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Abstract: Sonodynamic therapy (SDT) is an effective method to cure tumors, but the mechanism is not clear up to
now. In this work, the mechanism of SDT was analyzed by studying the reactions of gallium-porphyrin analogue
(ATX-70). Results showed that the ATX-70 might play two roles in SDT. One was that the high temperature

produced in the bubbles at collapse promoted ATX-70 into excitated states, and reacted with the dissolved oxygen in
liquid and produced oxygen free radicals, which was thought as an effective killer for cancer cells. The other was
that ATX-70 played a role as surfactant in the process of cavitations and eased the cavitations, leading to produce
more high-energy hydroxide radicals. [Life SCienceJournal. 2006 ;3( 4) :85 - 89] (ISSN: 1097- 8135).
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CD: intensified charge coupled device; FCLA: luuoresceinyl cypridina luminescent analog; PDT: photodynamic
therapy; SDT: sonodynamic therapy; SL: sonoluminesenece

l

,
i
~

1 Introduction

~

Sonodynamic therapy (SDT) is a new method
to cure tumors[ 1~13]. This method, compared to

the photodynamic therapy (PDT), has two virtues
for clinical application. One is that ultrasound has a
deeper penetrability, and the other is that it
needn't avoid light in the whole process of treat-
ment. The gallium-porphyrin analogue (A TX-70)

is a widely used sonosensitive in SDT[3J . It can se-
lectively gather in the tumors and enhance the ef-

fect of therapy. However, the mechanism was un-
known[4J.

There are different opinions on the mechanism
of SDT. Umemura firstly thought the sonolumines-
cence (SL) excitated the ATX-70 to produce 10z
which can kill the tumor cells, the same mechanism

as PDT[5J. The study of Kessel et al pointed that
the sonosensitive function of ATX-70 was relative

to the cavitation[6J. Miyoshi[3J studied the mecha-
nism thoroughly and found that the oxygen content
in the gas bubble was important to the cavitation.
20% Oz was necessary for sonosensitive process,
and the ATX-70 maybe acted as surface activator to
strengthen the cavitations. He further indicated
that the sonosensitive reaction did not cause from

the SL excitated by the sonosensitiver, but has its
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own mechanism. There are always different view-
points on whether the ~ takes part in the sonosen-

sitive process. The research of Sakusabe et al[?J
suggested that the sonosensitiver can kill tumor
cells by enhancing the yield of ~ and other active

oxygen in the process of cavitation. Yumita et al
also thought that the active oxygen produced in the

sonosensitive process was crucial in SDT[5J. How-

ever, in sonosensitive experiment, Miyoshi[8J et al
did not find ~ by EPR. In addition, it's not sure
whether the ATX-70 can be used repeatedly in
SDT. At present, there are no detailed reports
about these problems.

In this paper, mechanism of the SDT was
studied by optical method. In the experiments, the
selective probe of active oxygen named fluoresceinyl
cypridina luminescent analog (FCLA) and un-selec-
tive chemiluminescence (CL) probe named luminal
were to detect whether the active oxygen produced
in the sonosensitive process timely and directly.

2 Materials and Methods

2. 1 Reagent preparation
FCLA (Sigma, USA) was diluted to

50 fLmoliL by distilled water. It has been known
that FCLA only reacts with 10z and.o2 [14,15J. Lu-
minol (Sigma, USA) which can react with many
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