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[Abstract]  Objective To explore the relationship between the long-term presence of hypoxic
tissue and astrocyte activation after cerebral infarction in rats. = Methods Middle cerebral artery
occlusion was performed in rats to induce permanent brain ischemia (PI group) or transient ischemia for
1.5 h followed by reperfusion (1.5 h IR group). Double immunofluorescence staining with EF5 and glial
fibrillary acidic protein (GFAP) antibodies was used to observe the hypoxic tissue and status of astrocyte
activation, respectively. On days 1, 3, 7 and 14 after the operation, GFAP fluorescence intensity and the
presence of hypoxic tissue in the ischemic cortex were observed. Results The hypoxic tissues were
present from day 3 to day 14 after the operation in 1.5 h IR group, but disappeared after day 3 in PI group.
GFAP fluorescence intensity in the hypoxic tissue was significantly higher than that in the surrounding
tissues at all the observation time points (P<0.05). GFAP fluorescence intensity increased progressive in
both groups with the lapse of time (P<0.05), reaching the peak level on day 7 followed then by gradual
declination. On each of the time points for observation, GFAP fluorescence intensity in 1.5 h IR group
was significantly higher than that in PI group (P<0.05). Conclusion Astrocyte activation is especially
obvious in the hypoxic brain tissues after cerebral infarction, which is closely associated with the
long-term existence of hypoxic tissues.
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Fig.1 Schematic illustration of the brain regions for observation
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Tab.1 Fluorescence intensity of GFAP in and outside the hypoxic tissues in

rats after a 1.5 h cerebral ischemia (Mean+SD, n=5)

g 1d 3d 7d 14d Ffig PfH
ZHIXHN 5559+6.16 78.19+6.65" 94.12+7.54® 77.30+4.51* 150.780 0.000
ZHIXAN 49.82+5.94 72.13+6.15° 88.85:7.39%  2.17+4.46* 166.733 0.000
8 3.303 3277 2.444 3.965
PfE 0.002 0.002 0.018 0.000
5 1d H4,%P<0.05;5 3 d 4 ,°P<0.05;5 7 d HEEP<0.05

F2 2 41K UM SE 5 B 5 )2 GFAP 2 %58 BE (xts , n=5)
Tab.2  GFAP fluorescence intensity of the ischemic cortex of rats after

cerebral infarction (Mean+SD, n=5)

41 531 1d 3d 7d 14d Ff PlH
15hIR 4 52.95+5.95 74.87+6.15* 91.18+7.49® 73.99+4.44* 158361 0.000
PIZH 40.36+5.07 58.40+6.29° 62.52+5.80*  50.81+3.96* 79.338 0.000
1fH 7.888 3.277 2.444 3.965
PA 0.000 0.000 0.000 0.000

5 1d I ,°P<0.05; 45 3 d HEE,°P<0.05; 5 7 d H§E,P<0.05
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Fig.2 Double immunofluoresence staining of the hypoxic tissue and GFAP in 1.5 h IR group (x200)
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Fig.3 Immunofluorescence staining for GFAP in each group(x200)



. 784 - ML EYIGE 2009 F 8 H £ 8% 8  ChinJ Neuromed, August 2009, Vol.8, No.8

YA, GFAP J2 52 T2 Jie 5 440 i 1) 4 S M A i 9, 7 IE
WIEET, K2 R 5% 47 1E# 5 I I 541
JLF) GFAP 35 2 0] 8% & 56 1 K7, 7ERBEIREE T |
BT I 400 L 34 58 GEAP & U84 I, B 4% 5 b
1, UL GFAP 1138 1k 18 w8 2 R 52 1y 3 P AR AL
JE 1 RABHE 7R W, 2% i B v B i B O i I 24 i
AR AR DR AR50 dfe iy S 2 T8 I o 4 R e 9% Ak, 6
PN FLARRE R ik | 5 i 3 22 JE K | 4 if K oy Ak
A5 | GFAP ik 45

