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Neurodegenerative disorders such as Alzheimer’s and Parkinson’s Dementia are characterised
by deficits in cholinergic signalling, that is reduced cholinergic signalling that impacts cognition
and motor control. Current pharmacological treatments are limited: they do not work for all
patients, quickly lose efficacy, and often cause undesirable side-effects.

We are therefore in urgent need of novel non-pharmacological treatments to boost cholinergic
signalling and improve debilitating dementia symptoms. Our project addresses this problem by
overcoming two challenges:
1. quantifying changes in cholinergic signalling non-invasively using MRI and brain
stimulation and,
2. enhancing cholinergic activity non-invasively using transcranial ultrasound stimulation
(tUS).

Quantifying changes in cholinergic signalling non-invasively

To investigate the effects of tUS on cholinergic processing we first needed robust and sensitive
methods to reliably quantify Acetyl Choline in the human brain.

Development of Advanced MR Spectroscopy Methods

We developed and validated novel ultra-high field MR spectroscopy measurement and analysis
methods to quantify separable choline-containing metabolites. Building on this foundation, we
then leveraged this Neuromod+ award to acquire additional funding to test this new MRS
approach with a pharmacological intervention, showing that our approach is sensitive to
changes in ACh within the physiological range.

Validation of a Neurophysiological Marker (SAl)

We also evaluated the reliability and sensitivity of the Transcranial Magnetic Stimulation (TMS)-
based metric short-latency sensory afferent inhibition (SAl). SAl is thought to reflect
thalamocortical signalling modulated by Cholinergic circuits. Again, in order to ensure that this
metric was sensitive to changes in ACh in the physiologically-relevant range, we performed a
double-blind, within-participant cross-over study with donepezil, a centrally acting reversible
acetylcholinesterase inhibitor.

As a result of this Neuromod grant we can now quantify physiologically-relevant changes
specifically in acetylcholine signalling non-invasively in the human brain for the first time. This
represents a significant methodological advance for the field.



Enhancing cholinergic activity non-invasively

In parallel, the Neuromod funding has allowed us to develop a novel strategy to modulate
cholinergic signalling in the brain using tUS.

Development of a Dual-Transducer TUS Approach

As part of this work we conducted an extensive review of the current state-of-the-art and
engaged in detailed discussions with academic and industry partners to determine the optimal
approach for targeting deep cholinergic structures.

From this work, we developed an innovative dual-transducer configuration. We are using two
transcranial ultrasound stimulation (TUS) transducers (commonly used in isolation) in an
arrangement that allows the ultrasound beams to cross at our target, the nucleus basalis of
Meynert (nbM), one of the brain’s main cholinergic hubs. This method enhances the
stimulation’s precision and achieves increased intensity at the point where the beams cross.
In order to achieve this highly novel approach we have developed close industry collaborations,
and are working with our industry partner to develop a new set-up to hold the transducers in
place, and new software capabilities to accurately plan our stimulation approach.
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Our TUS solution allows for high-precision stimulation of the nbM (left panel), thanks to the crossing beams that result
in increased and focused acoustic pressure values at the target (right panel)
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Promoting Neuromod+ priorities

Our project engaged a truly interdisciplinary team, spanning engineers, physicists,
neuroscientists and industry partners, fostering collaboration across field and career stages.
We used cutting-edge technology to co-create non-invasive potential interventions with the
ultimate aim of addressing cholinergic deficits in dementia, and improved our understanding of
not only cholinergic signalling, but also the mechanism by which TUS interacts with deep-brain
regions. Our plans for sharing our MRI protocols, analysis code and data supports the network’s
open science endeavours, as well as encourages tool sharing within the community.
Throughout the duration of the funding, we were led multiple public engagement initiatives,
including showcasing non-invasive brain stimulation methods to school children (ages 5-17)
and developing “what-to-expect” videos for non-invasive brain stimulation methods for
research volunteers. Our participation in the Neuromod+/closeNIT meeting in November
facilitated novel collaborations and was very informative on the latest advances in the field, as
well as upcoming regulatory changes.



