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[ ABSTRACT] Aim The incidence of stroke in diabetes is increasing seriously, which is associated with endothelial

dysfunction and increased inflammation in carotid artery.  Our study is to investigate the effect of ¢ Jun amino terminal ki -
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nase ( JNK) specific inhibitor SP600125 on carotid endothelial function and monocyte chemotactic protein1 ( MCP 1) ex-
pression in type 1 diabetes. Methods
C57BL/6 wild type male mice; the 2nd group was INS2
(NS) each day for 8 weeks; the 3rd, 4th, 5th group were INS2**"™ male mice, intraperitoneal injection with SP600125 10

Animals were divided into five groups in this study. The lst group was

AKITA . . . L . :
male mice, intraperitoneal injection with 0 .9% normal saline

mg/kg, 20 mg/kg, 30 mg/kg respectively each day for consecutive 8 weeks.  Then the mice were killed and sreum my -
eloperoxidase ( MPO) , malondialdehyde ( MDA) , nitric oxide ( NO) , total nitric oxide synthase ( TNOS) were measured.

HE staining was performed in carotid artery and immunohistochemistry was performed to investigate MCP 1 protein ex -
pression in endothelial cells of carotid artery. P JNK, JNK, MCP 4 protein expression in carotid artery was measured by
Western blot, signal transducer and activator of transcriptiond ( STAT4) DNA binding activity was assayed by electro -
phoretic mobility shift assav ( EMSA) . Results
creased prominently ( P <0.05) , whereas TNOS, NO decreased and p JNK/JNK, MCP 1 expression increased significant -

Compared with wild tvpe mice. serum MPO and MDA expression in -

ly in INS2**"™ mice (P <0.05); STAT4 DNA binding activity increased prominently in type 1 diabetic group compared

with that in control group ( P <0.05) .

creased and NO, TNOS increased and p JNK/JNK, endothelial MCP 1 expression decreased ( P <0 .05) .
SP600125 on MPO, NO, TNOS, MCP 4 were increased accordingly as the dose of SP600125 increased.

Compared with type 1 diabetic mice, after treatment with SP600125, MPO de -

The effects of
As the dose of

SP600125 increased, MCP 4 protein expression decreased 21 .82% ,39 .09% , 68 .18% respectively; STAT 1 DNA binding

activity decreased 25 .70% ,33 20% , 61 .29% respectively compared with type 1 diabetic mice.

Conclusions JNK

specific inhibitor SP600125 could inhibit STAT 4 DNA binding activity, thus increase serum NO and TNOS, and improve

carotid diastolic function.

SP600125 could also decrease MCP1 and MPO in a dose dependent manner.

The results also

showed JNK signal pathway is associated with carotid endothelial dysfunction and inflammatory expression via activation of

STAT A4 in type 1 diabetes.

complication in type 1 diabetes.

1T A SR At A PR A 7T & R, B% PR ( diabetes
mellitus, DM) & # & o & 258500 5 N W 08 =,
T B R AAE THE PR 8 5t I ah ik sk e A4k &%
DR, TSN K N B T RE FEL A AORE Rl - Rk
RN EE R . 2R EOR,
CSE W PR B0k A R 2R L A AONE PR 1 234 AT B SR O
SENKRAEE AL R AR R R o ¢ Jun S0 IR i il
( ¢ Jun amino terminal kinase, JNK) &g 735 25 i i
& B B ( mitogen activated protein kinases,
MAPK) {55 18 % K 8 By, £ 2 5 e RERH R
ik VA E AR TR AT TR R EEAEH, AT
FUE IR INK 0 750 T 42 3 sk 20 3 ik ke A d 4k, (R
FT INK R 1 B6E PR % 30 30 bk Y B2 3 R F R
Fo R AL v 2D, AW 5048 A 4 3 1 INKC 4100 461 57
SP600125, & W 1F HI T 1 BBl JR 5 A BB Y
(INS2*™™/INBR) , B FT INK BB E 1 BLRE R 4 B
TheE S T FLRIE HIAE F B AL, FF N TF 1% 2
YA B PRI Sl K Sk A A AL S AL BB AR R

