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BRIV ARTLIRE 75 52 T3 ok 13 7 1 T S i e
P o G195 K Bl ) i 2 A b2 5 il

BAHE, BRI, E

BE BH HTRATRERWAGHE (MHT) B & 7 I ks 1
fig 9 S8 ( CPCGY) 337 % A fii 1] 445 ( TBIL) K Bl pf 47 2%
SO R RN, Ak 36 H{aEE BAEMEYE SD K B
B4 LRI ZH MHT 41 . CPCGI 41 F1 MHT + CPCGI 4, %
FHEF ] ¥ B2 i A5 B il 4% TBI K BRASE R, AU 2 KRR
JE IS TS S R AR PR UK (NS, 2 ml/kg) FF45 TR (37 °C)
JRYT 48 h, MHT 21 K BRI I i 5 46 5 NS I 45 7 WA iR
(33.0 £1.0) CIAYT 48 h,CPCGI 41 < BUIE 15 13 59 25 & CPC-
GI(0. 6 ml/kg) Jf:-45F % 3597 48 h, MHT + CPCGI 4K
HE J VR 5 S B CPCGL 145 T WAR IR A YT 48 hs i i 2 1)
RESRE T3 ITAG K B B2 B T g, Morris 7K 34 B 5L I A6
DR BRA932 BANZS (HC L RE T , BT 3 S 50 R ) 33 I e 5
B PPAl R BURIE 3h T B s JE [ Y (6 W80 T il 2 e Al i A8
b 5 SR P S e A I S A 6 2 1 ( DCX) R 20T e 5
PR (NeuN ) Fe3k 15 00 ; R FH G5 ER 0 15 A 0 B 240 Jfd bk
CURE -2 (Bel-2) \Bel-2 #1356 X 2 [ ( Bax) F12: it 22 BR 2 11 -
3(Caspase-3) FEAFKIAEIN . LR 5 MHT 4 CPCGI 4
AHEL , MHT + CPCGI 20 /)N B b 28 T R S 458 97 43 TEAIG , 20k ahk v
PR IS [) B 4, 85 - 15 UBSORT AR G2 BIRAIT 4 5 () T 0 B B
i, BWT PF43 T i, EHE A B TE K, #4704kt \DCX il Ne-
uN FH M 40 i % i 34 2, 5] B Bel-2 3% 35 &390, Bax I
Caspase-3 RIXHFFEIL(P <0.05) , &5it R TAR LK
4 CPCGI Gyl ad fi 1154 e F A5 00 o4 40 080 1 8 i
TBI K BRI AT R 6EA , > TBT (911G RYA YT S i AE 156
s IR

KGR WAL & W RIS T 5 I B A% AT N s bl
S0 T

BRESHEE R651.1

XERARER A XELHS 1000 - 1492(2024)03 - 0448 - 07
doi:10. 19405/5. cnki. issn1000 — 1492. 2024.03.013

£ i G 477 ( traumatic brain injury, TBI) J2&5 8

2024 -01 -30 #24%
He I F < [R5 H AR 34 (S5 :32070791)
PRy AR K S 5 R B A B e i 22BN 253014
P R GRS O ZCI B Z T, R 300162
PR TR SR ALE SO RE, KM 300350
PEERA BT 5,5, IR BRI ;
BT, U, 0, 1 2k R W, SEAE AR 2, E-mail: chen-
mo333@ 163. com

FORC, BRRA’, INEE

NFEFET- MR F 2 2 — , gt S FI R Aty
KT UiEM G WAKIE (mild hypothermia,
MHT ) 3 3k Bl i 7K i, C 47 i i e e, £k 2 1 901
PRETIAE DR S RE S I R i ot 28 50 4 B O 1 S5
VEFIAILH , 72 ARATE 58 A Sl ) 52 3 vh Xy R i — &
(A7 AR . & B R B 1 5 ( com-
pound porcine cerebroside and ganglioside injection,
CPCGI) Z—Fh & E R4, S 5MEumA K
SRR AR, 2 O O 98 08 B RURT BRI Bz
JH T R e o BT /1K 2 18 SR (37 P 0T

