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ABSTRACT Objective To explore the application value and mechanism of action of ultrasound-targeted microbubbles
destruction technology (UTMD )-mediated astrocytes(AS) combined with neural stem cells(NSCs) transplantation on neurological
function recovery in traumatic brain injury (TBI) mice. Methods A total of 50 mice were randomly divided into 5 groups:
control group, TBI group, UTMD group, UTMD+NSCs group and UTMD+NSCs+AS group, with 10 mice in each group. The
control group consisted of normal mice that didn’t receive any treatmeat, while the remaining groups were subjected to TBI
model using the modified Feeney method.1 d after modeling, the mice were treated according to their respective groups, with
treatments administered every 3 d for a total of 3 times.The TBI group only underwent modeling, the UTMD group underwent
UTMD blood-brain barrier opening treatment, the UTMD+NSCs group underwent UTMD blood—brain barrier opening treatment
combined with NSCs transplantation, and the UTMD+NSCs+AS group underwent UTMD blood-brain barrier opening treatment
combined with NSCs and AS transplantation.Neurological dysfunction degree were assessed by the modified neurological severity
score (mNSS) on the Ist, 4th, 8th and 12th after treatment.On the 12th day, MRI was used to measure brain edema volume of
brain tissue in each group, and enzyme-linked immunosorbent assay (ELISA) and reverse transcription polymerase chain
reaction (RT-PCR) were used to measure neuroprotective factors, including brain—derived neurotrophic factor (BDNF) , glial
cell-derived neurotrophic factor (GDNF) , nerve growth factor(NGF) and basic fibroblast growth factor (bFGF) , and neurotoxic
factors, including central nervous system—specific protein (S100B) , heat shock protein 70 (HSP70) and cysteine protease—3
(caspase—3) expression levels in brain tissue in all groups.The differences in the above examination results among each group
were compared. Results The mNSS scores of the UTMD+NSCs+AS group, UTMD+NSCs group, UTMD group and TBI group
were higher than those of the control group on the lst,4th, 8th and 12th after treatment (all P<0.05).There were no significant
differences in mNSS scores among the UTMD+NSCs+AS group, UTMD+NSCs group, UTMD group and TBI group on the 1st and
4th day.On the 8th day, the mNSS score of the UTMD+NSCs+AS group was lower than that of the UTMD group and TBI group
(both P<0.05) , there were no significant differences between the other groups.On the 12th day, the mNSS score of the UTMD+
NSCs+AS group was lower than that of the UTMD+NSCs group , UTMD group and TBI group, and the mNSS score of the UTMD+
NSCs group was lower than that of the UTMD group and TBI group (all P<0.05) , there was no significant difference between the
UTMD group and TBI group.The brain edema volumes of mice in the TBI group, UTMD group, UTMD+NSCs group and UTMD+
NSCs+AS group were (8.38+0.50) mm?, (7.47+0.28) mm?, (5.56+1.45) mm* and (1.68+0.14) mm?, respectively on the 12th
day, and there was no significant difference among the groups. ELISA results showed that BDNF, GDNF, NGF and bFGF
expression levels of the UTMD+NSCs+AS group were higher than those of the UTMD+NSCs group , UTMD group and TBI group,
and S100B, HSP70 and caspase=3 expression levels were lower than those of the UTMD+NSCs group, UTMD group and TBI
group, and the differences were statistically significant (all P<0.05).RT-PCR results showed that the GDNF, NGF and bFGF
expression levels of the UTMD+NSCs+AS group were higher than those of the UTMD+NSCs group , UTMD group and TBI group,
and BDNF expression level of the UTMD+NSCs+AS group were higher than that of the UTMD group, TBI group and control
group, SI00B and HSP70 expression levels of the UTMD+NSCs+AS group were lower than those of the UTMD+NSCs group,
UTMD group and TBI group, and Caspase—3 expression level of the UTMD+NSCs+AS group were lower than that of the UTMD
eroup and TBI group, and the differences were statistically significant (all P<0.05).Conclusion UTMD-mediated AS combined
with NSCs transplantation can significantly ameliorate the biochemical microenvironment in TBI mice, upregulates the
expression of neuroprotective factors, downregulates the expression of neurotoxic factors, and can promote the neurological
recovery function.
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Caspase—3 F AKX F UTMD 41 . TBI 41, = R 46 4
JH25 8 X (1 P<0.05), UTMD+NSCs 20 BDNF ik 7K
V-7 T UTMD 41 . TBI 4 , GDNF . bFGF 33k /K - 247 &5
T TBIAH , NGF A /KFIL T X R ZH |, S100B 1A 7K -
T UTMD 4, HSP70 2K 7K Ik T TBI 41, Caspase—3
FIRIKOF-= XTI, 22 R A G240 L (3 P<0.05)
UTMD 41 . TBI 20 GDNF .NGF .bFGF &3k 7K - Y5 T %F
W& 2H , S100B . HSP70 . Caspase—3 3¢ 35 7K - 14 155 F X} 1R
20, TBI 2 BDNF ik AR X4 R4, 2 A Gt
22T (1) P<0.05) 5 Hi4x 45 2 BDNF . GDNF ,NGF .
bFGF .S100B . HSP70 ., Caspase—3 &k 7K 57 9 W Fb 4 22
S TGEE L k4,
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TBI4H UTMD 41 UTMD+NSCs 41 UTMD+NSCs+AS 41