1 MRS

1.1 EEME
EERMEE INMY N NE R ARE AR
C57BL/6 1M /NR[ B XA FERX I WHF R AT, F

Our study provides a novel pharmacologic agent to prevent the promotion of macrovascular

[ E 5 SCXK( #) 2010 00017, 4 % INS2* ™ /N
HEEHF LA B RFDNRER, £ 8 F
K A I 25 B i1 48 34 7E 16 .6 mmol /L # INS2*™ /N
RANKFR. EZHEAEMLE S 1( monocyte
chemotactic protein 1, MCP 1) &4 E % & Abcam
8o JNK.pINK —FL K Z 40l B % & CST 4 3.
S LA SP XA & T B A M 1 HT A B OR IR A
g, ##1d E 4 B ( myeloperoxidase, MPO) | 7 — B
( malondialdehyde, MDA) . — & ft. & ( nitric oxide,
NO) « — & ft. & A& B ( total nitric oxide synthase,
TNOS) 4 R 7 & & 8 & ik A TR KA.
1.2 R oA

THAS5H, BH 6 R, H N CSTBL/I6 & # 1f
WANE, FBH A 8 B, %1 4: C5TBL/6 B AR
MANR, BRS JE; &2 A INY M REANR, &1
FERRE S A K50 UL, 48 JF; & 3 4 NSt
1M /NEL, & BB R VE 4T SP600125 10 mg/kg, % 4
8 B, & 4 4. IN2™™ W NR, & H KRS
SP600125 20 mg/kg, ¥ 4 8 J&; # 5 4. INS2* " 1
Me/NR, & B OB B 5T SP600125 30 mg/kg, # 4 8
B. Fra/ANREdd#ehok, EEMR TR 2 ~
25C, HWEHXS BAEERKBEAIA KM 2 mL.
JHR B AL B JE , ST B BURM 3R & 3 Bk, 22 3R 30 ok
N4% % R FBEE Z; AMAK BN EFE,
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~80 CIRA.
13 ARSI RS, FE. — R L.
—EU R AT

4% i MPO.MDA .NO.TNOS B B %, 9% 1% 7| &
9 i 7& MPO.MDA.NO.TNOS A F. #1154 % &
TWARERANE VAT HEE. 5 HRATE
L FEMEELEREEIN. A72 2 X LE (K
K 550 nm) 1K 57 M| & & FL#9 %% K & ( absorbance, A)
o W S5 E DUAR M G VR BN AR, A 1 A 4
AR, ARt & . R IEATE dh &I & o R
RHRE .

14 FREBELFRERREALNFELEERNE
BEKA R B ER | RIA

—MFALES k4% 5 FFHEEE 24 h 5, B #
W, EEY R, H K & 4 41 ( haematoxylin and eo -
sin, HE) 6, F B S U, TAF EHRETALERE
AEBEFEET M. ARBEEZRAEMEFEOTEANY
B G RRT R EA MR E. KEBTAT 1% F
BERNEK KA K, R ZFEES K &F
KSmin; A LREHEMFTLESL EREH ¥ mF
H W, 45w MCP4 — 41,37 CIE & 2 h; %k B
AR T A EARICH —H1(1eG) , 37T CREF
30 ming “AEFREL &, AR E LU ¥
ALK EH H F %M. KA Image Pro Plus & %
AT A MCPA Rk ZE#ATEER I,