O B IR Y MHT 57 354 TBI B3R 97
FATERBUR A2 R Rl 5 22 W
CPCGT 3 3 455 1l P 054 40 e s ) 4 A Do S L ] i 4%
HREL493 J ) DR AP RO, SR TG I AR MHT J7 ik Bk &
CPCGI BRI IT S AR L o BRI, 1% S0 B 7ER
AR MHT 5 52 07 i K5 1 IR 1A 5 % TBT R
IR AT 2 i R IS8 ] RE A A FH AL, LA
A TBI 1l PRIGYT 4 8 18 SR s AR

1 #MH57FZ%

1.1 ##

L1 &K A 575 R 0 T 5 (5 Ak
WA Z5AH RA A, 575 :210322) , UE MR EH A
(doublecortin, DCX) T {4 | #f 22 T 45 S M A% 26 A1
(neuronal nuclear, NeuN) HT{A . B 40 Jd bk 29 -2 ( B-
cell lymphoma-2, Bel2) Hii{& Bel2 tH3& X HH H
(Bcl-2 associated X protein, Bax) $ii{f 2 & R &
F11if#-3 ( cysteine proteinase-3, Caspase-3) HiiA ( 3 [H
Proteintech /A ] , 555 ;2088476 ,20880708 2227948 |
2061561 2876892 ) , 5-7& i %, JR 8% g 4% 7 ( BrdU ) |
4 6- " F-2-ZR FL 5| Ik (47, 6-diamidino-2-phenylin-
dole ,DAPI) ( & [& Sigma /A ], #% 5 : SAB4701040
D9542) , Il i fe — Pt 1gG (& Abcam 4w, $7
5. WK364) ,488 55 1 .568 %t P (£ H In-
vitrogen /), 525 : A-11008 \A-21124) ,BCA TEHE
IR & (5[ Thermo 24 ], $7%5:23225) , /K GH
M Z R (RERVITTEWREARA A, 52
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1.1.2 2248F WA R EBRER S
O] RS T RS ) - AT R A % e (SR
Custom Design & Fabrication /A ] , %15 . eCCI) , Mor-
ris KA BB (WEILIEARAE YNGR B A ) B
BW-MWMI01) , vk &R U) F #L AR & 56 Wi (18 =
LEICA A 7], #15- . HS-1205 . MHY-28315) , %% i %
(3£ BIO-RAD A +], 5 :DBZY) ,

1.2 7Fi&

1.2.1 %%z hom 36 HAidHpAE Y SD
KBV AT UE 5 - SCXK (51) 2019-0010 ] ¢ 87 UL A
(AE50) A= P HARA R v S 44, 1R BT 5 4 (220 +
10) g, % 20 ~24 °C, FHXRE 55% ~60% , I
If[E] 7:00—19:00, KB ALYy by i b PR 37 7 d
RIS . FENLEC R R BBy TBI
I ANZ T MHT 3357 (MHT) 41 X 45T CPCGI iR
7 (CPCGI) 4 | [F]It 45 ¥ MHT 1 CPCGI /7 (MHT
+CPCGI) 4, 20 9 H,

1.2.2 TBIAEAR a9 4l 4 ARGEIEEE RO ot
Frad s, ey R BREARCRT 12 h 256, #% 50 mg/100 g
ZENEIETEST 5% 7K SAME FEAT R B , 98 I 4 FLART b
PLEE T Ao m S 48 b Sk i B dE e R e
HER DTSk B, o) B 1 e i A M T o LA X1
JE AL G 1.5 ~2.0 mm 29T 1.2 mm SRR, fBidh
BhALIETT S mm FLASE 1A, % i B IR BT OR 5 58
# A 5TE 2 L AT 4R B BT AR A (electronic
controllable cortical injurye, eCCI) %% & | it W 6 &
1.6 mm, fEdEEE 4.5 m/s, 45 F B 120 ms 45T
BhALEROAT 0. KBRS 2L 5 d I )
BrdU F TFricf B AT 220 240

