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[ Abstract |  Objective  To prepare iridium oxide (IrOy) as a nano-sonosensitizer to load
chemotherapy drug doxorubicin (DOX) in order to obtain nanocomposites IrOy @ DOX with dual response of
pH/ultrasound (US) irradiation, and to verify its efficacy in sonodynamic therapy ( SDT)-chemotherapy for
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tumor treatment. Methods
DOX. The morphological ,

transmission electron microscopy ( TEM ),

IrO, nanoparticles were prepared by thermal hydrolysis and then loaded with
chemical and physical properties of the nanoparticles were characterized by
X-ray photoelectron spectroscopy ( XPS ), ultraviolet-visible
spectrophotometer ( UV-Vis) and Zeta potential analyzer. The drug loading efficiency and drug release
behavior were determined with UV-vis spectrometry and ELISA. The generation of reactive oxygen species
(ROS) by IrO, @ DOX nanoparticles was evaluated usingelectron spin-resonance spectroscopy ( ESR). The
uptake of IrOy @ DOX by 4T1 cells under ulirasonic irradiation was evaluated with laser confocal scanning
microscopy ( LCSM) ,

flow cytometry. The synergistic efficacy of IrOy@ DOX in SDT-chemotherapy against 4T1 cells was evaluated

and the level of intracellular ROS was investigated using fluorescence microscopy and

by CCK-8 assay and flow cytometry. In addition, the Hepal-6 xenograft tumor model in nude mice was built
and divided into 5 groups (n=3 in each group) as follows: saline, IrO,, IrO,+US, IrO,@ DOX, and IrO,@
DOX+US. The tumor volume, contrast-enhanced US imaging and pathological changes of each group were
observed, and the inhibitory rate of tumor volume was calculated to evaluate the effect of synergistic therapy in
vivo. Results
ratio of IrOy to DOX was 4. 0, the drug loading reached 18. 7%. Prepared IrO,@ DOX released less than 10%
of DOX at pH 7.4, which confirmed its good stability, while the cumulative release of DOX reached 39. 9% at
pH 5. 5, Both ESR and UV-vis experiments

demonstrated that ROS production was positively correlated with irradiation power and time.

IrO nanoparticles were successfully prepared, at a diameter of about 5.0 nm, and when the

and further increased to 69. 9% under US irradiation.
Meanwhile ,
LCSM showed that US promoted the uptake of IrOy @ DOX by tumor cells. In wvitro cytotoxicity experiments
indicated the survival rate of tumor cells in the synergistic treatment group (IrO4@ DOX+US) was reduced to
19.4% , significantly lower than that of the chemotherapy group alone (P<0.05), which proved that IrOy@
DOX nanocomposites achieved an excellent synergistic effect of SDT-chemotherapy under ultrasound
irradiation. Furthermore, in vivo experiments showed that as compared with saline group, the tumor-inhibiting
rate of IrOy +US, IrOy @ DOX and IrOy @ DOX + US groups were 27%, 57% and 76%,
indicating significant difference (P <0. 05), and this was consistent with contrast US imaging and H&E

respectively ,
staining results. Conclusion  IrO, @ DOX nanocomposites with dual stimulation response of pH and US
irradiation are successfully developed, and the synergistic treatment of SDT-chemotherapy can be achieved
under US irradiation.
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AR AR 3R

T3 = (DOX W46 ot & - 5 W P DOX 1y g
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1IrO, @ DOX AT Y BEAT I 48, FLAAHL K 2% PR
B — & Jii i) DOX ¥/ T pH {H 4 7.4 F15.5 1 PBS
VR (200 mL) FR, g S0 S G ' R A5 B A )
pH (EZ1F T DOX HypRiERN . B/ % 2 mL 0, @
DOX 73 FBCR A B4R (MWCO =3 kDa) If & T A [F
pH ERIZE MR (pH {0 5.5 50 7. 4) s i G i
Feo US AfE— @) 45 77 4R B (1 W/em®) 30 s,
TEAS RIS ] s NBEAR R IR 1 mL BB b 78 [7) 25
PR B B & 22 vhol . R T UV-Vis I % 7 B W7
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1.3.3  1&4p SDT BCRIEN #5200 wL IrO @ DOX
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AEFRVE RS BR o A T BEIE AR HE 7 T X 0, A i i
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i) US % BAH [k & 1rO @ DOX 73 WO, i ok ESR 46
WO, I AL, BEAT, H 2. 96 mL [ 1r0 @ DOX ¥
(100 pg/mL)F140 pL (1) DBPF(2 mg/mL) EEGIR 5, 7
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i UV-Vis Je s AR 200 ~ 650 nm 84 40 1) 1 Wi it
2R H ROS 9 2E
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1.0 W/em® |1 min) 4B, b J5 4k 215 9% 6 h, F PBS
THUEAIM 3 UK, BR 2 R0 A W i 9 oK B0k, FH 4% 1 2
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RS, WS IR AL R D0, I 0 BRI T 22 SR JE, BX
FHNE IR AR REOE EAT HE Qe o iigg . 153 i (A1
1.5 it oM

% FH Origin il SPSS 26. 0 i i+ #: 47l K i 5:
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FEZ YW E N BEE DOX Y ¥k B2 Y 3 o ifi 1
(K 2B), 10 5 DOX [ EL Ry 4 LEF, 225 %55
FT(18.7+0.2) %,
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PR W 23RN 75 DOX 5 TrOy 22 [a] i/ HH g ik
SR, £ b, Ir0x@ DOX HAT pH f US X
e 5 25 MR T TR, A R B iRy DOX (AR TRICR o
2.3 IO HRAMEBRA T A E R

IrO HARSR ROS F=AEPERE : 5 R #E T US fi R4
FHEL, US $g iR 2] LLBH ARG I ) 0, A9 A= B (& 2D) .
A, ff % US 4% BT 1 38 K, TEMP/' 0, 6 14 i
BT K, T Oy 51K 1910, 7= A D3RRk
(EI2E) . #b4h, & H DPBF {F i P S R 5, d i
UV-Vis {5 AN [F] I 8] i W Wi i 32, el 1] 2F mI R,
£ 398 nm < Ab, DPBF i W Wi i [ 1) [A] SiE < T T~

K, ZRUIFE US FRIRT , B A& B (] A 2 4K, IrO AT LUK
Wir=4:'0,,
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