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The relevance of the carbon-paste electrodes in the field of neurotransmitter
electrochemical sensing is focused on in this review. The significance of biomolecules
especially neurotransmitters in treatments related to different diseases has tremendously
expanded the scope of analytical detection of these biomolecules. The detection of them
from biological fluids and pharmaceutical dosages is highly recommendable because the
normal functioning of a human body is very much related to the exact concentrations of
these biomolecules. Therefore, electroanalytical techniques can be employed for the
quantification of these molecules as these techniques take over the advantage of fast
response time, are easy to handle, and possess highly sensitive results. Due to the cost-
effectiveness and vague electron transfer kinetics, many carbon-paste electrode-based
electrochemical sensors have been developed for various biomolecules, environmental
pollutants, food additives, and pharmaceuticals. This review gives an intuition on different
materials used for the quantification of neurotransmitters using carbon-paste electrode
modified electrochemical methods. The electrochemical analysis of neurochemicals by
probing the various analytical utilities of carbon-paste electrodes can enlighten the
upcoming research on these molecules.
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INTRODUCTION

To date, numerous electrochemical methods have been fabricated by many research groups for
analytical applications in the fields of biology, food, and pharmaceuticals (Cheraghi et al., 2017;
Chandra et al., 2017; Saifeldin, 2020). Many analytical techniques have been developed in these fields,
including chromatography, spectrophotometers, etc. (Gupte and Luthra, 2017; Shi et al., 2020), but
electrochemical techniques are used to measure electroactive analytes at low cost and with high
sensitivity. It has a lot of uses because it provides an easy way. The salient features of electrochemical
technology, such as simple equipment, fast response times, high sensitivity, and easy miniaturization,
have led researchers to explore this field extensively (Deepa et al., 2016; David et al., 2017;
Purushothama et al., 2018). This review focuses on updating the advances in electrochemical
sensors in the field of biology with carbon paste electrodes (CPE) that take neurotransmitters into
account. Scientists have recently focused on exploring numerous electrochemical methods based on a
novel approach for detecting neurotransmitters. It highlights the properties of carbon paste-based
electrochemical sensors for analytical studies of neurotransmitters in biological samples (Sasya et al.,
2020; Santhy et al., 2021) for the past 10 years (Figure 1). Numerous modified CPE has also been
identified to improve electrochemical detection of neurochemicals over bare electrodes.
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The determination of neurochemicals such as dopamine,
serotonin, epinephrine, norepinephrine, gamma-aminobutyric
acid, glutamate, endorphins, adenosine, adenosine
triphosphate, and acetylcholine from biological samples is
highly requisite according to the clinical point of view. These
molecules are very important in boosting and balancing nerve
signals and help in the normal functioning of the brain.
Therefore, proper analysis of these molecules is necessary, and
sophisticated analytical devices could also serve as a tool for the
determination of these neurochemicals from real-life samples.
The widely available analytical techniques comprising
conductometry (Sartori et al., 2011), colorimetry (Idowu et al.,
2004), spectrophotometry (El-Ries et al., 2000; Gowda et al., 2002;
Salem, 2002; Gölcü, 2008), chromatography (Rapado-Martínez
et al., 1997; El-Saharty, 2003), fluorescent spectroscopy (Muñoz
de la Peña et al., 1991; Pérez Ruiz et al., 1998; Ramesh et al., 2003;
Tabrizi, 2007), potentiometry (Hassan et al., 2003) and
voltammetry (El-Ries et al., 2002; Sartori et al., 2010;
Lourencao et al., 2014) were reported for the detection of
neurotransmitters. Among these analytical techniques,
voltammetric methods are a dynamic electroanalytical
technique used to study the electrochemistry and mechanism
of the redox reactions of various organic and inorganic molecules
(Heinze, 1984). The instrumentation involves a potentiostat, an
electrochemical cell, and a three-electrode system with a working
electrode, a counter electrode, and a reference electrode. A range
of potential is applied between the working and the reference
electrode and the obtained current due to the electrooxidation or
reduction of the analyte is measured between the counter and
working electrode (Li et al., 2012). The electrochemical sensors
are devices that use the working electrode as the sensing element,
which consists of two parts, a recognition element for analytes
and a transducer (Bakker and Telting-Diaz, 2002). The molecular
identification constituent produces an electrochemical response

during the redox reaction of the analyte and the corresponding
message was transformed into a suitable signal by a transducer.
The signal was then detected by advanced electrical expedients
(Sehit and Altintas, 2020).