1.2.3 CPCGI iz 4 fn RAKIR &7 CPCCI
BT 0.9% p4 P £ 7K (normal saline, NS) H, TBI
AR TBT A A ZH IR U 1 2 55 1 NS (2 ml/kg)
4T R (37 C)IRY7 48 h, MHT 20 K RIS Jis v
S5 NS IF45 T AR (33. 0 £1.0) CIRYT 48 h,
CPCGT 41K U RS 45 it CPCCL™ JH4A TH kA
J7 48 h,MHT + CPCGI £H K Ui i 13- 5 45 CPCGI
H4 T IARIRIG YT 48 he

1.2.4 17HF%E

1.2.4.1 KRR P2 D)8 845 7 3 (modified
neurological severity score, mNSS) Z MR chR!
7Y mNSS P43, TBI K UK R TE 5 BrdU 45
J& 3 d XA K B TR B 3 R PR
Bty o ARIEIE I i3, B — TS S B S )

ARESE M —IUES 25 1 5o

1.2.4.2 Morris JKEF I 454K R UK I 2k
KARIE 1A T KR B S, il s B HORBRAK S
FRIGIECLE K TR (19°F 6 0 1 17 6 ) ( RP 3 s v AR
H1) 3 A 2R B H BE P 15 R A2 19 G BRA K RSk 1 3
BEICAIK I8 5% 90 s P28 B & IR, JFid %
it HAE HFRRBR(RISE B FITES R) BT 0%
1.2.4.3 FKEFF M3 5255 ( beam walking test, BWT)
FRHBCREESE:  TBI R FUE 5 BrdU 45305 3
d 257 A OGRIEIN R BUE A i ) O RL AT # 08 |
e eg AT E B Y PE A bR UE N -0 73 RO ok
118 ,1 ~4 53 3RoRBEE £ 20 .40 .60 .80 em [ &,
5 RN A BB AR &, 3 i A A
KGO0 ; Al 0 57 2% 20 R BRAE AR AR 2 A
[F] A B T) DA ZEARRHKAAS 5 s IR AR A 0 i T T o5 ) e
KRAAEE, B URBIEAT 3 WOy, S -1
1.2.5 REFE  KEWMEKEAE, BUK R
P ZH LU F R [ 0 S R A T S A, A WA 22
ZUTEARY) R Ja T W R B O R AT B L K
b, R E ¥ A RO R 4 8 5 min, P €45 1
S KNE B 5 A7 B BEA . BBURH N T B CA3
DA A LR X, 78 400 A5 AL EF R BEALIEEK 3 4L
B, 70 BCR s 2T A i, e e 3 LT
R 22 240 O

1.2.6 i %k etem R AR+ DCX, Br-
dU #= NeuN £ & AK-F  AWF5EEH] BrdU dricd Btk
2 B iz Wi 28 T 41 S ( neural stem cells, NSCs) [y
B, EXS AT 22 T AT BT NeuN FLiEpRIC, KR
WSk U 4% FYRETA M T 24 b A FOKER YDA Bl
225 pm JEEEEFHEATYI R, B N —Ht DCX(1 : 100) |
BrdU(1 : 100) #1 NeuN(1 : 200) Z=iEWFE 1 h, 0
488 6 —Hi (1 = 200) F1 568 %3 —Hi(1 : 200) =
M9 E 30 min J5 620 G652 S NV o SBORH I 1 25 [X AR
WSS IX 8, 7 400 A5 AL T BELIE 3 S ILET, 7
SHE DCX F1 NeuN 5 't B i 40 ik, 55 5
3 ASHLEFAYF- 25 DCX FI NeuN FHAE4H f 4%, [R) 33
. NeuN/BrdU XUbric FHPE AN AU %R

