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[ Abstract]  Objective To investigate the effect of low-frequency ultrasound combined with nano-microbubbles therapy on
neurological , motor function and serological marker levels in elderly patients with cerebral thrombosis, and to construct a protein-pro-
tein interaction (PPI) network based on serological markers. Methods (DA total of 136 elderly patients with cerebral thrombosis
treated in Xi’an International Medical Center Hospital from March 2022 to September 2023 were selected. The patients were divided in-
to observation group and control group by random number table, each had 68 cases. Both groups were treated with intravenous throm-
bolysis, i. e. Patients in observation group were treated with low-frequency ultrasound combined with nano-microbubbles therapy. Ser-
um marker levels, coagulation function, nerve and motor function were compared between the two groups. @The PPI network was con-
structed using the String database. The gene ontology (GO) function enrichment analysis and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis were performed using R software. Results (DAfter treatment, 6 minute walking distanc, Bar-
thel index score, upper limb Fugl-Meyer assessment (FMA) score and lower limb FMA score in observation group were higher than
those in control group (P<0.05), and National Institute of Health Stroke Scale in observation group was lower than that in control

group (P<0.05) . After treatment, the serum levels of vascular endothelial growth factor (VEGF), S100 calcium binding protein B
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(S100B), nerve growth factor (NGF), Brain derived neurotrophic factor (BDNF) and neurotrophin 3 (NT-3) in observation group

were higher than those in control group (P<0.05) . The serum S100B level in observation group was lower than that in control group

(P<0.05)

. After treatment, there was no significant difference in prothrombin time, activated partial thromboplastin time, thrombin

time between the two groups (P>0.05) . @VEGF, NGF, BDNF, NT-3 and S100B have extensive protein-protein interactions. PPI

network node genes were significantly enriched in KEGG pathways such as Ras signaling pathway, neurotrophic factor signaling pathway

and Rapl signaling pathway, and significantly enriched in GO functional items such as denating-membrane receptor protein tyrosine ki-

nase signaling pathway, neurotrophic binding, and axons. Conclusion Low-frequency ultrasound combined with nano-microbubbles

can promote the recovery of nerve function, increase the level of neurotrophic factor and reduce the degree of brain injury in elderly pa-

tients with cerebral thrombosis. The potential mechanisms may include the Ras signaling pathway, neurotrophic factor signaling pathway

and Rapl signaling pathway.
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JFHREH LB 22005 R BRI 0 h WER L R BR AL, 4%
68 il NZLLH S 38 141, 2 30 ], ~FHIAFEHS (67.48 =
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Cerebral thrombosis; Low-frequency ultrasound; Nano-microbubbles
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WELLH FOXF HELH I L) 0. 9 mg/ kg F BA] 327 3 fif
[ Boehringer Ingelheim Pharma GmbH & Co. KG (1=
), A7 bS5 401613 ] FkiA AR T . WAL AE
LAl b g T AR P IR G AN K O IR T .
2 mL R POR AR T 5 mL AEBEEROK, i
KIS . FHARUEE 7 A (AR B B2 B A7 R
ZAH], vinno 70) AU L AR MUK 10 min, A3
FRJHiEDPE 1.7 MHz / 3.3 MHz, JRARIEE 3 cm,
AT PRFESCH 1.0, B EEE 1 Hz,
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NGF) . fitEfi4 8 =K F (Brain derived neuro-
trophic factor, BDNF) FN#£:E 28 H 3 ( Neuro-
trophin 3, NT-3) . 7EJ6 97 58 8 7T AR 97 58 S
1d, Rl i 3% %€ i B )5t B [E] ( Prothrombin time,
PT) . 1% Ak ¥R 43 &E L 1% B 1) [8]  ( Activated partial
thromboplastin time, APTT) .| BEE ML EEAT 18] ( Throm-
bin time, TT) ., TEYAITHT 1 d FARAYT)SE 3 DA, i#
WA A TR RS (6 minute walking distance,
6MWD) | Barthel $5%, €[5 [¥ 57 Tz e fi 7 v 4
#% ( National Institute of Health Stroke Scale, NIH-
SS) P4y, A AR B Fugl-Meyer #F 43 ( Fugl-
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2 #R
2.1 MPEIIRERE sh U RE L