The development of a precise and dependable technique for
the quantitative detection of analytes in biological samples has
sparked a lot of interest, especially in early diagnosis and clinical
research. The advancement of a new class of modified electrodes
known as biosensors has been aided by research into biological
recognition components and their capabilities (Salem, 2002).
Non-enzymatic biosensors are less specific and superior to
enzyme-catalyzed biosensors (El-Saharty, 2003). Enzymatic
biosensors, on the other hand, have some drawbacks, such as
maintaining a low temperature, electrolyte pH, clean ambient
variables, high cost, and protein immobilization on the electrode
surface (Rapado-Martínez et al., 1997). As a result, non-
enzymatic biosensors have sparked far more studies than
enzymatic biosensors. Biosensors are analytical tools that can
be expanded to include neurotransmitters and come in a variety
of sorts and methodologies. According to several research,
neurotransmitters are usually produced at the same time,
therefore a physiological sample is likely to contain many
neurotransmitters. Simultaneous measurement and
identification of neurotransmitters are quite useful in these
situations and this review introduces a variety of developed
biosensors that can monitor numerous neurotransmitters at
the same time. With respect to the simultaneous diagnosis of
various neurotransmitters, a variety of multifunctional biosensors
have been introduced.

The voltammetric methods are the most suitable method for
the fabrication of point-of-care electrochemical sensing devices
due to their sensitive detection of analytes with lower detection
limits and the amenability for miniaturization (Sartori et al.,
2011). Also, multiple analyte detection was possible with easy
sample preparation in a cost-effective way via voltammetric
approaches than other methods mentioned above (Mathew
et al., 2018). So, this review gives a comprehensive study on
the CPE for the electrochemical determination of various
neurochemicals from biological and real samples. Most of the
electrochemical sensors for neurotransmitters employed are
modified and bare CPEs for the electrochemical analysis.
Unmodified CPEs have a low sensitivity and low limits of
detection (LODs), which makes them unsuitable for regular
analyses but on the other hand, the modified electrode
possesses enhanced properties like high selectivity, and
electrochemical response of the analyte with increased
electrocatalytic activity than the bare electrodes (Wring and
Hart, 1992). A multitude of techniques like
electropolymerization, coating of the electrode with
nanoparticles or nanocomposites by drop-casting, self-
assembled monolayers, electrodeposition techniques, and
molecular imprinting were selected by researchers for the
fabrication of various electrochemical sensors (Figure 2)
(Madhusudhana et al., 2020; Mandler and Kraus-Ophir, 2011;
Rao et al., 2017; Vadivaambigai et al., 2015; Vedhi et al., 2009;
Willander et al., 2008). Also, a wide range of nanomaterials like
carbon nanotubes (CNTs), graphene, metal nanoparticles, metal

FIGURE 1 | A graph showing the evolution of published work and
citations in the field of CPE based electrochemical sensors for NTs.
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FIGURE 2 | Different types of methods used for modifications on CPE.

FIGURE 3 | (A) Different types of modifications on CPE (B) Neurotransmitters.
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oxide nanomaterials, MXenes, etc. was exploited for developing
numerous electrochemical sensors so far (Figure 3A)
(Ramakrishnan et al., 2015; Sehit and Altintas, 2020;
Szuplewska et al., 2020). Among these carbon-based
nanomaterials, CNTs and graphene possessed several
astonishing behaviors such as electrical and optical properties
(Zhu et al., 2012; Martín et al., 2015). Moreover, the carbon
nanomaterials are more suitable for the modification of the
electrodes due to their sp2 hybridization of carbon and the
capability to form charge transfer complexes (Giuliani et al.,
2016). The following section provides detailed information
regarding the electrochemical investigation of different
neurotransmitters from real samples with several modified and
bare CPEs.

