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Effects of erythropoietin on the expression of nuclear factor-kB in rats with cerebral ischemia-reperfusion injury
Mu Hua
(Liaoning Medical College ,]JinZhou,Liaoning,121001,China)
Abstract: Objective To observe the effect of erythropoietin on the expression of nuclear factor-kB in brain of rat during ische-
mia-reperfusion injury. Methods 45 rats were randomly divided into sham operation group, model group and therapeutic group.
Model mice of middle cerebral artery occlusion with ischemia-reperfusion injury was established. The score of the deficient neural
function and the behavior were observed at 4 h,24 h and 72 h hour after ischemia-reperfusion;the volume of cerebral infraction was
compared ; the expression of NF-kB and neurona poptosis in brain tissue were detectived by Immunohistoehemistry and TUNEL. Re-
sults The volumes of cerebral infarcts, expression of NF-kB and The proportion of apoptosis in therapeutic groups were lower than
that in model group;the neural function grades and the behavior grades therapeutic group were lower than that in model group in 12

h and 24 h. Conclusion EPO might protect neurons by markedly reduce the expression of NF-kB of the rats with ischemia-reperfu-

sion.

Key words: erythropoietin; brain ischemia;reperfusion injury; NF-xB

I e i DR 2 58 %5 e 6 M ke R A2 I 9 P T U L Bt
P8 40 BT 8 — 25 0 A B G L M e o P AR — A
Z (5 Pk e T e S A A0 405 5 1 A M T R 4 ) AR R A L AR
R B A B BOR R R . By, 1R E G729
BRTE— 5 R T B 80U 400 105 A S i T g 0 k2 L (EL AT
RAEA AW . 20 4 2L 1 3 Cerythropoietin, EPO) £
HORX A 28 2R G0 14— AN B SR AR TR L BE RS 25 i 5 A 2R i
e ™ . JLHL N VT B 2 5 s D 40 05 i 98 A B 0 o —
AALRE (NO) 1945 R BT B dy 5 30 ) A 28 40 i 0 1 M bt Ak
5B FH X B G e ot P 3 A 7 2 AR AP R R . AR ST L
T AFFE EPO X K Bl B i, 75V VE 5 0 41 28 % R -k BONEF-
kB F IR KB 5L, Ry ifE— 25 T i EPO X i ik il P 3 3 40 4
PR3P B ] B2 L 52 3 4K 40
1 #RE5FE

1.1 #k
1.1.1 SL5sh¥ WS4 SD KR 45 N & i & 250~

300 g, W B 3L 77 PR 2 Be 9250 8 bl o ERRE R BR

1.1.2 EZEXF S48 T4 AR gL R A RINE
G AE W BB A RS A 5 K G U I B AR b ) 24 AT s ATy e
(TTC) \NF-«B %5 20 4146 % K I 38 ) & . TUNEL J4 1 46 )
WA A AR LAY TRAE R AW DAB B 6K 5 &
W B b R A R A T

1.1.3 FEU# HQP-2158] #47 A #L.HTP-100E 4t F- 4l
W A 30 A A BR 2 | 5 SUE a2 BN B H A Olympus

Al
L2 Jrik
L21 KRSMAAS AL 45 FORRBEL BT AL

i 5l ot P R B R 4] (BT D) 5 EPO JRYT A GRIT 4D . B4
15 Ho, BT ARG BT 4 T T8 T W 45 3 S 4 A FE AR K
AT AT T T A I 1 4 EPO(3 000 U/kg) . T K
BRI, AR YOKER .

1.2.2 Shipmemigdsr  BOIZH 53497 41 5 MR 6 SCRR R ik
KRR IR SD A BRI A — I K I P 3l bk (MC A BH I8 8k 1
TR AR, TR EE B ES 10 o/L JkE 24 (40
mg/kg) Jik B AN EM [, RERBUE S FAX )G, THHFE
TP 43S A I A B ik L S Bl KRR #5093k Bl ik e e
A 351 0 B Jbk I 45 FL 80041 3h Ik » 6 25, B0 Jik 43 SUAL 1) #5019 3 ik d
AR L2 (18.5+1. 0)mm, & MCA & b #8467 1 BB BBy
TR L) 58 4 BELIBT I 308 5 2R U5 AR TF s ik e, IR g5 AL BN B k. R G
A0 ,.2 h JFHH e e 2, R i R BRUR b R e ot 8
TR G RITY , BETR B ) 4 A 35 O IR AT I 1] 72 e B 55 7 ) 2k 21
H PRI AT WU . AR 3k B AR bR o KR MCA
R I R R AR R I R AN TS 2 . LR R R i
MABAYALRA . BFARAASEAE L LN E ,
25 BR [ | .

