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[1] 7 Jo T~ 2B 45 (U5 2 20 i 5 {97 TBI K Bl i)
PP 22 PRy 18 AL IR 58

BRI %

HE B BRI (MSC) A K EH0 BE 2 i A8
75 (LITUS) {67 %M 547 ( TBL) s 2 R4, &
OB T72 HSD KEBEALIY 8 4 41, BXT B4 TBI 41,
MSC 4 BRATRYT AL, W A4 il 14 B Joi i o (g Sr TBI
WAL RS 24 h P, SR IR SRS MSC =BG,
FHAR PSR AR 5 38 07 AT %8 2% 28 d LITUS 3897 . RJE
1.3.7.14.21.28 d X 45 41 K BUtE 47 80 B i 28 T 68 3T 43
(mNSS PE43) , HE B (K 0451 47 35 4 5 B AR Ak, S pe ik
Western blot A1l RT-PCR Ao I fik I 14 #f 28 % 5% X ( BDNF ) |
AR AHSGHE 43 (GAP-43) | 58 il J5 B0 4 1195 (PSD-95)
FIBE R AT 4E TR 1 26 11 ( GFAP) #Y mRNA R EFI#RiE, &R
5% MM EE , TBI 4019 mNSS PE/3M38A1 (P <0.05) , GAP-
43 PSD-95 FIAFEML, GFAP K1k THE (P <0.05) ;5 TBI 41
AHEE, MSC 41 Ay mNSS P53 F& % (P <0.05) ,BDNF ,GAP43 |
PSD-95 ik F i, GFAP FikFE(K (P <0.05) ;5 MSC 414
L BEATRYT 4L mNSS 43 B4 (P < 0.05) , BDNF , GAP-
43 PSD-95 #3ATH T, GFAP £IKFFEML (P <0.05), 4&it
MSC BXA LITUS J397 TBI &My E -G ALH], 7T BE 5
{23t BDNF GAP-43 PSD-95 %3k Il GFAP FikA %,
KR RO 5 (RO BE 22 AR 5 1) 70 0T A0 B
BIRIT s P AT RERR 1
RESES R651.15
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W, LA Z U5 SR B IR 3T 40
(mesenchymal stem cells, MSC ) 7 )y 2 #if 28 A8 P |
RAEFIL e 2 K e | 2 HETA &R 97 TBI )7
2z — AK5E BE 2 i A ] 3 (low-intensity tran-
scranial ultrasound stimulation , LITUS ) J&— 47 ¥ 5
WOk, X T TBL A 4 W 3 9T &L, JF e 0% 12 i
MSC (3 FE 4 4e Y BB AT SE e R,
LITUS BEXF TBI J& il 41 4UK 45 #h 2 A4 45
I, 78 MSC AL AL Al A LITUS 847+ i, A fiE
X TBI BA B AR5, 9 i m] #8304 AH 5C 2 11 78 TBI
Je A 24 52 rhke 2 E BN AR ST A
I fih ] BB 1A AR DG 1 5L ok 2275 3R 1 (brain-
derived neurotrophic factor, BDNF) A AH G K 143
( growth-associated protein43 , GAP43) | %< filh 5 2 %
FH F-95 ( postsynaptic density protein-95, PSD-95) , &
Jig 55 Ji £ 4 PR 11 B 1 (glial fibrillary acidic protein,
GFAP) IR IRAAL , R —FH KGRI Xt TBI
(P 245 7 2 A5 ELAT D [R)VE D B2 v] RS S HIL I

1 #B5EFEE

1.1 #E 5

1.1.1 £¥shhhom 72 H6~8 Fld, K E
220 ~250 ¢ MYHEME SD KR, i b 5t 4 A1) 48 52 55
PRt SR sh W A e IR . SCXK ()
20210006, HRAEIGIT IR IWA IR, He BB LA %=
Pk TBI K BURSERIYS 43R 4 20 . XF RREH  TBI 2 \MSC
4 BRAIRITAL,