1.2.7 Western blot 40 X R w4042 + Bel-2 . Bax
Fa Caspase-3 & @ fik KWL BUN , 76 7KiB H ik
ORS00 ki 2H 20 A0 0 A, SR 50K
WS, 1 BCA #4728 1 7, 10% SDS-PAGE
BEMEHL YK, NC Fe it 5B BRUNE :5% [ g 4= Wi S
[l NC K1 h,1 x TBST %t 10 min x3 X, R)5 EE T
5 Bel2(1:1000),Bax (1:2000) #1 Caspase-3
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(1:600) %3¢ /e i 1 h, TBST EyE[FIHT. 54 NC
BESUEH S 40 16G (1 ¢ 2 000) 7% IR T 45T
Ji 1 h, 525 ] TBST % NC JI 10 min x 3 ¥k, NC i
WL TR 52 A WO B &, # A BIO-RAD
BERCHUR RS AT 5% . (i Senlmage 447
H A2 AR S0 K BE I , 15 1 B 8 AR XS
JREEAA

1.3 Zit= 403 fii ] SPSS 23.0 Giit# bk 1T
R AL, IEA AR BT TR I = R 2= (x
+5) RN, 4L I0) LR F LR 28 7 22 43 B ( ANO-
VA) , 4l [H] 2 5 SR A LSD- #555%, P <0. 05 2f
ERAEGIHE

2 HR

2.1 FBAXBRBMEINGERBITHLER H 1
KR BGEE 3 55 D Re M PR B IGO0, T TBI K EUIE
J i S BrdU 255005 3 d X6 oK BGIEA T i 445 ) B dife i
PE4y, TBI BE#I2H  MHT 44 . CPCGI 44 #1 MHT +
CPCGI 41 mNSS $E4343 3124 (9.76 £1.63) . (6.33 +
1.26) (7.64 +1.65) Ff1(5.03 +1.32), 5 TBI &
FIZHAH H, MHT 2 . CPCGI 41F1 MHT + CPCGI 4 #f
ééﬁ]ﬁﬁﬁ}%ilﬁi?ﬁﬂg%ﬂi(tmm =4.99, Lepear = 2.74 s
Ly coee =6. 77, ¥ P <0.05) , 5 MHT 411 CPCGI
A e, MHT + CPCGI £ P43 ¥ REAK (¢ = 2. 14,
3.71, ¥ P<0.05),

2.2 FKAKR Morris KK ELIWLER 5 TBI AR
HIZHAH LG, MHT 41 . CPCGI 411 MHT + CPCGI 4 3%
VS AR H0T B 1) AS ) R BE 4 (¢ = 10.32.5. 66,
14.00, ¥ P <0.05) , 5 MHT 41 F1 CPCGI 414 L,
MHT + CPCGI 41 ik ikt 38 AR A B[] B4 (¢ = 4. 23,
6.91, # P <0.05); 55 TBI £ AU 20 AH Lk, MHT 4 |
CPCGI ZH 1 MHT + CPCGI 4 85 /8 - 5 B [) Fi
JETHE (1=5.99 3.60.7.94, ¥ P <0.01),5 MHT
401 CPCGI ZHAH H , MHT + CPCGI 41 % /8 - & U 5k
W (1=2.51.2.98, ¥ P <0.05) ;5 TBI A4 A
[, MHT 4 .CPCGI 41 fil MHT + CPCGI 4 H #5:4 fR
JIT o5 1] E 43 bGAS [R) R BE e (¢ = 5.32.6. 13,
8.58, ¥ P <0.05),5 MHT 411 CPCGI 414 I,
MHT + CPCGI 21 H ARG BT (5 B[] & 4 LB g (¢ =
3.735.17, ) P<0.05), W1,

