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Experimental chronic hydrocephalus after intraventricular hemorrhage in rats.

establishment of animal model and pathological observation
GONG Guo-qi, MENG Hui, XIA Yong-zhi, FENG Hua (Department of Neurosurgery, Southwest Hospital, Third Military Medi-

cine University, Chongqing 400038, China)

Abstract; Objective To establish the rat model of chronic hydrocephalus after intraventricular hemor-
rhage (IVH). Methods Totally 110 Sprague Dawley female rats were divided into 3 groups: IVH group (n =
50) , saline control group (n =50) and the normal group (n =10). The rats in IVH group were infused autolo-
gous whole blood (130 wl) into the right lateral cerebral ventricle. All rats except the normal group were sacri-
ficed on day 1, 3, 7, 14, 28 after operation, and the transverse diameter of the lateral ventricle was measured
to evaluate hydrocephalus and the index of ventricle. The pathological changes of the brain were observed.
Results Hydrocephalus occurred in 7 out of 10 rats in IVH group at 28 d. The index of ventricle in IVH
group (4.51 £1.94) was higher than that of saline control group (1.05 £0.41) and the normal group (0. 79
£0.49) (P <0.05). In the brain of the rats in the IVH group, we observed edema of white matter surround-
ing ventricle, twist and engorge of callosum, proliferation of rhagiocrine cells in 24, 72 h after operation, ab-
sence of ciliums and microvillares of the ependymal cells on day 28. No similar changes occurred in the other
two groups. Conclusion Injecting autologous blood into right lateral cerebral ventricle can produce chronic
hydrocephalus similar to hydrocephalus after intraventricular hemorrhage.

Key words: intraventricular hemorrhage ; animal model ; hydrocephalus

EEWA : HE" 1" B H (2006BAT01A12)

Supported by the “Eleventh Five-Year Plan” for Sci & Tech Research
of China (2006BAI01A12)

BRI B EME, 5, WAL AR B A, IR BRI, EE G
HY LA A5 75 TG BRI L < (023) 68773071, E-mail : gong-
guoqi2000@ yahoo. com. cn

BISIEE D 48,15 :13708321681 , E-mail ; fenghua8888 @ yahoo. com. cn

Y #5 H #7:2008-01-15 ; f& [E] H A :2008-02-02

LAY S RN (W= UB I - S 115 A B
50% 4 A A PERR HR L ORI S L, Ferh 359% 22k
Sl e LS R ARK o R ERSRAT IR R TR AR A =
Wi BT AR, SRR AR R A
TORT i b P B K B K A AL 1 AN T R XE L AR
H i ARSI BI IR o BRI AR WS A BN H 1
JREPERRUK JiH B H L dE A b T BRI



970 =

O N

430 %

JE(P T CP) MY R (PIINP) & B BRR (HA)
L JZ A 1 (LN 5 40 00 28 ey, 41 i 44 1AL i A
IR SR W IO JIEE T A A T A A e e, X AT RE 2 Hh I
oA G R K IR B 5 B 2 R il A 9 et
YRR VR S R Bl o e P i AR K R R B 5 i 2
Hh L A8 PR R R A e A A B0, g it — 25 BE S M
Je & PR RR K B9 A A= AL S A S 06 R

