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Major depressive disorder is a widespread condition with antidepressants as the main pharmacological treatment.

However, some patients experience concerning adverse reactions or have an inadequate response to treatment.

Analytical chromatographic techniques, among other techniques, are valuable tools for investigating medication

complications, including those associated with antidepressants. Nevertheless, there is a growing need to address the

limitations associated with these techniques. In recent years, electrochemical (bio)sensors have garnered significant

attention due to their lower cost, portability, and precision. Electrochemical (bio)sensors can be used for various

applications related to depression, such as monitoring the levels of antidepressants in biological and in environmental

samples. They can provide accurate and rapid results, which could facilitate personalized treatment and improve patient

outcomes.
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1. Carbon-Based Nanomaterials

Carbon nanotubes (CNTs) are a special group of nanomaterials since they present a unique geometry, as well as novel

electrical and mechanical properties, which make CNTs a superconducting substrate, valuable for sensor development .

CNTs are hollow cylinders formed by rolling carbon atoms linked in hexagonal shapes with diameters lower than 100 nm.

CNTs, namely single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs), have been

used to implement electrochemical procedures for the evaluation of different antidepressants, in various samples 

.

The small nanosize and the unique optical, thermal, electrical, catalytic, magnetic, and mechanical properties of

nanomaterials make them potentially useful as sensor modifiers. Nevertheless, it is difficult to control the nanomaterial

based-film thickness and porosity, and its assemblage at the electrode surface needs careful supervision to achieve the

desired electrode reproducibility. Amitriptyline (AMT) is a widely used tricyclic antidepressant, being the second

antidepressant of its group to be approved for MDD treatment in 1961 . AMT’s lower electroactivity at conventional

electrodes paved the way for the development of a CNT-modified electrode to evaluate this antidepressant in

pharmaceutical formulations.

Using a rational mixture of CNTs and carbon paste, the electrochemical behavior of AMT presented a well-defined

irreversible oxidation peak at +1.35 V vs. Ag/AgCl. Duarte et al. found that the use of sulfuric acid as an electrolyte

improved AMT oxidation, possibly because of the oxidation of the alkylamine nitrogen atoms with one electron transfer

and the formation of radical cations. Voltammetric techniques such as DPV, SWV, and CV were used for AMT

determination achieving a LOD of 1.55 µmolL . This nano sensor was successfully applied to six different commercial

pharmaceutical formulations (tablets) of this medication .

Glassy carbon electrodes (GCE) are widely used as a conductive substrate in electrochemistry since they are

inexpensive, present a wide potential range, and are chemically stable. In carbon-based surfaces, such as GCE, graphite

and carbon paste, it is possible to assemble different modifiers in a simple way.

Using a functionalized MWCNTs modified GCE (MWCNTs/GCE), Jat and collaborators studied the electrochemical

behavior of the tricyclic antidepressant clomipramine (CMP). Similarly, to AMT, CMP also presents low redox activity.

Applying this CME, it was found that CMP generated an irreversible oxidation peak at +1.120 V vs. Ag/AgCl in pH 5.5.

This CME exhibited a considerable enhancement in voltammetry response, presenting a LOD of 13.2 ngmL  (41.9

nmolL ). Employing voltammetric techniques, namely differential pulse anodic adsorptive stripping voltammetry (DP-
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AAdSV), this proposed electrochemical procedure was successfully used to quantify CMP in spiked human serum and

urine samples . When compared to the CNTs used as modifier, the use of MWCNTs as electrode surface modifier

boosted the sensor’s sensitivity by lowering the LOD by 37-fold .

Baccarin and colleagues developed a CME (Figure 1) for escitalopram (EST) determination, a widely used SSRI,

approved for MDD and other disorders like anxiety and obsessive compulsive disorder (OCD) . Based on CV

responses, the EST scanning towards positive potential revealed an irreversible oxidation process at +0.80 V (vs. SCE)

when pH = 8.0. The reverse potential scans showed no indication of any reduction processes, suggesting the irreversible

behavior of EST. The observed cathodic reaction of EST was attributed to the transference of two electrons in the terminal

tertiary amine group. Under the optimal experimental conditions, this CME presented a linear dynamic ranges between

1.5 to 12 µmolL  and a LOD of 0.45 µmolL  with applicability to determine EST in urine and cerebrospinal fluid samples

.

Figure 1. Generic scheme of composite electrode fabrication, adapted with permission from .

An electrochemical sensor for the detection of imipramine (IMP) was developed by Neto et al. The strategy followed by

Neto and his team consisted of the use of a composite composed by ferrocene carboxylic acid (FCA), β-cyclodextrin (CD),

and oxidized MWCNTs as modifiers on a GCE surface. The reason to use such composites was to combine the unique

electronic properties of the MWCNTs, the electrochemical properties of FCA, and the ability of CD to form a complex with

FCA at the electrode’s surface. Using this FCA-CD/MWCNTs-modified electrode, it was possible to analyze IMP at a very

low potential (+0.02 V at pH 7.0). CV and DPV techniques were implemented, and linear ranges of 10–350 µmolL  and

0.1–10 µmolL  were obtained, respectively, enabling the detection of the antidepressant in pharmaceutical tablets and

urine samples .