2.3 ZFHEKXKBBWT FfHCESRER &
BWT w55 TBI #A 20 K FRUAH L , MHT 41 . CPCGI 44
FI MHT + CPCGL 41 KB BWT PF4r A 48 5 (1 =
7.38 4.20 8.57, ¥J P <0.05) ,5 MHT 411 CPCGI

ZHAH L, MHT + CPCGI £ 1) BWT P43 $2 75 (¢ =
2.254.58, ) P <0.05), 7ERMCRESZE | 5
TBI A4 71 41 K §UAH b, MHT 4 . CPCGI 41 fi1 MHT +
CPCGI 2K B € 3% fA B2 ¥ A B g hm (¢ =5.54,
6.70.14.20, ¥ P <0.05), i MHT + CPCGI 41 1
eHs f R R (1 =9.43 5.16, ¥ P <0.05), W#
2,

x1 J[AXRREERY. BT EREM
BFRRIRAT SR B E D LR (n =9, x 5)

. B3R R S EFRGL AT
(s) Jli¢ ) 43 (%o )
TBI F5i 70.69 +6.43 2.2£0.92 16.52 +3.65
MHT 43.53 £4.58* 5.120.99" 27.34 £4.89
CPCGI 53.10 £6.76 * 4.3£1.49* 25.60£2.53 "
MHT + CPCGI 34.72£4.25%4  5.9+1.20%%~  37.20 £6.24 *#4
F 14 67.76 16.59 31.32
P <0.001 <0.001 <0.001

5 TBI MRIZL FeAS . * P <0.01;5 MHT 4 H4E . *P <0.05;5 CPCGL 41
W#z: 4P <0.05

R2 BAXKRBWTIESMEHAELLLER (n=9,x=5)

21531 BWT 343 CHE f i

TBI 574 1.2+0.79 19.67 3. 12
MHT 3.4£0.52" 33.89+5.53*
CPCGI 2.6+0.70* 28.22 +3.38"
MHT + CPCGI 4.0 £0.67 ** 46.33 +4.67**
F {4 32.20 61.03

P{H <0.001 <0.001

5 TBIMERIL LA * P <0.01; 5 MHT 4% P <0.05;15
CPCGI # [t 4. 2P <0.05

2.4 BHAXRBED CAIXHATHAMBRILER
Je IRP L5 R R, 76 TBI B AYZH Al LK BT
CA3 XMool R A 17, 5 TBI SEAIH AR L,
MHT 4 .CPCGI £ f1 MHT + CPCGI 41 & CA3 X
TG £ (1 =5.93 2. 44 12.87, # P <
0.05) ;5 MHT 211 CPCGI 414H I, MHT + CPCGI
HME TG BRI 2 (1 =4.75.10.21, ¥ P <
0.05), WA 1,
2.5 #£4HAKR DCX 1 NeuN PHIEMAMERILLE R
55 TBI RS A4 A He , MHT 41, CPCGI 41 F1 MHT +
CPCGL 4 DCX PH M4 Mu g 3 £ (1 =9. 15 .3. 61,
11.15, ¥ P <0.05) ; 5 MHT 44 #1 CPCGI ZHAH I,
MHT + CPCGI 2 DCX BHPEZ0 Mgk f 3 hm (¢ =4. 27 .
6.83, #)P<0.05), WK 2, 5 TBI BERIAIAH LL,
MHT 4 .CPCGI 21 1 MHT + CPCGI %] NeuN [H{4:4H
Mk & (1 =2.83.2.21 .4.89, # P <0.05); 5
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MHT ZH #il CPCGI Z4HAH L, MHT + CPCGI 4 NeuN [H MHT 41 #H I, MHT + CPCGI 4 NeuN/BrdU X F7iC
PR MR N (¢ =2.35.2.85, ¥ P<0.05), 5 PR Mo R g (1 =8. 42, P <0.05), UL 3,

