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[(HE] Bf BREEAFLEUEPOM LB L/ FEEA/RSdERRATSEGEY B0 RB
BB 1E R R R AL 40 B A IR K (EPO) &35 49 8 ¥ 4B AT, 44 HPC X I/R B B X th a9 R P LM
= RAERBEEN SD AR 120 REKH S N EFAREA.I/R 4. HPC 24 h 4 (BEGR M AT 24 h K% .HPC 48 h
AHGMAT 48 h KE 4. FRESdHAFTEHIRLR . BIRBLRAOKEFTELR, MEXRKAANY
B ARAR-FAHDRE QMRS IRAARAE T FEES Lh M h ARBHAUNMERD CAL
FCAIKEPOBEHAR. &R EHVRLR . FIRFLRMKEAETLRNE &R, /R EHREFRXROIA
AheE:HPC A BAMIARITIEEN S B 8 X5(¥, 5 HPC 48 h A3 HPC 24 h 41 % ¥ § % (P<<0.05), HPC
AHBZHAROAERERB. HEHPC48h 4 FE¥ HPCAX 2R I/R/F1hM4h I CAI MCAIXKH
EPO EERAHWEMM HPC 48 h A AEHB (P <0.05):H A EPO BEHA R S5INAYHBEMERX
(CAl KX EHK()=0.744,CA3 K r=0.822,P 3<0.01), &t 2R I/R TRBEHLSHARKFILIFIIR
I/RGEHERG ORNGTI KB HPC BB I/R 4 . X ER M5 B AMTHERB, HHRMET48 hity
HPC £##E ¥ #®. HPC /{2 # EPO % 5 CA1 M CA3 K F 5. X W 88 & HPC BRI Fsk ik azh
EERENHZ—.
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[ Abstract] Objective To observe the protective effects of hypoxic preconditioning (HPC) on the
improvement of the cognitive dysfunction (learning and memory) and the damage in hippocampus induced by
global cerebral ischemia/reperfusion (I/R) in CAl and CA3 for 5 days in rats, and on the regulation of
expression of erythropoietin (EPO) protein to approach the mechanism of the protection. Methods One
hundred and twenty adult male Sprague-Dawley (SD) rats were divided into four groups randomly: sham
group, I/R group, HPC24 group (hypoxia for 24 hours before 1/R) and HPC48 group (hypoxia for 48 hours
before 1/R). Hang (motor function), passive avoidance and Morris water maze tests were carried out on the
5th day after I/R to measure the motor and cognition functions ; hematoxylin-eosin (HE) staining was used to
detected histopathological changes in hippocampus tissues; and the contents of EPO were tested by
immunohistochemistry at 1 hour and 4 hours after I/R from hippocampus CA1 and CA3 regions. Results
Hang, passive avoidance and Morris water maze tests showed that I/R can injure rat cognition; the
improvement of cognition was marked in HPC groups, and it was shown that the effects were more significant
in HPC48 group than those in the HPC24 group (P<0.05). Pathological analyses indicated that the necrotic
nerve cells decreased in HPC24 and HPC48 groups, and the decrease was more obvious in the latter group than
that in the former group. The contents of EPO increased at 1 hour and 4 hours after global I/R in HPC
groups, and a more obvious result was obtained in HPC48 group (P<C0.05). The correlation between the
contents of EPO and cognition was positive (correlation coefficient () =0.744 in CA1, r=0. 822 in CA3,
both P<0.01). Conclusion Global I/R can induce nerve cell necrosis and cognitive dysfunction in short-term
(5 days). HPC can protect nerve cells against I/R injury and improve cognition dysfunction induced by
ischemia, and HPC for 48 hours immediately before I/R plays a more effective role on I/R injury than HPC for
24 hours. HPC can promote the expression of EPO in CAl and CA3 of hippocampus that may be one of the
mechanisms for the protection of HPC on brain and improvement of cognition dysfunction.
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LRkm/FEECREER LSRR
FAEIBIEAMFAEALR FEHERRBEATF
AREE. /R ESIRINADERBHNETERHEZ
— HRAXA. HYEHERBEEEREFHT P
1~2 daT R B % A By F. LBk o AR PP 4R DY R
HHLBEMHPOWNME R AHAREHRAFES
BFHPEHATH THREARLCAKERE
(EPO)ZE HPC S B R EXBEEAY . K5 P
BT T AR B ) 2 HPC stiA 50 3h 88 59 & m R %
I 40 i EPO B9 1E R » B 43 #7 EPO #1iA %1 2 86 ]
%, 325 W B HPC XA 5D SEfE R .