1.1.2 3R A  MSC(_EWEREBAEYHEARARA
) ;%2 FiBEHT BDNF (L5 SAB5700726) % e
FEHT GAP-43 (#1t5 AB5220) . % £ Wi k& 4L PSD-95
(L5 AB9708) | % £ o FEHT GFAP B ik (#t %
HPA056030) ( 3 [ Sigma A ) ; PR 1gC Pk
(RS R R A R AL LS GB11002)
% v B-actin PLIK (3£ FE CST A H, it 5
49708) ; TBST ZZ itk (5 ST673) . BCA & ¥k &
e i) & (fE5 P0012S) (b 5T Beyotime 23 H ) 5
ECL 2 H Bl Ak 2% A6 K57 & (B absin 4=
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YR FRA T 45 abs920-2) 5 30856 S5 & (1L
T Ki% TaKaRa 23] ,RR037A) ,

1.1. 3 £ BAE br iR S iR E A7 Y
(68861N) AP e )24 542 (68099 1T ) (A
AAARRBEDL (RWD510) (RYI 0 IR 78 AR B AT
FRZSF]) 5 3 780 v B 2% (B -1 Hamilton 23 7], 8OON-
84852) ; Tl 78 T 4 %% 2 ( 35 [ stoelting 23 H], QSI-
GDO30) ; #H7 AN (A GV B B Y7 e b A PR
A],DK-102T) ; AL (e miRhb SR & A RA
7], KD-BM) ,Eﬂ%‘@]ﬂ‘*ﬂ,( 2 [E Thermo Fisher 2\ 7l ,
V11335); 6% B W 8 ( H A& OLYMPUS 2 H],
BX43F) ;37 °C ii4# (LHS-150SC) .65 °C #i4f ( LRH-
250CA) (LGS HEER S A RAH)

1.2 XEH*E

1.2.1 TBI sh AR 4 & Irfy KRR §7E
2% 13 2 BRR I, B T Sz e AL SR
JH CCT 3kl %% TBI KBRS Sk L® &, T
S AT 1.5 ~2.0 em Y) T, KR40 K BB i 57 1R
BN B, T (9ARE55 2. 5 mm, T RZE S
3.8 mm) FEEN B —ANEARL S mm BE I, PRAERE
M e 5 H om0 Je LA . W EAR S mm 14T
sk, PA 5 m/s B9 JE o Gk 26 A IR ZE T 2.5
mm R JEEA 1 s, RIGAH B4 9.00 B
THHFHER 0.2 ml(FHERET 0.9% NaCl {F5f
W ,40 J7 Bfr/ml) Py 4L 3 d, X IRAALIT I
(IR ER N [IEL G

1.2.2 MSC BRAziES B KERADAL T IR ERR
A, S BVHEAT MSC BTG o 4 I BRI e 78 Fili 37 44
SENASC L BRI S 2 B PR A B (A R K ) [l
W Wk, AR5 e B T S AR 2R . B2l 4
B (2.5 x107 AN4RHL /ml) | 80 1 B 0 3030 455 5 067
S T A R i ol (RARZESE 2.5 mm,
GRS 3.8 mm), WREE N 2.5 mm, #E R 1
pl/min, FEHTERSE , BEF S min, ZM2RE, A
5x10* A TG IX B, 0 BRZH K TBI 4R 4%
[FRE 7 s S S AR B AR R K

1.2.3 LITUS %7  BREIRITH R RAEFSAE MSC
Ja s BP#EAT LITUS G897, BRIEBCY H AN, B H L
8:00 #F4T LITUS JJ7 , IEL A RIMHGYT 28 d, WA
4% FELEHEFIREE  TE 2. 5% S5 485 bR OR 25
T R BRI S A ki S A E A L DAARAIE LITUS 33
7B R R R RSk B TR TBI X
TRPAFRS TR, B A =X i 8 Sy i 450 55 5K
O, B\BEESHOEE N 1.2 Wem®, fl S R

10 min, J&GY7 M UIEEAK BN A= d iR AE . X RRZH
TBI 2 J2 MSC 2H LAIAIAE 7 484 (R 75 1 45 A TF
Ao

1.2.4 KRAKRAZIEIFES (mNSS #+5) F
HBEHLHL 6 KRR, i RIATELL 7 d #1783 Uhil
I 25, RS 55 1.3 .7 .14 21 28 K 4 10
00 #E4T mNSS PF4r, PEAr{E RN 0 ~ 18 43 (IEH 0
O3 KT ECH 18 A1) A543 , Uk B G 453405
MO A IF SN B K B R 24T ol AT
T,