B3 AR 12 K/ BURZEZUK M MRT 452 18 P ( H.J%/T7J<H¢zrjt)zﬁ)
TBI4] UTMD 41 UTMD+NSCs 41 UTMD+NSCs+AS 41

B4 AR 12 K/ BN ZUR I A MR = 4 5 2 1%

F 3 ELISA K44 /N B 2 200 840 DG B - R 3k KO- LU A () ng/L
ZH 5 BDNF GDNF NGF bFGF S100B HSP70 Caspase=3
X 2 1108.82+72.08 352.98+14.11 8.18+0.31 58.15+1.92 80.10+10.37 1.16+0.10 12.15+0.88
TBI4] 373.11+47.77° 117.83+4.96" 2.01+0.21" 16.06+1.47" 311.116.77° 3.99:0.05° 40.85+0.97"
UTMD 4 547.28+55.01"  158.66+6.94° 377:0.277  26.33:123%  231.95:7.29%  2.88+0.11%  28.21:0.91"
UTMD-+NSCs £ 639.45+44.27%  182.50+8.357%  4.69+0.197%  36.13:1.557F  178.09+3.39"%  1.93:0.077%  22.63+1.17V¥
UTMD+NSCs+ASZ]  834.72+58.58 %4 200.73+13.62°Y%2  6.81+0.21"%4  47.95+2.10"%4  130.70+7.78 V%2 1.64+0.107%2  15.70+0.73¥*2
Pl 125.48 454.18 514.71 494.27 720.07 769.13 723.23
PlE <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

55%F B2 H A, *P<0.05 5 5 TBI 4 FL 4%, YP<0.05; 5 UTMD 41 Fe 45, #P<0.05; 5 UTMD+NSCs 41 Fb#5 , 2P<0.05. BDNF: il I 4 228 32 9 1 5
GDNF: JiE BT A M 2278 35 [ s NGF : Bl 2R A IH - s bF G Bl PE AR 2 AR A= A PR 5 S100B - HHAK 22 3R G M B s HSPT70: VAR S 8 705
Caspase—3 : ** 2R 5 11 -3

Fz 4 RT-PCRAINEAL/ N FR G L 200 Z A0 O R F 3Rk A A T M(Q,, Q) ] ng/L

Eigll BDNF GDNF NGF bFGF S100B HSP70 Caspase-3
X} B 0.99(0.98,1.02) 0.92(0.89,1.22) 1.04(0.93,1.05) 0.98(0.96,1.05) 1.00(0.97,1.02) 1.02(0.92,1.06) 1.00(0.93,1.06)
TBIZ 0.58(0.57,0.64)" 0.15(0.15,0.29)" 0.51(0.47,0.52)" 0.34(0.33,0.64)" 1.74(1.71,1.78)" 1.84(1.75,1.93)° 1.66(1.58,1.71)°
UTMD 41 0.68(0.51,0.70) 0.21(0.18,0.33)" 0.45(0.44,0.47)" 0.47(0.44,0.87)" 1.77(1.69,1.86)" 1.66(1.49,1.73)" 1.73(1.60,1.86)"
UTMD+NSCs 4 1.26(1.02,1.31)¥%  0.84(0.62,0.87) 0.53(0.48,0.56)" 0.87(0.86,0.89)* 1.37(1.23,1.47)% 1.24(1.09,1.55)* 1.46(1.29,1.55)"
UTMD+NSCs+AS4  2.18(2.11,2.34)™%  1.49(1.34,1.59)¥*2  1.18(1.10,1.21)¥*4  1.46(1.42,1.75)¥*~ 0.85(0.80,0.90)**~ 0.84(0.77,0.86)**% 1.21(1.09,1.25)**