1 #R5HE

1.1 FYRSA-BEEFEREESD KR 120 R,
K 300~350 g (P H B b i sh ¥y 04, SCXK
2003 -0003), EFEV B FRED HEF AR (sham)
#A.J/RA.HPC24h 4 HPC 48 h 4,841 30 H.
sham 20 X B R #EAT X0 35 31 Bk . 350 e ok 0 A 3h Bk 4
B AMEMTFRGIU/RAXBRAELEKELE, 3
Pk H I S S PR SR B 3 B% 10 min; HPC 24 h 40
HPC 48 h A7EM I/R BT 24 h M1 48 h A F HPC, &
AFHEEF1hM4h EB 10 AAFTREALR
M550 10 R ABThRE A B2 W .

1.2 20 I/R 8§l & Kk HPC . 4% Konstantin f9
FEDHMURHE#TERE RAAHEKETHS
EXBRAEGRBRSE N SUWESFER 3 h, AR
SEHN 10% 8 K& HELL 3 ml/keg 1 BT 5 BEBE
KB 43882 000 i 3h Bk o 47 0 FE W 90 ol ol B8 e, 3
B LS55 5 7o B A e PR A - 0 o el PRI AR L A
fiesh Bk fh M 6~10 ml, 2 ¥ 35 5l Bk K (MAP) [ &
25~30 mm Hg(1 mm Hg=0.133 kPa), A &1k 3%
Sz B U0 Fi sh Bk 10 min, B (6] 5 i 48 35 50 Bk R,
i 350 58 L B v, PR B TG B A R ML 65 S M e 1 A
Bl sk, BHkEHREI R S%H
NaHCO; 1 ml PAHET (A B o 3 , 1R 48 KX B il & #b
FEFHH1~2ml, HFRRETREEEFE DK
REZXROEHFEE.

1.3 LRIE

1.3.1 EHWELR.FI/RE5dRMARME
T AfAfEE . E¥ M, Email ;xiangruiwang@vip. sina. com

fEERA: EMAL(1976 ), L (WMD) ILFTH A KR 2L,
& # , Email : hongwzh@gmail. com,

RS . AR LB R EAEERE 20 cm £
BT L,ig®3KBEEHE,HHEFHEHFS.<
2s MO, <3 s H1Hyp,<4sPH243,<6s
H3,<8s K44, <10s H54,<12s K
6, <14sHKH74,<16s K 84,>16s K94,
1.3.2 HIHBER.BRBAREIMICIZLES.
FL4E K BRL7E HF A BB R (5] 22 A 7E 1 I (8] 45 68 et fs) 240 by
KBRX A R¥ iCIZM 8 . AR R KR
BB, 28T . LRABRS AL B R
£ M B i AZ By B (Otano 1999)3 BB .

1.3.3 Morris KEKEZLR:I/R5d FiR. Lkt
#ASAENL4IBAETECRBRAMRIAKE
mEED . SR RER P GEEHE,5d iR
ABRAEB=SRFHHRMFRESHKRE. BB
BB RN XBRMEIRICIZEH RS
ZRREFHHE.WGEFRRKENER .

1.3.4 FEEUR.-ELERKEBLRELAERR
B RARAE-FOLHERE, B EXBRAT
BRALAE L CAIMCAI RNEE AR %
R A Axioplan 2 imaging B85 R A7 .

1.3.5 EPOBANME - AeBR4ra e
I/RiG1h#M4hBEHARE D CAL M CA3 X EPO
EERE . ZRALRERYRANT.

1.4 ZEitE50H KA SPSS 10. 0 i K247,
BEUBRLREE )RR, MK B3
B RE IR AR E K £ 25 (ANOVA) K%
ERERAEEAREFEM N HXL2HRA
Spearmani 1, P<<0.05 HLERERAITEE X,

