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Protective effect of Ang-(1-7) on the permeability of blood brain barrier after subarachnoid hemorrhage”
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[Abstract] Objective
rhage. Methods
permeability of SAH-rats brains and brain water content. RT-PCR and Western blot were performed to measure the expression of
adhesion protein ICAM-1 and VCAM-1 in brains of SAH-rats. The artificial hemorrhagic cerebrospinal fluid (BCSF) was used to
Ang-(1-

7) reduced the content of Evans blue and brain water in brains of SAH-rats in dose and time dependent manner with the most sig-

To analysis the effects of Ang-(1-7) on the blood brain barrier permeability after subarachnoid hemor-

SAH-rats were produced by two times injection of blood into cisterna magna. Evans blue was used to detect the the

stimulate vascular endothelial cells (HBMEC) ,and the proliferation and apoptosis of HBMEC cell were analyzed. Results

nificant change under the treatment of 10 ° mol/L. Ang-(1-7) for 24 h (P<C0. 05). Under the above condition,the mRNA and pro-
tein levels of ICAM-1 and VCAM-1 in brains of SAH-rats were significantly up-regulated (P<C0. 05) , while the content of Evans
blue in HBMEC cells stimulated by BCSF was obviously reduced. Besides, Ang-(1-7) was observed to increase the expression of
ICAM-1 and VCAM-1 in BCSF-stimulated HBMEC cells, enhance the proliferation of HBMEC cells but reduce their apoptosis.

Conclusion Ang-(1-7) plays a protective role in the blood-brain barrier damage induced by subarachnoid hemorrhage.

[Key words |

gk R R i 8 1Ml (subarachnoid hemorrhage, SAH) & H )
ok RS A S 22 Tl TR 5 A o B o, A5 9 A8 A R B AR R 3
FELEER Y . R AL S o A B R S M R A kL R
HEWMZmEN LM FEEASZHMNEEAMEED, 0
BHEIKE 1-7T[Ang-(1-T 12 th Ang T 511 76 1 3 B 0k R 510
FEAE PR 7= A A 3 P R B e I S Ak 1 R il 2 T Rk
0 o 8 AV i A BT DR o %0 I A e i 8 2 2R A8 HL A R AP R
FAM S ASCRL SAH /N BB L X 4 S BT T Ang-(1-7) 3§
SAH Jg ifn i Bt Bt 8 3 v e B % 8 3 ICAM-1, VCAM-1 ik
B o I DA T i M i A T R SR B4 SAH 33 725 43 B Ang-
C1-7) %F 1 A8 PN Bz 4 i 20 e T8 P 1) 5 ) o 3 LA T ALY .
1 ME5FE
1.1 MR HE: SD 2 KR 60 H CEH i & 280~320 g,
HIRER R LR Y o0 5 52 58 & it PCR(RT-PCR)
1 (Bio-Rad 22 1) 5 % =X 4 it? {X ( Becton-Dickinson 4y ) ) 5 Ang-
(1-7) (Sigma 2y 7)) s 3L B #% (Evans, blue, Sigma 2% @) 3 Ak

subarachnoid hemorrhage;blood-brain barrier permeability; Ang-(1-7) ; vascular endothelial cell

P A5 P9 B A i (v A 52 3k TN AR W B B A B A WD s DMEM
325 R 2F MW (Gibeo 24 ) s ICAM-1, VCAM-1 , f-actin #i
AR R EAR A R AT Fhi e —ht (b s E A
)  RNA $2 B 577 & (Tiangen 23 #]) ; RT-PCR MasterMix
kit(Toyobo 2y &) ; ICAM-1, VCAM-1, GAPDH 5| ¥ (Takara
NTE]D 5 Y R A AR mR Eh (MUTT) 41 it 184 7 - 7 e A6 4k 39 & (b
S RS B H AR A BRA D

