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Study on the establishment of rat model of different degree of diffuse axonal injury”
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[ Abstract |
device. Methods

Objective To establish the different degrees of rat diffuse axonal injury (DAI) model by using a self-made DAI
A total of 70 healthy adult clean SD rats were selected and randomly divided into the normal control group (n=
10) and DAI group (n=60),then the DAI group was randomly subdivided into the group A,B,and C,20 cases in each group. The
rat head injury model was prepared by using the self-made experimental device,which made the rat head to simultaneously produce
instant oversized linear and angular accelerations,different degrees of rat DAI model,including mild DAI(group A).moderate DAI
(group B) and severe DAI(group C),were induced by different rotation back and forth,accelerated movement times under the con-
stant air pressure. The pathological and behavior effect evaluation was performed. Results With the injury degree aggravating, the
time interval of nerve physiological reflex recovery and awakening time in the acute DAI groups were increased (P<C0. 05). The
nerve function score after 7 d in the DAI groups was decreased (P<0. 05) ; the death rates within 14 d after injury in the group A,
B and C were 5.0%,25.0% and 50. 0% respectively. With the injury degree aggravating,the DAI pathological characteristics were
more significant. Conclusion This device could effectively establish different injury degrees of DAI animal model.
[Key words| diffuse axonal injury;experimental facility;animal model;rat
12,1 ARS8

R PE Sl & 36 457 (diffuse axonal injury, DAD) 2 — Ffh & W, TR E N — N ER R RIS R B

{19 P50 58 195 o HCG 15 F A T M L TS 2 R AR . R PR Bl S U ST B 1 R R B @J?ﬁﬁ’ﬁlxm
DAT BB ALH i A 58 2 WIaf  BER I IR SE 0 ) 2 4 NSRBI M BRI 0. 8 kpa) . JR B LBl e it R 4 LT’ELJJ T B R
DTV R . L. H 2 B Gennarelli 451 15 [ B4 Tl A A8 T R 3 ) A R A S AR TR *?‘*mﬁ’]

BEE A DAL &AWL BT — R R AT A AR E B AR A
S 8 TR B S 5T AE () IR 5 A= IR ] R S AR i s BE N 2 in
JEE I 57 AN [ 458 03 P JEE A R B DAT BERL, S R ABE 5 DAT 42

A LA,

1 #M#5FE

L1 S2eshyy  EBUKFHEME R 2 SD KB 70 H K 5 &
300~400 g 4% BEALEL 7 #3570 O 1E 0 IR (1o 2D M B 4

(60 JU) , Sl BEMLENF R 1L AB.C 341,420 1,
1.2 DAT 5% & 5 i il

*  B&TH:ERIERK
(1988 —) , FE A5+, 32 3% M2 /N LI 463 495 0F 9

H A B R B WE (X3257) 5 P T B2 B 206 8 B R BF & 28T H (este2012gg-yyjs10013)
BIR{EE . E-mail: 404616073@qq. com,

WhA VR A U 56 (R Bk A= L 58 o0 19 e 5 A Y S B 1 R 2
&y, [F] B 7 A I ) B R R B A A IR R G2 . Sk e
525 B S8 AL 907 WU B E 5% J5 . A By T 55 8 T 406 % vl 2k L i 45
1k PR 30 S 3h B e i % K A U v R ) i G2
LﬂﬁﬁlﬁJ%ﬁﬁﬁﬁ?%ﬁ 9033 b e %% o BRI 58 B — IR 907 Jié #% 11
BN IEE . ES R TR GE ST 6 S 2 AT
ﬁﬁﬁ%mﬁ@j}o SR E LA 1,

1.2.2 BfEE #BRAEet, KEUR 4% K & S8 I I R B 5
0.3 mL/100 g) K F 3k 8 5 00 38015 K Sk TOUR 48 LUAR A8 e %

EEE %



2882

75 AT IR IR 22 4R K Sk P I RE T AR O SR BRGEE ede AL T KK
fi. BRI FREE. AIE 0.8 kpa Ji . Z Wik kR sl

PE AR BCKAT 2 90 e AR IR i g . B i R ARIE
RETEE
L3 ik
1.3.1 AEFE DATSRId T BUGAKRRE 40K 6 &

M (0.3 mL/100 @) B ARG - [l 2 T e & . AB.C 3
AP AAT 1223 YAEIR NN #1283y » B0 K Bk Mo ok B 2
EFE\EEEMJJ);E%Xﬂ‘,ﬂﬁéﬁﬁt&w@mﬁﬂmﬁﬁ%%ﬁi,
AB .1 min J5HKEET .

