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Abstract: Antidepressants are a class of compounds
widely used in clinical settings for the treatment of several
diseases. In the last years there has been a considerable
increase in their consumption, representing an important
public health issue in several countries. Because they are
substances with narrow therapeutic windows, and since
they are capable of interacting with other classes of com-
pounds, monitoring of these compounds is of relevance,
minimizing the risk of medical interactions as well as side
and toxic effects. In addition, understanding the extent
of their use, their detection through routine toxicology
tests and development of new methods for detection and
monitoring is of extreme importance concerning public
health, patient well-being, and implications in clinical
and forensic situations. The main objective of this work
is to perform a critical review on the biological samples
used in the detection and quantification of antidepres-
sants with special focus on the techniques for sample pre-
paration.
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1 Brief introduction: Antide-
pressants - Classification and
relevance from the toxicological
point of view

Depression is a common chronic or recurrent disease
that affects individuals regardless of social or economic
status. According to the World Health Organization, this
mental disorder was predicted to be for all ages and both
sexes, the second cause of global disease by the year 2020.
Patients with these serious mental disorders usually die
10 to 20 years earlier than the rest of the population due
to their physical health and difficulties in accessing com-
prehensive health services by most of them [1]. Antide-
pressants are used for the treatment of conditions such
as depression, anxiety, and other mental health problems
and depressive disorders have been diagnosed in more
patients attending health centres. In addition, health
specialists are using more and more antidepressant and
antipsychotic medications, and the consumption of tran-
quilizers and drugs to control hyperactivity by children
and adolescents is still too high; which has led to several
expert alerts [2].

Several classes of antidepressants are available
nowadays. These classes are: monoamine oxidase inhi-
bitors (MAOI) like iproniazid, tricyclic antidepressants
(TCA) like imipramine, selective serotonin re-uptake inhi-
bitors (SSRI) like fluoxetine, serotonin-norepinephrine
re-uptake inhibitors (SSNRI) like venlafaxine, noradrener-
gic, and specific serotonergic antidepressant medication
(NaSSA) like mirtazapine. Bupropion is an “atypical” anti-
depressant and belongs to a single chemical class (ami-
noketone), being mainly a norepinephrine-dopamine
re-uptake inhibitor (NDRI). Piperazines are a chemical
class that has been marketed as “multi-modal” drugs with
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high binding affinity and complementary mechanisms of
action for several serotonin receptors and serotonin trans-
porters like vortioxetine [3-6].

These drugs are capable of, on the one hand, reduce
the symptoms of depression, but on the other hand
several important drug interactions are likely to occur
[2]. These drugs present large inter-individual differen-
ces and their therapeutic windows are relatively small
which makes patient compliance monitoring extremely
important. Although there are several antidepressant
drug classes, there is still a population of patients that
do not respond to these medications [3]. Multimodal
mechanisms of action of new generation antidepressants
(vortioxetine, desvenlafaxine, vilazodone, and levomil-
nacipran) show that depression may not be caused solely
by a simple serotonin deficiency but rather be related to
the distribution of 5HT,, receptors in different areas and
its relationship with serotonin action mediated or not by
glutamate, norepinephrine, and histamine. Research on
the use of these new antidepressants in human subjects
is limited and more studies are needed to reveal substan-
tial differences concerning the mechanism of action and
other pharmacological characteristics of these new drugs
[7]. An important aspect relevant in the treatment with
these drugs is the inter-individual differences in genes.
In the case of antidepressants, the relevant genetic vari-
ation is related to phase I drug metabolism, in particular
polymorphisms of CYP2C19 and CYP2D6. This assumes
particular importance in the effectiveness of each drug
[8]. Future research is likely to focus on any of the strate-
gies for combining different antidepressants, expanding
the indications or increasing their efficacy [9]. Future
developments should consider new agents for the most
refractory cases or even the use of new drugs such as
esketamine [10] or psilocybin [11].

Besides, as a consequence of their excessive use,
and also because of the concomitant use of other medi-
cines, alcohol or drugs of abuse, this class of compounds
is often involved in both clinical and forensic situations,
namely drug abuse or suicide attempts which can result in
severe intoxications of voluntary or accidental nature [12].
Therefore, developing analytical methods for their deter-
mination and quantification is of interest not only to cli-
nical toxicology, but also in the field of forensic sciences
[13]. Monitoring these compounds allows minimizing the
risk of side effects, reducing the possibility of drug-drug
interactions, adjusting the dose as needed and evaluating
patient compliance as well [14,15].