Sertraline (SRT) is one of the most widely prescribed SSRIs, marketed initially for the treatment of MDD, but is currently

approved for the management of panic disorder, OCD, and post-traumatic stress disorder (PTSD) . Atty et al. reported

on the modification of a carbon paste rod with MWCNTs and cesium in a sodium dodecyl sulfate (SDS) medium

(MWCNTs/CsCPE/SDS), capable of simultaneously detecting SRT and paracetamol in biological samples. Using CV

techniques, the researchers studied the electrochemical behavior of SRT and paracetamol. An irreversible oxidation peak

at +0.418 V vs. Ag/AgCl was registered for paracetamol, while an irreversible peak at +1.018 V vs. Ag/AgCl was recorded

for SRT, resulting in a good separation between the two drugs and well-defined peaks, with a difference of peak potential

of 0.6 V. SWV procedures were also applied to determine a LOD and limit of quantification (LOQ) for sertraline of 9.2 and

31 nmolL , respectively. The developed CME was able to detect the antidepressant and paracetamol in spiked plasma

.

Trimipramine (TMP) is classified as a classical first-generation tricyclic antidepressant, with a good range of therapeutic

effects in depressed patients with insomnia . To enhance the sensitivity and selectivity in compound detection, different

types of extraction have been applied prior to the application of detection methods. Ensafi and collaborators investigated

the combination of a microporous membrane-based liquid–liquid–liquid microextraction (MM-LLLME) technique and a

MWCNT-CPE to improve the selectivity and sensitivity of TMP detection. In this sense, an MM-LLLME technique, based

on a polyethylene membrane saturated with isoamyl benzoate, was used to extract, purify and preconcentrate TMP from

aqueous samples, thereby enhancing the sensitivity and selectivity of the CME. Utilizing this system, TMP presented an

oxidation peak at +1.0 V. DPV was selected as the detection technique, estimating a limit of detection of 2.0 nmolL−1. The

applicability of the newly developed method was successfully verified in real plasma and urine samples, with recovery

rates around 100% .

Venlafaxine (VEN) is an SNRI, approved by FDA in 1993 and widely used nowadays with good efficacy . The

electrocatalytic behavior of VEN was studied with CM/GCE. The chemical electrode modification was performed by using
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a gel containing MWCNTs and ionic liquid (IL), 1-butyl-3-methylimidazolium hexafluorophate (BMIMPF) in phosphate

buffer at pH 6.8. A well-defined irreversible oxidation peak was observed at +0.780 V vs. Ag/AgCl. The electrode reaction

was controlled by a diffusion process, and the redox reaction involved two electrons transferring and two protons’

participation. After the experiment conditions optimization, a linear range of 2.0 µmolL –2.0 mmolL  and a LOD of 1.69

µmolL  was determined. In the end, the proposed methodology was applied to commercial VEN capsules, with no

significant differences between the proposed method and the reported conventional techniques . The sensitivity of this

CME was reduced when compared to the sensors produced in , which had a LOD 1000 times greater. Graphene

is a carbon-based nanomaterial composed of a single carbon layer. In graphene, every carbon atom is linked to three

adjacent carbon atoms ready to form chemical bonds. Additionally, graphene has four valence electrons. The fourth

electron is free to move, enabling the graphene to conduct electricity. Graphene also has excellent semiconductor,

electroactive, and transparent characteristics, with unique chemical and electrical properties that make it ideal for the

development of sensor technologies . In fact, graphene’s excellent ability to conduct electric charges establishes it as

an excellent tool in the specific field of electrochemical biosensors . Combining graphene and other electroactive

materials is one of the approaches involving carbon-based materials .

Toledo et al. studied IMP oxidation mechanisms through electrochemical techniques, using a graphite-polyurethane

composite electrode. CV allowed the establishment of the antidepressant’s voltammetric behavior, while also optimizing

experimental conditions, such as pH. On the other hand, after this optimization, SWV was used to achieve a calibration

curve with an IMP LOD of 4.60 nmolL . In addition, the developed method was tested in commercial pharmaceutical

tablets with great success .

Paroxetine (PRX) is a SSRI, effective in both short-term and long-term management of depression and with efficacy in

other co-morbid mental illnesses . A study by Oghli and colleagues explores the fabrication of an electrochemical

sensor based on a modified pencil graphite electrode (PGE). Both graphene oxide and phosphotungstic acid (GO/PWA)

were used as modifiers to enhance sensitivity and catalysis of the PRX oxidation. The presence of these compounds was

successfully verified through X-ray diffraction (XRD), and the modified electrode was studied by scanning electron

microscopy (SEM), confirming the incorporation of GO/PWA into the PGE. Cyclic voltammograms were performed for the

modified and unmodified electrodes. The CV showed an irreversible oxidation process for PRX at +1.0 V on the modified

PGE.

