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Figure 1 (a) Schematic illustration of a prototype GRP sensor. (b) A design of implantable GRP microsensors (color online).
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Figure 2 (a) Schematic illustration of bipolar-based GRP sensors and (b) bipolar-based brain tissue-implantable GRP microsensors (color online).
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Figure 3 (a) Linear sweep voltammograms recorded with single-walled carbon nanotube-modified carbon fiber electrodes in PBS containing 1 mM
AA, DA, UA, 5-HT, and DOPAC. (b) OCP responses of GRP sensors to sequential injections of 0.2 mM different neurochemicals in blank PBS. (c)
OCP responses of GRP sensors to sequential injection of different neurochemicals in PBS containing 0.2 mM AA [29] (color online).
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Figure 4 Calibration curves of GRP sensors (a) and amperometric sensors (b) before and after immersion in 10 mM PBS solution containing

40 mg mL™' BSA [32] (color online).
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(a) (b) Electrochemical recording

(c) Electrophysiological recording
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Figure 5 (a) Schematic illustration of in vivo synchronous open-circuit voltage (OCV) measurement with the microsensor and electrophysiological
recording by MEA at calm state. (b) Plot of OCV versus time recorded by the microsensor during electrophysiological recording. (c) Left:
Representative action potential traces recorded by the MEA before (I, 0—60 s), during (II, 60-120 s) and after (III, 120-180 s) the measurement by the
microsensor and corresponding waveforms recorded during the three stages. Scale bars: 100 uV (vertical), 10 s (horizontal). Right: Corresponding
waveforms of an example neuron stably recorded during the three stages. Scale bars: 50 mV (vertical), 0.4 ms (horizontal) [27] (color online).
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Figure 6 (a, b) Schematics of the GRP-based microelectrode array (MEA) sensor (a) and co-implantation of the GRP-based MEA and SD-inducing
probe into the rat cortex (b). (B) Plot of OCV vs. time recorded by the indicating electrode over 60 s during electrophysiological recording. (c)
Representative extracellular action potential traces recorded by MEAs. Blue and red arrows respectively indicate turn-on and turn-off of
electrochemical recordings. (¢) Synchronous concentration change of the ascorbate and spike-firing rates of four cortical neurons simultaneously
measured by the MEA after electrical stimulation (indicated by a blue solid rectangle, 600 pA, 5 s) (color online).
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Abstract: The development of in vivo analytical methods for accurate, efficient, and neuron-compatible measurement
of neurochemicals during physiological and pathological processes in living brain has important implications for
understanding complex neurophysiological processes and the molecular mechanisms of brain functions. Electrochemical
methods have been widely used for the accurate measurement of multiple neurochemicals, which benefits from their
high spatio-temporal resolution, selectivity, and sensitivity properties. However, the nervous system is sensitive to
electrical stimuli. Therefore, traditional electrochemical measurement process would affect spontaneous neuronal
activity in the brain and make it difficult to cooperate with electrophysiological recording. To address it, galvanic redox
potentiometry has recently established for neuron-compatible in vivo electrochemical analysis. The method built on
galvanic cell configurations bearing the advantages of high neuronal compatibility and no interference to electrical
recording. These properties are useful for neurochemical studies. In this review, we summarize the status of in vivo
electrochemical analysis, systematically elaborate the recent progress of galvanic redox potentiometry in terms of
fundamental principles and practical applications and provide a perspective for the future development.
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