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[Abstract] Objective To explore the safety of ultrasound combined with microbubbles (USMB) irradiation
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on the rat retina, and to preliminarily identify the USMB parameter threshold that causes irreversible damage to the
retina.  Methods  Eighty-four Sprague-Dawley rats were randomly divided into three groups according to the
mechanical index (MI) of contrast-enhanced ultrasound (CEUS): MI = 0.2, 0.4, and 0.8. CEUS, fundus
fluorescein angiography (FFA), optical coherence tomography (OCT), electroretinogram (ERG), and hematoxylin-
eosin (HE) staining were used to detect changes in retinal structure and function before USMB irradiation and at
different time points after irradiation. Real time fluorescence quantitative PCR was used to detect the relative mRNA
expression levels of interleukin (IL)-18, IL-6, and tumor necrosis factor (TNF)-a in the rat retina. Another six
normal Sprague-Dawley rats were selected as baseline controls and underwent ERG, HE staining, and real-time
fluorescence quantitative PCR. All animal procedures in this study strictly followed the Association for Research in
Vision and Ophthalmology Statement. All animal experimental protocols have been approved by the Laboratory Animal
Welfare and Ethics Committee of the Army Medical University (No. AMUWEC20245237). Results When MI=
0.2, the peak intensity (Pl) and area under the curve (AUC) values in the time-intensity curve immediately after
USMB irradiation were 83.500+1.310 and 4 560.41+143.10, respectively, which were significantly higher than
71.600+0. 778 and 4 209.20+93. 08 before USMB irradiation (all P<0.01). No statistically significant differences
in other research indicators were observed at every time point after USMB irradiation compared to before USMB
irradiation (all P>0.05). When MI=0.4, the PI and AUC values immediately after USMB irradiation significantly
decreased compared to before USMB irradiation (both P<0.05). FFA results showed a slight leakage immediately
after USMB and disappeared 1 day after USMB irradiation. OCT and HE staining showed mild edema of the retina on
day 1 after USMB irradiation, with an increase in inner and full retinal thickness compared to before USMB
irradiation, and the differences were statistically significant (all P <0.05). The ERG results showed that the
amplitudes of a wave, b wave, and oscillatory potential (OPs) of dark adaptation 3. 0 at 1 day after USMB irradiation
was significantly reduced compared to before USMB irradiation (all P<0.05). The relative expression levels of IL-
1B, IL-6, and TNF-a mRNA in the retina 1 day after USMB irradiation were significantly increased compared to
before USMB irradiation (all P<0.05). When MI=0. 8, the PI and AUC values immediately, 1 day, 3 days, and 7
days after USMB irradiation were significantly reduced compared to before USMB (all P<0.01). FFA showed immediate
large vessel leakage after USMB irradiation, which persisted until 1 day after USMB irradiation. OCT and HE staining
showed severe retinal edema at 1 and 3 days after USMB irradiation, with significant increases in inner and full layer
retinal thickness compared to before USMB irradiation, and the differences were statistically significant (all P<0.01).
At 7 days after USMB irradiation, the retina atrophied, and the inner and full layer retinal thickness decreased
significantly compared to before USMB irradiation, and the differences were statistically significant (all P<0.05). The
ERG results showed that at 1, 3, and 7 days after USMB irradiation, the amplitudes of a wave, b wave, and OPs of
dark adaptation 3.0 were significantly reduced compared to before USMB irradiation (all P<0.05). The relative
expression levels of IL-18 and TNF-a mRNA in the retina at 1 and 3 days after USMB irradiation were significantly
higher than before USMB irradiation, and the relative expression level of IL-6 mRNA in the retina at 1 day after
USMB irradiation was significantly higher than before USMB irradiation (all P<0.01). Conclusions When MI is
below 0.4, USMB irradiation has no effect on the structure and function of rat retina or the effect is reversible. When
MI=0.8, USMB irradiation causes irreversible ischemic damage to the structure and function of rat retinas.
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Figure 1 Flow chart of experimental operation and USMB A: Flow chart of experimental
operation B: Schematic diagram of ultrasound and microbubble irradiation on rat eyeball C: B-
E: Time-

intensity curve after contrast-enhanced ultrasound F: The peak intensity and area under the curve

mode imaging of rat eyeball D: Contrast-enhanced ultrasound imaging of rat eyeball

values automatically generated after contrast-enhanced ultrasound ERG: electroretinogram; USMB:
ultrasound combined with microbubbles; MI: mechanical index; FFA: fundus fluorescein

angiography; OCT: optical coherence tomography; HE: hematoxylin-eosin
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Table 1 PCR primer sequence of each gene

