reaction
(RT-PCR). Results Compared with group NC, Scr, BUN and 24 h UPE were significantly increased in the
rats of group DM and group LR (P <0.01). All of the above indexes were significantly lower in group LR than
in group DM (P <0.01). MCP-1, NF-kB and CD68 ( glomerulus and tubules) were mildly expressed in the
renal tissue of group NC, and their expression was significantly enhanced in the renal tissue of group DM and
group LR. MCP-1 (2.93 £0.27 vs4.64 +0.38) , NF-kB (5.44 £1.65 vs9.76 +1.83) and CD68 (4.47 +
0.66 vs 7.15 £0.85; 2.53 £0.87 vs 5.65 £0.69) levels were significantly lower in group LR than in group
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DM (P <0.01). Correlation analysis showed that the expression of MCP-1, NF-kB and CD68 was positively
correlated with 24 h UPE, and the expression of CD68 in renal tissue was positively correlated with the

expression of MCP-1 and NF-kB. Conclusion Liraglutide can decrease the urine protein and ameliorate renal

injury through alleviating macrophage infiltration by down-regulating the expression of MCP-1, NF-kB and

CD68 in renal tissue of type 2 diabetic rats.
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W R 9% B 5 ( diabetic nephropathy, DN) #% )72 1A
JEREE e s FE R Z — EARISIE
S5, RAEALHIZE DN By & AL & e B i AR
FN 2T 0 S I R N BN R
JiE 2 DN R i T B G 5 22—, Chow %571 &
I, DN TCig 2 B Nk L 72 B /NE B (8] 5T PN Ik 4
FRLY H i X WY AN, O 5 AR AR AL R B S A OG
TERPERREE T, B /INER P9 B 40 i 5 5% 5 40 i 52 1) R
(a2 a7/ It S B N A R b (A OB - R A ot
MR, W R IR K A a1
(monocyte chemoattractant protein-1, MCP-1) . (4 Jig
A2 -1/ MR AT R T (platelet derived growth factor,
PDGF) &5 411 PR~ , DT A 1 3000 B A2 400 i 28 R
B, Fe 2R 22 B ) e A i Ry L R, 175 /)
BRE AR AL o Hor, MCP-1 I 5 N 7 4%
Kl F-kB (nuclear factor-kappa B,NF-«kB) & F B4l iR
[ FRaR CDO8 11T 1 MLAE B Wik 40 it ¥ i 1) 3 B AR o
FIRLE IR AE Sy — b B = 1B 2= 4 IR-1 ( glucagon-like
peptide-1, GLP-1) 2% , e ei 35 I £ 20 A 2h g S I &5
AU T A SRR REAE H, I 4F ok © T 4R )2
TG o A5 4003 2 W28 1] 45 RO ARE PR s ( dlia-
betes mellitus, DM ) K ' 2141 MCP-1 \NF-kB 5 CD68
PRI, A HE A5 AT RE A DN I 5 P B 4
MU=

1 w7

1.1 2 A DM X RBEAL o 3 5

HEVE 8 JA#% Sprague-Dawley (SD) K fl 40 H (1l 4 51 R}
REFY g, S 10445) (A& (200 +25) g, FEBLIE
B30 FUR Bz iR mf s R SR 1 A JS 0. 1 mmol/L TG
MR e v (pH = 4. 5) B il 5 IR/ 7 & ( streptozocin, STZ,
30 mg/kg) M FE TG T 2 BUBEIRG K RS, 72 h J5 3%
23 d iMAE =16.67 mmol/L, JR¥E > ( ++ ) & M A EERL LTI,
B AR BB T35 43 2 41 . DM AR R & IR (LR) 4, 53
B 10 HSD K BRI S 46 M i R 40 2% i i A Dy TE 6 % R
(normal control group,NC)£H , #RIEST 1 B2 )5, LR #A5 NC
LT R G IR GERE R E A T) 100 we/kg I8 s 354

diabetic nephropathy; liraglutide ; macrophage; monocyte chemoattractant protein-1;

A H 2 K, DM 25T S e A B K E ST
1.2 AfuFgirien

12 JiJa W R R 24 h BRI & ik 25 (M 2 (24 h-urinary pro-
tein excretory,24 h UPE) , A&t kR ML , 250 Je B 75 R 0 PR
A (blood urea nitrogen, BUN) AL ( serum creatinine , Scr)
1.3 KA BR i saibm

