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Comparison of 2 rat models of intracerebral hemorrhage, autoblood injection or
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[ Abstract | Objective To determine the effects of 2 rat models of experimental intracerebral
hemorrhage (ICH) ( collagenase infusion and autoblood infusion) on neurological outcome, permeability of
blood-brain barrier and glial scar hyperplasia. Methods A total of 144 male Sprague-Dawley rats were
randomly and equally divided into 2 groups, autoblood injection model or collagenase injection model.
According to the preset-time (3, 7, 14 and 21 d after ICH, n =6 for each time point), several indexes
including Bederson scores, Evans blue permeation, brain dry-wet ratio, HE staining and immunohistochemical
assay were assessed comprehensively. Results Bederson scores, Evans blue permeation and water content of
perihematoma revealed that the neurological outcome and blood brain barrier permeability were gradually
returned to normal with time elapse in the both models. Compared with the autoblood injection model,

bederson scores, Evans blue permeation and water content of perihematoma were obviously increased in the
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collagenase injection model at the time points of 3, 7 and 14 d (P <0.05). HE staining results showed that

the hematoma absorption, inflammatory exudation, and glial scar formation were enhanced in both models with

time elapse. As compared with the collagenase injection model, more hematoma absorption, less inflammatory

exudation and less glial scar formation were observed in the brain tissue of the autoblood injection model in 14

and 21 d after injection. Immunohistochemical staining showed that the expression of glial fibrillary acidic

protein ( GFAP) was increased with time elapse in the perihematoma region of the both models, with the

highest levels in the collagenase injection model at 7 and 21 d. Conclusion As compared with the autoblood

injection model, poorer neurological outcome, worse blood brain barrier breakdown and more glial scar

formation are seen in the collagenase injection model. So this model is more suitable for long-term clinical

study of cerebral hemorrhage.
[ Key words |

acidic protein

intracerebral hemorrhage ; brain edema; blood brain barrier; glial scar; glial fibrillary

Supported by the National Basic Research Program (973 Program, 2014CB541606). Corresponding author: Feng Hua, E-mail; fenghua8888@ aliyun. com

Jioi H4 Ifil. (intracerebral hemorrhage , ICH ) 3% 7€ R A}
w SR S AR E A M 2 D e 52
P 1t Sl A AR T AT A S i 3 A 3
T FE R B JCHAERT T AR B B N TE R 75 T
PH R B il A5E R S A PR RNz
WD RO R R SRR X A B RS K, 5
BB J7 ¥ S AR TR 7 B 20 R D . R
PR 5 35 £E D RE TR Y ML SUSE T AR I T T B
T B AT L AR SY BF 5T 22 3R R — S s
HLE FHFRTEAS KL ™A%, DR I X LA G S A5 400 A0 5 e i
EE I 1) S 23 1A 0 25 A, T ™ B 552 W A DG 592 36
2L T T

ASBIFFE N SD BN 43 590 T A R i B e 5
it 7k N7 R SIS A A IS A, Y B Bederson i 3R VF
g3 BRI B AEYE O E KR VHE Qe R s Ak
et S FRPEIFE bR , T 20 b0 A R A il 115 ol A5 A
R 5 R E B D RE T 17 0, DT 430 94 4% i) 1 O Bt
PEZE S

1 #MRE5FE

L1 SRshhiLism

AR HTHEYE SPF 2484 SD KB 144 H, (K
it 275 ~300 g, W F 55 =22 2 KA R B2 g B AR A
RHITFE I SR B O IR iR il £ 20 ~ 25 °C,
JCHETEH, B IR YOK ., B S8 sh W B VR R e 4T
A (LR B YAE BEAE G B ) BUE R 25 = F R
FIRAEAC R Gt . HIREYLEC k00 A MR
Ji S L ZFL R B e a2
1.2 EZRXAFBE