HH FIMFESI(5-3")
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Jz 5] : CGAGTCACAGAGGACGGGCT
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T IL: 40 A 3 TNF : Jifg 138 K F ; GAPDH : 3-B 1 H il i It 2 Ffy
Note: IL: interleukin; TNF: tumor necrosis factor; GAPDH: glyceraldehyde-
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Wi, USMB B8 4} J5 B %) P1 Fil AUC 4 USMB B8 5 §ij #H
WAL, 22 F A Gt 24 X (35 P<0.05) ; 5 USMB
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Table 2 Comparison of PI values before and at different time points after USMB irradiation within each group (xz=s)

R [l B ) 8 P

4151 iR % y . .

1 iy T 53 B 2 MR d M3 d W ET d
MI=0.2 4 10 71. 600+0. 778 83.500+1.310° 72.9000. 657 71.700+0. 830 72.400+0. 980
MI=0.4 2 10 73.300+1. 012 65.500+0. 619* 73.500+1. 046 72.200+0. 752 73.5000. 764
MI=0.8 4 10 75.700+0. 967 60. 500 1. 384° 60.900+1. 215" 67. 4000. 980° 68.200+1. 020"

Y F g =37.372,P<0. 001 Fyy ) = 10,735, P<0.001. 5% [ USMB BB AT { Ho % , " P<0. 05 (T A2 KDY 6 % J7 % 42 BT, LSD-1 Ko %) USMB i

A L 5 PL: AR 54 32 5 ML AL %

Note: F,,,, =37.372, P<0.001; F,,. =10.735, P<0.001. Compared with respective value before USMB irradiation, “P<0.05 (Repeated measures two-
way ANOVA, LSD-t test) USMB: ultrasound and microbubbles; PI: peak intensity; MI: mechanical index
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®3 £E USMB BHATRBHETRERESE AUC EIEE (xs)

Table 3 Comparison of AUC values before and at different time points after USMB irradiation within each group (x=s)

ASTR I ] £/ AUC fEL

ikl HR %

N} NSRS B %1 MRAfAET d MRS d WASIET d
MI=0.2 4] 10 4 209.20+93. 08 4 560.41+143.10° 4 261.20+96. 80 4 220. 80+55. 67 4 191.20+76. 85
MI=0.4 £ 10 4 165.90+93. 36 3 843.90+96. 10° 4 162.90+73.23 4 160. 7080. 00 4 217.70+81.56
MI=0.8 £ 10 4298.20+110. 30 3 516.70+78. 52° 3 893.20£92. 63° 3 884.10+86. 77" 3 860. 00+86. 78"

e F oy =23.069,P<0.001; Fyypy =7. 181, P<0. 001.
G WO s AUC: T 28 17 A1 ML: ML 35 %K
Note: F,,, =23.069, P<0.001; F

ANOVA, LSD- test)

time

TSI T IS 1 d AR 3 d

MSE7d

B2 MI=0.8 4 USMB B85t 5 % BB 4 /5 7 [ A (8 A X bL 8 3B B A5 B4 USMB 1 i J5 4% 1o i)
SR WY YR USMB HA S i W9 S0 55 ML: HLBR AR 4505 USMB « 8 75 106 & 0

Figure 2 Contrast-enhanced ultrasound images before and at different time points after USMB

5% 5 USMB MR L, " P<0. 05 (2 & Il 4 Y R 3K 07 22 40 #r , LSD-+ K )

=7.181, P<0.001. Compared with respective value before USMB irradiation,

USMB : #

"P<0.05 (Repeated measures two-way

USMB: ultrasound and microbubbles; AUC: area under the curve; MI: mechanical index