1 #REFE

1.1 SEHFHHh A 54

fA R BCARHEPE SD KR 110 H (58 =4 B K% 5L 5 3h ¥y
) MITEN(210 £10) g RAAMEPLECT RS0 3 AR #ER
KXt HRZH B A 25 0 I 28 4% 50 H, TR % B4 10 H, AR B
TR BT BN i = 3 1l 28 3590 53 AR JG 24 h 72 h\7 d 14 d J&
28 d 5 AN, B A 10 HOREL,
1.2 XA A& &
1.2.1 &5 4% (4 °C,pH 7. 4) ,Gill 2 B 75 A
F 1% AT A0, 1% BRI HE Y (09 ,2. 5% I
1.2.2 &8 /NS SEE-E FNG ST R E e (R ST-TI 784
FIEIERS (PBEIT I A Sl i 28 (7 P = & A
#) bE B A (AR Olympus A7) o
1.3 =¥k
1.3.1 shipkimifls 28 Lodhia %7 J5 gL 3ol KL, SR A
TR . 5% KA A (250 mg/kg) I SRR . KK
BRI 5 T A o R 5 1 40 L, i H A A 0 R 2 o7 A 00 00 A
2L AL S A AR RTRUS 0.8 mm, A 1.6 mm, T B kAT
3.2 mm, BEFLEREME, BOR BUR # K065 wl, & F e F 7
ASE AL B P AR AR P, 10 pl/min A)507E UL, B3 4T 5 min f&
BEE, (B FE S min PRI 65l @K IS AR S B AR, 1 5 B
fi, e Ak e o AR FRER KK HE 2R FH R BE B0 D vk o 2 YR A S i
AEFEK, IEE X RAURFR  [A]—FRBEESE 28 d,
1.3.2 —iEslmsg SRR AmTEE K, WERKRE
A B AR AR PRI 0 R AR A KT B SET RIS
1.3.3 B BOREimes KR T4 B A, DIK G S mE %
400 mg/kg BRI, FH AR FEER 7K B 22 5% FP I 1 502 Y0 T 2 0 <k
TG , ELA i 2 TORE 20 24 A B 7 Ja T T 29% 1% i h
PR, HAR A F £ 5 W I v 1 2 ol A el R T, 34 2
4 pm GIEEI A 4T HE Jefa JE QYL ISR
1.3.4  WFBUK%EE RMEIH/EGTH ARG S Kin

414 g KRR BURTIUR 0.4 mm SEEARTAO M %95 4G
BURIBUK A A8t TR, 1.0 ~ 1.5 mm WS IBUK, 1. 6 ~

2.0 mm g R EEAK , > 2.0 mm SHEFEEFUK, T HZOE
2248 %5 (2= TR i TR % 100)
1.4 %itsa®

BAELL x x5 TR, R SPSS 13. 0 SEit 4, 45 40 = 35
LA R T ¢ K 55 R RS 56

2 HR

2.1 —mER

000 2 3 2L % A B K % B ZEL AR SRR e 9 T ) 38 TR
PRZERE B 24 h WK E IE W . SARBARE RO, P00
% RIEAS L TG X 5, TERET
2.2 JEARKEG R A

TE 7 % IR ZE TCARARK , A 38 R 7K X 8 2L 4% I AH 25 T AR ALK
e G2 TR M4 28 d B 10 R B 7 R A IAEUK , i
XI5 0.4 mm TEAR T 9 0§ 25 55 B4 T+ 1.0 ~ 1.6 mm,
2.2.1 KAEWIEE AR FRER K X BR A TE AU K A, B B
i 24 72 hOAL LA 0 5 A VR AR L . 0 a4 R
24 b T LA U 2 AR 5 72 B A 0B 2 L A A 0
W57 d 8 LR BA UM 0 2 A 3, A 2 L . 58 4
W14 d BF 7 A] B XM i 55 7 5K 528 d B 7 K B AR I
BUK(E 1),
2.2.2 MIZEFREC IEH X IR E S % (0.79 £0.49) , 5
A BER K G HEZH 28 d AR L T SE i 24 F (P >0.05) , A3
st 7K X R 2 R A 2 3 2 K B 3 S B 7E 72 h ik E) 1A
WA [R5 , 1 2 L0 3 5 B0 45 I AL A LU AR G e 24 5
(P<0.01), WFE1,

F1 2HARRAERESHNERE(n=10,x 5)
2H 5 24 h 72 h 7d 14 d 28 d
FEPRERKGTHEZE 1,64 £0.28 1.76 £0.27 1.41+0.26 1.09 £0.33 1.05 +0.41
ML 3.47 £0.27° 4.93 £0.67* 4.65 +2.03* 4.50 +1.852 4.51 +1.94*

a:P<0.01,5 A& 32 3 K- BB LA b4

2.3 ARIALFIR

A R 7K KT 2 5 B A AT B S A ) A T MK
FRL 24 b m] LA Ao P = AR A 2 ] L P K B i 2H 25 40 g
B AR S B A0 B Ak 5 72 h G 2= AL AR 24 h kb
7 d EPRRUAL L 28 W AT, S B A kL 2 A BE LA 14 d
2 28 d W PFAIRAAR 2T 2 (I Bl 3 5 , B B A a3 A= 25 (B 2) o 54
A e R Yo o B AR L
2.4 @MLK

TF B ok B2 B 4 B 7 K ELZEL 28 ol B ) ik 2 T91 Rt 2 465 i
ANREHED) B %, £F BIRHS s I AR 2 74 1 21 28 d s BE R G A
B4R A (& 3) , £F B ot ML P9 B O Ak, &8 2
NI RA