This CME sensor exhibited a linear current response from 8.0 nmolL  to 1.0 µmolL  and a low LOD 0.9 nmolL . In

addition, the influence of possible interferents was also examined, revealing the occurrence of PRX determination in the

presence of probable diverse species and excipients in the pharmaceutical media. Applicability of the sensor was

successfully proven by measurements in pharmaceutical tablets, urine and blood serum samples, with recovery

percentages around 100% and an accurate determination of low concentrations of PRX .

On the other hand, a study performed by Ali et al. described an additional electrochemical sensor for VEN based on the

electrodeposition of nickel-cobalt oxide (NiCo O ) microspheres (MSs), attached to a graphene oxide electrode (Figure
2). Two different deposition methods were carried out for the binary metallic oxide microstructures supported on a reduced

graphene oxide (rGO) modified graphite electrode: Wet chemical and in situ-electrical deposited methods. The deposition

methods of NiCo O  MSs were found to affect the electrochemical behavior of the modified electrodes towards the

oxidation of VEN. Using the wet-NiCo O @rGO modified electrode, an oxidation peak was observed at +0.68 V and the

peak intensity was four-times higher than in a bare PGE. Therefore, it is possible to conclude that the wet-NiCo O @rGO

modified electrode showed the highest sensitivity in terms of the VEN oxidation peak current intensity. These results

confirm the significance of the modification step’s, suitability, and sensitivity of the fabricated sensor for trace analysis of

VEN in different matrices. After the characterization of the wet-NiCo O @rGO modified electrode and optimization of

experimental parameters (pH, supporting electrolyte, etc.), SWV methods were applied to determine analytical

parameters and a LOD of 3.4 nmolL  was obtained for the fabricated sensor. Furthermore, the developed method was

applied to human serum samples and pharmaceutical tablets .
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Figure 2. Scheme of the fabrication of a reduced graphene oxide electrochemical sensor modified by NiCo O

microspheres for antidepressant venlafaxine, adapted with permission from .

2. Metal-Based Nanoparticles

Metal and metal-organic based nanoparticles (MNPs) have many advantageous properties that make MNPs useful in the

transducer component of (bio)sensors. Noble metals, such as gold, silver, platinum, rhodium, and palladium, or other

metals, like nickel, copper, and bismuth NPs, have been the most popular and extensively studied. Although these noble

metals are chemically inert in their macroscale form, they display unique physiochemical features at the nanoscale 

.

Due to the MNPs small size and large surface-to-volume ratio, metal NPs possess unique electrical, optical, magnetic,

and catalytic properties, which makes them a promising candidate for the development of electrochemical sensors.

Moreover, some metal NPs, namely gold NPs, also present biological compatibility, high binding affinity, and enhanced

target selectivity . Nonetheless, some of these MNPs are very expensive and toxic.

Titanium dioxide (TiO ) NPs are being used as electrode surface modifiers because of their high surface area, versatility,

optical transparency, good biocompatibility, and relatively good conductivity. Kalanur et al. reported on a voltammetric

sensor based on titanium dioxide TiO -NPs, incorporated in a CPE matrix for the determination of an antidepressant used

in the treatment of functional intestinal disorder: Buzepide methiodide (BZP). BZP is an organic iodide salt of buzepide

and a cholinergic antagonist. A variety of electrochemical studies were carried out on BZP. Indeed, the electrochemical

behavior of BZP at TiO NPs-CPE indicated a quasireversible peak with an oxidation peak potential of +0.649 V and a

corresponding reduction peak potential at +0.459 V. One irreversible oxidation peak of +0.945 V was also observed.

TiO NPs, when compared to an unmodified CPE, significantly increased the oxidation peak current of BZP, enhancing the

electrochemical behavior of this analyte. After all optimized conditions were met, a linear peak current, among other

characteristics, was achieved in the 50 nmolL−1−50 µmolL  range, detected through DPV. In addition, the most

significant features of the sensor were its ability to detect BZP in the presence of a variety of interferents (ascorbic acid,

glucose, sucrose, dextrose, acacia powder, starch, and talc) and its successful application on urine and human blood

serum samples, with an average recovery percentages ranging from 95.8–98.8% and 89.6–97.2%, respectively .

A study by Tajik et al. described a nanosensor for SRT determination based on a screen-printed electrode (SPE) modified

by ZnFe O NPs, since these have lower toxicity and higher reference daily intake values than other NPs-based materials

. After their synthesis, a ZnFe O NPs solution was added to the working electrode of the SPEs. SRT electrochemical

behavior on the electrodes was then evaluated, and pH value of the sertraline concentration was optimized to 7.0. The CV

scan indicated that at ZnFe O -SPE, SRT presented an oxidative peak at +840 mV , which is 178 mV less positive

when compared to the CNT/CsMCPE/SDS sensor . Chronoamperometric measurements of the drug at the

ZnFe O/SPE revealed a linear concentration range between 0.07–300 µmolL  and a LOD of 0.02 μM. Furthermore,

application of the sensor to pharmaceuticals and human urine samples revealed acceptable recovery rates comparable to

spectrophotometric methods . When compared to the CNT-sensor  or MWCNTs-sensor  the ZnFe O/SPE

presented increased LOD (1000 fold higher).