1.3.2 WERRMEERZS W02 24 hw,
BEAF B AE 1R A K S IE HD B06 2 K B w2 AR B )
CFf I AF i TS S5 80 I 2 ) 4 A2 ¥y k1] ] gl 2 K B A
AT AL AR AL o

1.3.3 REMALRBESHHAFLESNE THHE
24 h ArBITEIE H X B B AVBLC Al & i 3 O H

A VoK B G N E R IS BT B A O E ARG 2 Sk B
FAT 0 HETE 0,01 mol/L B B2 5 22 vl (PBS) , 2 i 1 G
SEJG A AR TE T A ) A 00 2o T VPR ABOIE L & ORI A e B
LAl da U B 206 78 1 oA ko o I B 58
o0 0 A i DR /0N i i T [ PR RO 2 R AR B S 1 9
HAAGIG BB AR AR D PRA AN L RPEERT 4 CEE 48
b i T 0 i e AR A BT o R 4 G R 2 O R AL VDT 43 i
AWK 32 B 35 B L A 3L, i T A R I 43 B R AL ED e 5 pm
JEATIHARE-PHA (HE) Y4,

1.3.4 KEMAURITS FTHOGE7dSE0EsIn
Carcia JH R E P& DI REPE 2 b (R D, 43 5% AB.C 3 4
KEHFTHEDRRITS IF 51T 14 d 9 AB.C3 AWML,
1.4 Ziit2ab s 5% SPSS20. 0 5 it % 4F 3 47 B4 4 47
THE PR L 7o s w41 A] L 550k FH SR R 38 0 22 40 7 L 1D 1

FTREF 2016 F7 A% 45 %% 21

P H R T LSD-2 K 36 5 71850 50k LA B sl A 43 %8 R R L 41 1]
R o Ki%s bl P<<0.05 NZERA L% L.
2 & £
2.1 545 s R UL A AAE B 0 A B R B A R 1) S
A (] b4 K RS0 T A ) e B 0 B Al 4 jv\ﬁﬁe
ASFINT W45, WP R Y AR OR 5F L R VR R B UR S T ENR A )
BT 32Ej<Eﬁt?mfhlﬁi’:]tﬂf)uﬁﬂﬂ;"iiiﬁdxiéﬂim}iﬁi&ﬂ
WE RS o A S S T TCRZ S 0 IR S A S 380K R
MEAHSBABAE CHAMLE, ZRWERITFE X
(P<C0.05), A5 B .BAUY CHIER ALK, 27
Bt L (P<<0.05), W32, G R B H IR [F R
ORE RS RN AR A A B = Y

@R 36 em FE 25 em) s @3 ) EL; @ K REH &% 04
KEHCE A K 14 em 98 13 em) 24 B 3 BEFE IR 2208 (5330 K 6.6
4em) ;@ R EE R A R R E 5O iR ©
E Q5O 2.

Bl DAIFfHRE

#®1  Carcia JH ARMBIINEEIT S IR

SIS 043 143 24 34y
H FI23) CK A R BRIEFWEE 5 min) PHEE=:) A3z 3 SEHI LD ISR ST E A = SR
if“ﬁ‘ PR RIER RIS AR WTIZ D) LB HIZ D) B IR KU X FR
f{z ;i%;gf;i f”;’z iﬂ;;;ﬁfﬁ% FNMIEES)  JeNI R Eﬁﬁ{f fgﬂfﬂﬁﬂ B TERE
EEER ) BN I T ERE
P VA f 5 2 ) T 2R 5 T A JZ BRI
125 i ) Ze MR eI R F A JZ BRI

®2 SHATEARERGARMEERR SRS R E R ERE (75, min)
41 n 43 TGRS0 2% 1 1) 5T 5 305 2 B BT 554 38 2 1 ] SRR 1)
A4 20 28.5045.72 42.8044.50 58.1047.14 56.8448.43
B4 20 39.5044.79* 52.8048. 27" 80.80+11.16* 76.54+10.85"
CH 20 44,8042.35* 7 69.80+11.08* 7 106.20+16.23* 7 101.57+15.56* 7
P <20. 05 <20. 05 <20. 05 <20. 05

*P<<0.05.5 A 4lt#; 7 : P<<0.05.5 B4 L.



