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Phosphorylation of extracellular signal-regulated protein kinase induced neuronal

death under brain ischemia in diabetic rats

ZHANG Jian—zhong} , JING L%, CUo Feng-ying' , MA Yi', WANG Yi-liz(ll)epal’tmem of Pathology, Ningxia Medical Col-
lege, Yinchuan 750004, *Institute of Immunopathology, School of Life Science & Technology, Xi’ an Jiaotong University, Xi "an 710061 ,
China)

Abstract. Objective To investigate the molecular mechanism of hyperglycemia on brain damage caused
by ischemia. Methods ~Sixty-five male SD rats were divided into normoglycemia + ischemia group (n =20),
diabetes + ischemia group (n =20), diabetes + ischemia + U0126 group (n =20) and normal control (n=5).
Streptozotocin (60 mg/kg) was injected through vena caudalis to induce diabetes. The global cerebral ischemia
was made by ligating bilateral common carotid arteries for 30 min and reperfusing for 1, 3, or 6 h. ERK inhibi-
tor U0126 (4 g/kg) was injected through vena caudalis 30 min before ischemia, while normal saline was as
substitute in other groups. The phosphorylation of ERK1/2 expression and neuronal apoptosis were studied by
TUNEL, immunohistochemistry and Western blot. Results Increased phospho-ERK1/2 immunoreactive neu-
rons in the cingulate cortex and hippocampal CA3 were detected in euglycemia + ischemia group. The number of
phospho-ERK1/2 positive and apoptotic neurons was much more in diabetes + ischemia group than normoglyce-
mia + ischemia group (P <0.05). Pretreatment with U0126 in diabetes + ischemia group significantly de-
creased ERK1/2 immunoreactive cells and apoptotic neurons. Western blot analysis confirmed that phospho-
ERK1/2 increased significantly after ischemia and reperfusion as compared to normal controls. The amount of
phospho-ERK1/2 was obviously increased after 3-hour or 6-hour reperfusion in diabetes + ischemia group in
comparison with normoglycemia + ischemia group (P <0.05). Treatment with U0126 significantly reduced
phospho-ERK1/2 in the diabetic rats. Conclusion ERKI/2 may play a role in mediating the apoptosis of
neuronal cells under hyperglycemic condition.
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BEWA M A FEIE 4 (30560044 ) 7 5 G FERHIF 82 (2005055 )
Supparted by the National Natural Science Foundation of China (30560044 ) and the Scientific Research Foundation for Colleges and Universities of Ningxia Hui
Autonomous Region (2005055 )

PEEE S Rl (1957 — ) 5, o BL ARG F 0 U117 A 8RR , b A A A B TS . LIRS < (0951 ) 6980006 , E-mail ; zhangjz@ nxme. edu. en

1K 1 3 :2006-01-14 ;48 ] F A : 2006-05-25



2340 g =

T E K ¥ ¥

529 4

ZAERE L HIN , 75 J R B U™ A B 4 M v A
FARESSS A2 A MR FET " L BT i R e o T
SFREBARE, 8D CAL X, F H R ik 38 &
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SRR AR A SR EESTEY
SEOFTE R R A YIRS S A R af e A 5 o ) £
MZRMEBEH LT . ERENEEHIRSE
th, 22 34 )5 8 0% 3 1 4B ( mitogen activated protein ki-
nase, MAPK) JR A6 A S Z—", MAPK 55
W RRWGE R EEAWMAME SR E DM (ex-
tracellular signal-regulated protein kinases, ERK) i &,
NS AL 3 B c-jun B K U5 S Bl ( stress-activa-
ted protein kinase/c-jun NH,-terminal kinase, SAPKs/
JNKs ) il B il P38 22 24 508005 45 1 I8 A ( p38 mitogen
activated protein kinase, p38MAPK) i §%. A [d] i
MAPK 5 51 T &A% AR 1E RS . ARF5E R A
KB4 A e o, OB v B Y G O e Tk AR R AN
Western blot £ A | 0 £ ik bR 5 A B M e afn Bt it 261 27
WERR AL ERK1/2 () & Riv A B %o o 222 4 IO FE T 4 5
W, BAEIRGT MAPK 7 40 7 f I 6 o A Bk ofn v 65
b afE R, S5 R IR I T .

