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Over the last several decades, the field of electrochemistry has
contributed greatly to the detection of biological molecules in
the brain. Early electrophysiology work, dating back as early
as the 1600s, used electrical stimulation to activate nerves, and
it is this work that would eventually inspire the incorporation
of electrochemical techniques tomonitor specific molecules in
the brain. Prof. Ralph N. Adams has been generally credited
with being the first to implant a carbon-fiber microelectrode in
the rat brain to measure catecholamine release. His early work
has laid the foundation for in vivo electrochemistry and has
inspired the electroanalytical community to further develop
electrochemical methods and sensors to probe the complexity
of neuron communication.

The detection of neurochemicals is important for under-
standing basic brain signaling and function. Novel develop-
ments in the area of electrochemical detection of neurochem-
icals have significantly impacted our understanding of basic
brain function and important chemical disruptions that occur
during neurological disease, addiction, neurodegeneration,
and inflammation, and even of the effects of chemotherapy
on the brain. The most widely studied neurochemical species
in the brain includes the catecholamines dopamine and nor-
epinephrine and their metabolites. Expansion to several
electroactive neurochemicals including serotonin, adenosine,
histamine, H2O2, NO, O2, ascorbic acid, neuropeptides, and,
more recently, guanosine has made huge impacts on our un-
derstanding of the dynamics, mechanism, and function of

basic brain signaling. Likewise, electrochemical sensors in-
corporating enzymes, aptamers, and field effect transistors,
to name a few, have enabled expansion to glucose, lactate,
glutamate, and choline sensing in the brain. In addition to
expanding the analyte toolbox, electrochemical approaches
to improve the spatial and temporal resolution ofmeasurement
in tissue, new sensors to minimize tissue damage and inflam-
mation, and microelectrode arrays to multiplex tissue detec-
tion have enabled exciting advances in neurochemical analy-
sis. All these improvements in electrochemical detection have
significantly widened the impact of electrochemistry in
neuroscience.

Highly sophisticated electroanalytical methods are neces-
sary for the detection of neurochemicals in complex biological
samples. The brain can signal on varying temporal and spatial
regimes, and signaling can be impacted based on the brain
region of interest, condition of the brain, age, and sex of the
organism. When developing electrochemical methods to mea-
sure signaling in the brain, it is important to consider this
complexity. Novel electroanalytical approaches to improve
detection sensitivity, selectivity, temporal and spatial resolu-
tion, andmultiplexing capabilities have pushed the boundaries
of brain detection.

This topical collection highlights exciting new develop-
ments in electrochemistry to improve neurochemical detec-
tion. This collection spans new electrode materials, microelec-
trode arrays, improved electrode treatment strategies, funda-
mental advances in understanding exquisite biosensor design,
the electrochemical characterization of novel analytes, and the
development of new voltammetric techniques such as rapid
pulse voltammetry. Likewise, this collection highlights the
application of electrochemical detection to study neurochem-
icals in single cells, ex vivo, and in vivo, and even new devel-
opments to improve chronic in vivo monitoring such as the
use of biocompatible reference electrodes.

The future of neurochemical analysis is heavily reliant on
further developments in electrochemical sensing. Over the
next several years, we anticipate further improvements in elec-
trode biocompatibility, multiplexing capabilities, and
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expansion to novel neurochemical analytes. Further integra-
tion of electrochemistry with imaging techniques,
microfluidics, and other powerful analytical methods will fur-
ther push the field of neurochemical sensing.With these future
advancements, we anticipate widespread improvements in our
understanding of neurochemical signaling cascades in the
brain during both health and disease.
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