A B TR By AR ok a4 C M i R fn
B1 {FAEAXRAKE28 dNERIRANE



5510 1 R, A5 RS R S Y L A8 P BRUK SRR A ST R B AR 971

A B AT B AR K3 C oM s E E e 2
2 BAEKRKBAE28 dMMEALREFEYE (HE x400)

F i

3 MEEEMAKRARE28 d MEETEAREENE
3 itig

LR FE] S MR AR K8 22 236 5 I 00 B F) AL
PEAEREL AR 753275 5 I AR (1) B R s PR e 2 g e =
ot AT O U M TR R ML ) , L AL ) 2 ke 9 T
JP A A DG B E A T S5ORH A P B T 265 4 il 28 11
K- B ZE M R A Rl . A A P sk AL
KA AL e v R B IR BUK A 7S 0
BETEREIN SR BA — 7 R B , B OB A A ROk 2
WA SPEMBUK BORESE . JXSERIR i I i IR AR S
fe AR 2 LS I S O T s i ot R Jils 05 i A ) 48
PEMR AR KA — 2 22 51, BT LI 2 1A I o = 1 i AR K
IR T4 AT I PR I AR K R B B A B R . A
20 {22 70 ARARLRIK, S TR T ik B ERK A 9 BEAE AL
FeARGHAT7 AR I3, AATTR O G 2 3 o 32 ) 44
T LE AR Sh AL, (B R U i S R AR K AR A
WAZ,

RS VR NAR SD MEVE R B 7EPSE 50 S it i
FErf A B, R RN TA] PN 45 T 00 i = — PR A B 22 1L
S U A3 IR A T T AR L AR I R OE G 5 25
R e D [T U NN IR R RB R AL M =97 RE AN LD N L )
UL RV B S ming I A AR i 20 LR RO S
ML AR AR B TRE , DA AR B AU R ) A e
AN Shinoda %" L) Py 0I5 4% - i 400 2 s 1 5

FENN £ 98 BE 2 R A3 9%, Kim 25 LK BRUAT KR
0. 4 mm FEEAR TET (4 000 % 45 JBE A O o RE s ofis - AT
F Kim ARER) SR U8 E R S 2L, Hs Kim
SEIBRAE, AR T2 00 T 28 d B = 9 1 2H K BRI AR K
TR R R, Lodhia %5 35 AR SD KR, 14
Jitt (350 £50) g, 7% 15 min PIFEM K %76 A A BUEE L
200 wl MELRRUK G B AE AL (8 3R S A Sk BUK
RRAAERE RO A SR A5 RFR T, R ik == —
U REAL30 wl ASHUEE A AR I AT ) 4 ik = i s
18 P MK Sh AR, BRI b 3T i 2 A AR
IR BB AR L, e A2 LU B8 S 3 rp g — 2Bk 5

0 2 000 5 5P S RO fl 2 4 R A =
S RPN RS R N =t E S DRI R C P AN
= ko g, il T AR R B o 0 e B R
Pk, iwias S B ORI DRI AACH A K o BEAR I
(19 FEON i s AT T o (DR K U 8 ok — 22
5 i KU IR AL ) | il 2= 9 ik K R =
5% % i s A 6] 19 S0t £ A S AT (e A 25 - i BRIP4
LT AE R B T ik 2H 2 M R A 4 A I AR R R
BeJZ A0 B AR AN B 0, 158 W 7 il 4 0 il s
A R PRI RBUK R e rp, R B = il 22 C D RE 32 35
WBUAFXT /N e Dai 45 SRICAE R R 2 14055 A ¢ 3 Ik
ML PEER PR A, 0 A BB Bk A MR AR 45 7
AR A 2 25 R AR 1 s B A f) — S Rl
ik, FERR VMR ARUK 4 A A kR A B H 2 S
AR S T [RI AR LS 21 X g BE B, 45 i PR NG 45 1
LM P A ARUK A6 2 1) BT O, 158 B A R 5 i
2 I 18 PR I R K B85 BLATE 5

Lodhia 45 20 UESEN 2 S L5 772 Rl 7K fi A2
FBTA 7 , TS0 ) I 2 47 5 5 B B ) A 7 B I T
AP0 T A G o ELARUIIL Y R, IR Y0 MAC L Jili
FY RAIIRAFAE . AL RS TE R AR R O B = BE AT
ke R U, 4 A8 IR L s ] 1 S A s S Ak
JRaF . A NI TR LS AR OKFE R AT RERIL
i, DA M2 L S 9 R B 1 A



5530 #5510 ) B/ O EORK ¥ % W Vol. 30, No. 10

972 2008 45 H ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE

May. 2008

A7 Wan SRR A BRI SIS R
SHLIING HS AL A P PR B S S T S Bk T
AT AR AN T b B R L (E B S T 2 S R A
iR = HR L5 R AROK B R e 1 A R e 5 Bt — 45
WFIE .