Sultan and colleagues reported a novel electrochemical sensor, able to determine the antidepressant VEN, modified by a

stable bimetallic catalyst: palladium cobalt/aluminum oxide (Co-Pd@Al O ). The modified electrode was characterized

electrochemically by CV. Square wave anodic stripping voltammetric techniques (SWAV) were applied, and an electro-

oxidation response of the drug was obtained at +0.65V vs. Ag/AgCl. Using the same technique, a linear range of 1.95

nmolL –0.5 µmolL  and a LOD of 1.86 pmolL  was obtained. Additionally, the sensor was successfully applied to

aqueous and serum samples, with recovery rates around 100% . The utilization of a bimetallic catalyst composed of
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palladium cobalt/aluminum oxide increased the sensitivity of the sensor by lowering the LOD to 1.8 pmolL  when

compared with the carbon-based nanomaterials where LOD are at nmolL  levels.

In order to enhance electrochemical responses even further, recent approaches involve combining both CNTs and metallic

nanoparticle modification techniques . Using MWCNTs and mercury-modified NPs (HgNPs), Madrakian et al.

developed a modified glassy carbon electrode (HgNPs/MWCNTs/GCE) capable of detecting fluvoxamine (FLV) in body

fluids.

The doubly modified electrodes revealed, by CV techniques, intensity values of cathodic peak currents for FLV 2 to 3-fold

higher than the GCE modified by either only MWCNTs or mercury nanoparticles. In fact, with a bare GCE, FLV did not

present any electrochemical behavior. However, at HgNPs/GCE, MWCNTs/GCE, and HgNPs/MWCNTs/GCE, FLV

presented electrocatalytic activity, via a reduction process. At the HgNPs/GCE, MWCNTs/GCE, and HgNPs/MWCNT/GCE

reduction peaks appeared at approximately −0.87, −0.82, and −0.76 V vs. Ag/AgCl, respectively, and at the oxidation step,

no oxidation peak was observed. After optimization of the experimental conditions, DPV techniques were able to

determine a LOD of 0.01 µmolL . The novel sensor was applied to human urine samples and pharmaceutical tablets,

with recovery rates of 96%, high sensitivity, and reproducibility .

Shoja et al. reported the development of a modified GCE with gold NPs (AuNPs), enriched with MWCNTs and an

electropolymerized nanostructured levodopa film (NiLD/AuNPs/MWCNTs/GCE) for the detection of SRT. After studying

the electrochemical behavior of the CME electrode and SRT through CV and DPV techniques determining a linear range

of 0.05–5.50 mmolL  for the compound was used. Furthermore, the sensor was successfully applied to human serum

samples .

3. Molecularly Imprinted Polymers

In the last years, the integration of molecularly imprinted polymers (MIPs) into different sensing devices to detect

measurable signal after achieving selective molecular binding has been widely studied as an alternative to natural

biological elements. MIPs are one of the most promising tools for the design and construction of synthetic biomimetic

recognition systems, since they are analogs of natural antibody-antigen systems .

This has allowed the development of several MIP based sensors for detection of a wide range of analytes with

applications in different matrices. Among several transducers (optical, mass), the combination of MIPs with

electrochemical transduction has attracted attention due to their simplicity, ease of preparation, versatility, and ease of

miniaturization.

MIPs are typically easy to prepare, reusable, cheap, and can be prepared to selectively recognize the target molecule of

interest. They are resistant to different changes in chemical and thermal conditions, which is an advantage when

compared to natural receptors.

The most common procedure for MIP synthesis is chemical polymerization. Initially, the target molecule is mixed with

functional monomers in the presence of a cross-linking agent and a porogenic solvent. Then, a polymerization reaction

occurs, triggered by an initiator (thermal or photo initiated), and a polymer with the target molecule incorporated within it is

obtained. The last step is the removal of the imprinted molecules from the polymer matrix, normally using solvent

extraction, producing specific binding sites which are complementary in size, shape, and functionality to the target analyte

(Figure 3). This allows the obtention of a highly selective polymer. A control designated non-imprinted polymer (NIP),

under the same conditions but without the presence of the analyte, is normally prepared to validate the selectivity .

Figure 3. Summary of the MIPs preparation procedure.