VR IT R, WiZH 6MWD . Barthel 5 %%. NIHSS

P4, R FMA 755 . R FMA P4 Leise, 2%
BTG 22 X (P>0.05) ., S5IGF7HTbE:, BY7
JEWIZH 6MWD | Barthel 8%, [ FMA #F4>, T
X FMA PF43 YT E (P<0.05), NIHSS P45 FEAIR
(P<0.05), JRIT/E, WELN) 6MWD | Barthel +5
B, EA FMA PE43 . TR FMA $P43407 T4 BE 21
(P<0.05), NIHSS PPk T X fF4H (P<0.05),
W3R 1,
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Tab.1 Comparison of neural function and motor function between the two groups (x +s)

Loy X HE2H (68 1)) WLEELH (68 ) ¢ fH P1{E
6MWD(m)

VRYT T 39.60 = 3.92 39.53 +3.90 0. 106 0.915

WBITIE 65.37 £ 5. 62° 76.08 + 5. 22" 11.511 <0. 001
Barthel 84X ( 43)

VRIT T 48.25 +5.20 48.19 + 4. 33 0.072 0.943

WBITIE 57.46 + 4. 53° 63.12 = 4.94" 6. 968 <0. 001
NTHSS #-53(43)

NEEEg:] 13.49 +2.82 13.35+2.76 0.276 0. 783

WBITIE 7.99 = 1. 35° 6.00 = 1.52° 8.052 <0. 001
B FMA B4 (43)

VRITHT 16.36 + 3. 06 15.92 + 2. 88 0. 868 0. 387

WBIT A 20. 58 = 2. 55° 25.36 + 2. 69" 10. 627 <0. 001
T FMA $E43(43)

VRITHT 16.11 +2.98 16. 13 +3.00 0. 048 0. 962

WBITIE 19.17 = 1. 63" 22.30 + 2. 61° 8.395 <0. 001

. 5IRYTH L P<0. 05

2.2 M8 = AT IG5 bR S 4 He s

VRITRT, WNZEIMYE VEGEF, S1008. NGF. BDNF,
NT-3 /K3 bbds, ZRHEsH2EE L (P>0.05), 5
VRITATEL S, 67 )R 4LIL VEGF, NGF. BDNF,

NT-3 KP4 THE (P<0.05), ML S1008 7K - [FAR
(P<0.05). iGJ7)5, WELLLIN Y VEGF, NGF, BD-
NF | NT-3 ZKFHym PXTZE (P<0.05), 1Ly S1008
AR TRIRLL (P<0.05), W& 2,

=2 WA EFRE T AR S LR (3 s)

Tab.2 Comparison of serum nutrient factors and brain injury markers between the two groups (x +s)

Fabr Xt BB ZH (68 1) LELLH (68 1) i 18 P1H
VEGF(ng/L)
RITHT 225.70 + 43. 89 223. 63 + 39.33 0. 290 0.772
NEr et 243.20 + 51. 83" 295. 44 + 53. 85" 5.763 <0. 001
S100B (pg/L)
TRITHT 1.70 + 0. 20 1.67 +0.24 0. 824 0.412
BIT IR 1.18 +0.21° 0.82+0.21° 10. 179 <0. 001
NGF(pg/mL)
VRITHT 161.21 + 43.72 158. 09 + 45. 33 0. 409 0. 683
BIT IS 218.92 + 36.73* 266. 66 + 40. 68* 7.182 <0. 001
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FEbR Xof HEL2H (68 141]) WLEELH (68 #i]) {8 P
BDNF( pg/mlL.)
VRITHT 264. 24 + 42. 61 256. 84 + 40. 52 1. 039 0. 301
WBIT A 321. 66 + 35. 17° 364. 90 + 39. 62° 6.731 <0. 001
NT-3(pg/mL)
IRITHT 139. 47 + 36. 34 135. 60 + 33. 68 0. 644 0. 521
WBIT A 357.25 + 39. 10° 397.32 + 34. 43" 6.342 <0. 001

. 5IRITHI S P<0. 05

2.3 BEIMLINBELLE
VRITRT, P4 PT, TT. APTT L%, 271
TGt E X (P>0.05), SIBITATHLER, WwIr)s

WL PT, TT., APTT ¥JIEK (P<0.05), {HZ[E]22
S HG IR X (P>0.05), W3,

&3 PHEIMDIBEILE (x £s5, s)