1.2.3 MWAIBEHBITS FEMAEER 4.12.24 h, x4
2R BRI M 22 ) R SR HEAT I 4 I A AR ME S35 Sk 6] :0 43
H M ABAGAER 0.5 40 R BB RIEB T ;1 4% ATk



FRES 20125 10 A% 41 4% 30

J il 32 By BE AT 2 4 AT B AN VR R T il 83 1 k) 1 5 3
53 SR AR o 1) X A0 L R R S ATE 4 A R AR e, B
555 7 HIET,
1.2.4 JHEZEARRBUA R TR 24 h )5 10 %0K & S
TR IR B W7 Sk BBUIG A BEER K ph Pk JF — 20 CHCE 5 min. SR J5
FARCE T R VI i 5 H L A A R 2 mm, B ARG
1% TTC W H .37 C/KE 30 min J5 B A 10% £ & HI ik f
B, FEFEHR Ay 24 A A, EF A 2aa, MEItmAR
i+ R P 0 A 38R 2 A 1 3 i AR B 4 R LA B o T 0 A i o BR
4yt
1.2.5 e 40 2040 246 0 & 41 K BRI 4 20 NF-«B & [ ik
TEOL FEEE 24 hoJE WAL BT R B, I Sk B Ml i o 4 2
4 CEZERPEBREE K BSAEE Y BUES 3 pm 7% 258
AT R . G WA B B0 B BB K A B, 396 3 S L A
Vi Y BEL T ok AL T I M ST L 2R AR K R i A B Y
NF-«B — i 8% i =40 . PBS #h k. DAB & 4, SR AR K &2 Y
AN AZ BB B R S AP IR R R BMUBR T4 NF«B & A
2 35 F 1 400 L 1 200 T3 0 4 A2 1 o B A o 1 TR g £
AR A BEALER 10 SN T2 U, A R AE L 1 BRBA 4 4
Jit iy AT B AL BEAT EG ST
1.2.6 TUNEL il 25 21 K B 48 i - % B & etk
AT F R U A 2 TR L T e MR G 1 S kAT
BEAE . G WRUEE T WU SR A A% A AR B (0 RBURL &y B A
T AR . A5 B T 10 A OR E1 A BT o i 4 A S EORTE T
FH PEAR 0 A0 OB T3 E 4 %
1.3 GEil2esb sl KoIgoE B SPSS13. 0 Ab IR R 3E 1T 5
THAHT S5 R UL T s 3ROR L REAR R0 0 BT LT g R
DL P<<0.05 HZESFAFIT¥EX.
2 & £
2.1 BRI PR S AL AT RE B PP 4y BRI S P
4.12.24 h J5 W A& RETE 4T WL 3BT A SR 4 KR 4 h At
AR LLER , 22 RG24 B L (P>0.05);12,24 h @}
BT R BIE 43 YA B, 22 7 A S 12 & L (P<<0. 05) , 4%
RE 1,

*1 BHRKXKBHEERRTEN LR (L, 9)

15 4 h 12 h 24 h
PR 0.00-£0. 00 0.00+0.00 0.00+0.00
e 2.0240. 65 2.1140. 582 2.35+0. 834
ERigi| 1.9740. 61 1.8340. 61 1.5740.56

22 P<C0. 05, 5iA Y7 4L W i) 5 H AL

2.2 HAMAEIEARRLLE B )S PR 24 h, TTC )5
BB ARTF AR K U L2 B 5] A 40 (8, JCBE SR AL s AR R 40 K
FRUIN 20 2 0 B 1 €0 A SR kL L B BE 2 AR 55 L I 5 YR YT AR R
i 4 UM BE kL RS RN . TR YT A AR SRR BN T
RERIZE 22 50 B 5 3 X (P<<0.05), L3 2.

*2 ZHEMERERILE (L)

265 HEFEARF (pm®) i A5 56 A BV 43 b (26
5 F A4 0.00=0. 00 0.00=£0. 00
Rk 89 639.52+4 637, 332 30,4543, 614
RITH 43 172.85+3 026.58 13.9042.77

A P<<0.05, SIRIT A L #KR .