1.5 BRIBEIRWNESESFMEREE
T 1 8955k

B L3k 25 mg, 0 AR B8 B A 200
UL, A4 A BB, T KB E % 30 min, /1 10%
NP4012.5 W, %2 E#305s,4 CT2000 g( &L 7)
B0 10 min. ¥ L&, MIULKE, mMAZE G- BUK B
100 ML, 847, WA % 60 min, 4 'CT 12 000 g( &
A7) B8 10 mine B _EVE A, A Bradford 1R 7 &
BEEWKE. A YPP ATP 4710 T 7| DNA &
B EH®:5 CAT GTT ATG CAT ATT CCT GTA AGT -
37 3"GTA CAA TAC GTA TAA GGA CAT TCAS'
(HREHHAENBEABEARAGT AR, BFHE
B35 T A0 KB E T 1( signal transducer and acti -
vator of transcription, STAT 1) M| & # 4t . H 41 fg %
REY 10 Vo SR RAFIDHHES 1 WL £ 10 HL
HMERBERFRAEEE TT1% T HRAE
ok Jie 6 B B, vk, BUBR S, 60 CHET B, O\ X A i &
H, —40 CTHE O, R1E STAT1 5HHAWELERE
REE YR BROLE E . S EHATRENE, UE

B Xk B AE(TA) 1B h STATA FEHHEHE.

1.6 Western blot #5MZENRK ¢ Jun BE Kim e .
p INK X B mpEatER 1 kE

BRI T8 /N B 30 B B, Am N\ 40 L AR

$ 485,10 000 ~ 14 000 g( O A7) BL 3 ~5
min, B _E &, UL BCA & @k E N 2 KA &0 2 & &
KE, GRE4 WEAEEMAL WES LHEZ
WEE LA, BAEOESME S EHEZ (S
X) o 100 CE AR 3 ~5 min, L 70 F &
B. AHEZRGE #E8LAKENMEEE 25 g/L #
AT+ 2 e S s e AN 2R TR e B P OBk A e vk, B L AR N
HEBI S MMAEE L. £ BSA1:100 & 2 h, 4
Bl m A A0 INK.p INK.MCP4 % mHik, BB E
H1:1000,4°C, BE2h. REMANERT ALY
FEATICH R TG BB i BE 3 B B Bt 2B ( glyc -
eraldehyde 3 phosphate dehydrogenase, GAPDH) 1 1
000, ZmMFH 1 he Bk, W¥FLLERE, &
BETERE. BESTONE4 4% AME, Up-
JNK/INK B A 4 INK WiE B ARk &, YL
MCP1/GAPDH ¥ A fE{E & MCP4 & & & ik 89 4H
XA E

1.7 St

X Fl SPSS 16 .0 KA #HATRATF oM. it EF

BHRRARRT AR £%, UK EK BRg2
(x &) &F. A 2EE ¥ 244 one way ANOVA)
HATFHALBEER, P<0.05 Y ZREAHZITHE
X o A8 KM 27 A Spearman E £ 48 % 4547 i

2 &% B
2.1 SNEANEITSHYE.—SHCREE. A .
—S M ENRIE

XFREZH 1 B R 9 2H K SP600125 T Fil2H /s i
ANJE 1. MPO. MDA TNOS.NO /K°F L& 1. 5xf
AR, 1 O PR IP 4 1ML MPO MDA B B3 &, H
ZHBEA G FE (P <0.05) ;1 BUHE PRI 4L L%
TNOS-NO #] By ik, ZH BB R = (P <
0.05) o 1 ZUBEJRIFE /N SP600125 F Tl J&, MPO ¥
FERE 1 TOBE R 4 MPO ¥k FE BB R R, H
SP600125 FlE kK, MPO ¥ B A, 71 & 21 8] 2= 7))
BAEGIZEX(P<0.05) . M5 1 BRI HA
kb, SP600125 T4l NOTNOS ¥ J& B 2. 1 =, FLEE
SP600125 FIEIE K, NOLTNOS ¥ J& bk w5y, 771 & 25 7]
ZAMEBEG B L(P<0.05%K1) .
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+= 1. ZEHPRBRSNE M MPO.MDA.TNOS.NO 7K FELb %5