NEUROTRANSMITTERS

Biomolecules are the fundamental building blocks of living cells
that provide the foundation of life. The exact measurement of the
concentration of a biomolecule in a living system is very
important both from the medicinal and clinical points of view.
Electrochemical methods are suited for the qualitative and
quantitative determination of biomolecules, as these methods
offer high selectivity and sensitivity in clinical diagnostics.
Neurotransmitters (NTs) are important chemicals in the
human system that play important roles in physical and
physiological health. Among the various NTs, biogenic amines,
including dopamine, serotonin, epinephrine, norepinephrine,
and especially amino acids such as tyrosine and acetylcholine,
are potentially important (Figure 3B). NT mediates important
functions of the nervous system such as behavior and cognitive
function. They affect and regulate muscle tension, heart rate,
sleep, learning, consciousness, memory, appetite, and mood. The
irregular levels of neurochemicals are associated with physical,
psychotic, and neurodegenerative disorders such as Alzheimer’s
disease, Parkinson’s disease, dementia, addiction, depression, and
schizophrenia (Table 1) (Sasya et al., 2020). Neurotransmitters
are found in very low concentrations in the nervous system, and
they are combined with a variety of other biological compounds
and minerals, making their detection and quantification
challenging. Even though several strategies have been proposed

in the literature, neurotransmitter monitoring in the brain
remains a problem and a focus of current research. Several
parameters are important to consider when evaluating the
sensor’s performance: the sensor’s sensitivity and limit of
detection (LOD) must be enough for the target
neurotransmitter’s concentration in serum. In addition, the
sensor’s selectivity must be high enough because the real
sample may contain a lot of interference. For a robust study,
reproducibility is also essential. The electrodes may foul because
of protein sticking or adsorption in real samples (Sartori et al.,
2010). Fouling can have a significant impact on sensor response,
hence it is important to build bio-fouling-resistant electrode
surfaces (Heinze, 1984). Multiple neurotransmitters must be
detected at the same time, which is a tough process because
many neurotransmitters have similar molecular structures and
physicochemical properties, making it impossible to distinguish
one from the other. The detection and monitoring of
neurochemicals in the brain remain difficult due to the
inadequacy of the existing methods and therefore new
approaches continue to receive great attention in this field. To
monitor the complex intercommunication of NTs,
neurotechnology is highly desirable because it provides high
throughput, rapid and selective determination of targeted
analytes in the brain without adversely affecting the
transplanted area (Giuliani et al., 2016). Therefore, it is
important to develop sensitive and reliable clinical evaluation
methods to observe and coordinate these molecules and detect
diseases related to them. The highlight of this review is a
summary of present-day electrochemical analytical methods
that enable the real-time detection of neurotransmitters with
high time resolution.

FABRICATED CARBON PASTE
ELECTRODE FOR THE
ELECTROCHEMICAL ANALYSIS OF
NEUROTRANSMITTERS

CPEs has been used for the electrochemical determination of
different neurotransmitters by adopting various electrochemical
strategies. CPE electrode was developed by Nada et al. to measure

TABLE 1 | Neurotransmitters and their normal range in the human body.

Analytes Related disease Normal level References

Dopamine Psychiatric disorders, including drug addiction, schizophrenia,
Parkinson’s, and Huntington’s disease

≤195.8 pmol/L Rejithamol et al. (2020), Sasya et al. (2020)

Norepinephrine Anxiety, increasing the heart rate, vasodilatation, pupil dilation, and
blood sugar

413.8–10,048.7 pmol/
L

Mohammad et al. (2010), Sasya et al. (2020)

Epinephrine Increased risk for depression 413.8–10,048.7 pmol/
L

Sharath Shankar and Kumara Swamy (2014),
Sasya et al. (2020)

Serotonin Schizophrenia 0.28–1.14 μmol/L Sasya et al. (2020), Rejithamol and Beena
(2021)

Histamine Alzheimer’s disease and schizophrenia 20–200 ng/ml Sasya et al. (2020)
Acetylcholine Hallucination ≤0.02 nmol/L Sasya et al. (2020), Bodur et al. (2021)
Adenosine
triphosphate