3193

2.3 BAKRBRMWAL NF-«BEAHEBHN Kerdstb
2RI AT UL, HETE 24 b G BERLAL AT 41 NF-«B 8 [ 3Rk
AN ALJRIRIT AL NF-«B B 1R A AL, 2 R A &I
29 Y (P<<0.05), L3 3,

#3 SHENF«BEAREBEREE(TLEs, %)

24 51 4 h 12 h 24 h
REARLL 6.80=+2. 20 7.50+£2.17 6.60+1.82
LT 2] 43.1643.854%  57.03+£7.264%  60.1347.030%

BRI 23.76E3. 24% 26.62+6.70% 31.87+6.91%

£, P<C0. 05, 5 IR Y7 41 A B 1) £ b3 % - P<<0. 05, 5 F R4
B ] 81 E 8K

2.4 FHRBMAN LW T MM tkE A TUNEL %
000 % £ A R 2 2 o 2 i A i R T OO L ol B R R SR
R T 20 M 3 R I A AN B N 4 A e A 4 L R R AR
WO, R P EE 4.12.24 h b, SR AR
SFTH KRR PR TR EREMK ZRARITFE L (P
0.05), ML 4,

x4 BRMZTATHERLER (T, %)

215 4 h 12 h 24 h
BF A4l 5.2141.34 5.06+1.18 5.4241.66
R 2 36. 6744, 250% 47,5345, 624% 55,3045, 794K

RITH 17.38£3.06%  20.5742.97%  22.41+3.94%

AL P<<0. 05, 53577 41 R Bt ) 5 b4 % . P<<0. 05, 5T R41H
) A 4K

RIN it

oG ke i PV ARG M R AE 5 2 M A L. NF«B &—
Z5 3 3 AF7E 19 e S B 80HE S R R 22 S R g 3l X s [
FEAZ A BR T 5 45 6 T Bl Ak R B SR Ty g A e R A 20 1 4 A R
F 2 R B S A S AR S BRSNS R
SR L EAL IR SR I 2 L A8 RE R IV 45 O T e HE EE R AE ATV L AL
YEFARTTRE R £ 405 55 Sl B A LS G0, R
B . NF-B {800 7S SO0 i il P b2 0 1 JLPL ) i R
T AT RE 2 NF-«B 55 20 80005 75 5 40 M 42 A T 36 R Y R ik
S 2 T T-0 9 B, NF-«B %075 J5 7T 175 5 2 Fh 41 i B
TR 3 AR A TR S R 5K DA T o B e ot 9 0
i, B A NF-«B §00E o7 By B I i it i 7 1
1Y A

EPO {55 ik # 4 R 48 — P AR A Bk i W 24— 47 700, H
BT FE I A T 100 1007858 v A B H 28 32 B 6 . AR R WL 4%
F| E L EPO JRYT IR YT 4 K BUR 41 21 NF-«B R [ 3£ 3% W]
BALFAERI AL, R W EPO AT A Bl i v 8 7 A5 A R B
NF-«B #& [ 2635 ;i i TUNEL 35 & I 94 72 40 g 1E 52 EPO W]
T L YRR i 28 T U T T R B A SRR . T Bt T S
25 2H R BRI 2 i B 43 5 A AT AR B D 2% B L EPO X i
MFEEERGREA R ER. Bk, AL 5256 45 52 w7 .
EPO A i # ] NF-«B 3 F 235 380 #i 2 40 M 08 =, i i
SR KM A E T il NF-«B 25 5 23K i HL ] o 75 2F—
A5

£ % 30k
(1] FRSZA TR G, IS 14 25 4 3097 BF CF e 25 3197 50



FTHREF 20125 10 A% 41 5% 30

cancer: role of ATP-dependent transporters[J]. Nat Rev
Cancer,2002,2(1) :48-58.

(2] &I 478, B 8 09 Ak o7 mf 24 1 OF 52
B2, 2002, 29(4) £ 323-325.

(3] AW X2 8. M 2 25T 25 kA= L 0 B 50 3
W R ,2005,28(2) :161-164.

[4] Yeh KH,Chen CL,Shun CT,et al. Relatively low expres-

1) Z A

JELT] E

sion of multidrug resistance-1 (MDR-1) and its possible
clinical implication in gastric cancers| J|. J Clin Gastroen-
terol,1998.,26(4) .274-278.

[5] Fujii H, Tanigawa N, Muraoka R, et al. Clinical signifi-
cance of multidrug resistance and P-glycoprotein expres-
sion in patients with gastric carcinomal ] ]. J Surg Oncol,
1995,58(1) :63-69.

