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Research on blood-brain barrier of estrogen in rats after cerebral ischemia-reperfusion
HOU Jin-yi,SHEN Xia,SUN Ju-guang ( Department of Neurology, Xuzhou Hospital of Traditional Chinese Medicine , Xuzhou Jiang-

su, china)

Abstract: Objective To observe the effect of estrogen on BBB permeability , occludin expression after ischemia-reperfusion in rats, and
to make a further investigation on the role of estrogen in cerebral ischemia. Methods Ovariectomized rats were randomly divided into sham-
operated group,model group,and estrogen pretreatment group.4 h,24 h,3 d after ischemia-reperfusion were selected as different observation
points ,and changes of edema, occluding expression, and blood-brain barrier permeability of the 3 points in time were observed. BBB ultra-
structure electron microscope observation was made at 24 h and 3 d after ischemia-reperfusion. Changes in cerebral edema were measured by
brain water content percentage; protein expressions were measured by Western blot; and BBB permeability was measured by Evans blue as-
say. Results Compared with the sham group,brain tissue water content and EB content in model group both increased 4 h after ischemia-
reperfusion (P <0.05) ,and they keep increasing as time goes by and finally reaching the peak (P <0.01). Compared with the model group
at the same time point,brain tissue water content and EB content in estrogen pretreatment group decreased in different degrees (P <0.05 or
P <0.01) ,and it was most significant at the time point of 24 h after ischemia-reperfusion (P <0.01). Compared with model group, through
electron microscope observation,ia was displayed that BBB TJs open was reduced in estrogen pretreatment group, astrocyte foot process and
capillary tube edema were lighter,and it was significant at the time point of 3 d after ischemia-reperfusion. Western blot detection of occludin
protein expression found that it was lower in the model group compared with the sham group at 4 h after ischemia-reperfusion,but there was no
significant difference (P >0.05).24 h after ischemia-reperfusion,the occludin expression were weaker than that in the sham surgery group
with a significant difference (P <0.05) ,and it keep weakening with a significant difference 3 d after ischemia-reperfusion (P <0.01). In
estrogen group, there was no significant difference compared with the model group in terms of occludin expression at 4 h after ischemia-reper-
fusion (P >0.05). In estrogen group,there was significant difference in occludin protein expression at 24 h and 3 d after ischemia-reperfusion
compared with model group at the same time point (P <0.05). Conclusion BBB ultrastructure disclose TJ was broke and vesicles within
EC was increased and astrocyte cell foot process was swelling in MCAO model, it might be the vasogenic brain edema pathological basis for
MCAO. In MCAO animal model,with ischemia-reperfusion time increasing,TJ protein occludin expression significantly decreased, it suggests
that occludin plays an important role in the regulation of TJ permeability. Estrogen increases has a very close relationship with occludin ex-
pression,and it may be one of the mechanisms of protecting BBB integrity and lessening cerebral edema.

Keywords : estrogen; BBB;tight junction;occludin;focal cerebral ischemia-reperfusion model
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I EIRASE, ARG B X, SEERHT 24 h BE 2 h Rk,
R Longa 28 e B3k 57 ok BUAT 0 i e 3 Bk Bk
(MCAO) #i5 ,