Jii 7. A S L ASC CTRINN T B TR 8 A i BHEOA IR

), VIR K 5t it ( 36 15 Sigma 23\ ), B SCIE 7
(K[ Sigma 23w ) , Synergy HT Z I fEHpm A ( 5L [
BioTek 24 w]) ,HE Ju 8350 & (R = RAEWH A A R
AT AN I AT AERRVE B 1 GFAP (32 [E Abcam
Jxiil) DAPICHEFH Abeam 2471, S6HehRiE 5t (Jack-
son Immunoresearch , West Grove , PA) | 8 )G3E B 45 g 1k
%% ( Olympus BX51 , Olympus Optical Co. Ltd, Japan)
1.3 JREEA B A i R S BE R 0 58 5

SN I /K G S I T SR R (100 mg/kg) FF:
18] PR ST AA e AR TR S F T R B YDk
FE I, WEEHT X, 7T 3 1k AL, v 3 F R R T
AL CEARZY 2 mm) ZA% Rk AT L, A A5 A < BT IX] i
0.2 mm, 22 3.5 mm, % 5.5 mm, HE 8 K BRSUIR
PRI, AR I 3 S 0 1 P e & 3% B OB 3l fik if
100 pL J5, 57 BIZE48 57380 (20 wl/min) FE5F AL,
1581 20 min 5 AR, 8 B FL AR P A 400
BEITAE AU 5 1 I B ASE 78 ) Y fl o 0 A7 48 22 1% 1
ZERITESS 0.2 U VIDRL R il el X, 3 9 o B2 i 4
BES min JFEAG IR, A0 BEIAIHT o 7 AR A fig i1 1f
J5 6 h BRI , 724 FL AR AT R U0 % it S T AROR BOH
S NTRIBI R IMLAE , 8 A~ S 00 o i 24 7 i 2 ' it
F R R TCTE PR T AT , BT S W) B 58 AT T
1.4 oo fis B I 3l i M AS )

TV T IS S 56 3.7 (14 SRANEE 21 RPFIH:
% e 308 35 P JRR e J i 3 B ik, 4% 0. 5 mlL/
100 g 1144 2% P SO EE W . ATEPR3 h 5, G AT
TR 22 200 B A0 4 2 E S bk, e A JER K o
Ve BN SR T R 90 mmHg, N7 RIS il
L, 23 IRl FUR 2 2R 5 A7 T - 80 C & . R
5 R MR ERTE TS PBS 22 i (1 mL) Hh AR5



1496 = HER R ,2016,38(13)

http : //aammt. tmmu. edu. cn

AFEARFRR) TCA 50 CIKT5 48 h, SRJ585.0>(3 000 x g,
4 C, 30 min), bW Synergy HT £ I fE Bl b X
(B 620 nm) MG R IA TR B, FieprifEth 2 i:, 11
B EB B (ng/g) -
1.5 w4 KE

VR G IS FS 2R 3.7 14 R ANES 21 KR, Wi
SRALFEI B, #1885 B R 5, SR U SRR X W Ak 7
I BT 0 I, TS R A S ot DX 30 2 R e (38 I
i), 400 110 CHERE 24 h 5@ T s, M &
K = (ORI - IZH 2T i) /i 41 2308 5
7 x100% ,
1.6 ATAFRE

K FH Bederson P43 35 IR B B 76 ik H 1ML A
3714 KAEE 21 KR5S 6 HOK R A 24 T g1
OL, IR T . O Jp R i 2 D RE AR IE % 50. 5 4348
H G et B 1 00, 5 R B A il B 5 1 24 il
JSAFAEATAT S MG D05 1. 5 23 F8 A — M Rif Jisc e 52 53
HARHT I HERE 3 BEAR (O 1) $E g 5236 B4 ), wif JBcmT
P HIBLA 2. 5 28 ANOURGTMHERE /) T K, i Lt
A5 A i, (A BT AN Y B 53 2348 B m] W45
B 2 S AT RUASL B BB RV G . Py
ARG B A 2240 1 8, TP 53188 vy i I A 40 1 8™ o
1.7 HE &A=z 28 (S-P) % &