HE 66.32 68.29 59.23 64.55 63.32 63.37 57.34

Pff <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

5% BAH H i, "P<0.05; 5 TBIZH He 4%, YP<0.05; 5 UTMD 4H b #5% , #P<0.05; 5 UTMD+NSCs 2H L #5% , 2P<0.05, BDNF : figi i Pk b 25 78 32 9+ 5
GDNF : SR AN IR 28 R R 1 s NGF A A K PR F s BEG T Bk AT i 4 A A 1 R 1 5 ST00B « FRAX o 28 22 G e St P B 1 s HSP70: A 7 2 11 705
Caspase=3: P & R 1R 1 -3
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TBI 245 3k 32 245 5 s 4 1 b i 2 BOE # I
Dife sk 25 RS e IR HoR AR )R R A4 &
FA) 98 E S 1oy TR TG SO RAE R A T
TR, AR AR AR P T — A F AR,
AL B T NSCs #4495 , 3006 FL 1 58 A1 o34k, i858
I POE A RLJR TR AR BRI T BB A NSCs I AR TR 3
MTTSZ MR TBI/N FRA ML DI REIE 5 . AR S5 UTMD
WFE AS BES NSCs B 2 TBI/N BUA Y L 5 R HiAE oL
# TBUNRAE ISR EE (R iE 2 D) Re B & rh EH
ARSI R FH R Feeney 32 @ 57 TBIBLAY | 38 13 A 401 3k
a3z B (g L AR RS T HLA B A A
FRAE RN 2 D RES A% 19 TBIAE AT A5 MRIFI HE
Yl e K A 45 3 R /N B 43 DX 2H 2K i ™ S, 2140
M5 I, R R AT AT . AN, O TR
20 R R DR A R X AR AR SE G R
UTMD J 5 it fi i i, 28 B8 ik v A\ K AT ) 2% 7SR
WA VA UL A 5 B T TSR, 45 R R UTMD A3 T
I BB o AR S 5638 1 b 7 i A AU B S T /)
FRUTBIASTAY A 17 00 i B s A S | DA S 28
FE R F Fl NSCs 78 8145 X 380 1 & 4, DA 384 38 36 7 5%
B MR SRR T T ST SR T 0] SR A S IR LR

TBI & 1Y 98 E S0 & — A5 A H e 22 1) 3 2 0
T2, 38 B e 5 A BORD B8 4 Bk N B 20 ) B, 9t AT
REFFZL U IS BRI H 2 50U 60T S B0k T
P B 25 0 1 R E 3R M A0 i AT T, DT i I k1
B3, 6] i TBI S (4 J5 & R0 4k & 303405 2 41 ol 45 403 1X
3R T 440 e DR A R A DR A R, 3 2 TR T RE S
I I i i ) 56 R M S00 2 1 B VR M9 33 31 ZH 2]
Bt , 51 & 2H 2 ol ik A, AT A5 B0 A A A 0 P 1
TR I A8 5k, e 2800 B I A8 U5 G K i A
FE N, AS L i 43 n] % M R F- GDNF \bFGF 3
IRYK T 5 P R 200 B 5 %8 3 4 A 11 (R 3Rk, % i it 5
W 46 2 R D RE R i B B oG BT EH . A
BF, TBLJE 1~7 d AS T kb JE 34 5, H LB 7R 30 4
Ji 3 d IR ENEAE T A ARAE S N8 H LRI ) 3~7 d
IKE|E I e Ah , B HE NSCs TEAR N BERS 7715 3 d LA
[-1°", H BDNF .GDNF .NGF .bFGF % [N 77 # 245 1
Je B PR TEAET il 2 F R S oY s M T BE A 2 0t
ARG R PR R T RIS AR S
B35 B AE TBIJR 7 d X — Bf [A) 1 PN 29497 3 IE
TR 45 R, UTMD+NSCs+AS ZH mNSS 43K