M ZESE (& 4), %4 USMB i
SRR JG AN [ B [ 6 9 )23 R0 42 2 A
) B AR b 25 R B G it
SR SL(Fyyy =221.369,102. 673,
¥ P<0.001), K MI=0.4 4
USMB it f5 1 d 2 f 4 240
IRR) B8 L 5 SR i Y S B R 2
SYAE G E L (B P<0.01)

irradiation in MI=0.8 group Ultrasound im
significantly weaker than that before USMB irradia

microbubbles

2.2 AR FFA I 00 L8

MI=0.2 2] USMB [5G 25N 1] 5 FFA 0 K4

PR LRI BB I MI=0. 4
44 USMB H& 5 )5 B %] FFA Hﬁﬁ;ﬁ@
8T WL B A0 I JBE ol 4 A D
ﬁ?ﬁﬁ{mgWﬁﬁTmem
BHJ5 1d #44:; ML=0.8 4] USMB
RS 5 RO 2] FEA B30 R B T
JEE RPN E B I, BX s s
F2L %) USMB JEg S 1 d(1& 3)
2.3 AN[EAbFEL USMB HE 4 Hif
Jei R SR 0 58T 265 S B EL A
OCT FHi 45 W R, MI=0. 2
41 USMB HE S5 Ji5 45 B[R] 5 K B0
) S 285 g R S B R s B i A
fbsMI=0.4 4] USMB BE§ )5 1 d
LD A B B K i, L AE B S
3 d PRI B IE H ) B R B KT
MI=0.8 Z USMB HE 5} )5 1 d ¥
PR K b, OF A 2 R S b
(high reflex foci, HRF) , 7K ff 5 &8
SRS S 3 d, BSIE 7 d A0 g

aging at each time point after USMB irradiation was

MI=0.8 4] USMB ,mﬁj}: 1.3d
DAL 23 R 4 )2 R IR B8 JE 32 ¢ SR i
%EiEJBW&H%F7dWF
4 2 A0 0 B 5L R s B G i W) W R, 25 R A it
FEX(H P<0.001) (£ 4.5),

tion MI: mechanical index; USMB: ultrasound and

TS5 iy 1P %) MEAHE 1 d MAE 3 d TSR 7 d

MI=0.2 4

0.4 21

MI=

MI=0.8 21

B3 &4 USMB 5 8T K IR 5 /5 4 [ Bt (8 = 3% 5t 3R IR K M & & % B R

PO B AR
2 min 7145 0 B 4%, RIEF 50°; MI=0. 4 20 USMB BE4F /5 Bl %] MI=0. 8 41 USMB & 5 J5 B ZI il

Ld W ar MBI R B I at (Fisk) ML HURAS &l USMB - 75 15 5 S0

Figure 3 Fundus fluorescein angiography images before and at different time points after USMB
irradiation in each group Late-stage images were taken two minutes after the injection of fluorescein
sodium, with a field of view of 50°. Fluorescence leakage points (red arrows) were observed immediately
after USMB irradiation in the MI=0. 4 group and at one day and immediately after USMB irradiation in
the MI=0. 8 group MI: mechanical index; USMB: ultrasound and microbubbles
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RS AT

SRS ED 2

AR 1 d MG 3 d HEHE 7 d

B4 MI=0.84 USMB B aRBHEAREMNESXZHETHEAEKGER
Wi S R LB P 2 80 ST R ML WL S 44 USMB i 75 I 5

218 B A5 7R AL I K i, B R s O P B 4 S 2R L,
i

Figure 4 Optical coherence tomography images of retina before and at different time points after USMB irradiation in each group Red asterisk

indicated retinal edema, the yellow dashed line indicated retinal layering disorder, and the green arrow indicated high reflex foci in the inner layer of the

retina

2.4

SR

I AR — LT e 25 52 R, MT=0. 2 41k B
LS B 25 75 4% 10 1] 2549 6 9 5735 fle s MI= 0. 4 41 7€
USMB JEATJ5 1 d R0 IR0 B A 56 45 K fib s MI= 0.8 4]

AR AL FEZH USMB FE 5 /5 5 K BURE R g 20 20T

MI: mechanical index; USMB: ultrasound and microbubbles

TR A 25 A i 2 3 L (Fyy,, =31, 850,205. 600
65.500,% P<0.001) , Hrh MI=0. 4 4 USMB [ 4 J5
Ud fy a b R OPs i 4k i 4 1 55 iy 22 i) 8 R A1
%S HAT % L (¥ P<0.05) ;MI=0. 8 4] USMB
MR 1.3.7 d /9 a 9. b B OPs ¢k R 4 M 4T Al