2 & R

2.1 WHERE. £ MAP KK 3 XUM B 3)
Bk - e, 3 8 h A BB > VLA B FEFE T/R B
B &R .

22 EHDREIBRAMFEIEBELIR(ED. 5
sham A H#,I/R AXKBIMBHEHE T %I
FHCILEE AR HS S ENEABM A, HPCA
BHEE BERE, EIMCEkE. 8
FBEEK,IHH HPC 48 h A% HPC 24 h i B
F145 B8 wt 1| ¥ 4 (P<<0. 05 BY, P<<0.01),

2.3 Morris KEBLR(ER1~2): K4 4d B
B () 2 4 W5 AR S0 P B B B S 4508 . 55 sham 41 o %%,
I/RABRPMBEEHBE K HPC A G BEN
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HI/RABEHE.EHPC 48h 4l HPC 24 h 4
Bl B 4548 (P<0. 05 B P<0.01), 55 sham 4 H.3%,
I/RAB=ZBEFNEMFREEREHV LR
¥, HPC A% 1/R A B, MEHHPC 48h 4
: HPC 24 h 41 3% i 583 8 (P<<0. 05 B, P<<0.01).

£1 SAXREHHK . EIRBLREAXERE=NR
B EMERY 4 XML S Gt n=10)

o EZHTE  REFE  B=RR  FRuA
w2 HEes)  EHHEGC KK

sham 4 5.3010.48 37.50:6.34 38.40%6.95 4.20%+1.11
VR& 2.90£0.57*  9.80+2.62* 21.85+7.04* 1.80+0.53°

HPC24h#  3.90+0.32% 22.9043.84> 27.67+4.28° 2.75+0.59°
HPC48h#  4.70+0.48% 27,3043, 62> 33.16+3.93% 3.45:+0. 68"
k5 sham 4] L ,*P<<0.01; 5 I/R L ¥ ,>P<C0. 05,
5 HPC 24 h A H#,°P<0.05

2.4 FEEBMGE3:/R4%ED CAl f1 CA3
X 69 55 5E #h 22 ST B0 B 8 sham 41 B8 B 3% fm , HPC 5
FET- 4R EEE 1/R 480 8% 2 (P #<0. 05) ,HPC
48 h 4% HPC 24 h A2k # E A 8 (P 3 <<0.05),
HE4 CAl MICA3 ZHERHELKITHE L.

2.5 HudA4NE EPOEASR(ERD:I/RE
1 h EPO & B E181 B3 im(P #<0.01),4 h KA
BREEET 1 h(P $5<0.05). {HEHR R @K
HMCAIMICA3 BOR EPO SR HXHBER
(P#>0.05), HPC  EPO S B M B ¥ W T
I/RAP H<0.01), L EHI/R4h XREBRKTF
1h 8% (P $§<0.05), H HPC 48 h 41 EPO &
#3 HPC 24 h41 3% inE 8 & (P $<<0. 05); HFA

CAIMCA3BZRIFELEHF B (P >0.05),
2.6 EPOBEASRSI\NATIEMMEEEN -
£HAI/R4h#EHBD CAL.CAS R EPO S 5K
R BRBLROHXEFTER,CAIEKHXER
| ()=0.744,CA3 K r=0.822,P ¥5<0. 01, i} B8R
CA1 MCA3 R EPO ZEHA BT SIAMTIEHR
B2 RIFEF DML, BV EHR, T EAHXHE
fRigK P EHR<0.01.

3 #

EEK ERGANGEREIRESSEIRRE Y
BN LR W, sk 25 R ANNERNE
BRERAEZ-U, 3P LR R IIRER 05 % DR
VEERRRUA 2 E PR PN BN k] R
(MCAOYE R F 47 T 456 Y 35 T IF 35 , JR) P Mo gk
M AR ARG A AEERC  Wiard ZSEIAKR 2
Bk mAER EHTTHMNER, B RSB0
RO URFADIE, FLRFRMNRAXRLH
I/R BNz ee o 8 B8, N8B S sy AL h B %
R, B sh R MK H L RKRAY H sham 41
E.¥IJMCiZE P BREIR. RHLK /R EHR
%S CA1 #1 CA3 RAMIIBABHEH KA
2=