FTRES 2016 57 A% 45 K% 21 9

2.2 WA SRTE BHE 7 X 3 HRRITHE
DIRe VT4 BEAEIR I #5288l UOBcHs i, 3 4l R BRM 22 T B 1T 4
Fe#% . 25 Bl Gt 2 X (P<<0.05), % fi)5 14 d 5§ A.B.C 3
HARRIET HA N 5.0%.25.0%.50. 0% . Hi C45 A4
K BUIFET- R ILER, 22 RWA Gl ¥ 8 X (P<0. 05, WL 3,
2.3 GRHEIEHCE WIRTT L IER XA M AB.C 3 HRMK
IR 2 T Ak P90 R s I a5 X IR 04 R DL BT S e O A DL [
20 JGBER IE H X R 2R AT U 2 SR HE 4 B 5 HL G A8 AR A A
A LI M IR AR DX LK 1 5T A8 B X i T A ALl 2 R A
L M0 WA S V0T B P 4 00 il B AR P L A0 A SR R T
58 fil S5 M AR (9 BB DAT G FIASIE . BAL S A 4l . C 4

2883

5 B4 2 RS B g R 2R L 2 W T K 2 A
JiE e JH A A TR L DL TR 3.
®3 SATFEEEBGARMEIINEETS

BIETELILR
A n WA (TEs 5 T H[n(0)]
Al 20 16.90+1. 50 1(5.0)
B 20 14.00+1. 70" 5(25.0)
CcH4l 20 8.00£1.63" % 10(50.0) * #
P <0. 05 <0. 05

. P<<0.05,5 A4 b#E;* . P<0.05,5 B4 HLE.

A IEH X B B RSy C B D S

B2  Hf24 h KREXERRERL

A TE R BRAL s B R BER 5 Co P BEBUT s D« RS 5 E 2 IE 6 % BT F AR E BT 5 G oP BE U0 + HL: S BE L5
B3 HREMEFERRRARZIAR TSR LHETRGER(HE L&, <4100)

3o i

DAT Jk 5 Z05UI S 73 528 B 17 5% A R3S ROAE T i
USR5 g g A T Sk 3 7 A 2 A R 7E i
LGN ™ A T U0 ) S B 28 b 2R 540 B 2 T 2 B AN I A
24 IR TR AR T2 IR B B DATY L H R A L
i) A 58 4 WA 2 2 SR RHATT 5 W T BE N A A T S UE W Sk A
LR A 5% I i 32 Bl 2 5 3k DAT e E S Lz — . e

PLZ B LG B E S BE N MBS . A6 T —Fr T
LA A B B8y 2K 5[] g 7= A T 18] 368 DR 3k 38 A0 4 Jon 3 2 1) 3
(E S

DAT 3y ¥ #2152 75 [ A AP 2 2 8 2 AT 50 - bk (0]
B A5 L TR0 ol 5 A R L AT ol A A5 A
TR o A A TR A R 5 AR AR L R Ak
Z 24 X DAT 05 LI 19 U8 T — 2, BIAR g i Sk 38 ™ AR



2884

LR ol AN B A AL 24U A BT R R s s R
¥, 52U R, SEMam R B GEEmR, Nit. g%
7E 2 B Gennarelli 251 170y (170 (0 B 455 %% & SL 0l b m DL ik
B RO T R 0 R T 1 S A LR R T — i e e R
s 4 20y v () B A L T R R A R (Y S I L
VRS 5 e R G 92 B 90° L A AT L 53 B AT 2 3R s 3B B
IE LR AE S 0 L0 B R A N, R A A T H N
B 58 3 JnH AR A ML S B A A I IR SE B b DAL Y & A BL .

I PR 1 DAT B35 1) W5 22 AR K . 32 2 fy 48 00 24 I i
HEREE T . B, B S — A FR R AT RS AR (R 46 455 B Y
SRR, FF DA IIRYT KBS DR A R L. R
8 b e = DAT 453 473 R B 3R 47 40 R B 5T, TR UG 2B A
3 7 R 4 R I 3 Bl YRR R S B [+ R EE B i

AR T 5 A T 55 56 5 it o 8 % 5 S0 R BRA 1 R A A
90° e i 32 Bl i« 5 HE 4 202 K % B R L T o i
R B2 RO 5 1 WR 90 B L Lt Bk AT A 3R i is
BN G 5 B AL 2 AT AR R 1 2R A o B AR s AT 4 K
IR IE B U 5 K B PE T R e, Bk e R e . L 2
BT AB.C 34 1.2.3 YOE R AR i 8 3l il i R
[ PR DATREAL, 25 5% 3 3 4l KR B Ja 78 #h 4 48 3 R
Gt A2 BT Sr SR B AL B RS A A DAL R B, H4l
) B 25 5. BEARAR 22 9080 e B AR A S L KM bR AR BT DL B di
AR FTBR bR — Rl R G R A5 T R B 4 DAL A
SR 24 hy ABLC 3 41K B IR R 2% i vk )
T A A KO R L W S O R TR B4 4 S e AR L
6 DAT R I, B A %5 & r 4 37 1 DAT K57 g F 2 4l Y
DAL, ¥ 574 F FAH C 5% .