ARSI i PRS2 1 1 0596 5 o, ISR TR AR, ik
BUKIE AR LR RE , o 7F 72 i = H IfiL i e P i R )
P K R A EEME

SE

[1] Huttner H B, Kohrmann M, Berger C, et al. Influence of intraventric-
ular hemorrhage and occlusive hydrocephalus on the long-term outcome
of treated patients with basal ganglia hemorrhage: a case-control study
[J]. J Neurosurg, 2006, 105(3) ; 412 -417.

[2] & %, skal3y, Stk 5. B i A2 M R K i b P T
CP. PIINP HA LN By7K-F R 38 SCLT ] P E R &R 2 50 F) 2
Wi, 2007, 12(2) . 82 -84.

[3] Lodhia K R, Shakui P, Keep R F. Hydrocephalus in a rat model of in-

traventricular hemorrhage[ J]. Acta Neurochir Suppl, 2006, 96 207
-211.

[4] Kim D S, Oi S, Hidaka M, et al. A new experimental model of ob-
structive hydrocephalus in the rat; the micro-balloon technique [ J].
Childs Nerv Syst, 1999, 15(5) . 250 —255.

[5] Shinoda M, Hidaka M, Lindqvist E, et al. NGF, NT-3 and Trk C
mRNAs, but not TrkA mRNA, are upregulated in the paraventricular
structures in experimental hydrocephalus[ J]. Childs Nerv Syst, 2001,
17(12) . 704 -712.

[6] DaiJ, LiSQ, Li X X, et al. Mechanism of pathological changes of in-
traventricular hemorrhage in dogs [ J]. Journal of Shanghai Second
Medical University, 2004, 16(1) . 56 -60, 68.

[7] Whitelaw A, Cherian S, Thoresen M, et al. Posthaemorrhagic ventric-
ular dilatation; new mechanisms and new treatment[ J]. Acta Paediatr
Suppl, 2004, 93(444) . 11 —14.

[8] Wan S, Hua Y, Keep R F, et al. Deferoxamine reduces CSF free iron
levels following intracerebral hemorrhage[ J]. Acta Neurochir Suppl,

2006, 96: 199 -202.

(m# A =)

TREER
R B ESHREHE1 I

ReF (Fff % 251 BRBe R R, L 5k5E 0 075000)

1 IERFER

BIL, 4,8 % BN T ARERER. 3 DA MZ . &KL
ZE T ASBEMSURE AT X S5 32 3, A, BORIE R . X & R
ZERCE T BB PESGR Al # , AR IR 32 R AL, 12
HHCERE . WAL,

FARFTIL : 5850 R, DA 3 Lk R B BB 454 (B

BLE HCEIE EF LRI o K bR SRR IR A L IE R T — I D)

Ig/%o ﬁlﬁi/ﬁ\ﬂéﬁ : ’%‘&k%‘?g o
2 i

BRI 2 W AR A RO ) 5 AR E
PUHAE R A, FTCAER , 2 A5 RE R . ETEAE X 4
Kt A KB, TCRERE AT T TR (BRI UIEE . 27 1 3
DR R I RE , S P R R U AR DTBR . FARD)
BREIE, 0 5 52 %

KR BRI BT

HEESES: R738.3 MEkFRIRED: B

EE BT K& 2, B b ik Z i A, IR, AL : 15930300383,
E-mail ; zhangfujun1973@ qq. com
75 H #7:2008-03-19 ; &[] H #A :2008-04-01

SCHEEG 'S 1000-5404 (2008 ) 10-0972-01

A ERVEF; B: AREARE
B1 BILERE X&ENR

S Xk -

(1] ek, WIS, KRB DUWaHER X Lig[l]. hE) 5
BE2, 2007, 20(2) ; 115.
(2] BEE, WY, TRV, 5. D UHASHEE 2 flRE1].
PO L 2005, 21(5) ; 557 - 558.
(¥ K %)