[6] Candiano G, Bruschi M, Musante L. Blue silver: a very
sensitive colloidal coomassie G-250 staining for proteome
analysis[ ] ]. Elec-trophoresis,2004,25(9) :1327-1333.

[7] Yang YX,Xiao ZQ,Chen ZC,et al. Proteome analysis of
multidrug resistance in vincristine—-resistant human gas-
tric cancer cell line SGC7901/VCR[]]. Proteomics, 2006 ,
6(6):2009-2021.

[8] Rocchi P,Beraldi E,Ettinger S,et al. Increased Hsp27 af-

ter androgen ablation facilitates andro-gen-independent

progression in prostate cancer via signal trans-ducers and

3197

activators of transcription 3-mediated suppression of ap-
optosis[J]. Cancer Res,2005,65(23):11083-11093.

[9] Kampinga HH, Henning RH,van Gelder IC,et al. Beat shock
proteins and atrial Whrillation[ J]. Cell Stress Chaperones,
2007,12(2) :97-100.

[10] Wu MH,Chang JH, Chou CC, et al. Involvement of nucleo-
phosmin/B23 in the response of Hel.a cells to UV irradiation
[J]. Int J Cancer,2002,97(3) :297-305.

[11] Grisendi S,Mecucci C,Falini B, et al. Nucleophosmin and
cancer| J ]. Nat Rev Cancer,2006,6(7) :493-505.

[12] Lim MJ, Wang XW. Nucleophosmin and human cancer

[J]. Cancer Detect Prey,2006,30(6) :481-490.

[13] Li J,Zhang X, Sejas DP, et al. Negative regulation of p53
by nucleophosmin antagonizes stress-induced apoptosis in
human normal and malignant hematopoietic cells [ J].
Leuk Res,2005,29(12) :1415-1423.

[147] Tepera SB,McCrea PD,Rosen JM. A beta-catenin surviv-
al signal is required for normal lobular development in the
mammary gland[]]. J Cell,2003,116(6);1137-1149.

[15] Daniels DL, Spink K, Weis WI. Beta-catenin; molecular plas-
ticity and drug design[J]. Trends Biochem Sci, 2001, 26
(11):672-678.

Cfcfe H #1:2012-03-09 &l H #:2012-04-21)

355 3193 D
gEik (1], v B e 22 2% 35 - 2006, 26 (2) :199-201.

(2] ko Ahoe SR 45, KRR 3N R BRI B 1 7 30 v 432 45
PR AP AR HILT . 48 P 2524 2% 35, 2010, 25(4) : 423-425.

[3] BE¥ . R30Ik, BRAEE, 55, 4 20 40 M A= 50 28 00 i ke i,/
TR TE AR A PR AP VR T LT . v [0 T A B 2 2% 5. 2010,
26(2):152-153.

[4] Kumral A,Gene S,Ozer E,et al. Erythropoietin downreg-
ulates bax and DP5 pro-apoptotie gene expression in neo-
natal hypoxie-isehemie brainInjury [ J ]. Biol Neonate,
2005,89(3) :205-210.

(5] RFAHEBRWes, Tk, 45, Blc R 20 f ik ) 45 R BRUR AL
i Sk 1L P AR AR () S A ST . B Y BR 2 L 2006
35(10) :1316-1318.

[6] Gonzalez FF, Mc Quillen P, Mu D, et al. Erythropoietin

enhances long-term neuroprotection and neurogenesis in
neonatal stroke[J]. Dev Neuro Sci,2007,29(3):321-323.

(7] ZEBHE. B4R # MCAO ALK BT R RELT]. hE
B2 W98 51 R, 2007 ,5(11) 1 59-63.

[8] Az, Fane. BRi&. 25338 ik M. 3 . db &
NER T A AL ,2002.:214-234.

[9] Panwalkar A, Verstovsek S. Nuclear factor-kappa B mod-
ulation as a therapeutic approach in hematologic malig-
nancies[ ] ]. Cancer,2004,100(8):1578-1589.

[10] SBAHK, JA £ NF-«B 7E 8 [0S 2R A 5 09 15 5 3 %
PR I 2 R L . WG PR A6 36 2 75, 2010, 28(6) : 453~
454,

s B 1 :2012-03-17 &8 H 11 :2012-05-23)

§
§

4wwwww.¢é

tE5, DE D

N ——
S