Tab.3 Comparison of coagulation function between the two groups (x +s, s)

PT TT APTT
24 51 %k — - — - — -
YRYT I I NEEAgL] WBIT A NEE AL IS
X e 2 68 10.00£0.75 11.99+1.72° 13.10+1.14 17.56+2.03" 23.91+1.60  31.37 +3. 63"
PR =24 68 10.01 £0.72  12.26 +1.90* 13.23 £1.18 17.25+2.02*° 23.84+1.79  30.87 =3.33"
o 18 0. 093 0.872 0. 647 0. 897 0. 263 0. 841
P 0.926 0.385 0.519 0.371 0.793 0. 402

. S5IRITHTRES P<0. 05

2.4 PPl MM EFITIRE & 553 BT

AWFGTFIH String BHE %, I I0E & I=H T
Fi G Ar R A 0 PPT 4%, VLK 1, VEGF,
NGF . BDNF ., NT-3 Fl S100B 77 7€) iZ W 40 B AE
o PPLIEET SRR B R ULER 4, PPL 257 55
FLH 2 B AEAE Ras (5 538 M. MAPK {5538 8% |

SEMA3F'

s SABUHL R WA S MR

PI3K-Akt {5 5 3 % . #1 &8 3% K 1 {5 5 48 5
Rapl {550 % KEGG il I, WL 5, PPI 4%
o A R i R A A A R AT A A 1 T A TR DT
B, M EReSE . MzEs% co IiRem H
I, W*Ee,

PECAM1

HMGB1

1 LT G 8 IR R T FUR B bR R A i) PPL 4

Fig.1 PPI network based on serum nutrient factors and markers of brain injury
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Tab.4 PPI network node genes

S Tt e AR hSC AR
NTRK3 neurotrophic receptor tyrosine kinase 3 1 24578 IR 52 A I 2 R TG 3
SORT1 sortilin 1 SRR A
NTS neurotensin PR
LINGO1 leucine rich repeat and Ig domain containing 1 B o BIRE )T IG L5k 1
NTRK1 neurotrophic receptor tyrosine kinase 1 P2 R A2 VR S R VL 1
PECAM1 platelet and endothelial cell adhesion molecule 1 ML/ 55 PN 2 AR AR 31
HMGBI high mobility group box 1 E LB ELLAE 1
AGER advanced glycosylation end-product specific recepto RS ST B A0 28 7 ) R S P 32 1A
PLXNA3 plexin A3 M NEH A3
SEMA3F semaphorin 3F FHEH 3F
NRP2 neuropilin 2 MAHEH 2
FLT1 FMS related receptor tyrosine kinase 1 FMS HH 56 32 1A ik 22018 T4t 1
SHC1 SHC adaptor protein 1 SHC 23k M
NTF3(NT3) neurotrophin 3 MAEFEA 3
KDR kinase insert domain receptor VAR A S5 357 1A
VEGFB vascular endothelial growth factor B 1A PN A K AT B
FLT4 FMS related receptor tyrosine kinase 4 FMS #H 532 14 Jif 0 1R 4 1 4
PGF placental growth factor B A KT
NRP1 neuropilin 1 & EFREN 1
NTRK2 neurotrophic receptor tyrosine kinase 2 P 2T A2 AR I SR UG 2
NGF nerve growth factor KT
NGFR nerve growth factor receptor ek K 32 Ak
S100B S100 calcium binding proteinf S100 $545 5 H B
S100A12 S100 calcium binding protein A12 S100 545581 Al12
BDNF brain derived neurotrophic factor oG Y o 0 SR R T
VEGFD vascular endothelial growth factor D 1A N 2 A KT D
=5 PPI MK SIER KEGG &85 HT 6 PPI KT SIEK GO & &0
Tab.5 KEGG enrichment analysis of node genes in PPI network Tab. 6 GO enrichment analysis of node genes in PPI network
Wi H 45 3 % 24 R FDR Gy Wi H 4= i H 24 F5% FDR
hsa04014 Ras 15538 % <0. 001 YR GO:0007169 ABRVEEAZIRE ISR <0. 001
hsa04010 MAPK 15538 #% <0. 001 P (- 3
hsa04151 PI3K-Akt {5518 i <0. 001 G0:0071363 AR A A T <0. 001
hsa04722 P& IR R TE S i <0. 001 U )R
hsa04015 Rapl {553 <0. 001 G0:0038084 A BRI <0.001
hsa04510 Bl B <0. 001 PRI 5 =
hsa04933 AGE-RAGE 155l BS7ENEIRIG 0. 014 G0:0001934 K HBERALAYIEIT <0001
I A T AR G0:0007166 LRI SZ A5 S <0.001
hsa05200 AR 0.022 SrTUIE GO.0019838 ERATEA <0.001
hsa04926 FA S FRAR 518 0. 024 GO.0004714  AEPEMZEIRE AR <0.001
hsa05034 LR 0. 033 SRR
hsa05202 T P A e SR 2R 0. 046 G0.0005021 A P R 2 <0. 001