The key factor in MIP preparation is the monomer choice since its selectivity is strongly dependent on the integration

between the monomer and the template. The stronger the integration in the pre-polymerization solution, the better the

recognition sites are obtained. Typically, monomer selection is achieved by trial and error. However, recently computer

modeling studies have proven to be an excellent solution to aid in the selection of the monomer, reducing the amount of
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experiments and reagents . Two types of interaction between template and functional monomer can be used,

namely covalent and non-covalent approaches. Covalent imprinting is based on the use of reversible reactions, allowing a

strong interaction and the obtention of highly specific binding sites. Still, the number of reactions available is limited and

the approach leads to slow binding and the removal of templates. Therefore, non-covalent imprinting, where integrations

are based on ionic interactions, van der Waals forces, π-π interactions, and hydrogen bonding, is the most used

approach. With this, the removal and rebinding of the analyte are simpler and faster .

MIP preparation can be obtained with different procedures and imprinting techniques. Free-radical polymerization is the

most common reaction utilized in conjugation with different techniques such as bulk, emulsion, suspension, seed, and

precipitation polymerization. The choice of the imprinting technique is related with the type of particles to be obtained and

the type of application to be used. In the preparation of electrochemical sensors, a special type of preparation,

electropolmerizing has been widely used and proved to be an excellent choice for this kind of sensor. It is based on the

use of a monomer that can be polymerized by the passage of current. It is a very simple and fast method. The

polymerization occurs in situ on the working electrode’s surface. It can reduce the number of reagents used, and polymers

with different conductivities can be obtained. The film thickness can be easily controlled by changing the current, which

traduces into good reproducibility. Another strategy to modify nanoparticles is to synthesize MIPs and combine them with

NPs or CNTs.

Fluoxetine (FLU) is an SSRI that increases the concentration of 5-hydroxytryptamine(5-HT) in the brain areas without

affecting other neurotransmitter receptors . Alizadeh and colleagues described a highly promising graphene

electrochemical sensing platform, molecularly imprinted polymer-modified CPE (graphene MIP-modified CPE) for the

determination of FLU. The synthesis of the MIP was conducted through the precipitation polymerization method.

Moreover, methacrylic acid and vinyl benzene (VB) were used as functional monomers. Graphene augmenting

characteristics were evaluated through the incorporation of the material in the nano-MIP-modified CPE by two different

methods. While in the first method, graphene was mixed with graphite and nano-MIP (nano-MIP/G1-CP), the second

involved the addition of the compound and nano-MIP to dimethyl formamide (nano-MIP/G2-CP). Nano-MIP/G2-CP

showed the most potential in terms of optimal DPV results. Selectivity of the proposed sensor was evaluated through the

comparison with other drugs (FLU, trifluoperazine, clozapine, oxazepam, and salbutamol), with DPV values significantly

higher for FLU. The sensor was successfully used for the detection of FLU in both plasma and pharmaceutical detection

assays, with recovery percentages ranging from 91.5 to 110% .

A paper by Khosrokhavar et al. reported a screen-printed carbon electrode (SPCE) altered by MIP nanoparticles and

embedded with graphene suspension. The researchers evaluated the electrochemical performance of 3 different types of

electrodes: the bare SPCE, SPCEs embedded with graphene (Gr-SPCE), and SPCEs modified by both the MIP and

graphene (MIP/Gr-SPCE). K [Fe(CN) ] reduction to K [Fe (CN) ] was considered as the redox couple used in the DPV

and CV methods. MIP/Gr-SPCEs exhibited greater intensity in voltammetric signals when compared to the other

electrodes. The MIP/Gr-SPCEs also showed a much higher response to SRT, which suggests that the specific imprinting

sites for SRT in the MIP are a major factor in potentiating the sensor’s capabilities (Figure 4). A linear response between

5.0 nmolL –0.75 µmolL  was determined, and the novel sensor was successfully applied to pharmaceuticals and human

serum samples, revealing its ability to detect the drug in a variety of complex samples .

Figure 4. Schematic representation of the modification of a screen-printed carbon electrode by MIP and graphene oxide

nanosheets for determination of sertraline, adapted with permission from .

A CPE, combined with MWCNT’s and MIP selective for TMP, was fabricated and reported by Akhoundian et al. The MIPs

were synthesized via precipitation polymerization method. A mixture of MWCNT and graphite was added to the TMP-MIP,

[40][41][42]

[38]

[43]

[44]

3 6 4 6

−1 −1

[45]

[45]



and the resulting compound was added to the electrodes. Conditions such as the pH of the TMP solution, extraction

solution volume and extraction time were all optimized. The sensor revealed a linear response range of 0.1–25 nmolL−1,

very high sensitivity (2131 µA µmolL−1), and good selectivity, when compared with other molecules (nortriptyline, IMP,

and AMT), confirmed through application on blood and serum samples .

Trazodone (TZD) is an antidepressant drug that belongs to the class of serotonin antagonists and reuptake inhibitors.

Isabel et al. described a disposable voltammetric MIP based sensor for TZD determination, constructed on a commercial

SPCE. The sensor was obtained by surface imprinting through electropolymerization using CV and 4-aminobenzoic acid

(4-ABA) as a functional monomer. The electrochemical polymerization was studied and optimized. With this approach, the

preparation is easy, fast, and green (it uses a small number of reagents). The detection was performed by measuring the

DPV signal of the TZD oxidation. An imprinting factor of 71 was reported, and the sensor showed a good selectivity. A

linear range of 5–80 µmolL  and an LOD of 1.6 µmolL  were reported. The application of the sensor was demonstrated

using tap water and human serum samples .