R S-P ik Ab SR UG BUE 4R & 2 58 W 1 %, il 1F
5 pm BHLUAED] R IR G NS KL 3% o E AL S E A
PBS 21 (0. 01 mol/L,pH =7.4) YE¥ SR LG 2 A J5 , Hk
JHABHT . MCP-1 Hifk  EnVision F5iC —#T, 4 DAB B4 I
ARG YL G P RE £ o LI R 5 20k NF-xB 55 CD68 14
ko 54 H Nikon B5 22 A= Wy R4 40 #1 R 48 00 % MCP-1 NF-xB
HFI R B . BBk E/NVE-[B] B CD68 FH 14 441 fifg
A BELERE 30 A /NER 5 B /NG - (8] BT (400 A% 780K B L
HF) 43 BT B A B /NER A R T ARURT 0. 04 mm® B /N - i) T
BUR A CD68 BRIk 20 %, B2
1.4 RT-PCR ) & MCP-1 NF-«kB mRNA #) % i

K TRIzol —25 7L 3 BUE K2 S RNASHUS pg 'BF B2
RNA , #4300 %% 5857 & TaKaRa RNA PCR Kit( AMV) Ver. 4.0
VLA A cDNA, LI A H A MCP-1 \NF-«B 5[#14: PCR §~
4. BTSN :MCP-1 L3314 5'-GAGTCGGCTGGACAA-
CTGCAAGA-3', F i 5] ¥ 5'-GGTGCTGAAAGAGAAGAAGTTG-3',
PR BE 207 bp; NF-kB 1375319 5'-TCACCCAAACGCTACCC-
TCACC-3", FiE5 |4 5'-CCGCATGAAGAACAAAGTCCC-3' , 7=
K 240 bp; NS B-actin [ E5] 4 5'-GGATCAGCAAGCAG-
GAGTAT-3", FiiE5 14 5'-TGCTAT CACCTCCCCTGTGT-3', F=4y
KB 684 bp, FEULIH T HIFIL PCR ;=4 5 WL inAE+ 2% 35
RERRBE R P, T AR i F Tk SRR T U 2/3 Ath, SRAMB LS
T WREE L5 4 7 FF0 7 MCP-1 NF-kB (¥ FLIK S5 K BEAHL,
$ LR IKEES NS B-actin (K EE(EZ FAEy MCP-1 \NF-«B
mRNA (1335
1.5 #itsae

BRI, x =5 IR, R A SPSS 19. 0 G144, Z2 41 0] Lk
AT R R I 22508, PALIA] EL #5647 LSD K56, AH 51 43 M 2R
FHP A% 28] Pearson ELZEAHIATHT .

2 4R
2.1 BAK A KR ) feda AR 40 T
SLHGEE A, DM 4146173 HL,LR 4156771 H, DM 415 LR

ZH ALY BUN, Ser,24 h UPE X% NC 20 K U 38 m (P <
0.01) ; 5 DM 41 kb4, LR 20K B, BUN. Scr #1124 h UPE ¥JHf i
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THE(P<0.01,% 1),
*1 £ZHKHE BUN.Scr.24 h UPE tb% (2 +5)

Eibll] n BUN(mmol/L)  Ser(pmol/L) 24 h UPE(mg)
NC #H 10 4.81+1.28 33.86 £8.12 5.42 +3.81

DM £ 12 9.76 +1.16% 93.86 +11.51*  25.33 £3.522
LR #4 14 6.64+0.89%>  68.26 +10.12°> 12,58 +3. 132>

a: P<0.01,5 NC 43t4;b: P<0.01,%5 DM zB3t45

2.2 fEimE &m K R E s MCP-1 NF-xB 5
CD68 # % ik T AL

2.2.1 'BHZ MCP-1 ik

NC 4H

DM #H LR 4H K BB 40 41

MCP-1 35148 NC 4H B E#hn(P <0.01) , 5 DM AL, LR
ZH MCP-1 R3ATFRE(P <0.01) o FHICAMHT WK, B4 4 MCP-1
SIS 24 h UPE 2 B 3E EAHX (r=0.693,P <
0.05) , HAKREEFHL MCP-1 Fik WK 1.3 2,

2.2.2 B4 NF-«B [k NC 2K B /NER NF-B 12
SR, DM 415 LR A K FUE/NER ME N NF-kB Rk ¥
NC 21 84 (P <0.01) , i LR 20%: DM 2B B R (P <
0.01) o XML R IR, B 4L NF-B T 6%
{5 24 h UPE 2R3 EMK(r=0.769,P <0.05) . %2 KR
BFLH4 NF-xB AL 1,58 2,