USMB ME5FJ5 1.3 d LR BERFZK b, BN S 7 d AT W ERAR, 22 S A S22 18 (3 P<0.05) (1 6,3
SR WAL PR AL M E g FE A i 8~10)
13 5) o 44l USMB R 5 il J5

AN TR) s ) PN 2 R 4 ) 00 IR i )
AR LB 22 R A Gt o
(Fyyy = 42.970,215.500, ¥ P <
0.001), s MI=0.4 4] USMB
BEURF IS 1 d P J2 R4 )2 400 ) g JE
JEE R BE G AT B R KGR, 2 R
Giit s X (¥ P<0.05); MI =
0.8 4] USMB M4 )5 1.3 d N2
A 2 0 ) B JEE A BELSHS i ]
BE RO E 7d N2 MAe 20
o) B8 JEE R 5 S G Y A 2
S¥A G EE X (P P<0.05)
(%6.7),
2.5 R[E A4l USMB H8 5 mif
Jei BRI B2 2 i EL A
ERG # 45 % & 7%, ML= 0. 2
2l USMB J& S i J& A [7] B[] 555 %
& 3.0 a kb F OPs U}zﬁém.%
JGH i AR fk s MI=0. 4 4 USMB IR
S5 1 da P b P OPs 1 4 i
A BRSPS I X A /N e B R A, JF AR
MG S 3 d PR A 2 BRI K F
MI= 0.8 4] USMB & &t j5 1d
a P b PR OPs I ¥R i 45 18 5 iy
KM B2 BEAG, BT 5 3.7 d 25 ik
I W 2 7 [l T (ELATR AR T BRI
%41 USMB HE S5 i J5 AS [ B[R] 53
MEi&E W 3.0 a 3% b P A1 OPs I &1

F*4 &4 USMB RETET R RS ERE BN ERREE

OCT M EE LB (xxs, pm)
Table 4 Comparison of OCT measurements of inner retinal thickness before and

at different time points after USMB irradiation within each group (x+s, um)
AT IF T 253040 J2 0 R0 DI
415 R %%
T8 5o i T8 45 B0 2 AR d MRS d WATET d
MI=0.24 6 102.610+0.967  101.492+1.124  104.773+1.513  105.593+1.348  103.918+0. 496
MI=0.44 6 101.778+2.628  101.775+2.460  121.000+1.363" 106.145+1.087  102. 140+1. 808
MI=0.8 41 6 102. 805+0. 938 103. 648+1.439 137.112+1. 285" 110.250+0. 580" 92.502+1. 740

U F g =67.575,P<0.001;F,y =221.369,P<0.001. 54 [ USMB M 4} i {8 %, P<0. 01 ( &

SN PIR R J7 22 007 LSD- K i) USMB . 7 1 5 (3 5 OCT - S 2 AR T I J2 41 4t s ML HLBR 45 2K
Note: F,,,, =67.575, P<0.001; F,,. =221.369, P<0.001.

group ’ time

“P<0.01 (Repeated measures two-way ANOVA, LSD-¢ test)

ultrasound and microbubbles; OCT:

Compared with respective value before

USMB irradiation within group, USMB:

optical coherence tomography; MI: mechanical index

*®5 & USMB RE AT R RETE AR F A B = £ =9 MR
EER OCT il EfE (x5, pm)
Table 5 Comparison of OCT measurements of whole layer retinal thickness before and

at different time points after USMB irradiation within each group (xzs, pm)

A TRD I I g 2 2 L 0 B 5

ikl 344

L i NS B 2 WAt ELd WA RS d WART d
MI=0.241 6  194.723+3.298  195.497£2.132  194.798+2.674 193.450£1.851  196.477+3. 084
MI=0.441 6  197.445+1.763  198.668+2.511  217.430+1.678" 199.598+1.852  195.000+1. 848
MI=0.84] 6  194.272+1.983  194.633:1.540  229.462+3.218" 204.587+1.774" 183.610+1.306"

