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Establishment of animal model of open craniocerebral injury in rats exposed to high

altitude
ZHANG Li-jun, XU Quan-hong, DENG Cong-ying, HU Sheng-li, LIN Jiang-kai, ZHU Gang, WANG Xian-rong, GAO
Bo-yuan, FENG Hua ( Department of Neurosurgery, Southwest Hospital, Third Military Medical University, Chongqing 400038, China)

Abstract; Objective  To establish animal model of open craniocerebral injury in rats exposed to simulated
high altitude. Methods Healthy Wistar rats were raised in hypobaric oxygen chamber simulating 4 000-meter
high altitude for 3 d, then were made into open craniocerebral injury by gunshots. The animal ethology , the pa-
thology , brain-stem auditory evoked potential and water content of brain were observed immediately or at 1, 4,
12,24, 48, 72, 168 h after gunshot. Matched rats raised at plain served as controls, and received the same
treatment as the experimental rats. Results  The rats in experimental group and control group all showed: (1)
craniocerebral trauma at different degree; (2) ischemic changes and injuries at different degree in caryon of
neuron , tigroid bodies and cell organs; (3) brain edema; (4)disorder of brain stem at early period after injury,
but all features mentioned above were more severe in experimental rats than control rats. The rat model of open
craniocerebral injury was of stability and good repeatability. Conclusion The model we established can simu-
late the open craniocerebral injury made by the missile projectile of brachytely and low energy in rats at high al-
titude,

Key words: high altitude; open craniocerebral injury; animal model

A O e T 05 o R AL, 82
BETE & PSRBT 1 R 5 A (011049) WET= R PR R MBI R & R 5 LR i i ' |
.:llxl“ep-i;{rl‘vd. II: Ih: h'iu;:i:lnz’:‘)I“ilc‘-(i::;ﬁr Research Project of the * Tenth Hl“]jiﬂlrm_l_i__{h EI{J f]}l:j[: J:Tz‘mljﬂ 'll[i] J*ﬁllﬂ_ 3.4 } &;&2
TR ARALII (1975 - ) B HEDCTITARE EL A, B00-H F 9 2, SO, 1 O A TS S SR [ A o0
SRR Kb 22 VRN T W m e, s co2a)  BUEEAI SRR e I HIL R A B A7 RGh B9 B AT A
68766070 , E-mail ; 21j940202@ 163. com R T A gy s e o ) 495 %) 230 4 s e

MARESE D B b, (023)68754153 , E-mail . FenghuaB888@ yahoo. com. on fh"] ﬁ_ E]‘J]:HY.]H 3 7‘{ 5&--]&1_1 i T*—ﬁ?u:;l\l_l:i‘ﬁ] E?‘%{‘I; ].‘ )\- EfL
S8 B HA - 2006-04-06 ; 48 [E] B #A . 2006-10-21



w20

ALY R A RS B T R SR 21 £ 46 Y B 7 2273

TF R P ) 3 8 A A58 R o, O 1 — A g D
FF R AR ) 3 B 0195 5 R B AR 3 T 1 sl A
LV

1 #5575 Z%

[ O

felt BfE Wistar R 144 WO A s b &
G200 £ 20) g, MEREASER , BIHL 43 01 IR o I 2 24, B4 72
VU B BRI 9 St ko I A 8 It B2, H gz sl
00 ) P D R e TR A e ] R A TG 16
12 .24 48 72 b fil 168 h £ 1 A5 BEAL O B sl P 2l 1y s 4
fif i
1.2 JFa0H PR 6 4% 5 3 A &) ) 4
L2010 S H i il e FEH A3 F-30 1422 fETMEE N
KGR Sk o 0 43 ) 8 1 L BCH T A B30 J5HET G R )
0.7 MP, JFIF 22 S0 F 8 ¢4 = 7 B K 5 i 4 )k o i ) )
SEE TAEH T FRIHUE A (24.23 £3.53)m/s,,
12,2 il T st ] s sy i i RG v Ak B
S [ 0, B R R PNt i 26 0 1S mam, 2R S T 2 mm fF:
SR R T BB Ak B T el B R A
Ji Wt B A3 1) A IR BT
12,3 &m0 sh AR 7R AR S G AT 4L S it 0 It o
SRR Y G 3 AL M AT ) 61,6 kPa( UL
P24 000 m & J5, M MR 18 °C) RE HIFME 2 3, BRI 30 min,
TS K AT Tk, 3 d SR, e 1. 2.2,
5 TE RV 25 ] 3% 45 45 6] A S RS 58 ME L o T 0T AR
[} FE T 37 Ak