The high consumption rate of these compounds can
be considered a public health problem and therefore, it is
important to compile the existing literature on the matter
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(including analytical methods for their determination) to
assist health professionals and improve patients’ quality
of life.

2 Biological specimens

Efforts have been made in order to identify and quantify
antidepressant drugs given the increased use of these
compounds in recent years. The fact that there is a wide
spectrum of substances, the interaction of these com-
pounds with other drugs and the possibility of concomi-
tant effects with other substances, represents a constant
challenge for a rigorous determination by clinic and foren-
sic toxicology laboratories. This requires the use of highly
specific and sensitive analytical techniques to determine
these compounds and metabolites and the choice of the
biological sample to be analyzed is important as well.

The most commonly used samples are plasma [16,17],
serum [18], and urine [19]. Hair [20] and oral fluid [21] are
also commonly used and whole blood [22,23] is sometimes
preferred. Urine is the sample preferably used because of
the ease of collection but with the disadvantage that it can
be adulterated and/or tampered with and does not always
allow the detection and/or quantification of the com-
pounds due to their rapid biotransformation [19]. A good
alternative would be oral fluid because of the ease of coll-
ection and the difficulty of adulteration; this sample has
been gaining more and more importance in the field of
drug monitoring not only in what concerns drugs of abuse,
but concerning medicinal drugs as well [24,25]. The coll-
ection procedure of this sample is painless, non-invasive
and the concentrations can be possibly correlated to those
of plasma which is advantageous particularly with regard
to mentally unstable patients and children [24,26,27].
Another unlikely and complex biological sample is vitre-
ous humor (HV). Filonzi dos Santos et al. [28] developed
a methodology for the determination of the TCA amitrip-
tyline, nortriptyline, imipramine, and desipramine which
were extracted from 0.5 mL of HV samples by means of
hollow fiber-liquid phase microextraction and detection
by gas chromatography-mass spectrometry (GC-MS) with
electron ionization. This method proved to be appropri-
ate for the analysis of real post-mortem cases and based
on the articles that performed the measurements of these
compounds in femoral whole blood (FWB) and HV. In real
cases, the HV/FWB ratio was of about 0.1 [29].

Moreover, as the consumption of antidepressants has
been increasing, it is important that methods are develo-
ped for the identification and determination of this class
of compounds in a wide range of biological matrices.
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3 Sample pretreatment

In the absence of a review of the newest techniques for
the preparation of biological samples used for the deter-
mination of antidepressants and given that this is the
most time-consuming process for laboratories, a compre-
hensive review focusing on the possible approaches and
especially new trends in the treatment of specimens for
the identification and determination of these compounds
is relevant. The reviewed articles were independently
selected by the three authors in order to determine their
relevance in the context of the current review and only the
articles selected by at least two of the authors were inclu-
ded in this paper.

As previously mentioned, antidepressants are nor-
mally detected in whole blood, serum, plasma, and urine
samples, requiring a specific treatment of each of these
specimens, according to the investigated compounds.
This process can be initiated by a pretreatment step which
is important to remove matrix compounds that may inter-
fere with the analytes resulting in better results, reduced
noise, and is more relevant when applied to more complex
matrices. Therefore, the most common pretreatment pro-
cedures applied to antidepressants are: liquid-liquid
extraction (LLE), solid-phase extraction (SPE), protein
precipitation (PPT), and dilution. In general, sample
treatment has an effect on precision, accuracy and robust-
ness of analytical methods, and the preconcentration [30]
of analytes increases sensitivity and allows lower limits of
detection (LODs).

3.1 Liquid-liquid extraction

The classical LLE extraction is one of the most used tech-
niques for sample pretreatment in the toxicology field.
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However, this is a less used technique for the extraction
of antidepressants from biological samples with only few
papers available.

The most recent work is that of Degreef et al. [31] who
developed a method for the determination of 40 antide-
pressants and metabolites in 0.2 mL plasma samples
using methyl-tertiary-butyl-ether as extracting solvent.
The quantification based on liquid chromatography-
triple quadrupole mass spectrometry (LC-MS/MS) with
electrospray ionization (ESI) should be highlighted.
Quantification limits (LOQs) between 0.5 and 25 ng/mL
were obtained. The authors concluded that the method
was simple with a relatively short chromatographic
run, wide calibration range and could be implemented
in therapeutic drug monitoring and forensic or clinical
research.