1.2.5 B MU G AL 6 X
B, M s T B 2% JSG L B 2 BRI, B RO E
FHmAZEOE B E VI A0 B HE A R UK 150
ml, BLZ T AR 11, A0 B it H RO, PR T
4% Z W 250 ml, B 2 KR G B, #2541
L RMT 4% ZRPBEE, 8T -4 CHKFEHT
HE Zetafife e A bk, RAF 4 12 L RRIE
JE T 5 2% I3 B B 2 BRI, R vk B S BIVICHS 45345
DX 3l J] R R )2 28 2RI 40 40 I T 2 v 1 2, B T - 80
C VK4 F T Western blot #1 RT-PCR #: ,

1.2.6 HE #&VEB 4RI mE T KEN
WAL 4% Z R PR 2 48 h )5, AT AW EE A
M YR 16 65 CHA MRS 1 h, —H 2R il 5
~10 min, BB EEEDRSEK , FH IR AKE G Bt e 5 ~ 15
min, SMCECRP G AR R, R £ i 7
WP LA AR 5 , TRk vk, B e BB )
WK E, B, YR 3R T 0 WS A IR
(=

1.2.7  SyE 44 ml 345 M) 57 41 »F BDNF F= 45 4
JE B & & GAP43 PSD-95 GFAP & & & ik HUR
T 4% ZRF RPN Z, B e ol U A, 5t
J &S, H 3% H,0, ¥ W LT A 5P i A8 A0 P il 7%
£ 10 min, 0F B I—H07E 4 COKFFHER, 7
AP0, DAB AW, AR U R ] PBS sk
3, HAKER L 1 min, LK 2 E, Ol B it
TTE a4k, K H Image-Pro Plus 5. 1 FA4F3FAh %
PN SF ¥ G % B ((average optical density,
AOD) ,AOD =10D & Fl/Area S Fl,

1.2.8 Western blot 3 #4545 /] 57 %7 » BDNF #=
G R B R E GAP43 PSD95 H @ Rk HUET
-80 C VKA ) 100 mg FEA, 78 RIPA 2 i v ik
BlE4 CF 14 000 r/min &0 15 min, #2507
W, i BCA B vk B2 g 350 G kA7 2 P ik 2
K, 2R B (50 we/L) 2k Lk, B IR
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FEZ M T 5% WMLAG 2 W5 7E TBST HpHIBr 2 h, i
AR PR TE 4 C TR d®., FH TBST ¥t 3
R, 4R 10 min, A HRP ARICHI S5 1gG 5 E 1
h, J TBST %% 3 ¥k, 4K 10 min, i JH] ECL & 4 B
A 2 SR IR & AT B, JFAE ChemiDOC™
XRS * 5 Image Lab™ # /4 H B8,

1.2.9 RT-PCR #4545 M) 57 41 *+ BDNF F= 45144
JA B & B GAP-43 PSD-95 mRNA &k HUFEIR T
—80 CUKAE T 100 mg FEAS , $4 HE 136 BH Ffdi FH TR-
Tzol IR 7 ZH LU 43 55 6. RNA, Bt i B E 1S Al 9k
RO RNA Jidt AR e sl R G v Bl i 7 Bt
cDNA (&, PCR RNAIAZR A 20 pl, £ B
rf 3- B AR H i R I U ( GAPDH) A Ay P 35 Xt 18 [+
BF9 34, PCR ¥ 7E & A 10 ng/ml 1R 1k 2481
1. 5% BENRHEEE R HEA T HL VK /3BT, 3 2ok 8 i 15 &R B2
PEATIEE . SR 2 2RI S B AT 441 mRNA
FAXT A 23k K, B A B9 51 9% 2 AL T K GE
TaKaRa AEPHEARA RIS, 51 0FHN 0L 1,

&1 RT-PCR3|#FE5

BB Bl gdl

BDNF F.5'-TCCCTGGCTGACACTTTT-3’
R:5-ATTGGGTAGTTCGGCATT-3’

GAP43 F:5'-CTCCAACGGAGACTGCAGAAA-3’
R:5'-CCTGTCGGGCACTTTCCTT-3'

PSD-95 F:5"-GCAGGTTGCAGATCGGAGAC-3’
R:5'-ACTGATCTCATTGTCCAGGTGCT-3’

GAPDH F:5'-CCTCGTCCCGTAGACAAAATG-3'

R:5'-TGAGGTCAATGAAGGGGTCGT-3’

