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The protection study of recombinant human erythropoietin on acute cerebral injury rats
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[Abstract] Objective
expression of GLT-1 and GLAST in rat. Methods

To investigate the effect of recombinant human erythropoietin(rh-EPO) on acute cerebral injury and
Sixty SD rats were randomly divided into three groups by weight:control group
(n=18) ,acute cerebral injury group(n=22) and rh-EPO conditioning group(n=20). Acute cerebral injury models were made by
modified Feeney's method. rh-EPO was injected in abdominal cavity 15 min after acute cerebral injury in rh-EPO conditioning
group. Rats' brain were removed 48 h after experiments. Rat GLT-1 and GLAST mRNA expression were determined by RT-PCR,
GLT-1 and GLAST protein expression were determined by Western blot. Results GLT-1/GLAST mRNA and protein expression

decreased significantly after acute cerebral injury(all P<C0. 01),but increased significantly in rh-EPO preconditioning group com-

pared with acute cerebral injury group(all P<C0. 01). Conclusion

by up regulating the expression of GLT-1/GLAST.
[Key words |

BE X 2R I 4 & R P I E R BARAR £ R H R IR
A — Rl AR 245 4 T DR, R 0 SR Y R 80 i AR A
2459 LA BT U6 2 T I 405 O I R b R R i R A E R, IR AR RO
KA AL LT 40 M A= i 2 (recombinant human erythropoi-
etin, rh-EPO) AR O B IE LA R 30 4 AT %0 BES 7T i e Ak
2 RS IRAERA R AR T 2 BB FG T A 4
5 B AR G 1 PR NE FH AT S0 . 9T W] th-EPO aJ J A% ik
1 B0 AR S BN M A R IR MR T LRI E R R A
AN BE T IR AR B 2 2R 5 (CNS) 19 S it 798 73 35 10 » 7 3%
Tl 5 6 A A9F 52 vl 359 2 30 X o e o, B T 0 SR B4R DL B
rh-EPO Jf 3 5 3 38 Jin 21 40 o 25 Bk & #Ep 24 4/ Y L H
AR FIML ], R 40 M N A5 5 LI S B R I R 1 2k
— 25 07 A A Sk BRI ME 5 B A — A R AR A 2R 9 05 B i B A 0 IR
[ e

A% S0 AU AE KRR M B A R R 0 Bt L A R R i
& GLT-1 it GLAST {5538 # A YA . B 58 th-EPO Xt &4
o 453 445 () AR B VB B B %t GLT-1 il GLAST 3K 19 5 i, LA &)
Bl GLT-1 fl GLAST {5 5 il B 75 rh-EPO i 5 20k il 45 47 £

rh-EPO preconditioning may protect against acute cerebral injury

erythropoietin; brain injury;glutamate transporters 1;aspartate aminotransferases

FPAL A R S S BRI 2 I A8 A R AR 8 T 1 T B RN B e
WA .

1 #MR5F%

L1 FEZa MR hEPO ¥ H W (H 25 5
$20010001,10 000 [E b HA7 /32 Pk BH = A 1 25 B A BR A
A4, KB GLT-1.GLAST ELISA {5 & W 8 L 18 jg i A
MR A A . Bio-Rad # [ f ik 71l & . % Y2 B SYBR
Green [[ W58 iSRS AYREARAH.

1.2 44 60 H SD K EL(300~350 g, i AN KR, H 5
DU R BE R AE S S R S 3 L X R (n=18) . &
PG5 2 (n=22) FIl rh-EPO 4L B (n=20) , 2 M g 5t 175 21
A EPO A FRALF [ el 9% 14T T 4% 045 Ml S0 5 455 20, rh-EPO 4b
T 2FL 7 1 G 45 5585 B 15 min J5 28 M 1 13 &) rh-EPO 3 000
U/kg, %A KR 5E K 48 h JF,3% I B % (10 mg/kg)
oo RIS 5 7 B I Sk B .