1.2.3 sy (dBRMEME L SD KR 139 H LY
o3, BB TR BB MERCR TAL R, A kA T
#4h24h3dW4H. BBB B M:AMKAHL EKE MR
B 6 HR ; B LS : BURE B2 MEVRCR THAL FIL4H 24 b
3 A, FIAR 2 H R S B A . A I 2H I 3 HOR
Flo MEBLCR AL B4 T AR AT 30 min AL P 7 5 2K AR M — B
(1 mg/kg) , BTARA BRI T ARFIWLPITEGHEBLERK
1.2.4  SERJrdE RASIUAE R M THREBIRYE Longa 11
5 SrTIPE PR HEREAT ISy o B EB RS MR , S fi 7 4, ok
B4l 8.4.2.1.0.5.0.25.0. 125 ug/mL, 60 C #EK B
24 h, FEAMFEIEEAL B (WA 632 nm ) JEAT LG €, ZZ IR AR
25 AN R SRV AR 2 Bl o PR T U A B ) T b
SRR, 28 70 0 SR DK T 5 2% EB AE K (2 ml/kg)
AT LA G KB BOR AR P AR W, 1 h )5 WSk B o B i
ATAEBRER KOO WEE 1 , T & A0 B H 9 S VAR, DAk /0 o 4
BREBFRST EB 5L . K5 LA 2 BRI 10 DX R 2H 20 A0 )
DG A P A S A v o Qs =l i i 3 = N RS L
(1 mL/100 mg) IR, A 60 CE IR /K 48 , I 55 K
7% 24 h, 285 1000 v/min &0 5 min, BV, B AT L4000
JEiH (P 632 nm) P5'6%5 FZ (optical density, OD) ], LAZE 1 7K
Ezs et MEPRHEITZSR TS EB 5 (ng/mLIRH) o
1.2.5 WA EKE RERAEFE ST , IR B 0] e i X K%
X RPN B, B 90 CHARER THRAR Y, T4 72 h, Fr H T,
¢ Elltot A0SR % /K it AL & 7K (% ) = 100 x (W&
—T ) /R,

1.2.6 BBB [ fH&# KERARFE S5 , B 000 A i 451 Tt ot
MR B 2H AR, R/ 1 mm x 1 omm x 1 mm, 57 RICA 2. 5% [ =
R SE 24 h, 1% 1Y DU SRS [ , SBEB R Bi/K , Epon618
IREA R E BERR N — AT R BRI Y €, 8 S L B UL
EIFRMA

1.2.7 Occludin 7§ [ 11 Western blot 43 B¥RESE T
0.5 mLAJHE Y, THUBOB R HL T ¥ LH U B, 5/ F i PR AR UK
E#FT. B, 1000 5,4 °C 15 min, B EIE WL TR Ep-
pendorf 45 HF, B 20 ul B FHBE AL N A 380 ul Folin H ¥ i H
30 C/K¥A 15 min, JilIA Folin Z & HHR 4] 30 °C K 30 min,
B BSA GRS I IR ZEBK 650 nm AR 3EAT e @1 OD
{8, FFRUESR v i il e 17 2 B . Western blot 4347 5 5 28
R T TSI SRR R A () v 52, i AR TR RR R 2 P, K
# 5 min FEATE M. H100 ug S 11T SDS-PAGE B,
VK, HRAEIE 100 v 43 E5 58 200 v ,65 ming HL UK S ¥ HE 5% 20
FREFYEZRNE b, f I 40 mA, it 1 ho 5 T B0 AR 934 3 4]
1 h, AN 2 58 B occludin Hi 4 (1 ¢ 400 FikE) , 4 C, i
. washing buffer %t 5 min,3 Yo fIAGRIEBERR BGEHR IC 10 ST
IeG LA (1 : 1 00077 ) , =& ,2 h, washing buffer £ 5 min,
3 W, A NBT/BCIP & (i .4, 25 15 min, FIZEIH K20k

N B HGE T RBERIR ST R G AT 20T o
1.3 “itsa

s LR UEZE (2 £5) #7812 ] SPSS 10. 0 8714k
PRALBH, 4L I0) LR T B 8 38 07 22 73 BT (one-way ANOVA ),
X5 F Student-Newman-Keuls Test 347 &5 9 4H [7] FL 3%, 2251k
25K 0.05 1001 Jybpife,

2 HR

2.1 gk xRS f K R BBB i i M6 % vh
SRTARL A, Jo kM i i 4 b, 4580 20 R B 4 2

EB & HH (P <0.05) , e i i (8] 2 4, i 4140 EB 55 4 1

SN, 2 24 h KB &% (P <0.01), 5 [m] A [H] £ 5 R 40 L

BLOARITAH R B EB & & A AR R EREAL(P <0.05 3§

P <0.01),L) 24 h 4RI B& (P <0.01) , W& 1,

x1 ZHEAKMALREB SENEL R (x x5, pg/mL)

ZH 5 n 4h 24 h 3d
BFARA 6 0.45+0.15* 0.58+0.43% 0.47 +0.32*
LRI L] 6 1.52+0.18 5.58 +1.23 2.42 £0.27