1.2 ik

1.2.1 SAH ghyimifl 4 K sr4l SD KB4 B IRT AR 416
FO R 2 (6 FD) (S B 4] (48 HD) . 2 B Miiller 450 J7
2B R K i s 4 SAH KRB, SD KU 3%k i
Ll 22 4 BRI 5 T G 2% BT Sk 28 BRI A7 o) ACRE Tt P L il i 0. 4
mL/kg i ¥ 0. 8 mL/kg H- o ¢ 8l ik ifL 22 12 7 A B K it
R . FR 48 h 5, [ A7 2 2k EA 0.4 mL/kg
ki . BFERAEAGERE A K, HAEHE 24 h 5. H
(e R N RN e N R 1 R N W NI i 7

» E&THE:EZAEE R RS H (2013GS500101-15) 5 A R fif i 25 #2201 15 By 36 T A 5¢ 30 % 2013 JF 3R 5% B it H

(NTP2013005),
huang@163. com,

FEE B A AR (1976 — )« R BEIW . A RE . 32 22 M 8 g S0 B AR

B AEE, Tel: (023)68762064 ; E-mail ; youhua



2328

Ang-(1-7)(1077,107°,107°,107* .10~ mol/L) fii ¥ ¥ » 5
W 6 ~E R .24 h J5 347 Evans blue J 7K M . 7] B
Xt 1077 mol/L Ang-(1-7)Ab# 6.12,24.48 h J5 A9 SAH kK i
PEATREI . AR Ang-(1-T) AL HLHY SAH KX R4 .
12,2 MR SRSAM S MPGESES Or ik i IE R AR
ST L 1 R & e ) il P ACF e (BCSE) & B0 J5
W5 DMEM 5372 2 ¢+ 1 He iR & 75 . HBMEC 41
143 g % BE 41 BCSF il # 41 Fl Ang-(1-7) 4b B 41, 45 241 4b 78
24 hJg TSR .

1.2.3 Evans blue 8l K B bkiE 5+ 100 pL Evans blue 3¢
W (2% .4 mL/kg) & 3 hid EEREEALSE, B 40 FEHEA 50
mL Az B ER K i i AE B G 2 SRR AR R TR A B — o A
SUYIHL 2 12 9 Hofil 4 CHBIRMT 500 ZH LW, 513K
J5 4 000 r/min B> 30 min, Y88 F1EFE T 620 nm K] Evans
blue B¢ Y6 {H . iR 4% Evans blue FR#ER I (0~6. 25 pg/mL) 2 il
Evans blue W& Y6 {8 #5 E Bl 28 , 15 H i 40 214 Evans blue /K,
1.2.4 WALZUERKERI Rk & R B b 2T, iR I
i 20 2R B L JF T 100 "CHEF RS T 48 h 5 FRRR BT & i 41 21
FKE S = GRJR — TR /I8 R X 100%,

1.2.5 RT-PCR & BB HH TR0 8 b, A
RNA j# % 5 5 cDNA, # 17 RT-PCR £l , LI GAPDH 2} 1
Z AR 22T R A A mRNA [ AH X R = .

1.2.6 Western blot ;]  SDS 2 fi# ¥ £ B K B 4 29 4

FTRES 201646 A% 45 K% 174

&P 5 min J5, B 80 pg VR H#EAT T ke LR IR M-SR N
975 Tk e 356 J2 P 9k (SDS-PAGE) 8 Ji¢ B 3k - 4% PVDF i, 3% /i
NEW kBB 1 ho Al A —HT(1 1 000 F#),4 Cid %, TBST
VR 3 K. A ZHt HRP-IgG(1 ¢ 2 000 M ) . E M & 1
h, TBST /% 3 . ECL B (iR 85 .

1.2.7 ZHA s sl g0 g Fh 96 fLk . 43 F 37 C
TEMR B F% 6.12,24.,48 h, J§ MTT 40 i 5% 5 -2 1k #6 I 3 5 4
125,490 nm P T 20 i ' %5 B CODY B 4] W67 48 it 38 58195 150
1.2.8 AU TR 04 Of R K A i Dl 1< 10° cell/
mL. A LW EHN 0.5 pg/mL [ Annexin V-FITC #il 0. 6
pg/mLAY PLOEOEIFE 15 min J5 . i 040 S 5347 .