1.3 2B as s H 4" RA MR Feeney's B B
TRFT o 8 0 1 vk AR O B D K K AR AT 3 d A 3R, R
RIS Er 8 h, SCEGHTAT 10 %6 7Kk A S8 L 350 mg/kg {4 b i

EFE A TR ATL ), Rl T AT BRI LRI 2O 1, 32 SRS 1l g i Sk o R S 453 47 B HL T T 5 s



FERES 2015 F 6 A% 44 5% 18 i1

A Y S 24T ORR T ARF FR 2 61 2 o ST R A ULV 1A T
TH B S BRI rYIIT R BB B8R A TR R B A e IR
HJ5 1.5 mm, PSS 2.5 mm A —E 4% 5.0 mm B #H R K
R SE R K EAT B T R E L A 20 g BEAS T 30 em & ALYY
SR A B T R DA R o T L SO T e A M e
13, 80 o 1 R /N R 600 g/em, T 5 VI E P9I I 4 X 10
U BB KR A~5 1 B IS B B 6, 2 G Skl . X R ALY
TV 1578 e P 0 ) A AS Bt A T o
1.4 RT-PCR #il] GLT-1 1 GLAST mRNA ik &4 1k
PRI A AL B 59K B RNA AT 5% 315 cDNA it 514
%1t % ] Primer Express (ABI /4], 36 ) , 7£ Prism 7500 re-
al time-PCR ¢ (ABI 28w, 36 B L A7 R B 3. &Il
GLT-18|%1 5 % : I it 5'-CAG AGG GAC AAC AGC AAT
GA-3', Fiit 5'-CCG TGT AAA CCA AAG CCT A-3'. 484 K
B R 299 bp, B AR 51 °C .32 AGH . A Bractin £
J S L R P86 Yk SYBR Green [l # 47 #7140, Fl ABI
Prism 7500 SDS # {43 #1 PCR 5z i AR 15 (¥ 545
1.5 Western blot 8l GLT-1 1 GLAST & (& 07 ¥
W AL 25T 3 R & B L I Ak R i RIPA 22 ol 241 R R
il Bio-Rad & 1 & 8 1% 1 & (Bio-Rad 2 7 , 3£ ) #4786 A &
o HX 20 pg AL FRAT B9 B EURE AT T 0 AR R A 3R N 0% Tk
Rz Ut B2 L 9k (SDS-PAGE) 730 #1. R G # % E B w W
(PVDF) .5 %0 I8 W3 K == 3R £ 41 1 hool PVDF i 5 55 — it
(1100004 C W b4 ; PBST 28 i il B B8 3 1k, &k 10
min, JIASE ZPREIRME 1 h, R 3 %, fFK 10 min,
i A Aok B R KT B2 AT A8 Ak, L Bactin
Ve Jy %ot 8
1.6 Siil*#Ab¥E SR A SPSSI5. 0 {4 i 17 58 3 A B &
BE TR DL ks FOR L 41 18] B 3R T O 25 43 BT CANOVA)
AT L L L ERSR ] A3, DL P<<0.05 WA Gt E L.
2 & 3

KB X GLT-1 fl GLAST mRNA % 3k & DL AR X i
LR IS MR, S IR AL AR S M B A )5 48 b St 44
M 451455 X GLT-1 Fl GLAST mRNA 3 ik 5 5%} I8 41 ¥ (5 3% &
K (P<C0. 01) 5 5 St i 483 475 41 b 48 rh-EPO Ab B4 GLT-1 Al
GLAST mRNA ik 5 8 m(P<<0. 0D, WA 1.

5t R 2H b APk R JE 48 b 2k N 45 45 28 1% 45 4
X GLT-1 F1 GLAST R BEH B EFREIL(P<0.0D) ;5 4
oG 453475 41 b 48 rh-EPO AbFEA] GLT-1 A1 GLAST B H £ X
BERIN(P<<0. 01, WK 2,

5 oGLT-1
q OGLAST b
] b
K 3
*® a
=
1
FERLE A4mRE4E  rh-EPOSLIELE

L P<<0.01, 55X R4 ;P P<<0. 01, 5 2 M I 553405 20 L 4%
1 RT-PCR #i%& %8 GLT-1 #1 GLAST mRNA
RIETH (n=10)

2475

GLT-1
GLAST

B -actin

OGLT-1
OGLAST

a

L

*HERLE SRR 548

BEEMHRAR
o3253838328
o
o

rh-EPOAbIELH

“ P<<0. 01, 5% BEZH b3 s - P<<0. 01, 5 2 MR 45 4 e
2 Western blot #il& 4 GLT-1 1 GLAST & 81
RIETK (n=10)