Heart-related diseases 1–10 mmol/L Sasya et al. (2020)
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paracetamol (ACOP) and neurotransmitters such as dopamine
(DA), epinephrine (EP), noradrenaline (NP), levodopa
(L-DOPA), and serotonin (5HT). Differential pulse
voltammetry (DPV) and cyclic voltammetric (CV) studies
have revealed that the analytes undergo oxidation on the
electrode surface via adsorption controlled reversible two-
electron step. The overlapped anode peaks of these NTs were
sensitively and effectively resolved by mixing CPE-Au nano with
Nafion. They investigated the interference of other biomolecules
mainly ascorbic acid (AA) and uric acid (UA) with the current
response of paracetamol, namely the destructive effects of Nafion
have been shown to increase the sensitivity of the sensor’s current
signal to the oxidation of the compounds under study. The
applicability of the method developed for measuring drugs in
human urine samples has also been demonstrated (Nada et al.,
2011). The same research group has been developed a promising
electrochemical sensor using CPEs incorporated with gold
nanoparticles and Nafion as the linker. This method is
sensitive to the measurement of catecholamine compounds:
DA, EP, NP, LDOPA, and 5-HT in the presence of interfering
molecules such as UA and AA. DPV, CV, and electrochemical
impedance spectroscopy were used to examine the behavior of the
compound under study at the body’s physiological pH.
Simultaneous measurements of DA with 5-HT and L-DOPA
with acetaminophen (ACOP) gave very good peak separation.
The L-DOPA linear response ranges from 2.0 × 10−7 to 2.0 ×
10−5 mol L−1, with a correlation coefficient of 0.9990 and a second
range from 5.0 × 10−5 to 3.0 × 10−3 MolL−1 obtained with a
correlation coefficient of 0.9985. The LODs were found to be 1.45
× 10−9 mol L−1 and 2.84 × 10−6 mol L−1, respectively. The
usefulness of this modified electrode has been demonstrated to
measure L-DOPA in human urine (Nada, 2012; Atta et al., 2020).

Wang et al. reported the incorporation of Zeolite on CPEs
show preferential uptake of the neurotransmitters DA and EP
while rejecting anionic ascorbic acid species. The ion exchange
properties of zeolite particles significantly improved the
selectivity resulting a sensitive and easy method for the
quantification of these neurochemicals. The quantification was
demonstrated using cyclic voltammetry, discontinuous
amperometry, and flow injection voltammetry experiments.
Experimental parameters that affect dopamine uptake,
including solution pH and ionic strength, zeolite loading, are
the parameters optimized. The attractive properties of zeolite-
modified electrodes may be useful for electrochemistry of the
brain in vivo (Joseph and Alain, 1996). The preparation of the
acrylamide modified CPE and the electrocatalytic oxidation to
DA in 0.2 M phosphate buffer (PBS) at pH 7.4 were described by
Kumara Swamy et al. Several parameters such as DA
concentration, scanning rate variability, and pH were studied
using CV. The peak current was proportional to the DA
concentration and the detection limit was 3.5 × 10−7 M. The
concentration effect of the modifier on the CPEs is that changing
the electrode interface can increase the amount of positively
charged dopamine on the surface of the electrode. The
stability and reproducibility of the electrodes for DA
measurement were also investigated (Sharath Shankar et al.,
2010). A poly (carmagite) film was electropolymerized on the

surface of the CPEs based on an electrochemical method by
Umesh et al. The polymer film coated electrodes exhibit excellent
electrode catalytic activity for detecting DA at a pH of 7. The
effect of scan rate study was found to be the adsorption drive
electrode process and the concentration effect of DA was also
investigated. The DA redox peak potential was observed to be pH
dependent, and the electrodes coated with this polymer film were
excellent for simultaneous detection of DA in the presence of high
concentrations of AA and UA. The proposed method was applied
to detect DA in injection samples (Umesh et al., 2010).

Mohammad et al. developed a CPE modified with ZrO2
nanoparticles to study the electrochemical oxidation of NE,
AC, folic acid (FA) and mixtures thereof by electrochemical
techniques. DPV was used to investigate the selective and
simultaneous measurements of NE, AC, and FA on modified
electrodes. Peak currents for NE, AC, and FA were observed to be
linearly increased with concentration. The detection limits for
NE, AC and FA were 8.95 × 10−8, 9.12 × 10−7, 9, 86 × 10−6 M,
respectively. It demonstrated a powerful ability to resolve the
overlapping voltammetric responses of NE, AC, and FA into
three well-defined voltammetric peaks (Mohammad et al., 2010).
Acetylcholine is a neurotransmitter found at the intersections of
nerves and muscles in the lymph nodes of the internal organs, the
musculoskeletal system, and various parts of the central nervous
system. A decrease in acetylcholine in the brain is associated with
Alzheimer’s disease. Therefore, it is an important active
ingredient in this disease. Nidhi et al. fabricated, a dienzyme
biosensor system using acetylcholinesterase and choline oxidase
using a CPEs modified with carbon nanodots (3-aminopropyl)
triethoxysilane (CDsAPTES), and the amount of acetylcholine
was measured. Acetylcholinesterase and choline oxidase enzymes
were immobilized on modified CPEs by cross-linking with
glutaraldehyde. Acetylcholine was determined by oxidizing
enzymatically produced H2O2 to Ag/AgCl at 0.4 V. The effects
of temperature, pH, and substrate concentration on the
acetylcholine response of the biosensors produced were
studied by the group. In addition, they investigated the
optimal number of CD-APTES, the linear operating range of
the biosensor, and the interference effect (Bodur et al., 2021).