HPC E#— KR ELREH . IEBOLHEK AP
JG Bl 3R 8 a9 Xt 38 P2 B H 7 BOSE o ok i o B Y
W2, BB R AL ARG B SR Bkl A9 — P 9 IR
BERPAR, EANFETEHHWH.08, TEE
FETH.BEARSEZHAN. BT MERP,
BF 9T B HE3E, Sl i T A0 2 AE 9K 2 I 8 4501 . HPC 8B

$2 FEAAREREEXRHARBURRMERILY Gts,n=10)

KEEERIERH ) AKEELRHNEHE (cm)
2 1d 2d 3d 4d 1d 2d 3d 4d
sham 4] 55.24+ 4.6 28.04+ 6.7 22.94 3.7  13.942.3 3339.4% 325.6 2415.24199.5  1506.3+323.7 906. 7+ 80.4
/R4 86.2+ 6.3 69.24 5.8 56.6+12.1°  40.7+4.2* 6736.5+ 731.7 5221.24633.9° 3752.74399.2°  2472.6+332. 4
HPC24h#l 73.4+13.7° 51.6+10.2> 30.4+ 9.2  25.244.3% 5260.5+1033.8 3253.81445.1° 2 237.1+330.8% 1 420.64317.4*
HPC 48h%  65.9413.2% 44.0% 7.9% 253+ 6.9% 19.8+4.8% 4028.6% 442.3 2 745.7+380.7% 1 856.4+479.0% 1 048.0+116.0%

# .5 sham 4 HL#,*P<0.01; 5 I/R A3 ,"P<0. 05, 5 HPC 24 h 41 b8 ,*P<<0. 05

23 SAARECABREEBERAT 1 hM4bBIFEARR EPO FH SRR G+s5,.0=10)

R AMB (%) 1 h EPO(%) 4 h EPO(%)
a CA1l CA3 CAl CA3 CAl CA3
sham 4 9.1+ 2.8 10.1+ 1.9 5.0740. 68 4.86+1.22 5.93%1. 39¢ 6.61+0. 604
/R4 52.2+13.8 57.5+10.8* 18. 65+ 1. 64* 18.54+1.12 28. 38+1. 924 27.59+2. 29%
HPC24h#4 26.8+ 3.3 27.1+ 3.9 38.57+1.81* 37.56+1.32% 49.5142. 394 49.30+2. 36
HPC48h 4 18.5+ 3.5 17.1% 3.8% 53.83+3. 42 53.17+2. 92 61.05+3.42% 59,2645, 17%

.5 sham 4 L8 ,*P<<0.01; 5 I/R i L ,*P<C0. 05; 55 HPC 24 h 41 13 ,°P<<0. 05; 55 1 h EPO ¥ ¥ L 8 ,4P<0. 05
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BB B L SR R A R TS )T M B A BB FE . Rising
U2 Vannueei HUI LR IIEH T HPC BB R
Bl ERRG. EFRLRIRMNGLAEMABBOER,
URABSRFET AW A SN NHPC ANES
REAETCHBHER /R AHBE A, HHPC 48 h 4
BHPC 24 h AR HMLAIE D £4% 5 CAl
FMCASRMARATHEILHELER,

Gustarsson ML B, FrE RESR D 5
SEHQ BRKE 4 B A I R, T
24 h By 47 HPC W/ B B BB A B F & 3 P s 3L
KA RERES . AL RFRINVEARERRSME
I/RER,HRAAGRIMAT 24 h 48 h FAK B
HPC, 255 & /8 HPC B4 88 20 & i3 42 15 /5 B9 A S it
B EYINCLITEHEREER, TARED
HPC 48 h A KM\ EBRFELHPC 24 h 4 E
B, A TEGR M AT 48 h #47 HPC EAH.

EPO REZBREMVHBMEORKE T XIUAR
R B6 0 R PR AR G 3 B U R UAR IR T
EPO RE MR EA"", Bernaudin BB K%
/MR BALHER /R 5 W& 50, B KR 48 i
WA A EPO B &1k RAME " FMiFF 8
ZIHBE T I/R S EPO WREER, 2R
Ex./R1hEDHZMAKAN EPO EHSEE
BB EWM, 3 B F O [/ 4k 538, EPO £ 5
CALAICASHIMREBHERETH - BRARZ
FFTHBER.