T UTMD+NSCs 21 . UTMD 4 . TBI 41 , UTMD+NSCs 41
mNSS PE4FHKF UTMD 41 . TBI 41, 22 S5 ¥ e it~
B (¥ P<0.05) , R 38 iF UTMD I 45 AS B A NSCs
B8 A 7E A 28 ) e B 493 - 43 O 1T 4 T UTMD+NSCs
20 \UTMD 2 . TBI 4 ; MRI ¥ & i — 25 @ 75, TBI 41 .
UTMD 4 . UTMD+NSCs 41 . UTMD+NSCs+AS 2H /N Bl
HAUK MR TR B T B ARG 5, JE LA UTMD+NSCs+AS
0 AR B ol 3, R I8 i UTMD 18458 AS B NSCs
AT LAH 5 25 o AR A RO , S NSCs $2 BB i) 1)
A R EA TR HE R 2 D ARG &, [R) IR 8 52 1 A
S5 B DR A 4 2 K e 7 T T BE A BRI FH NSCs YR T
AR (HAR SR 45 21 /N BRI A UK AR R e
BTG 2E S, AT IR A A

16 TBI AE AL i R 85 rp , S100B . HSP70 8 JH T ¥
il JHL 7 TR RS, LK 7 545 R 4k B 41
LA o) 7 4 453 475 RS SECHR A, - Bif 2 46347 1 18 2 4
L7 R A ) gt 1T 40 T I % 5 Caspase—3 ZE A LA 12
HR I SR A €0, 78 TBT R B s s  JF S S5 41
FET- RN HAE 2, R T 3 — 25 4845 UTMD 9] 4%
AS IR NSCs B At X TBI A AL IR B v 2 A 4 X 1
Fph 23545 R 1 2 2K 7K1 152 ), AR 52 56 R FH ELISA
HTRT-PCR P F J7 3 46 DU ph 28 A0 OC IR 3R 3k K F
ELISA DA H: g 28 088 FVRE S5 32 3 FH 1 G0 I AR 1) 2R
FI bR 258, S T 8 P B2 1 B RS , i RT-PCR
BB K B U 5 mRNA 7KF- 12840 (5 B, $8 7R JE R 3R
KPR AR AL, A T2 RN R T8 K B
VR 2 () s ARG I, A L 96 E , A O T S 56 24 R A of
Btk . AL 45 R R, UTMD+NSCs+AS 41 BDNF .
GDNF .NGF ,bFGF 3 ik 7K - 2 & F UTMD+NSCs 41 .
UTMD 41 .\ TBI 41, S100B , HSP70 ., Caspase—3 2 35 7K F-
YT UTMD+NSCs 41 .UTMD 4 . TBI 4 , 2 R4/ 58
T2 (35 P<0.05) , B3 2 UTMD J #5 AS B A&
NSCs F 48 A LAl TBI Rz 38tk 245 A4 475 A5 5 15 210 4%
% f, O R ol A AL OB . A, ELISA 45 5 iR
TBIZH .UTMD 4 . UTMD+NSCs 41 BDNF . GDNF . NGF .
bFGF .S100B .HSP70 , Caspase—3 F ik 7K - W P L4 22
WA Gt oF 5 X (H P<0.05) , 26 B Bk UTMD 8§
UTMD H% & NSCs #% 48 . i 05 7F — & 82 FF L 235 TBI
7 IR S R 4 B BR B, JE LA UTMD 8 45 AS Bk A5
NSCs B U B oy b 3, #2738 i UTMD 842 AS B
A NSCs FEAH T 1 35 2035 TBI A AL I 3R 5% v i 2 4 6
PR 2305, R 4 M 3505 AN T, f2 1 NSCs IUAETS -
ARTIREE R .
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AR S (1) Ry BR 1 D i T /N ) MRT 75 B2 1 24,
AU T4 REA $E AT MRIAS £ , AR TE 515 22 K
W AR WL | UTMD+NSCs+AS 41 /)s BN 25 28 7K i 44
FRAE A8 T A 20 B S R A1, (H 45 4 e 22 R e 4t
S0 S, BRI TOGF S 2 B R R R 1 VT AR
QELISA 5 i) & 15 W o 28 (A 5 % & , RT-PCR £
DAY 2 RNA 7K B RE 28 7P 80, 09 3ok 2 A T st 3
R PSR BRERE AL K N A R A AL B R
AT HE (Y 1R 22 7 TH A7 7E 22 5%, 5 30 = & Jr il BDNF .
Caspase—3 KBV UL AE A —F, BRI T 45 2R 5
) —ZE

Zi bR, UTMD 445 AS BX A NSCs RS A BE % B
FUGE TBU/N AL ROREE , 3@ 3t L2 2y R+
BT s ol N o EZE 7 v R s Y] K B o N Y DAY = R 2
NS

5% 3k
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