1.3 Seitspab s SR SPSSI13. 0 483t 8 4 647 40 47, 3t 4
PR T s TR ALE LBCR A ¢ K, DL P<<0.05 B ERA
Gt R

2 7 ES

2.1 Ang-(1-D) U5 SAH K BLUILX BF 238 i e s Bl
Ang-(1-7) /K340 SAH K UK 214! Evans blue ¥ 3% & & &
KA T AR, & 107° mol /L i Bt 2 AE 4K, 107° mol/ L it
KB RAK (P<C0. 05), H Bl ¥k B2 84 AR 5 A 722 (8 TAVB)
107" mol/L Ang-(1-7) A FRHT , s 41 2 Evans blue 1 1% & Ffi 4b
PHMFE]AS 6] 22 S0 . DIAE B 24 h b i 9 B (P <
0. 05) , Fifi 1 I i ] 48 fin PR 45 A 72 (1 10

1.5+ 1001 1.2
= 1) g | 5|
[ 751 % 0.9
.3 ] EA
8 0 o4 X S
o 41 504 2 06
= EI& a
i 0.6 % @
c = 954 S o3
[ - i 3
Z 0.3 K
0 o () sty 0. ety
A *EELE 107 10° 10° 10 107 (mol/L) B BB 107 10° 107 10% 10° (mol/L) G JHEEE 6 12 24 48((h)

AR Ang-(1-7) 4B 5 SAH K B 202 Evans blue 3% i B: AR JE Ang-(1-7) 4b i 5 SAH K EUKH 2 & K #53C:10° mol/L

Ang-(1-7) Zb PR [A] B 8] J5 SAH K U414 Evans blue 8% & .

1 Ang-(1-7)3t SAH KR A4 f Evans blue flf AR S K=K Y

2.2 Ang-(1I-D%f SAH K R4l 41 ICAM-1, VCAM-1 %
BRI 10 "mol/L Ang-(1-7) 4P 24 h )5 ,SAH K Bk 4
2l % % 11 ICAM-1, VCAM-1 )y mRNA #17E [ % ik K F
WRE LW, ZRA ST E L (P<<0.05), lLE 2,

FRE  Ang-(1-7) S03BA

[CAM- | [— sm—— |
vean-1
! e |
3 ICAM 3 ICAM-1
EE VCAM B VCAM
= 2.5
X 2.0-
<’ % 15
= R
B
® M 1.0
m 14
-
0.5

> JHEBLE  Ang- (1-7) 4LHR4A i XFBREA  Ang- (1-7) Ab3ELR
A.B:ICAM-1 1 VCAM-1 i mRNA K& H 7K,
E 2 Ang-(1-7)3t SAH KB AL F ICAM-1 Fn
VCAM-1 3% B &1

= ICAMH
Em VCAM

&
—

0.0—
IR BOSFAIRA Ang-(1-7) B

>
Evans blue (ZKF)
P i L ¥
FERTmRNA %
e % ¢
$ 3 ¥

1.2 3 ICAMH
. VCAM-1
IR BOSFAIRA Ang-(1-7) 4724A L
*
veav. i I - o
pactin I '
0.3
0.0
4 HBE BOSFARA Ang-(1-D 0BA

A: HBMEC ' Evans blue 7K -; B, C: HBMEC # ICAM-1 HI
VCAM-1 ) mRNA K /K.
& 3 Ang-(1-7)3 M & XN KA H Evans blue &
ICAM-1,VCAM-1 RiE B & m



FTRES 2016 456 A% 45 K% 17

2.3 Ang-(1-7)%f I 45 P B2 4t if 38 3% 7 &% ICAM-1,VCAM-1
FIERY M BCSE HIBUS N B 40 Evans blue 7K ¥ &%t
HRZH B B B &, ICAM-1, VCAM-1 % % /K F I 5 2 F& K.
10° mol/L Ang-(1-7)4b¥H 24 h J5 . 4 it v Evans blue 7K B
B ICAM-1, VCAM-1 11 3% ik /K 7 W 2 2 B4 Jin (P <
0.05), WK 3,

2.4 Ang-(1-7)%F I35 PN B2 40 BRI 5806 1 5% 0 10 ° mol/
L Ang-(1-TAL3 24 h )5 . 4 B2 40 Hd 3 58 3% ) B354, 22 5+
G5 L (P<<0.05), WKl 4,