A

lov}

60
*#A
~ T
<:/
= 40 "
T‘EE\ T
a b §?"\
‘—E *
X
12120 | T
T
=r
c d 0
a b c d

E1 FAKXKRED CASXERLEBELER %200
a: UL ;b MHT 41 ;c: CPCGI 41 ;d: MHT + CPCGI 4 ; 55 TBI 5 BI4H e #s. * P <0.05;%5 MHT 4 [b4s . *P<0.01;5 CPCGL 4 Lb#%k: 4P
<0.01

A B
150
2: ES7AN
=
= 100 .
=
a b g ——
5 *
A T
=
<
@) 1
IS
0
¢ d a b c d

B2 FBAKBDCX RREXFLBER x200
a: TBIBIFU4 ;b MHT 4 ;c:CPCGI 41;d:MHT + CPCGI 4 ;55 TBI BiBI4] b4k . * P <0.01;5 MHT 41 H%:: #P <0.05;5 CPCGI 41 Ho %% -
AP <0.05

C
TBIFE 2 MHT# MHT# . 60r
t KA
& * . T
= T
=t T
& 40}
Ié»_: T
Z
B CPCGI4 MHT+CPCGIZH MHT+CPCGI4 2
X' 9oL
<
O
:ﬁ
=
0
a b c d
B3 ZAAKXR NeuN # NeuN/BrdU £irREH AR EBER

A FYIKE NeuN fiE ot Yl x400;B: K NeuN/BrdU SEARfaiss o8 S YL 8l x 200; C: 45419 T CAL X NeuN FHE: 4 i 451 He
#5sa: TBIRELEIZ] ;b MHT 4 ;¢: CPCGI 41 ;d: MHT + CPCGI 41; 5 TBI B4 H4s. * P <0.01;5 MHT 41 0% *P <0.01;5 CPCGI 4] He %% -
AP <0.01
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2.6 &HKR Bel-2,Bax fl Caspase-3 RiLHER
55 TBI #5824 A1 [, MHT #H . CPCGI £ #1 MHT +
CPCGL 4 Bel-2 H AR K I (¢ =5.78.3.91,
6.47, # P <0.01) ; 5 MHT 411 CPCGI 414 L,
MHT + CPCGI 4] Bel-2 F2ih 51 (¢t =2.23 4.78,
¥ P <0.05) ;5 TBI #4541 #f ., MHT 4 . CPCGI
24 A1 MHT + CPCGI 4 Bax #ll Caspase-3 & [ #£ ik &
WEAR (4, =3.20.2.39 745, 10, 5 =4.68.4.31,
9.66,] P <0.05); 5 MHT 4 F1 CPCGI 41 Ml I,
MHT + CPCGI 4H Bax fil Caspase-3 & ik 1 [ (15,
=2.14.5. 15, 10y ey =3.14.6.63, 45 P <0.05) ,
Bel-2 HAHUA0MEHM T M 1E ], Bax EAf& 4 M T
fIFE F , Caspase-3 S/ S 40 I8 T 0 — 28 B 11 7K it
fitf, LA b 45 4 7R MHT + CPCGI 4l g — 25 I 14
Bel-2 %35, T Bax F1 Caspase-3 235 M i 411 1 41
fgaT, WL 4,

Wit

MHT 57 28 0 TBI B Z4)7 TRz —,
A S AL AR ] LA B 5 o 4 A 5 — 1Y
PATFRIE BB Z MR EAITF ", B RTVA ST RCR K
IBFFEAESF . BF7E ) Fe W, i 1 28 K MHT 477 i
(] 28 1 48 h, AR 4R o N T A A D0 IR AL e R IR
TR TE] , BEA TG o ST IRFSE , AT ST e H
48 h BYIR YT B A AE A K i AR B 36 97 A5 2Ok T R F