1 ZEAUNREHKR S MCP-1 NF-xB CD68 fikixz  (S-P)
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2.2.3 B4 CD68 FHEANMIFRE  NCAHKRRENW
U/t B WA s DM 415 LR 41K BRI /N ek VI NVE N E
WA LR 2 W 0 5 F NC 41 (P <0.01) ;LR 4 KB /NER
B /INVE P B IR 5 DM ZH /0 (P <0.01) o A S Mo #r
SRR, B /INER VB /NS Y CD68 BH A 4l - 3 R % EE
524 h UPE 2B E FAH(r=0.728,P <0.05;r =0.775,P <
0.05) ; [F, B /Nsk iy CD68 | 5 /NE I CD68 1y 1 ¥R 43 2%
FEME S MCP-1 PR 53002 B2 B 42 0 35 IEAHDG (r =0. 681, P <
0.05;r=0.469,P <0.05) ; & /INBk 4 CD68 . 5 /N4 P CD68 11
SEITRGEE B 5 NF-«B ¥R 55 6 % B (8 5 W 3 IR AR G
(r=0.873,P <0.05;r =0.523,P <0.05) , %21 KR 'F 44
CD68 A4 ik IR 1.3 2,

Fx2 HHARELHLZ MCP-1 NF-kB . CD68 FKiEHLLE (% £5)

CD68
2H 51 n MCP-1 NF-kB
B WM
NCZ 10 1.35£0.24 1.87 £0.22 1.07 £0.25 0.91 £0.18
DM4l 12 4.64+0.38* 9.76+1.83* 7.15+0.85* 5.65+0.69*

LR4l 14 2.93+0.27® 5.44 £1.65%> 4.47 +0.66*> 2.53 +0.87%

a: P<0.01,5 NC 2a1b45;b: P<0.01,5 DM a1b4k

2.3 RT-PCR M & &40 K & B 4842 MCP-1, NF-«B
mRNA #9 % ik T4t

DM 4K BB 427 MCP-1 5 NF-kB 47 (05 0] ik T
NC 4, R L E KT B, 2540 50 A BTl s, (B3 & + NC
4, ZERSUEERE R, 5 NC 4 4, DM 41 MCP-1 mRNA
FKIBE LR (P <0.01), FlHr & LT AT ff MCP-1 KR35 T
P, A ASREYK & IE# K F (P <0.01) ;5 NC 41 [b4:, DM 4
NF-kB mRNA 35 W] & |- (P <0.01) , FJ 50 6 ik + i of ff
MCP-1 KA H 3 A HEIR E 1 H K F (P <0.01) , BLIE 2
%3,

700 bp—
500 bp—
300 bp—
<MCP-1(207 bp)
100 bp—

700 bp—
500 bp—

300 bp—
«NF-kB(240 bp)

100 bp—

1200 bp—

900 bp—
700 bp—

500 bp—

«—B-actin(684 bp)

©

A:MCP-1;B:NF-kB;C:B-actin M #7f;1:NC £2;2.DM 42,3 IR 41
B2 £KAKRZHL MCP-1 NF-xB mRNA f&ik

®3 XR'BAZ MCP-1 NF-xB mRNA JER RETWH (v £5)

20 5] n MCP-1 NF-«B
NC 4 10 0.356 +0. 140 0.384 +0.125
DM 4 12 1.012 £0.306* 1.297 0. 1832

LR 4 14 0.628 +0.214% 0.768 £0.176%

a: P<0.01,5 NC 41b45;b: P <0.01,5 DM 21tk

3 it

EA IR, B RAERT DN i & 4R kR
BLVEF, WAE Ry 9 RE A AR 35 1) 15 0 4 i 2 400 B 7 '
JINER IS [ 5 S BTG T T S SO R 05 R Bl
SRRz WA LA STZ 5 S adtar | R
DM KBRS, s IS A5 4 R BIR I /NER 5 /N
P9 MCP-1 mRNA 1358 34 in,8 d J& R & 30
ANER VB /INVE N CD68 BH: 41 it et B S 3400, i ik
A A BRUR i A G PR B 1,2 S AR B N B
2 T S S LS RN BR A AL AR S E A T
AT PR ATRIRE & BE 2 B DM K BUSRE S 45 12 A,
KREVE/INBRFITE /NG N CD68 BH 4 4 fif B 5 A (i 34 &2
(P<0.01) ,JFSE T HWE4HMIAE DN B P AT 38 i