3 3 it

— BN EPO R S — R 20 40 i A K B F L n] 4 F 2 i
T 0 o 3 5 5 A4k . EAERIF 2R B R B EPO BR T 3
LA AR B2 Ah X T TR R A0 L0 R A 2 2R G5 1 B il
B PER G B R IR E R . SRR F EPO J2 45 g i o
0L 5 % 7 ) A1 5 5 4 i 2E A 3R L EPO & —Fh 4 7
WEE R AW R B bR A A8 3B 0 i ik BRI £ 3k i S H
Brines %" B 58 % WA, EPO & — Rl Rl 4 16 & ME 55 32 O K 40 1
Wy B LA B Z M A I EPO T R py I 98406 FR 05 5 1 i 57 et
HEAMG S . A% rh-EPO #E 47 2E ) ZE Ak id 5 & 3. bk i 41 5
h J5 AT AE By 5 B R A R UL 2% 30 A ) R AR IE /Y rhe
EPO Jf H #E A T 52 5. 56 B rh-EPO & 7] L) i i i fil 57
W) o 3 8b i 5t B 52 458 o W] i rh-EPO Jiit 2 388 228 i fisg B B o

K3t 20 G DR S 0 E S5 (5 I 5k A IS i N % Ay R A 2 0
R EMR KRR A A AR S e GE I a
5 3 ) BE R S SO A A A 0 R T, A R R
— R 3 T[] B B A M B R AN AR A R i
IR M A ] SR A g AE T, FEIER T A
TR A AT T 5 b T 09 UL PN Y B VR B A B GA i A K AL A
TR kTR A ) 9% ik I B o o 2 b Bl B 1 S 3 B 2 i S
T JEH R 5 fi ) B A A IR 2 B ey LR I AN M Y A
IR R GLT-1 fl GLAST [nl i 2 40 a9 » 16 5 I I I 40
0 P 4 B A AT A R L SRS K M B B 4 o0, W R
GLT-1 nf B & B Al A 3 SR M 8 4050 . #E 2 Fh 383 T i R
ARG B AL B, GLT-1 fl GLAST FE KRR
TE e o 4 i, 28 oL T 2 5@ JE AR TR GLT-1 F1 GLAST [1]
W T 90 Yo iy 38 T M AT SRR . VR VT 28 D B % 0 A AR
W PR EEAEN . GFAP 3 3 145 i 09 2 % 15 5T 40 fd 4%
Stid FRIE GLT-1, 18 0% R 4 92 3 M i R v X #2840 g B
Bl AR Y PE T R AR IR GLT-1 1 GLAST
R 32 15 PR R W s 38 T R WS SO A1 28 S R vk B T e 9 5
XA 2 B ME . S, A R 58 TR TT g & AE L) 5%
B KA PR A R B s B A . B 4y R Y M 4
PEUS L BR A RN A 2 o0t /b i 3k GLT-1 Ml GLAST,



2476

in /D Y H R A

EPO X 2 i 451 05 09 42 47 /8 FT 52 B A= 7 50 BF 58 A 4
S AR B RTHLRAD A 3R MET 0 A g A SRR T o
B )5 48 h K BRRH45 X GLT-1 1 GLAST % ik B 2 A% .
i th-EPO &b 3 5 GLT-1 1 GLAST #5 & M I #0157 41 i 2 3
Uil GLT-1/GLAST {55 HLHIHE rh-EPO X 244 i 51 14 19
By E R R E AR,

25 L TR . rh-EPO W1 LU RO % 2 M i B 43 . 0l 2 5495 X
i 20 B T R B B R I PR B4R A . (B rh-EPO 1Y
X I PR 4 VR IR R R UR F rh-EPO A B (1 42 £ 40 ffa A=
BEE L AT B B 98 GLT-1 Fl GLAST (455353 i ¥ F £ 1k 7k
A K.

S & Lk

[1] Matégjkova S, Scheuerle A, Wagner F,et al. Carbamylated
erythropoietin-FC fusion protein and recombinant human
erythropoietin during porcine kidney ischemia/reperfusion
injury[ J]. Intensive Care Med,2013,39(3):497-510.

[2] Yang C,Zhao T,Lin M,et al. Helix B surface peptide ad-
ministered after insult of ischemia reperfusion improved
renal function, structure and apoptosis through beta com-
mon receptor/erythropoietin receptor and PI3k/Akt path-
way in a murine model[ J]. Exp Biol Med,2013,238(1):
111-119.

[3] Han X,Zhao L,Lu G,et al. Improving outcomes of acute
kidney injury using mouse renal progenitor cells alone or
in combination with erythropoietin or suramin[J]. Stem
Cell Res Ther,2013,4(3):74.

[4] Kagaya Y, Asaumi Y, Wang WT,et al. Current perspec-
tives on protective roles of erythropoietin in cardiovascu-
lar system: erythropoietin receptor as a novel therapeutic
target[ ] ]. Tohoku ] Exp Med,2012,227(2) :83-91.