Citalopram (CTL) is largely used around de world. It is one of the most important antidepressants of the SSRIs class.

Patricia et al. reported selective MIP based electrochemical sensor for CTL determination. In situ polymerization on the

surface of the working electrode of an SPCE was acquired through the electropolymerization of 3-amino-4

hydroxybenzoic acid (AHBA) in the presence of CTL. Computational studies, namely molecular dynamics (MD)

simulations, were executed to study the polymerization solution and optimize the polymerization conditions to obtain the

most efficient MIP formulation. The obtained sensor was characterized by CV and EIS techniques. The sensor showed

excellent selectivity in the presence of analog structures and an imprinting factor of 22. The oxidation of CTL was

measured by SWV in the 0.1 to 1.25 µmolL  range with a LOD of 0.162 µmolL . The validation of the sensor was tested

in spiked river water samples .

Another sensitive and ultra-selective electrochemical sensor for CTL determination was reported by Aminikhah et al. A

GCE was firstly modified with hollow nickel nanospheres (hNiNS)/activated MWCNTs@graphene oxide nanoribbons

(AMWCNTs@GONRs) composite. This allowed to enhance the electrocatalytic response of CTL, improving the sensitivity.

Then in situ electropolymerization was performed using pyrrole as the functional monomer. Several methods were used to

characterize the constructed sensor, namely SEM, transmission electron microscopy (TEM), XRD, CV, and EIS. The DPV

response to CTL showed two linear dynamic ranges from 0.5 to 10 µmolL  and 10 to 190 µmolL  with a LOD of 0.042

µmolL  and proved to show excellent selectivity towards several compounds. It was successfully applied to measure CTL

in urine, serum, and tablet samples . 

References

1. Ammarullah, M.I.; Afif, I.Y.; Maula, M.I.; Winarni, T.I.; Tauviqirrahman, M.; Akbar, I.; Basri, H.; van der Heide, E.; Jamari,
J. Tresca stress simulation of metal-on-metal total hip arthroplasty during normal walking activity. Materials 2021, 14,
7554.

2. Soto, R.J.; Hall, J.R.; Brown, M.D.; Taylor, J.B.; Schoenfisch, M.H. In Vivo Chemical Sensors: Role of Biocompatibility
on Performance and Utility. Anal. Chem. 2017, 89, 276–299.

3. Gilmartin, M.A.T.; Hart, J.P. Sensing with chemically and biologically modified carbon electrodes: A review. Analyst
1995, 120, 1029–1045.

4. Durst, R.A.; Bäumner, A.J.; Murray, R.W.; Buck, R.P.; Andrieux, C.P. Chemically modified electrodes: Recommended
terminology and definitions. Pure Appl. Chem. 1997, 69, 1317–1323.

5. McClure, E.W.; Daniels, R.N. Classics in Chemical Neuroscience: Amitriptyline. ACS Chem. Neurosci. 2021, 12, 354–
362.

6. Henrique Duarte, E.; Dos Santos, W.P.; Fantinato Hudari, F.; Bott Neto, J.L.; Romão Sartori, E.; Dallantonia, L.H.;
César Pereira, A.; Teixeira Tarley, C.R. A highly improved method for sensitive determination of amitriptyline in
pharmaceutical formulations using an unmodified carbon nanotube electrode in the presence of sulfuric acid. Talanta
2014, 127, 26–32.

7. Jat, M.S.; Meena, K.; Jhankal, K.K.; Sharma, D.K. Sensitive electro-chemical determination of antidepressant drug
clomipramine at f-mwcnts nano clusters modified glassy carbon electrode. J. Pharm. Sci. Res. 2019, 11, 700–707.

8. Jiwanti, P.K.; Wardhana, B.Y.; Sutanto, L.G.; Dewi, D.M.M.; Putri, I.Z.D.; Savitri, I.N.I. Recent Development of Nano-
Carbon Material in Pharmaceutical Application: A Review. Molecules 2022, 27, 7578.

[46]

−1 −1

[38]

−1 −1

[39]

−1 −1

−1

[47]



9. Pastoor, D.; Gobburu, J. Clinical pharmacology review of escitalopram for the treatment of depression. Expert Opin.
Drug Metab. Toxicol. 2014, 10, 121–128.

10. Adjei, K.; Adunlin, G.; Ali, A.A. Impact of Sertraline, Fluoxetine, and Escitalopram on Psychological Distress among
United States Adult Outpatients with a Major Depressive Disorder. Healthcare 2023, 11, 740.

11. Baccarin, M.; Cervini, P.; Cavalheiro, E.T.G. Comparative performances of a bare graphite-polyurethane composite
electrode unmodified and modified with graphene and carbon nanotubes in the electrochemical determination of
escitalopram. Talanta 2018, 178, 1024–1032.