Table 1. Serum MPO, MDA, TNOS and NO level in experimental mice

=7 n Xt B8 2H DM1 4

DMI1 + SP600125 DMI1 + SP600125 DMI1 + SP600125

10 mg/kg H 20 mg/kg 21 30 mg/ke 2
MPO( U/L) 6 320.80 112270  733.69 144 .07° 576 .45 227 .05°  460.91 30.21" 382.66 182 .16"
MDA( Hmol/L) 6 7.40 4 .50 14 .86 33 .55° 16 .86 3 .18° 10.89 15 .82° 10.17 15 .62°
TNOS( kU/L) 6 514 .31 451.95  103.56 14.22° 142 .40 423 28"  222.87 d61 44" 412 .85 471 25"
NO( Pmol/L) 6 69 .78 25 .11 18 .40 33 .52° 33.63 .17 43 44 15 75" 53.63 16.07"

a N P<0.01, 5xHEAMLI; b N P<0.05, 5 DMI HAE; ¢ 8 P>0.05, 5 DM1 AL

2.2 SPO00125 XFaizlik p INK & H i MR
p INK/INK 7EH INK & H PIE K, X ZH 1
RUKE PR % 41, SP600125 10,2030 mg/kg V497 4LH) p -
JNK/JNK 7% B e AE 23 328 0 45 10.18.0 98 30 32,
073 026,052 3924.029 39 .07. SXHBAHAMLL, 1
AU I /N, p INK/INK BB &, B SGH4E X,
{H INK AR PR E ST ZR7(P >0.05) . 1£3
A~ SPE00125 VAT 2H AR, p INK/JNK £& 7K T B SR,
SP600125 FlE Tk, p INK & /KPR, IS4 8 2%
MEFGIFRE L (P<0 05 K1) .

p-JNK1
p-JNK2

1 2 3 RS 5
JNK1
JNK2

1. AN[E SP6e00125 FIE Xt | BHERRR /B MK p INK &
BiEMRIEM RN 1 ONTEF XA 2 v 1 BURE PRI AL 3 4 1
RUBEFRIR +SPE00125 10 mg/kg 4H,4 9 1 BRI + SPE00125 20 mg/kg
4,5 J9 1 BOPEFRIR + SP600125 30 mg/kg #H.

Figure 1. The effect of various dose of SP600125 on p JNK

active protein expression in carotid artery in type 1 diabetic

mice

23 HEIBKESEHESTEREIET 1 DNA B£E7E
HRYFRIE

STHEZH 1 BB SR 4. SP600125 10,2030 mg/kg
YRITAAR) STAT 4 KEEAE 5128 30 74 47 37,73 .19 £
6.77.54 38 35 57.48 89 15 .70.28 33 18 27. LixfiR
HAHLL, 1 ZBBEIRIR /N R3Sk STAT 4 DNA S5A 7 1%
BRI, BASZHHERE (P <0 05) o &t 3 Fi
B SP600125 i 5, STAT 4 35 M 23 51 K B& 25 70%
33 20% 61 29%; H. SP600125 7 & ik, STAT 4 i%
RIS, TR Z AR A SR (P <0 05 E2)

hEEFL

STAT-1

R ERE

2. I[E SP600125 FIEXT 1| BUBEFR R /)N BRI EN Pk STAT 4
DNA &R MRIENENM 1 AERXIRA2 1 BRI
4,39 1 BUBEJRI% + SPE00125 10 mg/kg 4, 4 4 1 BB IR IR +
SP600125 20 mg/kg 21,5 Jy 1 BLBE AR + SP600125 30 mg/kg 2.

Figure 2 . The effect of various dose of SP600125 on STAT -
1 DNA binding activity in carotid artery in type 1 diabetic

mice

KA R Az AL R T 1 RIE
P B2 200 i e ot T DL 4 2 R A R L BH M G
B MCP 4 AR 1 BA 14 2R 1A L& A B X A 3
A kS, RSB RRIE. XHRA . AR
SR 2 .SP600125 10.20.30 mg/kg VAT 4 K355 ik
W HE MCP4 #isr 89 42 4 35,25 .37 4492,
20.42 13 25,15 44 12 .52.10.33 = 94, Xt
HAHEE, 1 BN RS9 /N R3S ik N 2 MCP 4 3Rk B
BHE, BEGI¥E (P <0.05) . &3
A SP600125 + il J5, 3 ik N |2 MCP 4 Rk 7