1 #MHE5HF*

1.1 ##

HEME SD AR 65 5, A T i 300 ~ 350 g, f1 7 B EE A e s
Ershfy bt Gt BBk AL 1L ERK1/2 8057 [ 414 ( Sigma
AT E) AR MR AN 09 dUTP RGP0 0 &
Uitk i2 ( TdT-mediated dUTP Nick-End Labeling, TUNEL ) it 7 &
( Sigma 22 %] P i) HEHE # E AR W #E -l FALAG (streptavidin-per-
oxidase, S-P) {7 & (Zymed 25 &) F= &) 4 i 51 2 ( Sigma 23 )
7 i) B0 B U A AR A PR R R G
e dE ARiEST TR AR SR B XA TR,

1.2 F#%

1201 Ayef] By i) 1 KE SR 4 4. O IE & i s A ik
I fRTFRIE H UBEZE ) < 4k 20 5L, (2N FR A A ot 16 4L ¢ TR7 Bl
PRAHL) 3620 H. BERR A # (60 mg/kg) BRIk 5 1 3 4 bR
SRR . (DM BR % ki R 1. UO126 —+ T4 ( fR1 Bk U0126 4 ) . 4k
20 H R R & R @A . @xt A, L5 B, ks At

r—= ——y

B

A st 820 B, B o 40 C. 4 SR #540;D.U0126 F7i

B Hep (D @) g KRR AU 25 2 0 fok 225 L A i o 3% i
T A A e Y U0126 20 T R i 1 AT 30 min, B2 # Bk
TEGT U0126(4 g/kg) , V83 IF 5 20 FIVRE bR o 20 2 i ok i Bt 25 it
A EER K . 3 HEY SN 4 A ita] s B 30 min B REFERE L,
3.6 h, FEAR[EIT] 0K A RL( £ 5 H) 7ERREER A T B, M
IE PR R FF I B, — 2 B AR A P %, T West-
ern blot BF5% ; B — 21 [ € T 10% 48 /5 DAk, F TUNEL &
Gty fn,
1.2.2 TUNEL 3ufa & B S 0 Bk fr. PBS (U8
—HE N BTk X BR, 9€ o G BT W BT S, R R
(DAB) i 2.
1.2.3 fuEdifeia K H S-P i, i i Y ol 0 45 AT 4
Y, PEFRHEFE b7 A 4 FE PE X BB, PBS X8 —H00E R B o 4 ],
DAB & {6 . KA e i SRR X VT CAL X L B AR SR X dmai b
JEFEE S CAB X3 S0 e 40 A e . A i) S |
KB 5 gkb) o Fair e R Bl BT R L EE 10 A4 7 435 B3 0 BT
(HPF) iy CAL 1 CA3 X 5 WL%E | mm’ {8 [, 43 5 i ¥y
TUNEL F1 $f 928 £H 1k 2% €6 P £ 1 22 41 e
1.2.4  EEBEHRIKA Western blot 4387 IREHLLE4E, I A F
¥ B A M LA I, vk, 15 000 r/min, B0 20 min, HU L T
FRi . A 129 F B E A 5% He e e, UG, IFESS 15 .
%A IKHE, 150 ~ 180 V, 10 min, % Hhirsa ik ifefa  fEER &
FIHL R B RERR LT 4R | SRS 5% MRS 0% 4 Cat i,
PUBEAR L ERK1/2 HU{R(1:1 000) 4 CHREARSR . FnABR
i EIAARIC A —HT(1: 2 000) B EFRiCH9E0 & & 10 ml
B 27 o, A B 7R S e, 2R K sk i AR &7
HERE, 2 F AR . 250K H Bio-Rad A4 B “# B {& 40 i &
e, %t EH B Sy EA T HE AT
1.3 %it5 4w

SLERRAE A v x5 Fok R A SPSS 10,0 4 8 UEAT ¢ 6
SR Ty 225007
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2.1 4% TUNEL &4 %

X W2 G 20 400 LA 41 S OTE , oo I TUNEL PH
PRESAE (] TA) o TEH I 4 A Bt ifil 30 min 3 P 1.3,
6 h, e 5 CAL [X,CA3 X, 4114 [l o] W TUNEL BHA4: 44 25 41 iy
W 2 X HRE (¥ 1B) . WERRIE AL, i S CAl X, CA3 X, 471
HF 1] XA 25 6 (] £ TUNEL BH M 22 40 it 24 BA & 2 T 1E % i %
HOE 1C) . i U0126 4 4% i (] 44 TUNEL BH 44 #4222 200 it 00 B
TR R, 5 R A LT (18 1D) .

B1 NTHEM TUNEL &4 R (TUNELx400)
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2.2 EAmEEE AL ERKI/2 %k aieib &4 %

it L1042 10 DL AL A EIRK1/2 3 6 L 22 40
M. E A 4L, 76 B 1M 30 min FOFFAEVER 1.3.6 h BEARAL
ERK1/2 PHYEA0 B 4 2 (3 1) B PRAS LR B 1l 30 min FIFR
W 1.3.6 h 5, BER AL ERK1/2 PH Y 40 i %00 5 85 T 10k iF
HH(F 1) . U126 L IH B AK 0 R4 .