REAT RN EE ARG, B K B 2R, 4% 2
5 PR TR [ 5E , 23 B RS ORI, 20% TRERH M /K 2 I 4
LUK AE 10 pum JEPK R 7, SRR ifn o v e K% J5]
FEIER A A HE G4 8 (%5027 WA W% ) S S-P ik,
G AL 25 2% 1 A 135 EH A 1 h, —$T GFAP
(1:50 #ife, Abcam ) i & 4 C 1, 455 2 0hRIC —
P, DAPL Z 445 i, 9Ot Y 0 U) i IO L R A B
R 2¢, ¥ i ] Magna Fire SP 2. 1B 1 Image Pro
Plus 6 KR53 ik 44 5 AL 3L
1.8 “itsxam

K SPSS 16. 0 GEit#hf4, LA x =5 1977 AR %L
a2, B IS 2R J7 22 70 B, R ] Bonferroni ¢
HOL IR XA A X8 B8R AT LUK

2 HR

2.1 Bederson ¥4

g e T M o I AR 3 R 2 T RE 0 45 e ™
&P A5 714 21 RIF4riE 0 T R, M4 TEe
AW 5 T B AR ILZH 1353155 DAL TS i 4, 3
SyBEINEE AL TR, HAESS 3.7 14 Ko AR T

JERGEAL(P <0.05) ,fH5 21 R = F WKL, 257 H
Gt L (E 1),

351 [ JERZNIkE]
30l 2 ORJEREL
2.5
a

&R

B 2.0f

g 1.5+

&

5l

7 ' 14 21
Bsf ] (e/d )

a:P<0.05,5 gk i ki
1 F#h A MR RS Eh N EE b B (n=6,x £5)

2.2 efmpREEad g R

PIZH P SCRREE B B TR L5 55 3 RET Wi K
8, A5 FT R 20 T, HAS 3.7 .14 K BRI 4%
B AT RELL (P <0.05) fH5E 21 R2EHEA
B (K 2A)

4r L FERENTE
O e St

W
T
[

PSCIRTE BB (ugle)
[N}

—_
T

i BN BN BN NP

3 7 14 21
] (1/d ) ®

L NEREN K|
O R i 0

a

AL 7K 4 (%)

7 I 14 I 21
1) (2/d ) ®
a:P<0.05,5 Ak i kit
B2 e AR F S BIESIEN(A) R hksK i
1E5R(B) L& (n=6,x%5)



http ://aammt. tmmu. edu. cn

o SR KRR, 2016,38(13) 1497

2.3 MR AKEFILE

gt L FS 5 3.7 14 21 SRR IR B ZH SCHRAAR DX 1) i
LUK B i B IS [R) 20 T B, T S I 2 6% i 55 7K B
553 KA 4 Ay S e, AR 3 A R
KEAAI R M4 Z AL, 55 3.7 .14 XAk
2L P i 7K St 34 B S A1 T B R B4 (P < 0..05) ]
5521 R ZAUIE (& 2B)
2.4 SURIKR IR S LM TR

VR 2L P9 S DR AR DX I e s s 1) 528 25 W WA, T
S I 2L P o e 52 oS R Y PR T D Bl AL, AR A
14 AN 21 KIS, il b J A< W s 56 B 5 9 4 35 47 78 48

7d

SRLNIE:|

Pt | 2
B = i e

3 P AR B A AR I B R AL 1D B UK X SE HE SR iR I S 22

3d 7d

o
g
il
40 pm
Sl
e
=
®
o

40 pm
|

REAHALE (RS S B 2H 95 8 B A 45 B T s 2 B i
Z T FARIMAL ; AL AEAE RS BRI TR 1%, (H s St il 4
FESE T 14 R AR MmAAH L E B (& 3) .
2.5 o fiF B B IR IR 69 T B DL AR

VR P ot e o 321 X356 3 R IEA TG GFAP 2 1 FH
PEFRIR 5 T KT i GFAP FHPEARM, 4655 14 K
B P ZL GFAP BH: 4 it 55 et B S 34 o, e A K, 28k
W2, DR R IR (K 4) . M HAES 7 K
FIEE 14 K BEJREGL] GFAP 323k B 3558 6 5% e 1)
ST ARMAL(P<0.05,45),

vl P ey

14 d 21d

40 pm 40 pwm

— —

B4 HotHARERRETUR MMM H MR KA K] i A E B X8 GFAP RiL1E5R

(35 & % DAPI £ £ iz, 4 &% GFAP)