W F oy =38.065,P<0.001;Fypy =102.673,P<0.001. 545 H USMB &G (H L4, * P<0. 001 (
SN R 7 225047, LSD- K ) USMB 875 1565 ¥ s OCT - Sl 2 AH 1 W7 J2 4914 5 MT: AL A4 %%
Note: F, =38.065, P<0.001; F,  =102.673, P<0.001l. Compared with respective value before
“P<0.001 (Repeated measures two-way ANOVA, LSD-t test) USMB:

ultrasound and microbubbles; OCT: optical coherence tomography; MI: mechanical index

USMB irradiation within group,
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I8 M 1d MGG 3 d

I§IS %ﬂUSMB HEETHIJ&EEET u[ﬂﬂﬁjﬂkﬁ 1¥l%ﬁl§1%(x200 PR =50 pm)

JBEA R, B 0 M e AR LI B AY 20 J2 5L USMB 8 75 8645

Figure 5 Hematoxylin-eosin staining images of retina before and at different time points after USMB

irradiation in each group (%200, scale bar=50 pm)

dashed line indicated retinal layering disorder USMB: ultrasound and microbubbles

ARG S AL

MG 7 d

The red asterisk indicated retinal edema and the yellow

F6 ®HEUSMB BRHEEIRBHERAEMBEAFRIE-FALLEN R
MR R B LR (xs, um)
Table 6 Comparison of inner retinal thickness by hematoxylin-eosin sections before
at different time points and after USMB within each group (x+s, um)
. A TRY I i) 53 PR S22 O 58 )5 2
415 AR »
1 S i TR 55 B0 21 AL d BEGTIE3 d

MI=0.2 4 6 105. 000+1. 203 101.300+1. 459 102. 400+1. 662 103. 800+1. 942
MI=0.4 2 6 105. 000+1. 203 122.600+1. 762" 102. 300+1. 483 103.500+1. 956
MI=0.8 41 6 105. 000+1. 203 135.700+2. 393" 117.300+0. 683" 91.710+1. 644°

U F =59, 470,P<0.001; Fppy =42.970, P<0.001.

B &y 2250 B, LSD-1 K5 5)
Note: F

group

USMB : # 7 I A 36 5 ML LR %K
=59.470, P<0.001; F,,. =42.970, P<0.001.

"P<0.05 (Repeated measures two-way ANOVA, LSD-¢ test)

microbubbles; MI: mechanical index

time

irradiation within group,

*x17

MR HREERMEEE LR (xxs, pm)

£ USMB BHHI R BEHEARMBARRE-FILE

54 A USMB S ij (i b %2, P<0. 05 (2 & U 42t

Compared with respective value before USMB
USMB:

Table 7 Comparison of whole layer retinal thickness by hematoxylin-eosin sections before

ultrasound and

at different time points and after USMB irradiation within each group (xzs, um)
. o : AN () B ) 4 2 400 I A
IR i TR S5 B 221 MR d MRAFE3 d
MI=0.2 4] 6 149.700+0. 655 150. 600+1. 207 150. 100+ 1. 296 151.200+0. 959
MI=0.4 41 6 149.700+0. 655 165.100+1. 186" 154.700+1. 104 150. 700+1. 038
MI=0.8 4 6 149.700+0. 655 191.200+1. 629° 162. 400+1. 489" 141.900+1. 173"

2 F oy =92.380,P<0. 0015 Fypy =215. 500, P<0. 001.

P2 7 26 50, LSD-0 4 %5 )  USMB 2 75 106 & 00 5 ML BB 4 450

54 F USMB [RSTHI(H H 4, “ P<0. 05 (&2 I ¥

Note: F,, =92.380, P<0.001; F,, =215.500, P<0.001. Compared with respective value before USMB
irradiation within group, “P<0.05 (Repeated measures two-way ANOVA, LSD-t test) USMB: ultrasound and
microbubbles; MI: mechanical index