F1 MHEFR ERK/2 $EMEEHMITEER(x £5,1/10HPF)

A ki 30 min FHlED h HTE3 h P 6 h
EXR M  41.50+£5.32 57.56 £6.45% 30.25£3.96* 33.33 +3.84"
BEGRAEA 48.34£6.12  90.48 £11.33 98.57+9.75 102.63 +8.93
U0126 4 40.12£7.24  58.50 £8.35° 44.65 £4.72* 40.63 +5.87"

a:P<0.01, 5 8 R L8

At FE L CAL (X a] WA~ 5 9% A% 1k ERK1/2 4y 8 [HYE Y
MZRAHA . TE % IBE 2R FOBE PR 4H K R, 7E UL 30 min FFRE
T 1.3.6 h, BERG{k ERKI1/2 FHMEAHMAE B30, (B2 2 4=
o] PP AN O B PE 22 5 (P >0.05) , 15 CA3 [X, BEER A%
AFER M TE 1.3.6 h, B L ERK1/2 PH 4 40 i ¥ 2
FiubEHH(E2) .

%2 WD CA3 EBSEL ERK1/2 iR MM %R
(¥+s,mm?)

Bkl ik 1fn 30 min Al h AIAliEE3 b PG h
ERmEEE  21.00£2.57 25,20 +6.15° 33.76+£5.39* 26.50 £5.84*
R4 30,47 £5.85  66.53 £8.87 62.50£7.26 55.67 +6.08
L0126 £ 18.50 +5.84  21.60+5.12* 21.75+4.32" 19.85 +5.55*

a:P <0.05, 55 4k & 40 b 4%

2.3 Jmza 4R Western blot 45 &

Western blot 43 87 7%, 1F 5 (0841 8 B 4L F U0126 4
FEGR I 30 min FIFERETE 13,6 h &6 ] 4, 2407 W8 AL 1k
ERK1/2 B @ 5000, 76 42 x 10" 144 x 10 4b 7] WA 4% fin f4 2
FIZAHE (P 2) , LAFRETE 6 h O @ . Gl ad 8 R b vl L,
TR BERR{E ERKL/2 & Bt EEE | b JF 4R 8 S OB IE
W4, U0126 28 M B @I THEER A4 (P 2) .

1:4548:2: 8202 30 min; 3.4 5: 95 AFHE13.6h
2 RASOHEY ERK1/2 Western blot 45 R
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el I o B GRR of b A 6 A ML RO 2
£ OMAPKK (S5 SRAES S TH LN TE
O EATFEF M B R K RUE AR B IfL 30 min X
FEETE 1.3.6 h, Gl X #2 r B RG fk ERK1/2 ik B
SEHAI RN R D CA3 X @RS {k ERK1/2 ik

A /e T I U4, i A% 1k ERK1/2 BH W] U0126
T B S el 20 W PR g A U 4 27 ERKL/2 B 3G . HER
ARk 1 T 38 5% ERK1/2, & i B nl 81 8 1 i 8% AR 1k
ERK1/2 fi2ik ", #EHEN ERK1/2 gis /5, BEnT LA
A i 3 A 0 PR 1 FH T 2R a0 BT c-mye 5§
WP R U a0 30k, SORTAE 40 A R 1
T MEHEE -2 2 E SRR R
RT3k BENG A2, {31 i P mi AR 1k, 52 0w 4
LB 2 oy T I TR, BT B sE T

MAPK 3 iof % 6 1h 38005 2 4 Y 2 5 3 i 2 A
FAMIASE AR . 40 e & R 09 40 M & T 5 e
1Z ) MAPK 205 i 52 0 i i b 638, O 5 #2841 g o
T30 BB S U T A0 5 R b B T 8 A i
ERK #3#% , 9 L ERK B4l gEag =" . 1€
AHIFSE b, R A 7 SR R (X R 2R A AR TR
A BE TR 69 ERK1/2 BEES Ak, ifi & 185 |
B R ER (k0T Bk V0126 AT . B, i s
ST Rk ERK1/2 @9 F 8, o] GE 5 ke if S 35000 b 22
HHMIFET-H K. HIFXIS AR A , ERK @ B E R
o0 4 i ke of ) V) A 98 TS | 2 % ) 30 ) 5 % ik D A
FEAED . s gk BAROR, 7E & M &R, BT
ERK1/2 B8R L34 b, A5 7 Bl i F0 f V454405 , 4
R AT i ERK 000 J2 A7 76 M RN, (3R AN 2 LUfR P
S0 A% 3 M 22 A PR AL SE TS L T O o R o
AR 3 B9 PL I AT BE 5 7 & R R FLER FR 3R L pH {EFE{K .
B AR e A S R EA X . g
MAPK {554 54 %, F 3R Z F %+ ERKI/2 5
S54%Z% . ERK 1 INK 2 55 i S (i ifi %8 52 1%, P38
AJRE S RAE R LA L 9K i i s B (R P
DRI 22, f g I A M sk i 2 A MR OR PR, AT LA AE
R AR 05 B FE TR ) B2, R It M A R i
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