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Porphyrin—hybridzed hollow mesoporous organosilica molecular probes for
in vitro ultrasound imaging and sonodynamic therapy of glioma:
an experimental study

DENG Liming,ZHANG Liang, LUO Jie
Department of Ultrasound, the First Affiliated Hospital of Chongqing Medical University , Chongging 400016, China

ABSTRACT Objective To synthesize porphyrin—hybridized hollow mesoporous organosilica molecular probes
TCPP@HMON (hereafter termed THMON ) , and to explore the capability for in vitro ultrasound imaging and sonodynamic therapy
(SDT) of glioma.Methods THMON was synthesized by in—situ growth method , the morphology was observed, and its particle
size and surface potential were measured. The silicon content in THMON, as well as TCPP encapsulation efficiency and drug
loading rate were calculated. The singlet oxygen generated by THMON under ultrasound irradiation at different acoustic
intensities (0.5 W/cm?, 1.0 W/em?) and durations (0~300 s) were detected by extracellular singlet oxygen sensor green (SOSG )
fluorescent probe, and the fluorescence intensity was measured. Ultrasound imaging performance of THMON at different

concentrations (0.05,0.1,0.2,0.4,0.8, 1.6, 3.2 mg/ml) were evaluated, the echo intensities were quantitatively analyzed.Laser
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confocal microscopy was used to observe the phagocytic ability of human glioblastoma astrocytoma cells (US87MG) against
THMON with different incubation time(2,3,7 h).The cytotoxicity of THMON on U87MG were verified by the CCK-8 assay, the
SDT efficacy was observed under different ultrasound irradiation (intensity : 0.5 W/cm? and 1.0 W/em?, duration: 30 s).200 wl of
THMON (concentration of 0.5 mg/ml) and an equal volume of normal saline were injected into BALB/c mice via the tail vein
(3 mice in the experimental group,and 3 mice in the control group) , respectively. After 14 d, routine blood tests as well as liver
THMON exhibited a uniform

hollow mesoporous spherical structure, with an average particle size of (121.5+24.3) nm and an average surface potential of

and kidney function tests were used to evaluate the safety of THMON in BALB/c mice.Results

(=78.5+1.1)mV.The silicon content was 0.84 mg/ml.The encapsulation efficiency and drug loading rate of TCPP were 35.9% and
3.0%, respectively. The fluorescence intensity of SOSG gradually enhanced with increasing irradiation intensity and time. When
the THMON concentrations were 0.05,0.1,0.2,0.4,0.8, 1.6, 3.2 mg/ml, the echo intensities were 22.00, 23.30,29.00, 39.00,
43.67, 62.00, 68.67 a.u., respectively. The cell phagocytosis assay revealed a progressive accumulation of red THMON
fluorescent signal in the perinuclear region of U87MG with increasing incubation time.Cytotoxicity assay results demonstrated
that without ultrasound irradiation , the cell viability was (80.71+8.54)% at a THMON concentration of 320 wg/ml, indicating
no significant cytotoxic effect.However, when THMON ( concentration of 320 pg/ml) was exposed to ultrasound irradiation at
intensities of 0.5 W/em? and 1.0 W/em? for 30 s, the cell viabilities decreased to (55.46+5.31)% and (41.21£7.35)% ,
respectively.There were significant differences compared to without ultrasound irradiation (both P<0.05).The in vivo experimental
results demonstrated that after THMON injection, there were no statistically significant differences in the routine blood tests and
liver and kidney function indicators between the experimental group and the control group.Conclusion THMON is successfully

synthesized with favorable biosafety, and it enhances in vitro ultrasound imaging and effectively inhibits glioblastoma cell

proliferation by SDT.
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