1498 = HER R ,2016,38(13)

http : //aammt. tmmu. edu. cn

0031 m py 4z
O I 5G4 a

™l s

3 7 I 14 21
1] (2/d)
a:P<0.05,5 gk fnsarbdg
5 PR H mEE mph] F R GFAP EHk K ZE
Pb#(n=6,x%5)

3 itig

ERNIRE N A AN oA = R TN VARE D & P O]
PR B ICH BRI 45 7 ik — Mok v, #AR A% ICH 3)
WIS N 12 2 i 5 HE AR JUL RN S it A28 ICH. Hp i) 21
HE PRI R R I RE TS 19, {HL % H8 3] — 26 52 ok [7] 15 (4
RERME R A 7 ) X BN KBLSE, ABFR
e FRATT B B X PR R B TCH B (497 46 I ik A 1
HOMAE) ST RS TPEAL , AT £ B : D B AR L4 1Y
it 2 HREGRAR R A A e, LA e SR i 4L o R 52
(g JE 2L Pty L S 45 25 R A T, K R
(B L EFHEE 71 4 A 200 35 1 5 W)\ 22 T 9 A Il 4
U5 (@ B AR AR i i 0 A0S PR I R AR AR 5 DI
IR IE AR 0 PR B 22 1 H AR M AR AR, X BT
T A B T LR A AR RIS R 3 PR A
HIVE T 2 Z PPN TR AR L 2
3.1 sk A

VE A ST T 2R FH R PR o i 1 I ABE 8 22—, G it
il 2 — i B A e 2 M % () o v e D B 1 R K
Fit 2 7 1990 4F Rosenbergm P 200 T 5 il ( XT 7Y
e VIEY ) 455 A SD J BU R A% F , 4 A o1
PB4 v R AL, R il
FE VRSO A B LR, I £ A AN
MILAS R A , ISR ANEB TR R /N T A Fg i i T sk A
TR ARG 25 B BE St M A DL 3 1 o A A o o
T FCI B R T E e A B S A A
W S R

T AR I 9 SRR 2 oy S 56 1 sl A 8 i S
BFFE AR S VERIR . 1E 1982 4E, Ropper 25" 9 kR
JE 028 ALY T A BRI A7 DR DX, o 1 45 i

PR, T AE 1984 4F, Bullock 45 {445 45 it 3 ik
() R DR A XA 2 , AL oA 9 ALV, (LI 35 650 i
e S S o e B SR e LA, A R
oy R S 2R A B AR LR, T B /INRR e 1 I e
TAEFFEE " A SR FE R SR A I/ 3B BT i
TR (ELSK Ay VA R BRI R (R 4 e A
M35 b5 353k .
3.2 WA KA 2 R B bR

AT K Bederson 343, BEHE R % XL 3l 20 1
M AT P 2 Sh e RS oL R T 4 A4
R A 3 PR 7P o s A X6 R U 2817 Ry 22 1
o o &1 R, G IR AR T IR B S AT e b
ST B, BNl 22 D) REBE I (] 2 T K 52 . Bed-
erson P35 K UK SCIR A X shfg s v A&t LUfE
SRR S 43 358 A A SCRAR DX AT LA B K B
W, T SR AR DX A 4 DA A 2 i i R AR R AL 2
— U3 T BRI i I R Rk 28 I BE B 45 S0k
KX A VIR . WAL 3.7.14 K, BN
S AR T IR EEAL (P <0.05) , BEHAZEAR U 00
2 D 2L P9 4 1 1 00— e B F AR 4 . X R B
WFFEIEA 3, BV B AR AT 35, 5 it A 75 7y ot
ZIIRER I S R AR i o B e 4% L
550 R A A I A R HAR 22 M A D RE U 1
DL R AR
3.3 P AR 00 A B BT AR IR DL b AR