2.5 Ang(I-DXTIMENEMBEMH =M ENR  107° mol/L
Ang-(1-AL# 24 h )5, A B 40 B 98 T2 K F B 2 T [ (P <

i B84E BCSF ;g 4B

2329

0.05), WK 5,

1.51 * e XEBLA
-m- BCSF ¥4

E —*= Ang- (1-7) AbELE
3 1.0 *
o
©
o
2
a 0.5
Lo
o
0
e}
<<

0.0 T T T T

6 12 24 48 h

B4 Ang(1-7)% L% Py B 4R S5 % 1 O B4

40+
Ang— (1-7) SR 4H

L)
o
-—

304

20+

ALB A I JE TR BE

ATE (%)

10

0
B FBBLE BCSFRIEEE Ang- (1-7) SbER4R

5 Ang-(1-7) 4 1 & M 52 48 LI T B = 0

3 a9t ®

N0 fiki 53 I 235 4 A= A8 A B LG R R SR T Bl
AR AL SR 5 A K i S 4k R R AR R R T A
FEAR B SAH 2 M i 1 8 958 2 % i 28 4 Bk af R IR 51
M P 2 1% 8 (1 ZO-1 F1 Occludin 3 % 7K F (9 F 9 . Akt/FOXO
155530 5 119 K T 0 A5 0L A o I o Mk e A s T L g
Joe I b L P A B 2 e A Y R R R R A A e R
P55 P B 40 M A4 o B T R AR OCTS L I PN B A0 B T
SAH 51 & I i B et 45 45 1 35 22 5 R, AR SCE A B A OR R
SAH BERL GRS T SAH 23 3 303l W) ini F ii 5 F2 52 450 K fiki 7k
Ji iy B, AR A S SR I L N I I TR RE B I A PN R A
L3035 T 3 K TR eSS R T R

Ang-(1-7) & H Ang T ¢ 1T 751l % % 7k R 4% /L EF ACE2 1
TR =AM iE Y B, i 5 R 5 M 2 Rk Mas 454, % it ACE2-
Ang-(1-7)-Mas [ ] 38 % , 76 14 9 9 ER 25 1 2 45 07 1 & #5 T %2
PER®Y . Ang-(1-7) A W36 I 36 42 1k 157 3 M pl 22 T g AR L » %
AV i A5 B8 KRS o %0 I A8 B i 8 28 200 8 B R AE T, Lu
SOV R B A Sk I B it 45455 /0 BUBE A o, ACE2-Ang-(1-7)-
Mas S oy i % 8 b 98080 5 IE S5 T %8 B0 T 2 I B A
TEMRPEH . Jiang 0V i — 2 K B, 76 B 145 /5 B R
W, Ang-(1-7) AB 45 57 P I 45 Mas/eNOS 15 5 i B . i 4 Jigi 1
PN BZ 4 R R AR S B L T AR S M O A 4R /D BRORT i
I 5405 A iR 32 B . Wou 280 % B, AN Ang-(1-7) \T L)
PRI O K Al o TIMP-1/MMP-9 3235 7K o #E 17 b 8 il 9 6
# [ Claudin-5 1 ZO-1 335, 3874 P9 Bz 40 i 5K 07, % Bt i
PR T T Y I R A R B AR B AR T . AR SRS L A
PEPE Ang-(1-7) 7] D3R 3 Rt ) 4R 6 1 7 XM SAH K BRI

HE 1 Evans blue KV S i R &K &, LR % E O
ICAM-1,VCAM-1 #3355 K ~F-, 8 455 104 P9 B 40 i 38 78 04 1=
1% 77, % SAH 51 iy ifn o 57 [ 452 15 Al oK i BLA s VR A .

25 bk A ST L SAH ) AT g % 52 3iE 52 T AR IR
Ang-(1-7)%FF SAH 5| i fisi 57 B2 463 495 A 7K iy LA ol 36
VEFR X —3d BT 685 Ang-(1-7) X% 1L N F2 40 i T B 176 1 19
VA K. ZRIKIRITHE SAH 5| & 0 ik 8 A8 24 T
%%,

& ik

[1] Smith M, Citerio G. What's new in subarachnoid hemor-
rhage[J]. Intensive Care Med,2015,41(1):123-126.