1.3 Fi&k
1301 G A5 Ry s
L3010 st e AR A R, W R

1 W = R e 1 1 o = R o

L3012 gipsy JORARPRA HE Jefa 2 IG5 (0 fid o
P, 5 b PR I 2 P A

1.3. 1.3 Wi ﬁﬁ‘l‘i}?&@ﬁj‘(brdm stem auditory evoked poten-
tial , BAEP) 2% S L LE 4N 100 mg/ kg 6 IR 15T K
B, 1 T RS S AR TR AR A 5 U] A T 5 s vl iy ] A
ol B 5 mm, ZHEARE T EG K F 2k LG i e 14 4
FEARAR , Keypointd B ( 32 5000 20w, 96 [ 38 A e (v {800 5,
Click 557 #5002 100 dB, 75 AR FEEE 10 mm  $54E 0.1
ms, JEHEAE 100 ~2 000 Hz, 43 H7 ] 1) 10 ms, 5 fi1 2 100
U, HE 2 U e E

1.3.1.4 Wiska B LA J5 T0 a1 (] PR o 8l 42 3 Ak
B, AHCRE TR , 557 — 8, 3 DA 1 e SRR 2 022 1 B g
ARG 2 3% 17 000 L3 B2 K 4%, A0 AT R C A JE(E 0. 1 mg) Fk i

Joi A P, B0 G e IR A LA AR (2 KR A R <
0.2 mg)  FRICT T, T8RN KA
1.4 st

SR v =5 5 R SPSS O S8R 7 2
i

2.1 AhJE A AT A F UL L
201,10 — s i AR ET G T8, 24 15 mm, MRS
] R M IR A WL R R R (D B
LI BN Z 5 13 (14, 29% ) EENVEE | ~3 min 5k R
HLIN (] RN, BRI 4 Bl 46 1L(50.55% ) I Al
11 H(12.09% ), %3 >1 h 8 FL(8.79% ), W7 BL M Bl . 17
ENARZE X A1 00 R R D AR, AN SR S R B, A e sl A
G, Pl 24 h &fif?iju}l W, Z R E A ME 168 h T AR
SEAPRLAE N L (2 DR 2 - o O £ 4 O A 1
L4005 48 h G g, B2 0F R 15 HL(16.48% ), 4= Bl
52 TL(57. 14% ) ARG SRt 12 B(13.19% ) , ik >1h 9
H(9.89% ) . 2 4 IbHE4 R KA AR L (P >0.05) , G5

G BEAL B AR iR A
2.1.2 BETCIEM PEC shIET LA I ZIFR 24 by
Yo 5 E A S R Z0R 24 W BT Ak 8 L9 ML
BRI EE O 7 R 14 H L) A R Oy 0 O i R 0
W LBk A5 15 168 h FET-PIECM ALY O 2 L, A 7
TP S MIJHI“MH&‘VJH'XTHMHUﬁrFEsUtf
2.2 mMF

AL - MR R 2 B e 1 i G0 Bt Al sh ) LA il
Sy el 2 AL, SRR AT, ETAR 3 ~ 6 mm, A 0T D
T N T Pl 0 0 bk e (R0 I8 s S o, A AL T iy 4
LI K

AL W8OI UR O U TRTE BT R =BTV N1 NS WA || B 1] B
23 mm, 1~ 6 b AT RS AN o o 9ﬂlnﬂ4 JEE 447 )3 o i K
R A A% FAN B8 04 2 0L TR () e, 24 ~ 48 b Kk
B 22 U R 235 90 M7 | A T it e DA% 2 5 ISR A ik o 2 7
G 74 I PR P8 A D A 2 T (PR TA B . (S [T (.
B2 AR A0 6 b iR o0 e [ K H /b, 24 ~ 48 btk bk
e s A R i 7 AT A T S T R A A ) R i
72 hiE W S, e R A 2T D A s e (L
2A .B).