Z5 LR A% B R S I PR DAL % A= WL A8 AL, 9258 07
LR BA B B TR T AT MR L BE N T A AT B DAT
993 B2 T 26 1) BE BACAE 1) Sl A AR R LRI Sk R TS B % AR i
B IE Bl RO AR [R] B 05 R B R — b A Ol AR Y DAT 45
ESS

£ % 3Tk

[1] LiXY,Feng DF. Diffuse axonal injury: novel insights into
detection and treatment[ ] ]. ] Clin Neurosci,2009,16(5):
614-619.

(2] Jing GJ. Yao XT.Li YY. et al. Mild hypothermia for
treatment of diffuse axonal injury: a quantitative analysis
of diffusion tensor imaging[ ] ]. Neural Regen Res,2014,9
(2): 190-197.

[3] Roe WD,Mayhew 1G,Jolly RD,et al. Traumatic brain in-
jury,axonal injury and shaking in New Zealand sea lion
pups[J]. Vet J,2014,200(1) :96-102.

[4] Matsukawa H.Shinoda M, Fujii MA.,et al. Acute alcohol
intoxication, diffuse axonal injury and intraventricular
bleeding in patients with isolated blunt traumatic brain in-
jury[J 7. Brain Inj,2013,27(12) :1409-1414.

[5] Zaninotto AL,de Paula Guirado VM, Baldivia B, et al. Im-

provement of verbal fluency in patients with diffuse brain

FTRES 2016 57 A% 45 K% 214

injury over time[ J |. Neuropsychiatr Dis Treat,2014(10) ;
1155-1160.

[6] Gennarelli TA,Thibault LE, Adams JH,et al. Diffuse ax-
onal injury and traumatic coma in the primate[ J]. Ann
Neurol,1982,12(6) . 564-574.

(7] ZFHI0. 8 W D ZRAR . 5. /NG Wy oR 18 2 i B 0 B AT %%
Bruet LI AW BE 2 TR 51K, 2009, 13 (6) : 489-
493.

[8] Carcia JH, Wagner S, Liu KF, et al. Neurological deficit
and extent of neuronal necrosis attributable to middle cer-
ebral artery occlusion in rats. Statistical validation[ ] ].
Stroke,1995,26(4) :627-634.

[9] Woischneck D, Kapapa T, Scheuerle A, et al. The histo-
logical confirmation of diffuse axonal injury in severe
brain injury survivors[J]. Versicherungsmedizin, 2014, 66
(4):188-192.

[10] Povlishock JT,Christman CW. The pathobiology of trau-
matically induced axonal injury in animals and humans; a
review of current thoughts[ J]. J] Neurotrauma, 1995, 12
(4):555-564.

[11] Browne KD.Chen XH, Meaney DF. et al. Mild traumatic
brain injury and diffuse axonal injury in swine[J]. ] Neu-
rotrauma,2011,28(9) :1747-1755.

[127] Friess SH, Ichord RN, Owens K, et al. Neurobavioral
functional deficits following closed head injury in the
neonatal pig[J]. Exp Neurol,2007,204(1) ;234-243.

[13] Park E,Liu E,Shek M, et al. Heavy neurofilament accu-
mulation and alpha-spectrin degradation accompany cere-
bellar white matter functional deficits following forebrain
fluid percussion injury[J]. Exp Neurol,2007,204 (1) ;49-
57.

[14] Marmarou A, Foda MA,van Den Brink W, et al. A new
model of diffuse brain injury in rats. Part 1. Pathophysi-
ology and biomechanics[J]. ] Neurosurg, 1994, 80 (2):
291-300.

(157 U5, B 2500, X132 A a0 1 I 453 475 sl 2 A Y iy 01
(1. A5 7% %, 2001, 17(4) . 212-215,

[16] Singh A,Lu Y,Chen C,et al. A new model of traumatic
axonal injury to determine the effects of strain and dis-
placement rates[ J]. Stapp Car Crash J, 2006 (50):601-
623.

L1771 XG0 T RSt 5* 55 M o 8 1kl ok 450 0 52 36 e
VA RIF ) B 2l A5 i s S L ] VY 4 B K A A AR (B 2
J&%) »2008,29(5) :595-598.

L18] fufifs i . BRI ¥ - BN L 45 SO PE ORI PRl 2% 451 0 B A AR
B 3 S K A5 1 AL B0 28 R L) ], 3K BR 4, 2007, 36
(15):1496-1498.

YK H 1 :2016-01-08 & 15l H #:2016-03-26)