B SRR R 2 38 T 55 K B A o P33 VA
WL e 200 2 i B R ), o aE
B3, O SCRRVE AR i A E g /R ], AT R AR
MM FERERE SRR ™ 2A SR, [ A I ALK
VR BFZEURR B, DA SC IR 12 05 f B ) ]38 T T B, HLAESS
3.7 14 R EF I KT AR ZH (P <0.05) o X
ot P G b A AR I A L o S B e D ™
7T L I Ak 5 e A i Bt ) A5 A [ BE A o T 257
7t ) A 5 o AR S o (BT 2B SR
B 7K i e e AR TE NG S 005 26 3 R R, I Rl R[]
W R, LTI e Dt 2 1 B A K R B KT A R
M (P <0.05) . H3CEEE B 0% 5 FIIN 3 7K FE 45 SR Uil
WY ABUZEE T 5 B AR AR A b, Bt AR i 1 i
S SO | ik 2E A T TR ISR AR i i £
TR AN AT 1 32 2 D IR e 2 VP Ik o 3 s e 1) 2
Fo H GRS O T BT, 1 L 5
22 IO 0075450 5 T R, X TR S S L i e e
TR Sy 8, AINB IR S 25 2 47 8 2 i 52 o v (O
JECR I A R ] B ZEL ) T R v R A 21 4 i R



http ://aammt. tmmu. edu. cn

o SR KRR, 2016,38(13) 1499

S 2 L U 2 S O T T 4 K I 2 L DA B 7 A
P R FEEE T SRR IR R
IR D S T) 5 a5 6 AR () S Al iy 2L 20468 403 = 14 R 45—
U, H AN 2T 40 A A0 KRR B 3t M AN T IE
WL 458 SRTIT A PR AR TR 78 SOIR A X JBEARG
AR DX S8 57 A S 1 R L YT TR /NI 25 [ 2 1
LR B T A i L BT B R A L B A
FESAE T ISR

Pl 3 ] LR £EL 7 4% F ] s 347 77 AN TR R FEE 8 20
BBt (EL A% I ] e D 2L 35 o, 5 3 R S ) S
T AWM, FRATHZ R, BB A M L, B g2 B
Gy W BRI J Bt B 5 A PR 47 , PR B MR I B i, %
SR 21 B o T N S TR, T 2 4 o 420 200 L 5 M A
FERI AT REAFAE B B R 5 1, Bre 20 BB 36, B
28 2 A PR P A 308 P I i A5t
X R SR AR 3 48 A PR TR IR A K
TRV | AR
3.4 BRI R R LR

SRR 5 240 R T IR 20 e 3 A S B e
CANM, W KN 22 07 TRSRE , b e 4 A i 5 s
S A R 0 I 4 O o o O T e O T B
GFAP JUIHL g 2 T 15 J3t 240 L 1 4 S5 P s s, 25 T i 4
T RERE T BB e T A A, T T B
CFAP JER#: 5 & (BRI FA % — R0k, &
1K GFAP HEFRG B, FRATTHFR A 5y 4 e o Ak
(& 4 ZRBH, S50 20 0% i 0 30 DX 0, GFAP 3RGK
B SR HAESE 7 REF P41 GFAP BHME: 40 i iy
A d 2 0 K, 5 ik B I MR, € o %8 R AT B I 4
Mo ELAESS 7T KA 14 KRR GFAP ik £
SO W T BRI (P <0.05, & 5) X
L2 B I I D A L 5 AR AR Y T 5, o 4
3 TR A 2 T R S R 2 ST R L D e i i
LT () Pt 2 5 4 R B ™ B, R R AT B S R A, — 2 A
TR 5 240 M A B0 SR RS B T, 4 S i o 2 i SR
HERRAE BETTRL RS M R LR Sh e S R BB
SR 200 94 £ T AR T 458 495 i I I 8 A, K o 1 2
JEB | TR 7 A S ) PR T e 0 005 A e IX el
g EmE"