Tetradecyltrimethylammonium bromide (TTAB)
immobilized CPE (TTABMCPE) of EP and 5-HT in the
presence of AA by voltammetry in phosphoric acid was
reported by Sharath et al. The method proposed for
simultaneous study and measurement of these
neurotransmitters in buffer solution (PBS) with pH 7.4. Anode
peaks for EP, 5HT, and AA were observed at scanning rates of
50 mVs−1 at 198 mV, 363 mV, and 17 mV, respectively. In
TTABMCPE, the peak currents of all electroactive molecules
increased. It was found that EP and 5-HT can be measured
simultaneously with good sensitivity even in the presence of high
concentrations of AA. Interference studies have shown that
modified electrodes have excellent selectivity for measuring EP
in the presence of large excesses of AA and 5HT. The difference in
oxidation peak potential between EP-AA and EP-5-HTwas about
215 and 165 mV, respectively. Voltammetric resolution is large
enough to determine AA, EP, and 5-HT individually. The
detected electrode detection limit for the modified electrode
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was 0.12 μMwith differential pulse voltammetry technology. The
developed method was applied to the measurement of EP in
synthetic samples with satisfactory results (Sharath Shankar and
Kumara Swamy, 2014). CPEs coated with poly (malachite green)
film were prepared by Umesh et al. for sensitive and selective
measurement of DA in pH 7 phosphate buffer. A fully enhanced
redox peak was observed with a detection limit of 2.5 × 107 M by
cyclic voltammetry. Further studies have shown that DA
oxidation shifts negatively by increasing pH. The effects of
concentration and scan rate resulted in a linear response and
the entire electrode process was diffusion controlled. The
fabricated CPE acts as suitable and sensitive electrode for
measuring DA. Simultaneous studies have shown excellent
potential differences between DA and other neurotransmitters
using both DPV and CV techniques (Umesh et al., 2013).

Manjunatha et al. reported a biopolymer modified chemical
sensor by electrolytically polymerizing arginine on a CPE to
quantify DA in the presence of UA and AA. The developed
electrode exhibits excellent electrochemical catalytic activity
towards DA oxidation. CV studies have shown that oxidation
of DA on the surface of polyarginine modified carbon nanotube
paste electrodes is a two-electron quasi reversible process, a
diffusion rate determining process, with improved current
response compared to bare carbon nanotube paste electrodes.
It showed that, under optimized conditions, a concentration
range of 8 × 106–5 × 105 M and 6 × 105–2 × 104 M and a
detection limit of 10 × 107 M were observed. The sensor has also
been proven to break down DA in real samples with sufficient
recovery (Raril and Manjunatha, 2018).

Galal et al. evaluated the out turn of the ionic liquid type of
carbon paste composites (ILC) on the electrode-catalyzed
oxidation of L-dopa. The best electrochemical responds were
obtained with the ILC in comparison to other different types of
ionic liquids. High ionic conductivity and increased surface area
was obtained by the effective combination of gold nanoclusters and
ILC nanocomposites. L-dopa is considered one of the main
prescription drugs used to treat Parkinson’s disease. In addition,
two-drug therapy with L-dopa and carbidopa has been shown to be
effective and promising to avoid the disadvantages of L-dopa
monotherapy for patients with Parkinson’s disease. The
developed Au/CILCE can be used to detect L-dopa in human
serum in the concentration range of 0.1- to 90 μM, with detection
and quantification limits of 4.5 and 15.0 nM, respectively. Sensitive
detection of L-dopa can be done simultaneously in the presence of
carbidopa with a low detection limit (Nada et al., 2020). Perovskite
materials such as LaNiO3, LaFeO3, and LaCoO3 were used for
modifying the CPEs for the analysis of neurotransmitters by
Jasmine et al. These materials significantly increased the
electrochemical active area of the electrode and reduced the
charge transfer resistance of the modified electrode. Further the
perovskite modified electrode could enhance the thermal stability
and surface features such as phase formation andmorphology. The
modified electrodes showed a high current response, enabling
nanomolar sensing of neurotransmitters such as DA, 5-HT, AP,
and tyrosine (TYR). All the electrochemical parameters of the
modified electrode showed remarkable advancement associated
with the electrochemical reaction of the abovementioned analytes.