1.3 SitZF4IE R SPSS v. 26 BT i
Ge T AT S5 M 25 TR v 15 2005, i
Kolmogorov-Smirnov 6 56 46 28 2040 14 1E 2514, SF 3
{9 M i 3 TR 2 97 22 3 BT (ANOVA ), J7 2% 75 1
ST LR LSD Ko s 7 2 K S, 44 ]
PP LL R Dunnett’s #2535, mNSS #4725 5 % H
WA P <0. 05 2 A S0 257 3,

2 #R

2.1 mNSSiE4 W TBI E A REZheeI Tk

XTRAZH R 0 43, HAR 45 4L mNSS PF-43 Fifi 75 A5 [1]
WA ZW TR, B 14 K, £ IR 5, MSC 4
KMERAIRIT 415 TBI A EE B AR 415 MSC 41
FHEE, mNSS 153 22 5 B8 48312 2 L (MSC 4. vs
TBI 4 14 d,P =0.013;21 d,P <0.001;28 d,P =
0.002, BEAIEYTFLH vs TBI 4 14 d,P <0.001;21 d,

P <0.001;28 d,P <0.001, BEAIGIT 4L vs MSC 4
14 d,P=0.046;21 d,P =0.038;28 d,P =0.021),
W1,

151
10 |
&
Bk
)
Z
g 51 -e- X4l
-= TBI4
-+ MSCH4]
- EnIr Al
0le—e L 1 L L@ o—!
0 10 20 30

i) (d)

1 KAKXR mNSSEHTW

2.2 HE }&WBRHRGXEMHHBETH HE 0
SRR X IR ZH A iR 2H SO0 B o R 4 it HE B
3, AR A LR 45103 ) Bl R )22 1 UL B0 AN () 2 B 1 240 P
HESIZE B AN U5t , TBI 26 7T 00 I S A 25 I T
MSC 20 B AR YT 412 s T AL B B4/, o B
HIT A BE ] .,

2.3 {5MIBIERH BDNF . #5215 B B K E GAP43,
PSD-95 .GFAP AOD T 55X AL LL, TBI 41
PSD-95 Ay AOD [&1{%, GFAP ) AOD ¥ il (P <
0.001,P <0.001) ;5 TBI ZH4H Lk, MSC 21 BDNF
GAP43 PSD-95 [ AOD 311, GFAP f# AOD F&1i%
(P<0.001,P <0.001,P =0.002,P =0.001); 5
MSC AR, 354897 41 BDNF .GAP-43 . PSD-95 [
AOD 34 i1, GFAP (% AOD F&AK (P =0.004, P =
0.028,P =0.040,P =0.045), WE2 |83,

*R2 BAKXRBTFMH BDNF, 515 E E K E GAP43,
PSD-95 .GFAP AOD(n =6,x +5s)

415 BDNF GAP43 PSD-95 GFAP

Xt R 0.205£0.0108 0.112£0.012 0.286 +0.038 0.146 +0.021
TBI 0.229 +0.028 0.135+0.027 0.159 £0.026 * 0.231 +0.018 *
MSC 0.287 £0.029% 0.231 £0.015* 0.216 £0.007* 0.194 +0.016*
BRAIRYT 0.327 £0.0122 0.260 +0.0272 0.250 £0.0272 0. 172 0.0144
FAE 39.301 67.472 24.125 25.718
Pl <0.001 <0.001 <0.001 <0.001

SR HRAL RS “ P <0.05;5 TBI A HHE . *P <0.05; 5 MSC 411445 2P <0.05

2.4 {5MBIEH BDNF 15745 E B K E GAP43,
PSD-95 EEFRIATH  SX AL, TBI 4 PSD-
95 & BFEK (P <0.001) ;55 TBI 4141 [, MSC
20 BDNF , GAP43  PSD-95 & [ ik fn (P <
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R AL TBIZH

MSCH4L BeAITA

B2 RBAKARHELBER x20

Xt R TBIZH MSC4. BeaiayT A

BDNF

GAP-43

PSD-95

GFAP

E3 HHEKXREBDETEMH BDNF . #5{5EEKE GAP43 . PSD-95 GFAP BB AL REE <400

0.001,P =0.010,P <0.001) ; 5 MSC ZH# ., B & 0.002,P =0.020,P =0.007) , L3 3 K 4,
JAYF2H BDNF .GAP43 PSD-95 H [ FEEW M (P = 2.5 R{GMEIEMH BDNF . 575 E E K E GAP43,
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*3 BAXRBFM BDNF RGEAERKE
GAP-43 PSD-95 EHHMRIZE(n=6,x+5)