ZE LTIR  TES AR R A 55 T, B DR A
A AR IME A BB EZE R B, IR E N %
R B EL ARSI N 78 Ve B ] i 55y =X, b 2 24 1A,
KRR T RETRUS 155 10 I, 3883 107 2 3 e A 751, L
AT I I A B B AR B R DU R A i A
T g A3l o A SCH T A5 LA T IR 3 L BRI 4 I

MR ARG 3 M % T T 9% 5, DAL it
LB TS (b (LA FLER I Lo, o
YA S 2RO BRI R ) R L
BRI FEA B B SE AT P it 1055
Ko B R AT

S Xk

[1] Mayo N E, Neville D, Kirkland S, et al. Hospitalization and
case-fatality rates for stroke in Canada from 1982 through
1991. The Canadian Collaborative Study Group of Stroke Hos-
pitalizations[ J]. Stroke, 1996, 27(7) : 1215 - 1220.

[2] Broderick J P, Adams H P Jr, Barsan W, et al. Guidelines
for the management of spontaneous intracerebral hemorrhage .
A statement for healthcare professionals from a special writing
group of the Stroke Council, American Heart Association[ J].
Stroke, 1999, 30(4) . 905 -915.

[3] Andaluz N, Zuccarello M, Wagner K R. Experimental animal
models of intracerebral hemorrhage [ J ]. Neurosurg Clin N
Am, 2002, 13(3) . 385 -393.

[4] Bullock R, Mendelow A D, Teasdale G M, et al. Intracranial
haemorrhage induced at arterial pressure in the rat. Part 1.
Description of technique, ICP changes and neuropathological
findings[ J]. Neurol Res, 1984, 6(4) . 184 —188.

[5] Rosenberg G A, Mun-Bryce S, Wesley M, et al. Collage-
nase-induced intracerebral hemorrhage in rats [ J]. Stroke,
1990, 21(5): 801 —807.

[6] Hua Y, Schallert T, Keep R F, et al. Behavioral tests after
intracerebral hemorrhage in the rat[J]. Stroke, 2002, 33
(10) : 2478 - 2484.

[7] MacLellan C L, Davies L. M, Fingas M S, et al. The influ-
ence of hypothermia on outcome after intracerebral hemorrhage
in rats[ J]. Stroke, 2006, 37(5): 1266 —1270.

[8] MacLellan C L, Gyawali S, Colbourne F. Skilled reaching
impairments follow intrastriatal hemorrhagic stroke in rats[ J].
Behav Brain Res, 2006, 175(1) : 82 —89.

[9] Del-Bigio M R, Yan H J, Buist R, et al. Experimental in-
tracerebral hemorrhage in rats. Magnetic resonance imaging
and histopathological correlates[ J]. Stroke, 1996, 27 (12) .
2312 -2320.

[10] NINDS ICH Workshop Participants. Priorities for clinical re-
search in intracerebral hemorrhage: report from a National
Institute of Neurological Disorders and Stroke workshop[J].
Stroke, 2005, 36(3): €23 —e4l.

[11] Machado L S, Sazonova I Y, Kozak A, et al. Minocycline
and tissue-type plasminogen activator for stroke: assessment
of interaction potential[ J]. Stroke, 2009, 40(9) . 3028 -
3033. DOI; 10.1161/STROKEAHA. 109. 556852

[12] Harris E D Jr, Krane S M. Collagenases ( third of three



1500

o = FER R AR 2E4) ,2016,38(13)

http : //aammt. tmmu. edu. cn

[14]

[16]

[18]

[20]

[21]

[22]

parts) [J]. N Engl J] Med, 1974, 291(13) : 652 —661.
James M L, Warner D S, Laskowitz D T. Preclinical models
of intracerebral hemorrhage: a translational perspective[ J].
Neurocrit Care, 2008, 9(1) . 139 —152.

Fujii Y. Studies on induced hypothermia for open heart sur-
gery. II. Adequate flow of hypothermic perfusion in the dog
[J]. Nihon Geka Hokan, 1972, 41(2): 149 —159.

Kazui S, Naritomi H, Yamamoto H, et al. Enlargement of
spontaneous intracerebral hemorrhage. Incidence and time
course[ J]. Stroke, 1996, 27(10); 1783 —1787.