For the LLE technique applied to the extraction of anti-
depressants, the most used organic solvent is ethyl acetate
which can be utilized either by itself or in a mixture. This
solvent is volatile, poorly soluble in water, polar but has
advantages such as low cost, low toxicity, and allows ade-
quate extraction of several classes of compounds.

Although having benefits, this technique, features
some limitations such as considerable volume of sample
and organic solvents, low recovery and poor selectivity.
In addition, it presents constraints when extracting com-
pounds with distinct lipophilicities and produces high
matrix effects when liquid chromatography-mass spectro-
metric methods are used [32]. Figure 1 represents the LLE
technique.

3.2 Solid-phase extraction

For many years, SPE has been widely used in the field of
toxicology for drugs determinations in several biological

Liquid-liquid extraction (LLE)
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specimens. This technique allows the use of different
types of cartridges depending on the cost, availability,
and nature of the analytes to be determined. This proce-
dure has been applied several times to the sample pret-
reatment in the determination of antidepressants, mainly
in water samples.

With regard to human biological samples, Kall et al.
[33] developed a methodology for the determination of vor-
tioxetine and its major human metabolite (Lu AA34443)
in plasma samples using two different methods for quan-
tification. An isocratic cation exchange (SCX) with analy-
sis by high-performance liquid chromatography-tandem
mass spectrometry (ESI) method utilizing SPE (C8 and
96-well plate) sample extracts and secondly, a reversed-
phase ultra-performance liquid chromatography-tandem
mass spectrometry method (UPLC-MS/MS) (positive ioni-
zation mode) with gradient elution following protein
precipitation with acetonitrile was employed. For the
first method described, they obtained extraction reco-
veries between 102% and 104% and LOQs of 0.4 ng/mL
for vortioxetine and 2.0 ng/mL for Lu AA34443; for the
second method, with better results, they obtained LOQ
values of 0.2 ng/mL for vortioxetine and 0.5 ng/mL for
Lu AA34443. Rosado et al. [19] developed a method for
the determination of a relevant number of antidepres-
sants (fluoxetine, venlafaxine, amitriptyline, mianserin,
trimipramine, nortriptyline, mirtazapine, sertraline,
dothiepin, citalopram, and paroxetine) and four of their
metabolites (desmethyltrimpramine, O-desmethylven-
lafaxine, norfluoxetine, and desmethylmirtazapine) in
urine and plasma samples by GC-MS analysis. SPE was
used and the extraction was performed using Strata™
X cartridges. LOQ values varied from 1 to 15 ng/mL,
while recoveries in the ranges from 40% to 89% in urine
and from 68% to 98% in plasma were obtained. This
method has proven to be suitable for application in the
monitoring of those drugs. The most recent work is that
of Shin et al. [25] who developed and validated a method
to quantify 18 antidepressants (amitriptyline, bupropion,
citalopram, clomipramine, cyclobenzaprine, desipra-
mine, desvenlafaxine, doxepin, duloxetine, fluoxetine,
imipramine, mirtazapine, nortriptyline, paroxetine, ser-
traline, trazodone, trimipramine, and venlafaxine) in
oral fluid samples with extraction by SPE and analysis
by LC-MS/MS (ESI). For sample collection, Quantisal
devices were used, with which 1 mL of oral fluid was coll-
ected and 3 mL of buffer was added. For the extraction of
SPE, with Cerex® Trace-B cartridges, 500 pL of the Quan-
tisal sample was applied. The authors obtained LOD and
LOQ values of 10 ng/mL and reported recoveries between
91% and 129%. They considered this method perfectly
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applicable to routine laboratories with advantages such
as the rapid run time (5 min) and low sample volume
useful to determine the concentrations of antidepres-
sants in this specimen.

For the extraction of antidepressants, there are several
SPE sorbents available, but the most used are Oasis® HLB,
Strata® X and mixed-mode reversed phase-strong cation
exchange cartridges. Despite being a clean technique, this
extraction procedure presents numerous disadvantages
such as extensive production of residues, high cost per
sample, time-consuming and laborious sample prepara-
tion (including also method development). Figure 2 repre-
sents the SPE technique.