SNl HUE 1d AT 3 d AT ET7 d

S| s - .
= = N S L ] S S (S A — . — -
o T ~r N 3
#o sgloregrm a8 omare PR

[ e [T r“?w
= "‘OP'“' groz a3 s - e | SO oa =
g M55 R [P Y

B 6 MI=0.8 4 USMB R 5j &% B /S WM E R 3.0 71 OPs 1) ERG £ 8 ML LTS 4 ; OPs: 58

i AL ERG : AL I JEE g, 1] s USMIB . i 75 16 1ol

Figure 6 ERG of retinal dark adaptation 3.0 and OPs before and after USMB irradiation in MI=0. 8

group MI: mechanical index; OPs: oscillatory potentials; ERG:

microbubbles

electroretinogram; USMB:

ultrasound and
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e X (¥ P<0.01);
MI=0.8 41 USMB H& 4} J5
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*®8 & USMB REFATR R HE R E A E S a il HRIE L& (x5, pV)

Table 8 Comparison of amplitude of a wave before and at different time points
after USMB irradiation within each group (xzs,pV)
AN [ ) £ B R R
26 5 R %%
HE 5P i FUIET d MU JE3 d FRURET d

MI=0.2 4 6 53.420+1. 480 55.270+1. 755 54.080+1.519 55.220+1.423
MI=0.4 4 6 53.420+1. 480 50.850+1. 086° 53.270+1. 074 54. 680+ 1. 057
MI=0.8 4 6 53.420+1. 480 29.550+1. 021" 35.970+0. 640" 40.170+1. 281"

W F 4y =76.980,P<0.001; F,y, =31.850,P<0.001. 54 [ USMB W& i i H %, " P<0. 05 ( T 42 ) &t 7%

B Z )5 225007, LSD- #5365 )  USMB ;8 7 B A 10340 s ML HLAR A5 4K
Note: F =76.980, P<0.001; F,, =31.850, P<0.001. Compared with respective value before USMB

group
irradiation within group, “P<0.05 (Repeated measures two-way ANOVA, LSD-t test) USMB: ultrasound and

microbubbles; MI: mechanical index

®9 &H USMB REHTR RS E S b ik iRIE LB (s, nV)

Table 9 Comparison of amplitude of b wave before and at different time points

after USMB irradiation within each group (xs, V)
AN TR) B ] 5 b 35 3% e

51 R %

M MR d M )E3 d M IE7 d
MI=0.2 4 6 127.100+1.928  126.500=1. 141 127.300+1.602  127.300+1. 044
MI=0.4 24 6 127.100+1.928  119.100+0. 670"  129.200+1.189  128.800+1.113
MI=0.8 4] 6 127.100+1. 928 52.200+1.055*  75.400+2.336" 88.720£2. 243"

T F g =492.600,P<0.001; Fyypy =205.600,P<0.001. 54 [ USMB RS i {5 H 5, P<0. 05 ( 5 42 ) i

PIE R J5 224387, LSD-0 K655 ) USMB 8 75 B 5 10 s MT: LA 45 %K
Note: F =492.600, P<0.001; F,, =205.600, P<0.001. Compared with respective value before USMB

group
USMB: ultrasound and

time
irradiation within group, “P<0.05 (Repeated measures two-way ANOVA, LSD-¢ test)

microbubbles; MI: mechanical index

® 10 &40 USMB R5 81K B 5 5 A F B E S OPs K HRIBLL 3R (x5, pV)
Table 10 Comparison of amplitude of OPs wave before and at different time points

after USMB irradiation within each group (xs, V)
AN TR B[] 5 OPs I3 41 i

ikl R %

T Sk iy MATRE1 d WSR3 d M8AHET d
MI=0.2 2 6 66. 780+0. 957 67.2000. 870 66. 620 1. 044 65.0700. 937
MI=0.4 4 6 66. 780+0. 957 56.350+1.243"  66.120=0. 877 65.120+1. 013
MI=0.8 4] 6 66. 780+0. 957 34.400+1.109"  44.720£2.331"  53.070x1.314"

U i F 4y =298. 100, P<0. 001 F ) =65. 500, P<0.001. 54 [ USMB W& SR %2 ,* P<0. 05 (T 42 U & 7%

% 7 2 50 01, LSD-t K5 35 )  USMB i 75 & 30 5 OP's : % 357 F A7 5 ML L AR 4 5L
Note: F =298.100, P<0.001; F =65.500, P<0.001. Compared with respective value before USMB

group
LSD-¢ test) USMB: ultrasound and

time
irradiation within group, “P<0.05 (Repeated measures two-way ANOVA,

microbubbles; OPs: oscillatory potentials; MI: mechanical index

USMB J 7 Ho b G508 1) B 16297 32 SR Bl 19
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& 11 &4 USMB REHT R R 5 /E AT E R E < IL-18 mRNA 83 RIAB LK
(x#s)
Table 11 Comparison of relative expression level of IL-13 mRNA before and

at different time points after USMB irradiation within each group (xzs)