[2] Engelhardt B, Liebner S. Novel insights into the develop-
ment and maintenance of the blood-brain barrier[ ] ]. Cell
Tissue Res,2014,355(3) :687-699.

[3] Miiller AH,Povlsen GK,Bang-Berthelsen CH, et al. Reg-
ulation of microRNAs miR-30a and miR-143 in cerebral
vasculature after experimental subarachnoid hemorrhage
in rats[ J]. BMC Genomics,2015,16(1):119.

[4] Uhal BD, Nguyen H, Dang M, et al. Abrogation of ER
stress-induced apoptosis of alveolar epithelial cells by an-
giotensin 1-7[J]. Am J Physiol Lung Cell Mol Physiol,
2013,305(1) .1.33-41.

(5] B RN, B AR, 45, W 7 S5 T X5 S92 50 1 ok ) B Js iy
ML M4SN R A0 A 5 A4 TR SR LT 0. o [l DK 24 B2
5897 ,2004,9(5) :540-543.

[6] Alluri H,Stagg HW, Wilson RL,et al. CF# 45 2333 J1)



FREZ 2016 56 A% 45 5% 17 M

%% NAFLD % ik Bl ALT, MDA 7K 5 F1 SOD 35 1 & 4 i
9 HL2E AR L R E EUK X NAFLD #3697 42 41 S2 36 46K 4 . H AL
TR BLH A R IEA S .

S &k

[1] Bhatia LS,Curzen NP,Calder PC,et al. Non-alcoholic fat-
ty liver disease:a new and important cardiovascular risk
factor? [J]. Eur Heart J,2012,33(10):1190-1200.

[2] David K,Kowdley KV, Unalp A, et al. Quality of Life in
adults with nonalcoholic fatty liver disease: baseline data
from the nonalcoholic steatohepatitis clinical research net-
work[ J]. Hepatology,2009,49(6) :1904-1912.

[3] Chen ZW,Chen LY,Dai HL,et al. Relationship between
alanine aminotransferase levels and metabolic syndrome in
nonalcoholic fatty liver disease[ J . ] Zhejiang Univ Sci B,
2008,9(8):616-622.

[4] Ohsawa I,Ishikawa M, Takahashi K,et al. Hydrogen acts
as a therapeutic antioxidant by selectively reducing cyto-
toxic Oxygen radicals[J]. Nat Med,2007,13(6) ;:688-694.

(5] % FH . B K 3C. 48 DU BF 3% I8 A 3 5 il -8 K Bl A T A 4 iR
7 P ASE 2R ) S 9 E T L 0. W R T EL 2% 75, 2007, 23 (1)
29-31.

(6] e e 2 25 JHFWE 5 2% 43 23 B 7 T RIS RS 4 s % 2.
A 1 B 07 T2 Webm o (520 [T 0. AR 92 B2 2%, 2002,
14(2) . 100.

(7] B’FLE L4 M55, & 2K & K AR J7 8 00 46 it
G A « WA « 5875 .2013,25(6) : 457-460.

[8] Aygun C,Kocaman O, Sahin T,et al. Evaluation of meta-
bolic syndrome frequency and carotid artery intima-media
thickness as risk factors for atherosclerosis in patients
with nonalcoholic fatty liver disease[ J]. Dig Dis Sci, 2008,
53(5) :1352-1357.

[9] Alkhouri N, Tamimi TA, Yerian L, et al. The inflamed
liver and atherosclerosis:a Link between histologic sever-
ity of nonalcoholic fatty liver disease and increased cardio-

vascular risk[J]. Dig Dis Sci,2010,55(9) :2644-2650.

2333

[10] Schnedl W], Wallner SJ, Piswanger C.,et al. Glycated he-
moglobin and liver disease in diabetes mellitus[J]. Wiener
Medizinische Wochenschrift,2005.155(17/18) :411-415.

[11] Inoue H, Sameshima N, Ishida T, et al. Vulnerability of
experimentally induced fatty liver to heat stress in rats
[J].]J Gastroenterol,2006,41(1) :55-61.