AHFFE LB, 1.5 h IR Sl i ] j )2 = S 4 21N
AV G 0 40 1 3% AR B B T = R B
JZ HR R SRR R A i i B AR RE TS S T 2 0 BRI
Jo 240 L35 Ak 5 B A R R 2B K | = 4R 2 2% ek D |
PERIGA 0 BV S B A MR i TR B R, KiE
WF 5 22 B G e i J 3% 1 %) L 0 G J5 240 b B A 4 4+
B RS TERR A AR $RALE R AR K T e
B BT B | SRS ik A RN R 22 AR AR 2 AN T
A, X Bk il 2H 2L e A A EE AR O

AT AT JE = E AL LN S AN |
1~7 d B 500 B o3 40 B % Ak B i i 5 14 d AT R
% .5 Van Beek S5 —2, BEAENFE K, X
SO AR BOY I ST A M A SR & AR AR R kAR
S AR A% ) A4 L, e 4 HE DR AR DX [ O ok e Jog 9
JR7, MR X H AT e TR TR R
P S A0 L A A58 143 RN fi 3 E FRAB S PR

ARSI AE R B R 1.5 h IR 410 = A A 87 AE it
] (14 d)BF @K F PI4H(3 d), 1 1.5 h IR 445 W<t
5] A5 A9 Bl i) Bz JZ /) GFAP 26 )i 58 B ¥4 B 1 v T
PL AL, 3 15 I e ol 43 68 Bk 1) 7™ & AR % R ] =
HLBAFAES [ AN R) 520 I T 400 e 1) 37 fb AR B AN
— 3, R R BRI0(1.5 h IR)A 2 M 4N (L 45
TV J5 A0 B ) A7 0%, B 2 1 S O R J5 A4 R 0 Ak
BARGHA B T HEUWKE B HIF ARl =
A LARPUE I, AT R A HAb (o ML 29 5 B IE I
5240 R ) VR D o R S ) 4R RE S g AT A L AE

R 2 LA T BN 5 W) R R I B A Y X JR)
ML P B R R T, T A SR A SRl G X
A 20 AR PR IR BT | ] L X F) 400 i 2 R 52 3] 8™ # 1Y)
SR, B S T 240 9% 35 A R B B | 44k T T RE R
i 2 #h 22T I AE IS | Z A2 SULAF AR B I )91

i LRIk WAL R Z AL U K R A AR
B P I T A 5 VD AH G | B2 R T ot 40 i 1) 955 A 3 ik
A BT = A AL IE AL (H AT RE A2 2 A R
(R 24 % BRI BT A0 B ) DR 4P RT R S IR A AL 6 5 T
F18g — TRl B9 St

& % X #

[1] Saita K, Chen M, Spratt NJ, et al. Imaging the ischemic penumbra
with 18F-fluoromisonidazole in a rat model of ischemic stroke [J].
Stroke, 2004, 35(4): 975-980.

2] &, FER, B, % KRINESEE G & A2 5135
ARAE[I]. TR AR AR (B A R D), 2009, 29(5): 113-118.

[3] Thored P, Wood J, Arvidsson A, et al. Long-term neuroblast
migration along blood vessels in an area with transient
angiogenesis and increased vascularization after stroke[J]. Stroke,
2007, 38(11): 3032-3039.

[4] Song HC, Bom HS, Cho KH, et al. Prognostication of recovery in
patients with acute ischemic stroke through the use of brain SPECT
with Technetium-99m--labeled metronidazole[J]. Stroke, 2003, 34
(4): 982-986.

[5] Nowicka D, Rogozinska K, Aleksy M, et al. Spatiotemporal
dynamics of astroglial and microglial responses after
photothrombotic stroke in the rat brain [J]. Acta Neurobiol Exp
(Wars), 2008, 68(2): 155-168.

[6] Panickar KS, Norenberg MD. Astrocytes in cerebral ischemic
injury : morphological and general considerations[J]. Glia, 2005, 50
(4): 287-298.

[7] Van Beek J, Chan P, Bernaudin M, et al. Glial responses, clusterin,
and complement in permanent focal cerebral ischemia in the mouse
[J]. Glia, 2000, 31(1): 39-50.

[8] Takano T, Oberheim N, Cotrina ML, et al. Astrocytes and ischemic
injury[J]. Stroke, 2009, 40(3 suppl): s8-s12.

(Wi F 1 .2009-04-20)
(AR 3C o i . 7K 3%)