AR ) IL-1B AR X 3 ik i

FEA
HE S5 MR d MRS d MAIRT d
MI=0.2 2 3 1.0590. 040 1.0620. 057 1.0410. 041 1.057£0. 039
MI=0.4 £ 3 1.0590. 040 1.501=0. 030° 1.0670. 034 1.087+0. 043
MI=0.8 £ 3 1.059+0. 040 5.705+0. 327" 2.488+0.202" 1.079+0. 055

U F 4y = 150.200,P<0.001; Fyyp = 158.200,P<0.001. 54 [ USMB RS AT {4 H 5, " P<0. 05 ( T 47 U ik

VI #7220 7, LSD-¢ 45 55
¢ F e = 150.200, P<0.001; F

USMB : #8 75 B A5 31 5 IL : 1 40 il A 28 5 ML HLAK 45 54

group lime

irradiation within group, “P<0.05 (Repeated measures two-way ANOVA, LSD-t test) USMB: ultrasound and

microbubbles; IL: interleukin; MI: mechanical index

% 12 &4 USMB R A K% BB 51 /5 A< [F Bt 8] & IL-6 mRNA 8 3f F ik & L&
(x=s)
Table 12 Comparison of relative expression level of IL-6 mRNA before and

at different time points after USMB irradiation within each group (x=s)

=158.200, P<0.001. Compared with respective value before USMB

AT I ] A TL-6 A X 22 2 4t

FeA
HE St iy M A1 d WAfE3 d M JET d
3 1.000+0. 033 1..007+0. 006 1.008+0. 309 1.0040. 012
3 1.0000. 033 1.213+0. 019" 0.977=0. 043 1. 0870. 043
3 1..000+0. 033 1.48920. 104° 1.1210.023 1.032+0. 039

TE 1 F g =10.490,P<0.001; F,

0 Fo. =10.490, P<0.001; F

group time

irradiation within group, “P<0.05 (Repeated measures two-way ANOVA, LSD-t test) USMB: ultrasound and

microbubbles; IL: interleukin; MI: mechanical index

%13 &4 USMB REHT K B 5 /A E A 8 = TNF-o mRNA 183 RAE L&
(xxs)
Table 13 Comparison of relative expression level of TNF-a mRNA before and

at different time points after USMB irradiation within each group (xzs)

4 =21.400,P<0.001. 154 [4 USMB i 51 i 1 b £, P<0. 05 (T 5 W it

B J7 2650, LSD-1 £ 55)  USMB < 75 15 5 30 s T 1 240 A 3% 5 ML AR FE %X
=21.400, P<0.001. Compared with respective value before USMB

AS TR A] 5 TNF-o 4 X 32 35

FEA
M MR d M Ia3 d BT d
MI=0.2 4] 3 1..000+0. 019 1.012+0. 038 1.013+0. 026 1. 0270. 040
MI=0.4 2 3 1..000+0. 019 1.731+0. 107" 1.030+0. 046 1. 0870. 043
MI=0.8 2 3 1..000+0. 019 2.355+0. 185° 1. 661+0. 049° 1.079+0. 055

VE 1 F y =30.770,P<0.001; F ) = 154,000, P<0.001. 54 [ USMB &S A7 {4 b2
lﬁl%‘iﬁﬁﬁﬁf‘,LSD o K55 )

F s

AUC n] i i e 87 P o 0 70 v o7

USMB : # 7 I A 360 5 TNF - Jif 7 R 98 I8 1 s MT AL A 4
_30.770, P<0.001; F

group = time

irradiation within group, “P<0.01 (Repeated measures two-way ANOVA, LSD-z test) USMB: ultrasound and

microbubbles; TNF: tumor necrosis factor; MI: mechanical index

Bt 3 3 J3 2 K 56 AR S 0 8 e B PT K
AW il

,“P<0. 01 (H & & W

=154.000, P<0.001. Compared with respective value before USMB
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