WEGPREL 1 ~ 6 b PR T ER R AR U T S 2 A
W) P IR AR % e A A ke L o P R ) R R B
JE5 0L R T DT 484, 1) 1z 20 R A oL b 2 ST W2 i
WA A A7 TP T, 8 T A0 2 k2 K i, 24 ~ 48 b GR 51 iy
W72 b FFER P RO A LR O R ] R (15 3A B)



2274

AP R
B 1

B3 FEMEERBGHXMEE 8 h

2.3 BAEP

i B R AL T IR B 201 A 5 ik 0 R 300 2% 0 18] 3% 14 301
FAT At EE S LA O T8 LS 5 S O B0 2 R o W) B, T o
MR, IO, VORI R T ~ Vs e o (R 00 2 4 He s
HEHFEX(P<0.05), H 2 HAE | ~24 h 36T, 400

4 B.dHRa
TRMNBRHEGALMGE6 h B THET
2 FRAESFEBGEAXRMGE 48 h B oyd

(HE # & x200)
(IR # % 200)
METRMAFREIE  (EAMLE x6000)
K P PR ERMOT A G A 00 #% DA F HEL SIEEAE LA R A, L 1
2.4 mekFLER

i B 2 D A0 AN () A R 350 Bk e S22 5 K
b4 AR (e 2) .

L7

F1 BEMGESTEHGE BEAP (n=6, x t5)
BEAP #3114
#4141
| it v 1~ m~V [~V

LS G g .16 £0. 11 2.87+0.19 4,90 +0.24 1.71 £0.16 2.03 £0.16 3.74 £0.18

) gl 1.36 0. 12¢ 3.30 £0.08" 5.17 £0.15 1.94 £0.09 1.87 0,08 3,81 0,13

19305 J 1.53 £0.09% 3.75 £0.02M 5.90 +0. 14 2,22 £0. 17 2.15+0.12 4,37 +£0.29%
R I 1.23 +0.26 2.90+0. 18 4.96 +0.24 1.68 £0.17 2.06 £0.21 3.7320.17

455 ke 1.51 £0. 18 36840, 11 5.67 £0. 10" 2.17 £0. 10* 1.99 +0.20 4.16 £0.27"

s 1.88 £0, 17" 4,16 £0, 16hee 6,38 £0, 110 2,28 +0, 10 2,22 £0.20 4.50 0,23

a: P<0.05, b: P<0.01,5 &8s, ¢ P<0.05, d; P<0.01,

BRI EN Gk At e P <0.05, 5 F R85 40 &40 5 A 48 5 rL AR

®2 BREGASFRBGEAMERE KR n=72, (rxs5)%

Hif 1l
21 5 EORLE]
(W 6 h 12 h 24 h 48 h 72 h 168 h
Sk 78.30 £0.35 80.31 +1.03" B1.47+1.270 86.47 £1,23 86.65 +1,17¢ 85.84 +0. 81" 85.60 +1.15*  81.81 £1.60
A 78.74 £0.94 76.33 £0. 62* 83.12 +£1. 1240 87,58 +0.99" 88.55 +1.03 80.44 £1.274  R7 5041, 12% B2 66 £, 134

a: P<0.01, 5 &84 k4, P<0.01, 54 L—mtda,

EH e P<0.05,d; P<0.01, 5 T Jf 8 45 20 & 48 5 0 46 6, b 2%



o522 1Y SRCRLAAT, i DR G S0 e S R A 1Y 4t ST 2275

3 e T A 40 7 P R S P 4 ]

e R S 5 g 08 35 , 23— A0 i g 4,

i B R LA A P M DR R R e IO B (3B TR IO N A SRR

GO AR U RN 2 500 m DA AR IRIE R AT R I, LA S K R B 3E TR T AR
SR T sl P S BILA L , 1] LA A A R 8 DT e e €44

ARSI FHAIG e SRR B4 4 000 m £14 48 Jit, Bk
S e IR AR — 3, Wastar K RU M PR HEIL S 56 54
LTS SEA A, Sh A~ R 22 SN BT Rt e o AT o
L TRt LR NS 0 N 421 WA B 11 B I B = L
Al AL R S ETARAE o B TR, AR
5 MR AF I R A I (G T 0L g T
243, TR UL AP ol I A A3 S5 00 JOT 8T v i A 20 4% £ 0F
TE o SR T T A A ) 5 RS 8 LA oK A 1 S O
P AP SR HL A Kk R0 R RE R B R T AR L
HA @ R i ah a7 R FAE T 3 ) %
A G il A R R T T S MR, R M AS AL
ety I T 0] 493 30 A 7 A9 17 A S AT