3.3 Protein precipitation and specimen
dilution approaches

For the pretreatment of complex matrices such as whole
blood, plasma, or serum, it is common to apply at the
beginning of the extraction process a protein precipita-
tion step. This is very useful, simple, and rapid mini-
mizing subsequent treatment approaches. For the class
of antidepressants, the most commonly used solvent
is acetonitrile but methanol [34] and trichloroacetic
acid [35] have also been used. For instance, Farajzadeh
and Abbaspour [36] applied acetonitrile as precipitant
solvent to determine three antidepressants in plasma
samples by gas chromatography-flame ionization detec-
tion (GC-FID), reporting recoveries from 79% to 98%.
Nezhadali et al. [37] applied acetonitrile for plasma
and serum samples pretreatment in the determination
of fluoxetine by ultraviolet-visible spectrophotometer
and reported recoveries around 100%. Another example
is that of Hegstad et al. [38] that developed a method
for the enantiomeric separation and quantification of
R/S-citalopram using ultra-high performance supercri-
tical fluid chromatography-tandem mass spectrometry
(ESI) in 0.1 mL of serum samples. For the preparation
of these samples, they used protein precipitation with
acidic acetonitrile and filtration through a phospholipid
removal plate. They obtained values of LOD and LOQ
of 1.3 and 2.0 nM, respectively, and recoveries between
81% and 91%.

Another form of pretreatment of the sample is dilu-
tion and shoot approaches, namely, specimens of urine
and plasma; this is performed most often with water,
reducing interferences in the analysis. Nojavan et al. [39],
Rios-Gémez et al. [40], and Hamidi et al. [41] have diluted
urine or plasma samples with deionized water, while
Mohebbi et al. [42] have used ammoniacal buffer.
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Solid-phase extraction (SPE)
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Figure 2: Schematic representation of SPE.

3.4 New trends for sample preparation

In recent years, there has been an increasing interest
in using miniaturized or microextraction techniques in
several areas for the analysis of numerous compounds in
order to avoid classical techniques such as SPE and LLE
which demand the use of higher volumes of both organic
solvents and biological samples. Therefore, the use of this
type of technique for sample preparation should be high-
lighted taking into account not only the aforementioned
advantages, but also the possibility of reuse the extrac-
tion devices and the fact that they are less expensive tech-
niques. The first article described is from 1997, by Lee et
al. [43]; the authors used 0.5 mL of whole blood for the
extraction of four TCA by headspace solid-phase microex-
traction (HS-SPME) and analysis by GC-FID.

Ide and Nogueira [44] in 2018, developed a metho-
dology with extraction by bar adsorptive microextraction
and liquid desorption (BApE-LD) with a SX phase and
with analyte detection by high performance liquid chro-
matography with diode array detector and LC-MS/MS
(ESI). Four of these compounds (amitriptyline, bupropion,
citalopram, and trazodone) were studied using deionized
water samples. This new generation device proved to be
innovative and robust, further combined with the advan-
tage of microextraction through the use of LD, proving
to be particularly efficient in the analysis of antidepres-
sants in trace amounts. With the implementation of the
BAPE-LD technique, it becomes possible to select the best
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sorbent phase, reducing the associated cost, facilitating
the preparation, and handling of the device, allowing the
use of residual amounts of organic solvents, making it an
environmentally friendly technique and a good alterna-
tive to other sorption-based microextraction approaches.
The difficulty in keeping the bar under constant stirring in
the vortex and manipulation during back-extraction are
the most important disadvantages of the procedure [44].
Another example is the article from 2018 by Mogha-
dam et al. [45] who developed a methodology, also using
deionized water for the detection of desipramine, escita-
lopram, and imipramine with a extraction technique of
air agitated-emulsification microextraction based on a
low density-deep eutectic solvent (AA-EME-LD-DES) and
analysis by high performance liquid chromatography
with ultraviolet detection (HPLC-UV). After validating this
method, they applied it to human plasma samples where
they were able to achieve recoveries between 88.75% and
95.12% for desipramine, 90.27% and 93.46% for escitalo-
pram, and 94.88% and 95.74% for imipramine. This new
version of low-density solved based emulsification, first
used in 2018, was introduced for highly effective enrich-
ment of three antidepressant drugs. Due to its specifici-
ties, choline chloride was easily synthesized using a safe
and easy alternative that does not need extra purifica-
tion phases. Given this, the authors concluded about the
advantages of this version of the technique which proved
to be simple, safer, fast, efficient, and low cost. In addi-
tion, it is viable for compounds analysis in the interval
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between therapeutic and potentially toxic in plasma
matrix [45].

