2020 2023

Study on the mechanism of neuron cell activity induction and motion induction by
ultrasound stimulation
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In the present study, we obtained information on calcium release from
neuronal cell populations cultured on a substrate by ultrasound irradiation. In particular, we
observed ultrasound response characteristics in a group of neurons with different number densities
and confirmed that the ultrasound response is a response involving synaptic transmission.
Furthermore, under conditions in which excitatory synaptic transmission was inhibited, activity was
induced in only some neurons, indicating that synaptic transmission is not required for ultrasound
response. Furthermore, by using microbubbles, the force acting on neuron cells is localized to cell
scales. This gives the calcium ion releasing with lower amplitude of irradiated pressure.
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Fig.1 Ultrasound experiment system
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Table.1 Experimental conditions

Frequency Type Time/s Pressure/MPa
2 MHz Plain 0.1 0.48, 0.66, 0.84, 0.96
8 MHz Focus 0.1 1.1,1.3,1.5,1.8,2.0,2.2
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Fig.2 Response of neuron after US stimulation.
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Fig.3 Ca?" fluorescence intensity in response to US stim- ulation under inhibition of synaptic
transmission. Red indicates duration of US exposure.

Table.2 Difference in reaction rate depending on the presence or absence of bubbles with 2 MHz
plain ultrasound. (The values in the table corresponding to the ratio of (Calcium Ion Release
Observed Cases vs. All samples)

Pressure/MPa 0.48 0.66 0.84 0.96
No bubble 0/1 12 2/2 0/1
Bubble 2/3 3/3 1/1

Table.3 Difference in reaction rate depending on the presence or absence of bubbles with S8MHz
focus ultrasound. (The values in the table corresponding to the ratio of (Calcium Ion Release
Observed Cases vs. All samples)

Pressure/MPa 1.1 1.3 1.5 1.8 2.0 2.2
No bubble 0/2 0/5 2/11 1/6 0/3 3/5
Bubble 1/7 3/9 3/5 1/1
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(a) Before stimulation (b) After stimulation (c) difference processing
Fig. 4 Cell reaction when 8 MHz 1.8 MPa focused ultrasound irradiation experiment in the
presence of microbubbles
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Fig.5 Difference in reaction rate with and without bubbles at § MHz
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