B /N b R 20 B R /N ER R AR B 38 T A
MCP-1, AJ ¥4 Ak FIE SR 40 22 48 0 B 07 , 5 A2 A
CCR2 254 J fiff 5 W 40 7 B W N 76 Ak, ol i 4
Z | NF-B X Fh 5 8 (8T, BF98 L BLAE 1 Y
DM K ERBEAY H, KBV N NF-kB p65 & 17 M i &
3458, MCP-1 mRNA (1335 7K V- Fifi 2 o BH S 34 m, FE 52
NF-kB [ 55 17 16 7T 38 MCP-1 (& ik kg am ™) 7
WFFEIRIRE & BLAE 12 JEIE,2 7 DM K BB P MCP-1 Fil
NF-xB FRik B 3438, H 35 CD68 PHM: 41 i £ & 5
LM (r =0.681,P <0.05;r =0.469,P <0.05;
r=0.873,P<0.05;r =0.523,P <0.05) , [, MCP-1.
NF-xB I /NER BB /INE P9 CD68 FH 14 241 At 4 7T LA
PR B P9 B A0 i i f bRk o FRATEXT AR 24 h
JREE 14 % f2 5 MCP-1, NF-«B % & /NER B /NS N
CD68 FH: A M A T A S0 b , 45 SR 3R BATT
SEMHEL S KREARGREEHLEME(r =
0.693,P<0.05;r =0.769,P <0.05;r =0.728, P <
0.05;r=0.755,P <0.05) ,iiF- 5 F Wi 40 i S 8 =i ]
B ECOE E

ARG, AT R 76 R 3 — o 3 g T
I R GLP-1 A4+ FUwH DR s R B, 45 3R &k B, 52
EE5HUE LR 20 K BBk 1 I pE B AR T DM 41
Hb, BT D REFE bR AL 8 IR 2 O ULEF & 24 h JRE A E
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IR AR (P <0.01) JESE T FIHE KU 4EZE DN
B A EAOAE A . TR, LR 2H K U P MCP-1 \NF-«B
F1 CDO8 (1) 5 Fe ik IR @ E (L F DM 41 (P <0.01),
SR WFFE R, 76 K RE 38 A 71 1 55 25 F1 AMPK
IR AR M 1 1007 PN B 9 i S5 I AT SEZ BT 2 TR PR
o R I P R B AR B PR Y 5 TR R A IS R
FIRLE BRI BE 38 o 70 6 CAMP-PKA 35 12 4 8 1k 1
NADPH Ak it A 1T 400 451 15 0 200 J 96 510" T i
Uz R CAIVR CONE AN L =1k IR PE k2 i U S
Wi 20 B3 5, BRI AL K 7= ) 5 Az /K RAGE 254 11)
BN E R M 5y — R bR AR CDL6 FHPEE fin i )
Wz PRI I AT B i
RaAVR LA | D/ W A AR 7™ 1y 14 77 A AT S 3410
SR OO R D7 B T8 I 0] S e T 5 S L E VA =3 i/ N a1
T IR [ B S L AL T ACAT-1 AR I A M
TV ) 5 W6 A A A L 38 PN B2 PN 34 0, el 2 3 ok o
REREALAR AT X SRR R AT ok X e
A i 5 399 01 0 46V R 19 Ishibashi %51
R GLP-1 TN B /N R B4t A, 45 5 & 1L GLP-1
A DL i B AROME SR 2 ) 32 A KT (8 T =X T
RS LA LA = i 3 1) MCP-1 A %, 12l GLP-1
(2L , 728 K TT i ) EL A AR AT I ol 3
ALK TR T I MCP-1 A= B B9/ i, {H 56 T Fl$r
KT I NF-xB (HLEHE AT

25 L Jrik , DN R RN H 3 MCP-1 F1 NF-kB ik
R, DT S S 0 L S Y A B N ERORITE AN
6] 5T N CD68 BH P41 i &5 it B B 34 2, I J 3 DN
S A05 o R A S —Fh GLP-1 2504, BA i E
POFE IR S B 200 e 1 A | ol 35 JB 2 T R | I A1 ot 4 119
YER o [RIBsE, ) 4 & K 9 - 350 T B @ 9 MCP-1 Al
NF-kB 261K , M Jsi i 5 s 20 i v v R 2 i/ 2R
FRL,IEZET DN R KR,

SE 3k
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