Furthermore, LLE technique has gained interest in
what concerns miniaturized techniques and in recent
years it has been reported in several papers where the
classical approach was not used but instead, a miniatu-
rized version of the technique was utilized. Fernandez
et al. [46] in 2016 developed an ultrasound assisted-
dispersive liquid-liquid microextraction (UA-DLLME)
method for the simultaneous determination of six antide-
pressants (mirtazapine, venlafaxine, escitalopram, fluvo-
xamine, fluoxetine, and sertraline) by ultra-performance
liquid chromatography with photodiode array detector
using 0.5 mL of plasma samples. This extraction tech-
nique used acetonitrile as dispersant and chloroform as
extracting solvents. They obtained LOD values of 4 ng/mL
for mirtazapine, venlafaxine, and sertraline and 5 ng/mL
for escitalopram, fluvoxamine, and fluoxetine. They also
obtained LOQ values of 12ng/mL for mirtazapine, 13 ng/mL
for venlafaxine and sertraline and 17 ng/mL for escitalo-
pram, fluvoxamine, and fluoxetine with recoveries in the
range from 93% to 110%. UA-DLLME presents an advance
in the field of eco-friendly analytical chemistry since it
is sensitive, very fast, simple, of low cost, and reliable
requiring a considerable small volume of sample and ext-
raction solvent. On the other hand, this microextraction
method is not adequate for unstable analytes, emulsions
are easily formed, extraction time is long and the equili-
brium is incomplete leading to poor repeatability in this
method [46,47]. Hamedi and Hadjmohammadi [30] deve-
loped, in 2016, a methodology based on alcohol-assisted
dispersive liquid-liquid microextraction (AA-DLLME)
for preconcentration and determination of fluoxetine in
human plasma and urine samples, followed by reverse-
phase high performance liquid chromatography with ult-
raviolet detection. The conditions included 1-octanol as
extraction solvent and methanol as disperser solvent. For
plasma samples, LOD and LOQ of fluoxetine were 3 and
10 ng/mL, respectively with a recovery of 90.15%. In the
case of urine samples, LOD and LOQ values were 4.2 and
10 ng/mL, respectively, with a recovery around 89%. This
technique of extraction showed to be better for the envi-
ronment having less toxicity over dispersive liquid-liquid
microextraction. Moreover, it is also well known for its
simpler extraction, for the small solvent volume needed,
being fast, easily operated, reliable and precise [30,48].
The prefix “AA” in this technique represents the disperser
agent (alcohol). Nevertheless, it shares the same advan-
tages and disadvantages than the DLLME technique. The
positive aspects are the short period of extraction and also
the good cost-effective value, while the disadvantages are
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the restriction in the selection of extraction solvents, low
extraction efficiency, difficulty of automation and the
large consumption of disperser solvent [30,47].

Similarly to LLE, since 2014 it has become possible
to observe evolution in the SPE technique concerning
its application in miniaturized methods. For example, in
2015, Asgharinezhad et al. [49] developed a study using
dispersive-micro solid-phase extraction (D-pu-SPE) for the
isolation and preconcentration of two antidepressants
(citalopram and sertraline) onto the surface of Fe,0,@
polypyrrole nanocomposite (Fe,0, @PPy NPs) with NaClO,
sorbent in plasma and urine samples using HPLC-UV
analysis. They obtained a LOD of 0.6 and 1.0 ng/mL for
citalopram in plasma and urine samples, respectively,
while for sertraline, the obtained LOD were 0.7 in plasma
and 0.6 ng/mL in urine. For both compounds and biolo-
gical samples, they obtained LOQ values of 2.0 ng/mL.
The recoveries were in the range from 93% to 99%.
Fe,O,@PPy NPs with core-shell structure featuring electri-
cal and ferromagnetic characteristics was synthesized by
an oxidative polymerization method. The authors conclu-
ded that with the enhancement of the stability of the NPs
and their dispersibility in aqueous media and because of
new interactions, namely hydrogen bonding, hydropho-
bic and m-mt interactions amid sorbent and target analy-
tes, the coating of NPs with PPy can enhance the sorption
ability of the target analytes. They also concluded that
this method demonstrated good results and higher extrac-
tion efficiency than Fe O, NPs which they had previously
developed. The authors claimed advantages such as the
short time of extraction, low sorbent and organic solvent
consumption, high efficiency, low cost and ease of appli-
cation when compared to SPE [49].