12. dos Santos Neto, A.G.; de Sousa, C.S.; da Silva Freires, A.; Silva, S.M.; Zanin, H.; Damos, F.S.; de Cássia Silva Luz,
R. Electrochemical sensor for detection of imipramine antidepressant at low potential based on oxidized carbon
nanotubes, ferrocenecarboxylic acid, and cyclodextrin: Application in psychotropic drugs and urine samples. J. Solid
State Electrochem. 2018, 22, 1385–1394.

13. De Vane, C.L.; Liston, H.L.; Markowitz, J.S. Clinical pharmacokinetics of sertraline. Clin. Pharmacokinet. 2002, 41,
1247–1266.

14. Atty, S.A.; Ibrahim, A.H.; Ibrahim, H.; Abdelzaher, A.M.; Abdel-Raoof, A.M.; Fouad, F.A. Simultaneous voltammetric
detection of anti-depressant drug, sertraline HCl and paracetamol in biological fluid at CNT-cesium modified electrode
in micellar media. Microchem. J. 2020, 159, 105524.

15. Berger, M.; Gastpar, M. Trimipramine: A challenge to current concepts on antidepressives. Eur. Arch. Psychiatry Clin.
Neurosci. 1996, 246, 235–239.

16. Ensafi, A.A.; Rabiei, S.; Rezaei, B.; Jafari-Asl, M. Combined microporous membrane-based liquid-liquid-liquid
microextraction and in situ differential pulse voltammetry for highly sensitive detection of trimipramine. Anal. Methods
2013, 5, 4027–4033.

17. Scott, M.A.; Shelton, P.S.; Gattis, W. Therapeutic options for treating major depression, and the role of venlafaxine.
Pharmacotherapy 1996, 16, 352–365.

18. Ding, L.; Li, L.; You, W.; Gao, Z.N.; Yang, T.L. Electrocatalytic oxidation of venlafaxine at a multiwall carbon nanotubes-
ionic liquid gel modified glassy carbon electrode and its electrochemical determination. Croat. Chem. Acta 2015, 88,
81–87.

19. Peña-Bahamonde, J.; Nguyen, H.N.; Fanourakis, S.K.; Rodrigues, D.F. Recent advances in graphene-based biosensor
technology with applications in life sciences. J. Nanobiotechnol. 2018, 16, 75.

20. Pumera, M. Graphene in biosensing. Mater. Today 2011, 14, 308–315.

21. De Toledo, R.A.; Santos, M.C.; Honório, K.M.; Da Silva, A.B.F.; Cavalheiro, E.T.G.; Mazo, L.H. Use of graphite
polyurethane composite electrode for imipramine oxidation-Mechanism proposal and electroanalytical determination.
Anal. Lett. 2006, 39, 507–520.

22. Oghli, A.H.; Soleymanpour, A. Polyoxometalate/reduced graphene oxide modified pencil graphite sensor for the
electrochemical trace determination of paroxetine in biological and pharmaceutical media. Mater. Sci. Eng. C 2020,
108, 110407.

23. Ali, M.F.B.; El-Zahry, M.R. A comparative study of different electrodeposited NiCo2O4 microspheres anchored on a
reduced graphene oxide platform: Electrochemical sensor for anti-depressant drug venlafaxine. RSC Adv. 2019, 9,
31609–31620.

24. Deahl, M. Pharmacological treatment of depression: The role of paroxetine. Hosp. Med. 2001, 62, 38–42.

25. Jani, H.; Ritala, M.; Leskela, M. Atomic Layer Deposition of Noble Metals and Their Oxides Jani. Chem. Mater. 2014,
26, 786–801.

26. Phetsang, S.; Kidkhunthod, P.; Chanlek, N.; Jakmunee, J. Copper/reduced graphene oxide film modified electrode for
non-enzymatic glucose sensing application. Sci. Rep. 2021, 11, 9302.

27. Mazaheri, M.; Aashuri, H.; Simchi, A. Three-dimensional hybrid graphene/nickel electrodes on zinc oxide nanorod
arrays as non-enzymatic glucose biosensors. Sens. Actuators B. Chem. 2017, 251, 462–471.

28. Hwang, J.; Wang, X.; Zhao, D.; Rex, M.M.; Cho, H.J.; Hyoung, W. Electrochimica Acta A novel nanoporous bismuth
electrode sensor for in situ heavy metal detection. Electrochim. Acta 2019, 298, 440–448.

29. Keabadile, O.P.; Aremu, A.O.; Elugoke, S.E.; Fayemi, O.E. Green and traditional synthesis of copper oxide
nanoparticles—Comparative study. Nanomaterials 2020, 10, 2502.

30. Nooranian, S.; Mohammadinejad, A.; Mohajeri, T.; Aleyaghoob, G.; Kazemi Oskuee, R. Biosensors based on aptamer-
conjugated gold nanoparticles: A review. Biotechnol. Appl. Biochem. 2022, 69, 1517–1534.