[12] Caballeria L, Auladel MP. Prevalence and factors associ-
ated with the presence of nonalcoholic fatty liver disease
in an apparently healthy adult population in primary care
units[ J ]. BMC Gastroenterol.ogy,2007,5(7) ;41.

[13] Yeh MM, Brunt EM. Pathology of nonalcoholic fatty liver
disease[J]. Am J Clin Pathol,2007,128(5) :837-847.

[14] WRELET, 7. AR TR M i 107 T S50H 4 1 g 242 s AL 1) A
FERESELT]. s PR R 2R 75 ,2014,31(12) : 858-860.

[157] AR P A0 7% 2 B 0 RS o B i I 09 25 6 3R 97 3
AROTT. WL R B 2% , 2010, 12(5) : 540-542.

L16] 5K F . B &V, JRACH X A PR N o I R BRBE & 2% R4t
LV i 9 TR BE R 5 R 1 92 3 W g L), B 2 E R
2§,2010,21(4) ; 1007-1008.

[17] sk, BEIE €. 3 3% T % i 3l K RUIFIIE 2 4808 o 2o 401k 9t
Bifr e BB 5E LT ], KRR W ik 5% 45 01 &, 2011, 23
(2):365-368,308.

[18] AR 4l . bl 8T, T B 287K F 5 8 i AL 45 b i 2 Se
Ko prl) ] E A T A 4R ,1997,16(2) 122,

[19] B RAE JR W AFLT ] AR e A4 5. 1999, 19(2) : 120-122.

[20] Rouach H,Fataccioli V,Gentil M, et al. Effect of chronic
ethanol feeding on lipid peroxidation and protein oxidation
in relation to liver pathology[]]. Hepatology, 1997, 25
(2):351-355.

[21] Dole M, Wilson FR,Fife WP. Hyperbaric Hydrogen ther-
apy:a possible treatment for cancer[ J]. Science,1975,190
(4210) :152-154.

[22] BEHINE. 5 %02 3 5 20K X k19 RS #E B 5 iF SOD&- MDA
B2 D]. 1. A E %BE,2013.

e H 9 :2015-11-28 &[] A 9 :2016-02-26)

ClR3255 2329 3D
Reactive Oxygen species-caspase-3 relationship in media-
ting blood-brain barrier endothelial cell hyperpermeability
following oxygen-glucose deprivation and reoxygenation
[J]. Microcirculation,2014,21(2) :187-195.

[7] Chen S,Feng H, Sherchan P, et al. Controversies and e-
volving new mechanisms in subarachnoid hemorrhage[ J].
Prog Neurobiol,2014,115(2) :64-91.

[8] Deracinois B, Pottiez G, Chafey P, et al. Glial-cell-media-
ted re-induction of the blood-brain barrier phenotype in
brain capillary endothelial cells:a differential gel electro-
phoresis study[ J]. Proteomics,2013,13(7) :1185-1199.

[9] Bennion DM, Haltigan E, Regenhardt RW, et al. Neuro-
protective mechanisms of the ACE2-angiotensin-(1-7)-

Mas axis in stroke [ J]. Curr Hypertens Rep, 2015,

17(2) . 3.

[10] Lu J,Jiang T,Wu L,et al. The expression of angiotensin-
converting enzyme 2-angiotensin-(1-7)-Mas receptor axis
are upregulated after acute cerebral ischemic stroke in
rats[ J ]. Neuropeptides,2013,47(5) :289-295.

[11] Jiang T,Yu JT,Zhu XC,et al. Angiotensin-(1-7) induces
cerebral ischaemic tolerance by promoting brain angiogen-
esis in a Mas/eNOS-dependent pathway[ ] ]. Br ] Pharma-
col,2014,171(18) :4222-4232.

[12] Wu J,Zhao D, Wu S, et al. Ang-(1-7) exerts protective
role in blood-brain barrier damage by the balance of
TIMP-1/MMP-9[J]. Eur J Pharmacol, 2015 (748): 30-
36.

ISR H . 2015-12-18 &[] H 11 : 2016-03-06)