2.4
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AR % 19 .519% .39 .14% 59 28%; H. SP600125 7] MY (P<0.05; K 3) .
HHE, MCP 4 RISBRIS, 77 &2 (8] 22 5 B A giit

D E

3. BENBRBFPKAK MCP 4 Rk Fisk AN I MCP4 ik, A NIEFXIELL(1:100) , B Jy 1 BUE R4 ( 1
1100) , C 4 1 BUBEFRIR + SP600125 10 me/ke 2H( 1:100) , D A 1 BUBEFRIE + SP600125 20 me/keg ZH( 1:100) . E N 1 BUBEFR IR +
SP600125 30 mg/kg ZH( 1:100) .

Figure 3 . Carotid endothelial MCP 1 expression in experimental mice

2.5 #EhkEZMPELER 1 RS

WPHR ZH . 1 2 pE IR 95 4H . SP600125 10 20 30 ~  e——
mg/kgifiyT 2L HISRBN K A 2 MCP 4 3R35 7373005 0 .26 L < — ————
10 .03.1.10 30 .24.0 .86 30 .09.0.67 39.06.0 35
10 .05. SxFRAA L, 1 BB IR /N R 3003 Bk N B 4. R[E SP600125 &3t 1 BYHEFR 5 /s R 3 5 Bk
FMCP1 RIEHEM S, BARITFEN(P< MCP4 BEEMRIANEE 1| NESXMELA2 N1
0.05) . MZi 3 F7& SP600125 F i f5, MCP 4 RUBE R, 3 A 1 BUBE SR + SP600125 10 mg/kg #41,4 M 1

B R4 0T B 21 .82% 39 .09% - 68 .18%; RUBE FR 9% + SP600125 20 mg/kg A, 5 N 1 BBERFE +
SP600125 30 mg/kg #H.

SP600125 77 & ik i, MCP 4 A FH e A

bl s %in% = %ﬁiﬂi& B AL 22 Figure 4 . The effect of various dose of SP600125 on
] ALY \J . 7,

ﬁJ/\ﬁ/}Eﬁ—%E‘X( Pl 5 4) « MCP 1 protein expression in carotid artery in type 1

diabetic mice
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2.6 FHKESHSFMERBEF 1 EMHSM
BT EMYE. —StE . — SR A B ERIEEK
BZMSELNER | [EWEXM

K STAT 4 ¥ 5 L% MPO.NO.TNOS A
ANk MCP4 & H RIXBAH KR 2. 77 WL
STAT 4 ¥& P 5 1135 MPO K3z ik MCP 4 Rk 20
i IEAH IR, Spearman AH X F8 %443 714 0 .762.0 .878;
M5 M TNOS A& NO £ B & £ #H 5%, Spearman #H
FAEH T AR -0 827 -0 .920( E£ 2) »

= 2. MFNBK STATAH FM 5 ME MPO.NO.TNOS & Sz Bk
MCP4 EHRIEHIHEXMSE

Table 2 . The correlation between STAT 1 activity and ser -
um MPO, NO, TNOS and MCP 1 protein expression in ca -

rotid artery

STAT A AKX TR Spearman < $i5 £ P 1A

MPO 0.762 0.000
TNOS -0.827 0.000
NO -0.920 0.000
MCP 4 0.878 0.000

FALL R YR ENAE NO'™, FHu/> NOS 14 i,
1T J 2 2 NO A LR e — PR B ' . NO SRR T i
BN R, P YERR LS IR &7 5K, PUIMLMRCR &R, PREF
I8 BE i o8 BV R A B AR H, WA D9 LB N B2 D)
RERVEZRRE . HHILR Y], SP600125 5 S 1A A 45 24
AT ISR NO & B, AN TZERE IE 5 1N R D RE .