3

58, S5 R, 5 TBL BRI Hede , MHT 41K [ #f
LIRS TS BRI , #E— 2R W] T B 2 MHT Xf
P2 ORI E R

KR MHT {597 gt 5 S05E Il U BE i IR
PR R R XU B K R A
TR = AR W EIAE F T BB 5 T — 3R B 3R YT
MR, PREEFRY H AT 2 N FIGIR, £ —2
FEEE I RERS AL 1E i 40 B AR DA S 224852 . CPCGI
FEA MR K A e RO RS A A
AR R B8 A% 3 3 i A B I S R - B2 A
KR 2 {5538 1, D S L R A o 5 2 1 il
1o B B 45 % TBT BAT AR /R ™ o A WFSEE
i KB RE MHT B¢ G CPCGI [1R3697 DL 7R #MK B 7
MHT 7= A= @V I B bG , 45 R R E AR T 2
A~ ERUWR IR TR

TBI ()4 28 1) e S 40t 75 B 22 Fivolog BEAIL A, A 2%
(TR VL RE A i 4k & 3505 H- 47 R PN U o 22 ]
SR AR AR T K e W T X R A
() EE AL, 5 K T IC I S D RE B VI AH G, Rk
5T TBI 175 5 (1365 5 [X PP 28 A % i 42 ) RE i 18
T TERZ W T3 B, 30 AH 5 2 1 ( doublecor-
tin, DCX) /R 14 4R [l el #2840 e 1) b 26 96 i
PRAHAL AL R BR E , FEM G T A i R T i R
AWFIE 45 R B oR, 5 MHT 40 f1 CPCGI 41 AH [,
TEMHT + CPCGI4] , DCXFINeuN -4 41 it 5% BH 2 7+

A B
a b c d I
u
b d
Bel-2 26 a ¢ ku
Caspase-3 17
Bax 21 GAPDH 16
GAPDH 36
C D E
1.2 #HA 1.5 1.5
il _—T—_ - T N i .
B oost K10+ Fof
& = *HA X SEA
= = =
ping ‘E {JI
i et
04t ¥ os | 9051
) = Q
M /M g
]
&)
0 0 0
a b c d a b c d a b c d

E4 £EKR Bel-2,Bax 1 Caspase-3 B B RizHILLEK
A B:Western blot |45 5 ; C-E : %2 Bel2, Bax Fil Caspase-3 % [AAHRT F A HE 1 LA ;o TBL B5AIZH ; b: MHT 2 ; ¢:CPCGI 4; d:MHT +
CPCGI 4 ; 55 TBI UL LS. * P <0.05; 55 MHT 4 AEs: *P <0.05; 5 CPCGL 4 Hke: 2P <0.05
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B TEJR R YL (o rh []RE & 30 MHT + CPCGI 21 ¥ T4 [X.
TR i %, WK AT A2 MHT B4 CPCGI fig
i B SR A E PR 220 I A K 3 B RN 40 Ak a0 T 1 R
BURAT R ILRE T .

1 Bel-2 2 (1 5% F4 B 1 P U8 O T3 2 A
TBI Ji 408 T f) iR 4 ke 21 T 4 A, RO ) 3%
B, A0 T — AR A I I e, R T i
R F EEAE A, 8 a8 Bel-2/Bax/
Caspase-3 11558 % U /> K¢ Jo0 pft 28 76 19 228 1 A0
P, 3R] e A 2 R AP I AL Z —
ABFFE L5 R B, TBL GB4% T I/ Bel-2 ik, 1M
Bax 323k, ik 1 B Ml Bel-2/Bax e {H, i MHT Al
CPCGI fig 9% ¥ #% Bel-2/Bax [ AH, #f — 25 #1 il
Caspase-3 {if 4L FH A 40 JL 98 12 1) & 4 ; MHT + CPCGI
Mgttt — 4 1 Bel2 8 1R IKIKF, T Bax
il Caspase-3 £ [ FRIB KT, DA A 25 00 1) 0 123
% Caspase (1) 901K F I, BEL A% 2 5 1R R T2 1) R Ao
DR IEAREIN 3064537 7 308 o 90 1 52 450 4 i 1) 98 1 it
RAFM AR AER] , B8 K R 2D Regs ok