A5 BDNF GAP43 PSD-95
xR 0.412 +0.028 0.346 +0.055 0.702 0. 030
TBI 0.452 +0.033 0.382 +0.048 0.441 £0.031 "
MSC 0.548 £0.039* 0.466 +0. 046" 0.556 +0.033*
e S 0.619£0.038%  0.541+0.055%  0.622+0.051>
Ffd 42.996 17.418 52.135
PH <0.001 <0.001 <0.001

L3t BRI EEE . * P <0.05;5 TBT 411042, *P <0.05; 5 MSC 4114 “P <0.05

A B C D
BDNF

GAP-43

PSD-95

B-actin

4  Western blot i&#: il & 4 X R AT &AM+ BDNF,
#BOX GAP43 .PSD-95 B H R
A XFRE4H ;B TBL 41 ;C. MSC 41 ;D BE&AY7 4R

PSD-95 mRNA FRixT SXFRA AL, TBL 4
PSD-95 mRNA FKiEREK (P <0.001) ;5 TBI 414
I, MSC 44 BDNF .GAP-43 PSD-95 mRNA iR
(P=0.017,P=0.020 5,P =0.014) ; 5 MSC Z1H
I B A48T 2H BDNF  GAP43 PSD-95 mRNA ik
HfN(P =0.029,P=0.007,P =0.004) , W4,

*4 BAXRBFMH BDNF 75 FEEE GAP43,
PSD-95 mRNA Rix(n=6,x+s)

kil BDNF GAP43 PSD-95

Xt R 1.152 +0.159 1.193 +0. 127 1.164 +0.169
TBI 1.335£0.278 1.401 +0. 142 0.447 £0.072*
MSC 1.685 £0.207* 1.669 £0.195* 0.664 +0. 146"
BAIRYT 2.003 +£0.270% 1.989 £0.244%  0.926 £0.154%
Fi 15.694 21.230 29.607
Pfa <0.001 <0.001 <0.001

SRS * P <0.05 ;5 TBI AL I *P <0. 05; 5 MSC 4 42 2P <0. 05

3 it

AWFFTFIA MSC BE4 LITUS XHAY7 TBI 2L
R B R . 7R84 S F I oy, X
B KRBT T mNSS MALINEEPESr, IEH IR R
ZIHEA BEA 0 43, PEArE s, UL s 2 D) RE R
™, 2SR BB BB R HERS R, 22 5%
BT B, MSC 41 K A IR 9T A BT 4 B W AR T
TBI 21, 3+ HEC A IR I 4L V40K T MSC 4, 1e4h,

HE e 8 7 B 45 38 07 19 25 18 AL o, BB iR 9T
AP E SO A, DL L2548, MSC Bk
LITUS X # 28 S RE AL SL 16 B A R AR T 2 b 1
MSC, TBI FEU i 280140 5 5 ok o] 93 1 52 30 2% )
FHOE T MSC. RE WS 41 1 PN 5P b 28 P2 45 28 i &
A IR w2 e

ARSZES R MSC R 51 RE_EJH AT A BDNF
FIF45 5 B B2 )2 GAP-43  PSD-95 mRNA F17E [ %
ik, 2 LITUS B &6 97 )5 , BDNF K GAP-43 PSD-95
mRNA FI#E 1 RB i — P8 m . Bl MSC B4 LI-
TUS ANAER 5 X AL 2E 4 | 1 BEAE 78 32 [ 1 1 )2
DX IR i 228 SR R - = A R ik s e i,
7 T AR 0 28 ST I AE I 5 P AR DA T 38 3 b 22 00
FERRCORY AR & B LITUS 7] 34 5% BDNF
Tk AR ER S 2 —5, FEE 0L ELr
iR, MSC B A6 12 30 28 fil M 56 2 (A Rk,
GAP-43 i i 55 5 filh B 0 B 0% 0 B & PR 22 (8] AH B
YRR R4 5 fuh 28 360 1) 5 M 17 A% 3 ki, IR
B AR (Glu) S5 4 20 5 28 28 fyh (A1 B2 2 2 fih
Ja MY PSD-95 A 3 i3 AN [R] 1 25 #4806 Glu 32 A4
SE RN (54 2 356 Jo 38 K 1) 5 fih DX - 3 45 26
ARG VARG A R R ) (RS S
SEAARSZE | MSC B4 LITUS 77 A= b W) 4 FH 4 AL
il , AT e LITUS #— P42 = a4t BDNF 3Rk, i
I GAP-43 2 i 28388 I BE OH-VE FH -1 PSD-95 , 1%
5 S M [E) (5 55 3 AR IE R il & A e R H M A
ERA 2,