BFRIUESEL 1/R J5 i B ¥ EPO %3k LM R
PHLHLEPO RERL—EILANOHFEWER
HMEES BBENEHEERBEEA  MEHLT
B Wk R AR mE R RS W 2EPER,
EPO MR ER THEMARMET . RFT
WomME27TE EXRKER MCAO & F % B ,EPO
WH T B K &R 4R FE T EPO SR AT 4
0 of 40 A E AR A Ik A L, M A B FE A A 2
kEMEE MHESARSERZTENL S ERS
SENO S B4 MBEMAY RN ETE R IR
HiESAMRIET, EPO 5 HZ &L 4 JAK2 f
STAT-5 B¢ M 1L, A ot ¥ 1§ STAT-5 M 7N
F-«B(NF-«B)¥ B BI# N5 DNA 448, Ri#H A
TEEMNEE., FTFTHECOHRERE R, A
[E#Z5[E F,I/R | EPO RisHi# 2 Tt
BHE -G R EPO ERETHETAR
B AT T, R E R E, O KA
FET-,EPO ik Wi/b, i A1 49 EPO M . R T

AR, VLB B IS R4k EPO XIS TAE
BRiER.

ABRARIA HPC BH[iES EPO EEAR KRR
3502 Prass %2 K RUR kb R fok o 485 7Y o) BF
FP R, BRIAT 48 h F 72 h ML HPC 8E 8 438
OXMARMSMERG, HEES EPO KB X
%, B HPC S 3d IR MAR . EPO Rk
EEGPERVUEES AHRERER, At
B2¢4hFE 48 h iy HPC HEERBE I H I A M
W EPO %3%,fBE# 5 CA1 BICA3REFEH B
EZR W HPC X B MR H— WA
I/R4HhEPOEHESER Ih AREHRE, XL
BREWHEKER. EXRPENED, BLMmAT48 h
HPC S EPO XX ERE, XMFRHEI NS
BB, RMATHMA 48 h HPC BHERESL .
R A EPO 85 T X #MEMH.

Catania 20815 1 4 B £ 19 EPO o LI # A
HTieE, MALRKZH HPC # S8 EPO BEA %
ZEUNAYREEHRRX, XEHARE EPO EQR
ZEHUNER. 25 TRBANIENER, A
HECASREPOEHRBMMAAHER, BRE
EPO 2 5% %2 I/R FHAAIThaEE @l s+,
CASREBTEEEMEM.

&% L FiR HPC 55 B2 Bt M AT 48 h & HPC #
BHIE2R /R GHHEHRG. BemE AR,
HE /R FIAAZIERE; BRB I EPO EAKE
AEERAPNIHZ—.
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FEAGSIE ALI R BB MYLK #75k. IRIXAA 273 AP EQIGBE QIGREEFI=164) .41 3 BHEKREE
EEFTH X R AR TES % ALL HY—%, MYLK 4 83t8 17 MFICAREFRESHER TERS , ZAHEEH
RESHAF . RAMANZEAHENATERER . AT 2~SMEABHRSSHABHHNN, EQHRESdN,273 4
ZREDH N MRS AL FEGIN). STMTRABABRTFRESEN S ALTEX,21 fAZRCC XK, itk =1.87,
95 % 7] {§ X [ (CI)1. 06~3. 33, P=0. 022) 1 147 i Z WM (TT, L tb =2. 13,95%CI 1. 14~4.10,P=0. 011D R ¥ F 335
A EMCC A, HHE K =0.42,95%CI 0. 20~0.85,P=0.010), XLEXBEANZUGHEREEAS LENHB., £
ZHAHER. B ALIMYLK BEFRESHMXBESER QGHFEERS) AHEBX5QGEERRAFIRE 1
(APACHE D)4 U BRRGARMER, BEHIFRBR . EF AL 5 2~4 MR HFRESHHX RO YHFALERP<
0.008), REXMFRAAA  BANESEFLEAREE RSN ALl IFEERE XM 3 M MYLK B EEERESHE .
FHEMALINER. HREAR ZREREXTUEMMA MYLK ZHH ALl HEREF AR KEENEREATF.
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