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The research team used a patch-
clamp technique to measure the 
activity of ion channels in hippocampal 
CA1 pyramidal cells within rodent 
brain slices. They found that when 
they stimulated the neurons at low 
input currents to induce low firing 
frequencies, ultrasound inhibited the 
neurons from firing, whereas at higher 
input currents that induce higher firing 
frequencies, ultrasound promoted 
neuron firing. 

To learn more about how ultrasound 
physically impacts nerve cells, the 
team used computer modeling, which 
indicated that the effects of ultrasound 
on neuron firing frequency are caused 
by a small increase in temperature, 
with possible additional contributions 
from the mechanical effects of 
ultrasound waves.

The researchers suspected 
K2P channels are impacted 
by ultrasound because their 
data implicated channels 
that do not undergo 
extended voltage-dependent 
inactivation during 
sustained depolarizations. 
Moreover, K2P channels 
are both mechano– and 
thermosensitive. “We 
propose that ultrasound 
activates thermosensitive 
and mechanosensitive 

K2P channels through heating 
or mechanical effects of acoustic 
radiation force,” Prieto explains.

“According to this hypothesis, the dual 
outcome occurs because activation 
of K2P channels can both oppose 
and potentiate action-potential firing. 
At high input currents, potentiation 
predominates because the K2P-
induced hyperpolarization reduces 
sodium channel inactivation,” says 
Maduke. The team believes this 
mechanistic insight will help future 
research by allowing scientists to use 
ultrasound to either excite or inhibit 
nerve signals, depending on the firing 
frequency.

Compared with no 
ultrasound (blue 
line), ultrasound 
(red line) can 
inhibit or potentiate 
action potential 
firing, depending 
on input current.  
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High-frequency ultrasound can 
activate neurons and could therefore 
be a form of noninvasive brain 
stimulation. However, it’s not fully 
understood how acoustic energy 
leads to changes in neuronal activity, 
and therefore it is not understood 
why some reports show excitation 
and other show inhibition of neural 
activity. To investigate how ultrasound 
impacts neurons, a research team 
led by Martin Loynaz Prieto and 
Merritt Maduke at Stanford University 
developed a technique to study the 
impact of high-frequency ultrasound 
on ion channels responsible for 
neurons’ electrical activity. Their 
results support a hypothesis that 
ultrasound activates two-pore-domain 
potassium (K2P) channels, leading to 
a sustained potassium conductance, 
which can either excite or inhibit 
neurons, depending on the conditions. 

HOW ULTRASOUND MODULATES 
NEURONAL ACTIVITY
By activating K2P channels, high-frequency ultrasound can stimulate 
or inhibit neural activity, depending on the neuron’s firing frequency
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