itk — R MSC B A LITUS {2 #F i £ T B
BB HIHLE] A S5 R MSC B VE S 68 T 4514
JEV B K2 J2 B2 T I I 21 Y (astrocyte, Ast) FY GFAP Z&
FIIk 2 LITUS B3R YT G GFAP 25 Rk i —
R, Ast B 5 5 M2 0 S Ml AT 5 AR i AR
“SHG AR AT G Ast i BERG A i
JiK T B S5 IR LA b 22 e R Bl 28 AR K, LITUS
AL A s AR AR Ast B B N A Cat
A Ca** BIA S N Ca®* i i, e i P AiX
W RgEE | WAMEIE LB LITUS Bk
A Ast DI BE L R MM AR ER, X Re S
BDNF 3Rk FA K&, SASL I 4 RN, 456
SE5% ,MSC BX G LITUS 69700 T 50l MSC iRY7, 3
PUHIATRE S LITUS 330 228 Ast Difig, iF — D fd ik
BDNF ik , # il e B e iifa ¢ .

ARSI AR — 8 JRy B, 155, LITUS 1) #;
FESHUR MSC JF A B i e AR I AL 18 Tl — 245
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5%, HWR, TSI A BRI, 28 ] Y34 g s oF
FAEIRA TR — 2 R 32 5 i B R LSk
BIRYT I S MBI A K A Ak, I 43T T2 T X AL
HE—2 5%

ZE FJR RBFGE R, MSC A S-S LI-
TUS IGI7%F TBI J& B 245005 B3 Ve, 9F L3k
IOE TRl S MSC, X 7T fig 5 17 BDNF , GAP-
43 PSD-95 ik JHi/b GFAP ik A XK, X—Kk M
Al figh TBI BE SRR I RYATT 48 .
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combined with low-intensity transcranial ultrasound therapy in TBI rats
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Abstract Objective To investigate the neuroprotective effect of mesenchymal stem cells (MSC) combined with

low-intensity transcranial ultrasound (LITUS) treatment on traumatic brain injury (TBI). Methods

Seventy-two

SD rats were randomly divided into four groups, namely, control group, TBI group, MSC injection group, and

combined treatment group, with 18 rats in each group. TBI model was established by applying a pneumatic con-

trolled cortical impingement instrument. Within 24 h after surgery, MSC was injected into the injury site by micro-

injector and microinjector pump using in situ injection. After injection, the injury site was treated with LITUS for
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28 consecutive days using an ultrasound stimulator. The modified neurological functioning score (mNSS) was per-
formed on rats in each group at 1, 3, 7, 14, 21 and 28 days postoperatively, and then the brains were extracted to
detect pathological changes at the injury site and the mRNA and protein expression of brain-derived neurotrophic
factor (BDNF) , growth associated protein43 ( GAP43), postsynaptic density protein-95 ( PSD-95) and glial fi-
brillary acidic protein( GFAP) by HE staining, immunohistochemistry, Western blot and RT-PCR. Results Com-
pared with the control group, the mNSS score increased in the TBI group (P <0.05), the expression of GAP43
and PSD-95 decreased, and the expression of GFAP increased (P <0.05); Compared with the TBI group, the
mNSS score of MSC group was lower (P <0.05) , the expression of BDNF, GAP-43, PSD-95 increased, and the
expression of GFAP decreased (P <0.05) ; mNSS scores were lower in the combined treatment group than those in
the MSC group (P <0.05), the expression of BDNF, GAP43, PSD-95 increased, and the expression of GFAP
decreased (P <0.05). Conclusion The mechanism by which MSC combined with LITUS exerts neuroprotective
effects in TBI may be related to the promotion of BDNF, GAP-43, and PSD-95 expression and reduction of GFAP
expression.
Key words traumatic brain injury; low-intensity transcranial ultrasound; mesenchymal stem cells; combined

therapy ; neurological impairment