Ropper A H, Zervas N T. Cerebral blood flow after experi-
mental basal ganglia hemorrhage[ J]. Ann Neurol, 1982, 11
(3): 266 -271.

MacLellan C L, Auriat A M, McGie S C, et al. Gauging re-
covery after hemorrhagic stroke in rats; implications for cyto-
protection studies[ J]. J Cereb Blood Flow Metab, 2006, 26
(8): 1031 - 1042.

Fieschi C, Carolei A, Fiorelli M, et al. Changing prognosis
of primary intracerebral hemorrhage ; results of a clinical and
computed tomographic follow-up study of 104 patients[ J].
Stroke, 1988, 19(2): 192 - 195.

Fogelholm R, Nuutila M, Vuorela A L. Primary intracere-
bral haemorrhage in the Jyvaskyla region, central Finland,
1985-89 . incidence, case fatality rate, and functional out-
come[ J]. J Neurol Neurosurg Psychiatry, 1992, 55 (7).
546 -552.

Ma Q, Huang B, Khatibi N, et al. PDGFR-alpha inhibition
preserves blood-brain barrier after intracerebral hemorrhage
[J]. Ann Neurol, 2011, 70(6): 920 - 931. DOI; 10.
1002/ ana. 22549

Chang C F, Chen S F, Lee T S, et al. Caveolin-1 deletion
reduces early brain injury after experimental intracerebral
hemorrhage[ J 1. Am J Pathol, 2011, 178 (4): 1749 -
1761. DOI. 10. 1016/j. ajpath. 2010. 12. 023

Atlas S W, Thulborn K R. MR detection of hyperacute pa-

renchymal hemorrhage of the brain[ J]. AJNR Am ] Neuro-

[23]

[24]

(25]

[26]

(27]

[28]

[29]

[30]

radiol, 1998, 19(8) . 1471 - 1477.
Felberg R A, Grotta J C, Shirzadi A L, et al. Cell death in
experimental intracerebral hemorrhage: the “black hole”
model of hemorrhagic damage[J]. Ann Neurol, 2002, 51
(4): 517 -524.
Xi G, Keep R F, Hoff J T. Mechanisms of brain injury after
intracerebral haemorrhage [ J ]. Lancet Neurol, 2006, 5
(1):53-63.
Woodcock T, Morganti-Kossmann M C. The role of markers
of inflammation in traumatic brain injury[ J]. Front Neurol,
2013, 4. 18. DOI. 10.3389/fneur. 2013. 00018
Clausen F, Hanell A, Israelsson C, et al. Neutralization of
interleukin-1beta reduces cerebral edema and tissue loss and
improves late cognitive outcome following traumatic brain
injury in mice[ J]. Eur J Neurosci, 2011, 34(1) . 110 -
123. DOI: 10.1111/j. 1460-9568.2011.07723. x
Saenger A K, Christenson R H. Stroke biomarkers: progress
and challenges for diagnosis, prognosis, differentiation, and
treatment[ J ]. Clin Chem, 2010, 56(1): 21 —33. DOI:
10. 1373/ clinchem. 2009. 133801
Wanner I B, Anderson M A, Song B, et al. Glial scar bor-
ders are formed by newly proliferated, elongated astrocytes
that interact to corral inflammatory and fibrotic cells via
STAT3-dependent mechanisms after spinal cord injury[ J]. J
Neurosci, 2013, 33(31) . 12870 — 12886. DOI. 10. 1523/
JNEUROSCI. 2121-13.2013
Laird M D, Vender J R, Dhandapani K M. Opposing roles
for reactive astrocytes following traumatic brain injury[J].
Neurosignals, 2008, 16(2/3) . 154 —164. DOI. 10. 1159/
000111560
Sofroniew M V, Vinters H V. Astrocytes: biology and pa-
thology[ J]. Acta Neuropathol, 2010, 119 (1) 7 - 35.
DOI: 10. 1007/500401-009-0619-8

(1275 :2015-09-02 ;& :2015-11-20)

(%4 ZR)