HE R AL B 6 3.80+1.10"  1.35+0.27*

w GAEM A ER P <0.05;#. SAER ki P <0.01
2.2 M A Rk fe KRR AL A K F 697 R

S5BTFARA R, Rkt ms 4 h BIEZH R RG24
JKELHE (P <0.05) , bl e il BF (] 42 4, Jilg 20 28055 7K o RE e 3
Jn, 2z 24 h R F|EIE(P <0.01) o 55 [ml B A] SRS R 20 bhA, 25
BITA KRB S KEIHEANFEEREA (P <0.05 1
P <0.01),L) 24 h (kiR B3 (P <0.01) , L3 2,

F2 EZERESAMARESKENELER(X£s5,%)

415 n 4h 24 h 3d
BFARA
BRI
MEBLE AL L 6 78.55 +0.31

*  GAEA LA LEL P <0.05;#: HALR 20 k4L, P <0.01
2.3 S E 3 MCAO X R BBB A2 #4464 %ok

BT AR LIS PN S A M 2540 e 4, Al [ T 77, R
2 60 [ R G 1) BB A5, P B2 AN AR A2 I A8 I R % S
(Bl 1a), 24 h BORIZH B 40 1 4 R [ K I, 48 1 A 0 i 0 4
K F e, F MG 14 R , LB SR AT D0, M0 A5 ) 240 R 4 A, PN R 4t
PRSI B 92D, B84 W% I W5 8 25, BBB TJ 3843 FF 78, i
FEib , N A A N B3 2 (& 1h) . 24 h R
20 5[] s [ s ABE TR0 2F AT L, O 0B 3R 2 AR Tl 6 ) 2R L ) (0
B 58 A K s, A IR N 28 il &2 | BRI AR TE R, A8
PN R A B 5 F 5 o R, T DL ER 2 SR A, AE M ] TS A7 A
(Kl 1), 3 d#ERIZ] . BBB T LA FF i, F 3 o FIR YL ) ot
WD, BT B0 A0 A 2 58 K B AN i A A R S B E K ik
(B 1d) . 3 d #EER 4L BBB T F 0% [a] B [a) o545 70 2 ol
ST I3 A i 5 T A I A A SR K B R (D Le)

1.15+0.19"

6 77.47 £0.43" 77.51+0.73% 77.42+0.52*

6 79.35+0.69 83.45+0.53 82.15+0.62

81.31 +0.53% 80.54 +0.40*
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BBBT] %473 ( 1), AAA B TFREWRR Y, L 55 R RILEEAM(A),(x20000) ;e:3 d ## & 28, BBB TJ FFaL4R Rl

B EAE R 2R (1), Bt F AR (A),( x20 000)

1 BE#ES MCAO KR BBB #4580 700

2.4 Occludin & & 4 ¥ 2 5 H

Western blot £ ] Occludin & [ ik, A3 4 h #8124
Occludin £ 11 % 3k B¢ F AR 20 980 55, 5 78 48 iF 2% B X
(P>0.05), 24 h B4 Occludin B 138 650 M F AR 4108055,
BHI2HE (P <0.05), 3 d A2 Occludin 3 [ R ik i —
AW AT G FRE L (P <0.01) o 4 h HEBER A Occludin 251
FORBLIRIIN ] R AH A TR e 27 5 (P >0.05) ,24 h J
3 d MEWER 21 Occludin #1748 1K ¢ [ B[R] s A5 80 20 bE A 2 7
L AT FE (P <0.05) WK 2,

M4h M24h M3d E4h E24h E3d sham

Occludin(65 kD) —

1201
100
80
2 60t
40 +
20}

0
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M AR 2 E e A4+ . 5 R ab i) S AL A 40064, P <0.05;
#: 5 B Ay e S AR A 40045, P <0.01
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3 e
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i LG i 4ES BBB SEREME: RN K o

FRATiH i 37 S v B LA s, O IRy ki e
24 h, MEE R AU M SR B B TR, B4
LA ) L A P AR X e A A R il 6 22, R IR AR I
WML N B S BE R, R LA I ARLAR, 20
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MU EZERATE MR Bl 52 T MCAO K L A% i
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RPN E T 1 (MCP-1) BR T % 54% H 240
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SRS
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