W9 BT ELAE , B0 20 W IR 3 45 L 001 J43 62 0y, ol Ly
WG 1 ~3 min f5 SR Fy 0P, B35 S O g 6]
193 0 IR RcA T i 91 0 12 A 4 T I TS ), O Al LA BB
A, L R ARAET R R B 2 4 S A
A B (52:46) IR 30, 07 il 55 M 20 2 g 5 A 06, PR
M AL A 3 M (], Y50 02 S il 2 B A AR ) A B
FEIE 1 ~24 h NAET-MSC 56 8h 14T BEAP, af WLiE (R
Y R 0 0 A S O 95000 2 0 1 ML RS e L
A BRENT T gl SR —E 1 I o e o 4 A AE
AR A BB, S A A5 P S gy, A4 A B
PSR S e FL TR A, A ] DA RO T A L ik
W= R A A 205 bR AS UL (s 1T 04 1, A~ 047
A PP, S 2 ) X B A b O TR, R
PFAFAT, SERIAT Sk A CT SR AR i e, n] LAGROE F—
AL PR UL, HE (0 e [C e (X485 05 6 h i
R EEZE TN 8[| A 1 [ RGBS R TR B N D T
G T, P 2T PR R A S 6 h ik
AT, T e DA L S o L o B o
JCRE Szt — A3, o S i B [ RE A5 . i
I ) A 2 25 ] A b o LS 2 24 41 I B A 40
i 7K e S B 8, AT R ]2 R (P <0.05) i W o it B

i 1k LA S 06 il 4% () sh B S W 47 R o I
Peg BEAP IR 757K 45 5 o, m B T IR
P00 497 ) 400 40 P O B B 40 L o o, e A B () T
WL R ) BT B R T R AR B S
)0 B, I LR I G W i P 2 (4 2
Wy A R VR SR s B K R R AR v D P P 1)
PIAET 4 0 ph 28 D REAL T AT AR I, RAR S
8 2 S RS e b AL g D T P 5 R 1 40 £

R RAE , T A PR AT, SR S AU A o 03 e 11
S EPIE
B WK

[1] GHAJAR J. Traumatic brain injury[ J|. Lancet, 2000, 356(9233);
923 -929,

[2] 1) Ao, Loo. e RAERE SRR M. bR ARTEER
AL, 2002 211 -221.

[3 ERDOGAN E, GONUL E, SEBER N. Craniocerebral gunshot wounds
CJ1. Newrosurg Q, 2002, 12(1) . | - 18,

4] KIMK A, WANG M Y, MCNATT S A, et al, Vector analysis correla-

ting bullet trajectory 1o outcome after civilian through-and-through gun-
shot wound 1o the head: using imaging cues to predict fatal outcome
[J]. Neurosurgery, 2005, 57(4) . 737 - 747.

Tk, M, e 66 I D A1 0 0 R T I g
Brodl. EREE, 2003, 32(11); 1529 - 1531.

[6 CROCKARD H A, BROWN F D, JOHNS L W, et al. An experimen-

[5

tal cerebral missile injury model in primates[ ] |. J Neuroserg, 1977,
46(6); 776 - 783.

T4 0 4, R R GOA RN 17 5 G £ R G L
AEARAELD ] AR SRR BT A A, 2005, 4(2) ;137 -
140.

7

[8] AMIRJAMSHIDI A, ABBASSIOUN H, RAHMAT H. Minimal de-

bridement or simple wound elosure as the only surgical treatment in war
victims with low-velocily penetrating head injuries. Indications and
management prolocol based upon more than 8 years follow-up of 99 ca-
ses from Iran-Iraq conflict ). Surg Neurol, 2003, 60(2). 105 -

10,
(%4 MEL)