hsa04360 g5 0. 046 A T 32 A4
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Gr Wi H 4= i H #%% FDR
G0:0043121 MBS <0. 001
G0:0005165 fH&EEFRRZKLG G <0.001

MMEALSr GO.0043235 BV UNCREEEN <0. 001
G0:0030424 RN <0. 001
G0:0031410 2 AT TR i <0. 001
G0:0005576 2 b X 3k <0. 001

GO:0005887 “FE FIRMEEIMA ST <0.001
3 iFig
gz EAR &, ANEEZEEE LA N 7,

WEKARU BT AR 297 500 nm, T DL o 2B 3% 145 79
Bz 4f i iy [a] Btk A BE S, AT & 48 55 h0oKS o 09 %5
MR, A, W T AOR O I R R T, AN )
BRI 2 R G B, Ik, AR XS A& SRR A i
L B 7 S R e S e N N i =2 i 1= IR SO Ul 1|
PETELY ., AT _LdRERA, GRS MIGITE
B Y ATHE P IR ST R ST RO IR, TR R AR L S
2y, A RIEEER . B ST RERITSIEE
T AN A E A AS W 1

ARWFFEUESE, A G A9 KR A 16 97 1T DL A
AT i 1A BB A 2 T REK A, B v A 0 A 3
BB E IR T KT, RN 53 4% b5 7 4 1
WK, BRI K O YR 9T O AR R L ) R
To W, FEALE T, AT A g
HF (VEGF. NGF. BDNF. NT-3) F1J% 6t 15 #5
AWM (S100B) HMEERY PPI ML, Xf PPT KI5 i
FHEPEATT KEGG i GO & &M, KEGG i
R LT AN GO TIREE BT & SR s T i
M-SIRIT A HLH], A I B IR T R R T 4R
2%, Ras 558 . MAPK {5 5@ % . PI3K-Akt {5
Bl M EIEHE 5 S B A 5 A
AR AR S 3t A TR GIE S T AR 7 A A oK
LR IT B B

TEAHEIE H, WLELH A0 T B8 21 76 % 1L 2 BE Jy
M, RGBS (P>0.05), KB
FE A AN A I 75 7 0T B A BE 1 B RE VA HH B
l]ﬁl, a] DI 21T &4 . Brown %[]Z:Eﬂ%ﬂ
N, BRI AR OIR ST T DL Bh s AR, FRAG
AR 2 A R R, AT T BT AR R A4 S e
WY 2 A2 35, 2 AT 5 Tl R 305 371 (Tissue plas-
minogen activator, tPA) J& &M H il M x4 H 10 %
PIRITARUEZG Y, LB 700 B 355 2 i 0 4 2 A=
JG B BAL G IR YT W UL I RS, EARSN S5
o, TEISRAE T tPA, AN T R B
TS 00 I EE el Al ORI YR T Y
5], KR EEREAR tPA T ATR 7T LIRS0 4TI
R HLT ) Brown YRR PRI L, 5 X R

R, ORI AN (P A ZH AT DAy IMEBE T R HL
YRR 2 i S 1 A A AR

Zi bR, ARSI 75 B G 9 K RO i T AT L
e LS AT i AL S8 3 PR 22 DO BB A, 4 v Mo afiL A
BAEREMEE RN TR, BRI,
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