The perovskite-modified CPE (LNO MCPE) showed a wide linear
range, high sensitivity, excellent selectivity, and wide linear
concentration range are the superiority of the electrode and this
enables simultaneous detection and quantification of four
neurotransmitters (Jasmine et al., 2021). Salimi et al. synthesized
sol-gel incorporated carbon composite electrode (CCE) by mixing
carbon powder with a sol-gel precursor such as
methyltrimethoxysilane, without the addition of electron
transfer mediators or specific reagents. This sensor has been
shown to be usable for simultaneous measurement
neurotransmitters such as DA and adrenaline, in the presence
of other biomolecules like UA and AA. Compared to other
common carbon-based electrodes, especially boron-doped
diamond, glassy carbon, graphite, and CPE, the developed CCE
was found to be significantly more reversible to dopamine. Direct
electrochemical oxidation of AA, UA and catecholamines on
carbon composite electrodes was investigated and the oxidation
peaks of UA, AA, and catecholamines are well separated with good
sensitivity. The analytical utility of this sensor has been evaluated
and this method seems to be highly sensitive to detect biomolecules
in urine and serum samples with inherent stability and integrity
(Abdollah et al., 2006).

Miniaturization of devices make fast and sensitive detection of
analytes from nano or micro volume of real sample is very much
applicable in the fields of biomedicine and forensic medicine. Shui
et al. manufactured an electrochemical sensor (MWCNTCPE/
PDDARGO) based on a poly (diallyl-dimethyl-ammonium)
chloride-reduced graphene oxide (PDDARGO)-modified multi-
walled carbon nanotube carbon paste electrode (MWCNTCPE)
and integrated it into a microfluidic device. Detailed studies show
that the PDDARGO and MWCNT hybrid nanomaterials have a
dependent effect on the electrode-catalyzed reaction of DA and 5-
hydroxytryptamine (5-HTA), enabling sensitive detection. The
fabricated electrode has ability to quantify DA sensitively and
selectively and 5-HTA in microliter doses of rat plasma suggests
that it could be used tomonitor bioactive substances both in vivo and
in vitro. The device showed wide range of concentration, with very
high sensitivity, stability, and excelled reproducibility (Zhenping
et al., 2018). Mazloum Ardakani et al. reported a chemically
modified CPE containing bis-hydroquinone (DOH) for the
electrode-catalyzed oxidation of DA. Kinetic parameters of the
modified CPE such as the oxidation diffusion coefficient and
electron transfer coefficient (α = 0.33) on the surface of DOH
were also incorporated. Under optimum conditions (pH-7.0), DA
oxidation on the surface of the fabricated electrode has been found to
occur at a positive potential about 290mV lower than the bare CPE.
The oxidation peak current exhibited a linear variation depends on
DA concentration, and the linear analysis curve was obtained in the
SWV range of 3.0 × 105–2 × 103M DA. The detection limit was
determined to be 3.2 × 106M. This method was also used to
determine the DA of a drug injection using a standard addition
method (Hadi et al., 2019). Tetradecyltrimethylammonium bromide
(TTAB) immobilized CPE for EP and 5-HT in the presence of AA in
phosphoric acid was fabricated by Kumara Swamy et al. Proposed
method applied for simultaneous study and measurement of the
neurochemicals in buffer solution (PBS) with pH 7.4. Anode peaks
for EP, 5-HT, and AA were observed at scanning rates of 50 mVs−1
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at 198mV, 363mV, and 17mV, respectively. In TTABMCPE, the
peak currents of all electroactive molecules increased. It was found
that EP and 5HT can be measured simultaneously with good
sensitivity even in the presence of high concentrations of AA.
Interference studies have shown that modified electrodes have
excellent selectivity for measuring EP in the presence of large
excesses of AA and 5HT. The difference in oxidation peak
potential between EP-AA and EP-5HT was about 215 and
165mV, respectively. Voltammetric resolution is large enough to
determine AA, EP, and 5HT individually. The detection limit of the
modified electrode was 0.12 μM by differential pulse voltammetry
technology. The developed method was applied to the measurement
of EP in synthetic samples with satisfactory results [63]. Table 2 is
representing an outline of the review which highlights CPEmodified
sensors for important neurotransmitters reported in the literature
so far.