[5] Watson AJ,Gao L,Sun L,et al. Enhanced preservation of
the rat heart after prolonged hypothermic ischemia with
erythropoietin-supplemented Celsior solution[ J]. J Heart
Lung Transplant,2013,32(6) :633-640.

[6] Roubille F, Micheau A, Combes SA, et al. Intracoronary
administration of darbepoetin-alpha at onset of reperfu-
sion in acute myocardial infarction:results of the random-
ized Intra-Co-EpoMI trial[J]. Arch Cardiovasc Dis, 2013,
106(3) :135-145.

[7] Talan MI,Latini R. Myocardial infarction; cardioprotection by
erythropoietin[ﬂ. Methods Mol Biol,2013,982:265-302.

[8] 5 » BB L £ A0 M0 A 3R X Hh AR b 22 R e R AR 4 4
FH[J]. PR 23 1 2% 35 2005, 15(2) :53-55.

[9] Nandra KK,Collino M,Rogazzo M,et al. Pharmacological
preconditioning with erythropoietin attenuates the organ
injury and dysfunction induced in a rat model of hemor-
rhagic shock[ J]. Dis Model Mech,2013,6(3):701-709.

[10] Grewer C,Gameiro A,Zhang Z,et al. Glutamate forward

FEREF 201556 A% 44 K5 18

and reverse transport; From molecular mechanism to
transporter-mediated release after ischemia[ J|. TUBMB
Life,2008,60(9):609-619.

[11] Tang Z,Sun X,Shi Q,et al. Beneficial effects of carbamy-
lated erythropoietin against oxygen-glucose deprivation/
reperfusion-induced astrocyte swelling: proposed molecu-
lar mechanisms of action[ ] ]. Neurosci Lett, 2012; 530
(1):23-28.

[12] mae, PR TR, FH AR i 5. B e % A o A1 9 452 24 1 o]
PELT]. Wi A A5 50 R 2004,9(5) : 283-285.

[13] Brines M,Ghezzi P, Keenan S,et al. Erythropoietin cros-
ses the blood-brain barrier to protect against experimental
brain injury[ J]. Proc Natl Acad Sci U S A,2000,97(19) .
10526-10531.

[14] Longa EZ,Weinstein PR, Carlson S, et al. Reversible mid-
dle cerebral artery occlusion without craniectomy in rats
[J]. Stroke,1989,20(1) :84-91.

[15] Persson M,Ronnback L. Microglial self-defence mediated
through GLT-1 and glutathione[ J]. Amino Acids, 2012,
42(1):207-219.

[16] Harvey BK, Airavaara M, Hinzman J, et al. Targeted o-
ver-expression of glutamate transporter 1 (GLT-1) re-
duces ischemic brain injury in a rat model of stroke[]].
PLoS One,2011,6(8) :e22135.

[17] Weller ML, Stone IM,Goss A, et al. Selective overexpres-
sion of excitatory amino acid transporter 2 (EAAT2) in
astrocytes enhances neuroprotection from moderate but
not severe hypoxia-ischemia[ ]J]. Neuroscience, 2008, 155
(4):1204-1211.

[18] &5, Jm 20, B Wi, ik e L B 22 %) 4 %0 IR 5% 32 1k 19 5% iy
(V). A a2 T AR 2 2% 36,2010, 01 (1) : 202-205.

[19] Tang ZH,Sun XC,Shi QH,et al. Beneficial effects of car-
bamylated erythropoietin against oxygen-glucose depriva-
tion/reperfusion-induced astrocyte swelling: Proposed
molecular mechanisms of action[ J]. Neurosci Lett,2012,
530(1).23-28.

[20] Benderro GF, LaManna JC. Kidney EPO expression dur-
ing chronic hypoxia in aged mice[J]. Adv Exp Med Biol,
2013,765:9-14.

[21] Ardalan MR, Estakhri R, Hajipour BA, et al. Erythropoi-
etin ameliorates oxidative stress and tissue injury follow-
ing renal ischemia/reperfusion in rat kidney and lung[J].
Med Princ Pract,2013.22(1):70-74.

[22] Jun JH, Shin EJ,Kim JH, et al. Erythropoietin prevents
Hypoxia-Induced GATA-4 ubiquitination via phosphoryl-
ation of serine 105 of GATA-4[]]. Biol Pharm Bull,
2013,36(7):1126-1133.

Wi B #1:2014-12-28 &[] H 19 :2015-02-06)