VR B AT o, R PR L A R 98 hE DR -1 T 4
18] K5 B 23 7 1 ( intercellular adhesion molecule 4,
ICAM 1) \MCP1 %31k 58, O K& 5TIEH,
PENRE PR 1~ F % 1Y 5 W B S AR 1 50 Bk RS R B A 1 R A
KJE. MCP AI{EHE FAZ AL 15 N BT, HE I
BN, (2R NI A . T MPO 2 B W 48 0 48 g
) — SRR & Bk SR AL Pl e VRO R
MR AL R IR E T S debs " o AR SR,

B PRI IS PN 7 MCP A 30k B 2 48 53, HL #0130 fik
MCP 1 FE AKX Z, iF MPO /K-FIE3m. A
WE I oAk N BR 8E45 F SP600125, 1 B 298 /b 3 5))
fik & P9 B2 MCP 4 RIE, F FEK L35 MPO 7KF, [F it
FATIN SP600125 W] BH I B& 6 bE JR 973 30 8 fik &2 4
B 94 DR 73R, W T T 75 4R PR 99 #5023 Jik o A it 4
IRERE.

T INK 2 58 R L5 3 ARE ML BE 7
R/b . STATA J& HEE R T, Al K40 fE I 15
SERBZA, B AR R 2 K E SR
HEAERGHNRERERNES T, RIERESHST
HERNEFEMTFTEARNNEEM. M INK 5
STATHA FIXRRBATIEA T ER. HFZ2HFAINN
INK {55 4502 P FhFAT I 3R I8 8 %, 1 3 AR 1)
WF5t &R, INK AJREY STATH WS EERY). H
AN G N 58 Hh 2k BRSO 4 A, mT @ ik INK
AR STAT A 1 Ser727 £ S BEREAL™ o 177 AHF
Fe BN, ANEHIFEE) SP600125 41 A] #iid] 1 2k fR
JE ANk STAT 4 ) DNA 45 &, e 1 Bk R
I J& SP60025 1897 )5, STAT 4 ik 5 1% MPO

%, (EANREWE INK 01070 B4 .

A FCRA TIANS 07, 7788 AR %
T SP600125, LA A FeAE AT 48 Hh 75 20 M 855 5% Je A 4b
22, ANRE ST AR AUM I PROVE JR i I8 9 2 B T T
B HAHFFCRA INS2™NR A 1 BLRE R /N R
TR AR A S BER IONIE By INS2 JE Rk A Bt R
B, FEAERFR S R T NS TR E B B I
Wi, B REFENS, & FBURL R G K&
15, 2R LU A% S 1 25 1) a0 B IR B 3 BT B 1 BB R
o5 FEL TR BRI AE AR N 2 1 ZROHE PR K R AL, 9
Yk T ezt i TR . AR
718, SP600125 7F 10 mg/kg 7 & A K STAT 4 %P
JIfiLiE MPOMCP 4 7KF, {H7E 30 mg/kg FEAK % B
2, I IR E /N B R IR K, Ui B SPe00125 252K
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REWRERBNE, NS T 30 mg/kg o0 MLE K
BHRTEHE.

¢ Jun ZFE AR v LA 7 N INKL & INK2 7
PRI E, R SRR E B E A — & 25,
HH T SP600125 1] [A]Af B JNK1 & INK2, HAH 5T
WRZE T SP600125 J&, p INK1 K p INK2 FRIE B
SRR, & T WA AR (1 75 20 3 fikoms A8 A kg 1) BE 5
B IR AN 11 0

S, ARHEFUR N, INK 75 P30 ) 55 ) a4
il STAT 4, M =88 PR LG NO K& TNOS 7K-F,
o I BT 5k D Re, IF HLBEIK MCP 4. MPO Ris K
Vo EAEAEMKS M, i — PR INK BT
STATA 5 7 ¥ JR % 303N Bk A 52 Dl e 38 L & 280
Tk AT 1 BURE RS B HH MR AR R AL T —
SEFEBARIE, I ATF R SP600125 0184 FR I 27 5 fik
SREREAL, AT A T 26 A 3 LR Ak 4

[ &E )
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