CONCLUSION AND OUTLOOK

A simplistic and comprehensive assessment of carbon paste-based
electrochemical sensors for neurotransmitters has been outlined.
Considerable number of electrochemical techniques have been
reported in the literature to quantify the neurochemicals from
real samples due to extensive need of these sensors in the clinical
field. The development of a very simple point-of-care device is
essential to detect and quantify thesemolecules in biological samples.
Carbon paste-based electrochemical sensors have very much
attention in the current scenario of electrochemical research
because of the cheapness of the electrode material and superior
electron transfer kinetics than other carbon-based electrodes.
Modification of the carbon-paste electrode seems to have led to

the elimination of confounding effects in real samples. The practical
application and selectivity of the neurotransmitter electrochemical
sensor can be further improved by placing greater emphasis on
nanomaterial fabrication by appropriately combining various
advanced nanomaterials. A very low detection limit, high
sensitivity and selectivity can be obtained by combining metal
organic framework and nanoparticle modified electrodes. Apart
from the innovative methodologies developed, most other sensors
cannot reach this level. Even so, most nanocomposite methods used
somewhat complicated strategies such as combining two or three
nanostructures, making this method difficult to commercialize. This
review describes the advantages of carbon paste-based materials in
the design and construction of various electrochemical sensors with
electrochemical properties and in the electrochemical detection of
neurochemicals from different perspectives. This review aims to
accelerate current development in this area by taking the future
development of neurotransmitter electrochemical sensors to a better
level and exploring the benefits of carbon paste-based electrode
materials.
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TABLE 2 | CPE modified sensors for neurotransmitters.

Analytes Fabricated
electrode

Electrochemical
technique

Linear range Detection
limit

Sensitivity References

DA, EP, NP, L-DOPA,
5-HT

CPE-Au nano DPV, CV — — — Nada et al. (2011)

DA, EP CPE-Zeolite CV — — — Joseph and Alain, (1996)
DA CPE-acrylamide DPV 0.5 × 10−4–3.5 × 10−4 M 3.5 × 10−7 M — Sharath Shankar et al. (2010)
DA CPE-p-Carmagite DPV 9 × 10−6–35 × 10−6 M 1 × 10−8 M — Umesh et al. (2010)
NP CPE-ZrO2 DPV 1.0 × 10−7–2.0 × 10−3 M 8.95 × 10–8 M — Mohammad et al. (2010)
Acetylcholine CPE- CDsAPTES SWV 0.01–10 μM 5 nM — Bodur et al. (2021)
EP and 5-HT CPE- TTAB DPV 0.15–30 μM 0.12 μM — Sharath Shankar and Kumara Swamy,

(2014)
DA CPE-p-Malachite

green
CV — 2.5 × 107 M — Umesh et al. (2013)

DA CPE-p-Arginine CV 8 × 10−6–2 × 10−4 M 10 × 10−7M — Raril and Manjunatha, (2018)
L-DOPA CPE-ILC-Au CV 0.1–90 μM 4.5 nM — Nada et al. (2020)
DA, 5-HT CPE-LNO MCPE CV, DPV 0.08–20, 0.1–80 μM 9 nM, 14 nM — Jasmine et al. (2021)
DA CPE-Sol gel

composite
CV, SWV 0.5–20 μM 0.1 μM — Abdollah et al. (2006)

DA, 5-HTA CPE-MWCNT-
PDDARGO

DPV 0.05–120.0 μM,
0.05–50.0 μM

16 nM, 9.8 nM — Zhenping et al. (2018)

DA CPE-DOH SWV 3.0 × 10 5
–2 × 103 M 3.2 × 106 M — Hadi et al. (2019)
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