31. Kalanur, S.S.; Seetharamappa, J.; Prashanth, S.N. Voltammetric sensor for buzepide methiodide determination based
on TiO2 nanoparticle-modified carbon paste electrode. Colloids Surf. B Biointerfaces 2010, 78, 217–221.

32. Vandebriel, R.J.; De Jong, W.H. A review of mammalian toxicity of ZnO nanoparticles. Nanotechnol. Sci. Appl. 2012, 5,
61–71.

33. Tajik, S.; Safaei, M.; Beitollahi, H. A sensitive voltammetric sertraline nanosensor based on ZnFe2O4 nanoparticles
modified screen printed electrode. Meas. J. Int. Meas. Confed. 2019, 143, 51–57.

34. Sultan, S.; Shah, A.; Firdous, N.; Nisar, J.; Ashiq, M.N.; Shah, I. A Novel Electrochemical Sensing Platform for the
Detection of the Antidepressant Drug, Venlafaxine, in Water and Biological Specimens. Chemosensors 2022, 10, 400.

35. Madrakian, T.; Soleimani, M.; Afkhami, A. Electrochemical determination of fluvoxamine on mercury nanoparticle multi-
walled carbon nanotube modified glassy carbon electrode. Sens. Actuators B Chem. 2015, 210, 259–266.

36. Shoja, Y.; Rafati, A.A.; Ghodsi, J. Electropolymerization of Ni-LD metallopolymers on gold nanoparticles enriched multi-
walled carbon nanotubes as nano-structure electrocatalyst for efficient voltammetric sertraline detection in human
serum. Electrochim. Acta 2016, 203, 281–291.

37. Rebelo, P.; Costa-Rama, E.; Seguro, I.; Pacheco, J.G.; Nouws, H.P.A.; Cordeiro, M.N.D.S.; Delerue-Matos, C.
Molecularly imprinted polymer-based electrochemical sensors for environmental analysis. Biosens. Bioelectron. 2021,
172, 112719.

38. Seguro, I.; Rebelo, P.; Pacheco, J.G.; Delerue-Matos, C. Screen-Printed Electrode—A Simple, Fast, and Disposable
Voltammetric Sensor for Trazodone. Sensors 2022, 22, 2819.

39. Rebelo, P.; Pacheco, J.G.; Voroshylova, I.V.; Seguro, I.; Cordeiro, M.N.D.S.; Delerue-Matos, C. Computational
Modelling and Sustainable Synthesis of a Highly Selective Electrochemical MIP-Based Sensor for Citalopram
Detection. Molecules 2022, 27, 3315.

40. Rebelo, P.; Pacheco, J.G.; Voroshylova, I.V.; Cordeiro, M.N.D.S.; Delerue-Matos, C. Development of a molecular
imprinted electrochemiluminescence sensor for amitriptyline detection: From MD simulations to experimental
implementation. Electrochim. Acta 2021, 397, 139273.

41. Branger, C.; Brisset, H. Advanced Electrochemical Molecularly Imprinted Polymer as Sensor Interfaces. Multidiscip.
Digit. Publ. Inst. Proc. 2019, 15, 22.

42. Hossain, M.F.; Heo, J.S.; Nelson, J.; Kim, I. Paper-based flexible electrode using chemically-modified graphene and
functionalized multiwalled carbon nanotube composites for electrophysiological signal sensing. Information 2019, 10,
325.

43. Perez-Caballero, L.; Torres-Sanchez, S.; Bravo, L.; Mico, J.A.; Berrocoso, E. Fluoxetine: A case history of its discovery
and preclinical development. Expert Opin. Drug Discov. 2014, 9, 567–578.

44. Alizadeh, T.; Azizi, S. Graphene/graphite paste electrode incorporated with molecularly imprinted polymer nanoparticles
as a novel sensor for differential pulse voltammetry determination of fluoxetine. Biosens. Bioelectron. 2016, 81, 198–
206.

45. Khosrokhavar, R.; Motaharian, A.; Milani Hosseini, M.R.; Mohammadsadegh, S. Screen-printed carbon electrode
(SPCE) modified by molecularly imprinted polymer (MIP) nanoparticles and graphene nanosheets for determination of
sertraline antidepressant drug. Microchem. J. 2020, 159, 105348.

46. Akhoundian, M.; Alizadeh, T.; Ganjali, M.R.; Rafiei, F. A new carbon paste electrode modified with MWCNTs and nano-
structured molecularly imprinted polymer for ultratrace determination of trimipramine: The crucial effect of electrode
components mixing on its performance. Biosens. Bioelectron. 2018, 111, 27–33.

47. Aminikhah, M.; Babaei, A.; Taheri, A. A novel electrochemical sensor based on molecularly imprinted polymer
nanocomposite platform for sensitive and ultra-selective determination of citalopram. J. Electroanal. Chem. 2022, 918,
116493.

Retrieved from https://encyclopedia.pub/entry/history/show/102122