zi B R, KB A2 MHT BX & CPCGI J5 Y7 RE%
DA 2 P AR RN ) 4 R T, A A TBT R
IR EAT R 2E R B, o TBL I IRIG YT $ HEVE 7E I 3R
W IR o RN 288 R i 1) 2 A 2 3 o, 2 i ik
Z R NEARIR B 254, L 458 4 AL ] 3 H
—, PR A ISR B 3 7 P ) 0 5 AN o 4 5[] T I R
BIT I SEBRIT ] o 7E 5 2 0 S8 ok A e, AR B A
Y7 I (BB B R TP AIFST , B MHT &7 i) B[R] PR 28 )
SEORZE AL, DA S 4 R I R A T SR AL BRI
s ST HETHESE B9 R BRI, R SR i 75 1 i KR
BRI ATREPE I R S BIF 5%, DL B8 47 b g S I R 3R
I
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Neurobehavioral effects of long-term mild hypothermia combined with
compound porcine cerebroside and ganglioside injection after

traumatic brain injury in rats
Zhao Wanyong' , Xu Shugang', Wang Jingjing”, Li Xiaohong’, Sun Hongtao’
(' Dept of Neurosurgery, Qilu Hospital of Shandong University Dezhou Hospital, Dezhou 253014 ; > Neurotrauma
Repair Research Institute, Characteristic Medical Center of People’ s Armed Police Forces, Tianjin 300162 ;
*Institute of Medical Engineering and Translational Medicine, Tianjin University, Tianjin 300350

Abstract Objective To investigate the neurobehavioral effects of long-term mild hypothermia( MHT) combined
with compound porcine cerebroside and ganglioside injection( CPCGI) after traumatic brain injury (TBI) in rats and
its mechanism. Methods 36 healthy adult male SD rats were randomly divided into model group, MHT group,
CPCGI group and MHT + CPCGI group. The TBI model was prepared using an electronically controlled cortical in-
jury device. The rats in model group received an intraperitoneal injection of an equal amount of normal saline (NS,
2 ml/kg) and were treated at room temperature (37 °C) for 48 hours. The rats in MHT group received an intraper-
itoneal injection of an equal amount of NS and were treated at a slightly low temperature (33.0 £1.0) C for 48
hours. The rats in CPCGI group received an intraperitoneal injection of an equal amount of CPCGI (0.6 ml/kg)
and were treated at room temperature for 48 hours. The rats in MHT + CPCGI group received an intraperitoneal in-
jection of an equal amount of CPCGI and were treated at a slightly low temperature for 48 hours. The sensorimotor
function of rats was evaluated by modified Neurological Severity Score (mNSS). The motor and spatial memory a-
bilities of rats were detected by Morris water maze test, and the motor function of rats was evaluated by beam walk-
ing test (BWT) and inclined-grid climbing test. The number of neurons in hippocampus was observed by Nissl stai-
ning and immunofluorescence was used to detect the expression of doublecortin (DCX) and neuronal nuclear anti-
gen antibody (NeuN). Western blot was used to observe the protein expression of B-cell lymphoma-2 ( Bcl-2),
Bel-2 associated X protein ( Bax) and cysteine proteinase-3 ( Caspase-3). Results Compared with MHT group
and CPCGI group, MHT + CPCGI group had a lower mNNS score, shorter escape latency, higher times across the
platform and the percentage of time in the target quadrant, higher BWT score and larger climbing angle, increased
numbers of neurons, DCX and NeulN positive cells, increased Bel-2 expression and decreased expression of Bax
and Caspase-3. (P <0.05). Conclusion long-term mild hypothermia combined with CPCGI can effectively im-
prove the neurological deficits of TBI rats by promoting nerve regeneration and inhibiting cell apoptosis, and provide
potential strategies and basis for the clinical treatment of TBI.

Key words mild hypothermia; compound porcine cerebroside and ganglioside injection; traumatic brain injury;
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