Establishing C. elegans as a Model for Studying the Bioeffects of Ultrasound
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Abstract

Ultrasound is frequently used in medicine for
diagnostic imaging and therapeutic procedures.
Although there is no evidence of deleterious effects
from diagnostic ultrasound in humans?'; research in
flies?3, mice*>, and chicks® has suggested that
various doses of ultrasound can affect mortality,
birth weight, and learning in those species. In
amoebae and cultured cells, ultrasound exposure
led to cavitation, release of reactive oxygen species
(ROS), and apoptosis. We developed methods to
expose C. elegans to therapeutic ultrasound and
found that worms exhibited dose-dependent
reductions in movement, fecundity, and survival.
We hypothesized that ultrasound may have caused
inertial cavitation (formation and collapse of gas-
filled spaces) as observed in other species’ tissues’-
11 Indeed, the effects were prevented by polyvinyl
alcohol, which is known to minimize cavitation2.
Using a genetic approach, we also looked for
evidence of other mechanisms of damage.
Exposed sod-2;s0d-3, clk-1, and ced-3 mutants
exhibited the same changes in mobility and
fecundity that exposed N2 worms did. Thus,
cavitation may have masked ROS release, and
apoptosis may have been insufficient to mitigate
the tissue damage.

Determining the Mechanism(s) of Damage

We repeated these assays in polyvinyl alcohol
(PVA), a viscous solution that is known to minimize
cavitation?. Insonating in PVA prevented the

effects, suggesting that cavitation was responsible.

Mutants assayed in S. Basal gave results similar to
those of wildtype, suggesting that release of
reactive oxygen species (ROS) and apoptosis were
not the main mechanisms of damage or repair.
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Introduction

During ultrasound procedures, interactions
occur between the sound waves and the

tissues in their path. Changes that occur in
the tissues are considered “bioeffects” 4.

TISSUE

The objective of this work was to establish
C. elegans as model for studying bioeffects.
Further research in animals is worthwhile:
 The output and availability of
ultrasound machines have
increasedt®/,

* The mechanisms of some therapeutic
procedures are incompletely
understood.

 Ultrasound is becoming an important
tool in biomedical researcht31°.

These results provide a foundation for
characterizing the effects of lower-intensity
ultrasound at the cellular and molecular
levels.

Conclusions

* After exposure to therapeutic ultrasound,
worms exhibited dose-dependent
reductions in movement, fecundity, and
survival.

Different bioeffects had unique thresholds.

* The main mechanism of damage appeared
to be cavitation because effects were
prevented by exposing worms to ultrasound
in PVA.

* Mutants gave results similar to those of
wildtype, suggesting that cavitation masked
ROS release and that apoptosis was
insufficient to overcome the tissue damage.

Methods & Results

Insonating Worms

C. elegans were suspended in sterile S. Basal buffer and
sealed in 35-mm Petri plates (without agar) using plastic
wrap, avoiding air bubbles. The plates were immersed in
a large volume of S. Basal and insonated at various
intensities at 1 MHz at 50% duty for 5 minutes. The
collimating therapeutic ultrasound probe was moved
continuously to minimize heating and to give uniform
exposure.

Fecundity Assays

Writhing adults were transferred to
NGM-OP50 plates. The total numbers
of offspring they produced were
counted and recorded.

Mobility Assays

Immediately after insonation,
worm movement was observed in
S. Basal.

As the ultrasound intensity was
increased, fewer worms were
thrashing normally, and an
increased number were moving in
a slow, irregular pattern we termed
“writhing”. At higher intensities,
some worms became immobile.

At the low end of the range of
intensities tested, worms showed little
or no change in fecundity. As exposure
increased, fecundity dropped
dramatically.
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Survival Assays
Insonated adults were transferred to

NGM-OP50 plates. The next day, they
were scored as alive, dead, or missing.

Worm survival decreased as the
intensity of ultrasound was increased.
At the high end of the range, only about
L - B . . 75% of insonated worms survived until
00 05 1.0 15 2.0 the following day.
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