In 2014, Banitaba et al. [50] applied a fiber coating
based on electrochemically reduced graphene oxide for
the cold-fiber headspace solid-phase microextraction
(HS-CF-SPME) of antidepressants (amitriptyline, trimi-
pramine, and clomipramine) in diluted plasma samples
and GC-FID analysis. They obtained a LOQ of 1.0 ng/mL
for amitriptyline, 1.47 ng/mL for clomipramine and
1.77 ng/mL for trimipramine while recoveries of 96%,
73%, and 80%, respectively, were obtained. SPME pre-
sents advantages such as simplicity, speed, low cost of
analysis, automation, selectivity, sensibility combined
with the nonuse of organic solvents when gas chromato-
graphy is used. The reuse of fibers is also possible which
is advantageous when compared to SPE. On the other
hand, SPME usually presents low recovery values. When
this extraction method is performed using the headspace
approach, it presents good selectivity and longer fiber
lifetime since the matrix is not in direct contact with the
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coating, providing cleaner extracts. However, efficiency
could be lower when compared to the direct immersion
(DI) SPME method. CF-SPME was introduced with the aim
of enhancing HS concentration as well as the distribution
coefficient. In this technique, while the sample matrix is
heated, enhancing the mass-transfer rate of analytes, the
fiber coating is being cooled resulting in a distribution
coefficient improvement. Further results showed the con-
siderable advance in extraction efficiency with cooling
even attained exhaustive extraction in some cases [51,52].

Over the years, there have been continuous develop-
ments in this area and a compilation of the studies carried
out since 2017 to the present year was made for this review
(Table 1). Only those papers that relied on the valida-
tion and determination of antidepressants in biological
samples were selected. De Boeck et al. [53] developed, in
2018, a method capable of identifying a large number of
antidepressants using an innovative extraction technique
based on ionic liquid (IL) dispersive liquid-liquid microex-
traction (IL-DLLME) in which whole blood samples (1 mL)
were extracted and analyzed by LC-MS/MS (ESI). They
obtained LOD values between 0.78 and 35.15 ng/mL and
recoveries from 53% to 133%. This technique takes advan-
tage from the characteristics of ILs such as low vapour
pressure at room temperature and lower toxicity when
compared to conventional organic solvents. Nevertheless,
the number of ILs and the number of possible variations
of DLLME is high (e.g., involving the nature of the disper-
sive solvent, the absence of a dispersive solvent, the use or
not of hydrophilic ILs, the use of surfactants, the way the
droplet is removed, and the necessity or not of a cooling
step, and the stirring mode), making method develop-
ment and optimization very complicated [54].

Also for blood samples, in 2018, Ask et al. [35] develo-
ped anew extraction technique based on dried blood spots
(DBS) with a previous step of clean-up by parallel artificial
liquid membrane extraction (PALME) for the determina-
tion of amitriptyline. They used sample amounts as low as
5 pL of blood (up to 20 pL), detection by ultra-high perfor-
mance liquid chromatography-tandem mass spectrome-
try (ESI) and obtained recoveries between 74% and 78%
and a LOQ of 2.9 ng/mL. Using the same DBS extraction
technique, followed by SPE, Moretti et al. [55] developed
a methodology for the determination of 20 antidepres-
sants in 85 pL post-mortem blood samples with chroma-
tographic analysis by LC-MS/MS (ESI); the stability of the
samples was evaluated for a period of three months. It
should be noted that this new method allowed obtaining
LOD values between 0.1 and 3.2 ng/mL for all compounds
and permitted to quantify 9 of them. From the data provi-
ded by the authors, recoveries between 32.1% and 120.0%
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were obtained and they concluded that DBS might repre-
sent a good complementary sample storage device in
forensic investigations. Furthermore, the DBS technique
presents other advantages; for instance, since it is a dried
sample of blood, its transport and storage are particularly
easy, it is stable at room temperature, as well as there is a
reduced risk of being contagious for the professional that
collects or manipulates this type of sample. Along with
this, it requires minimum volume of biological sample. On
the other hand, given its characteristics, if the sample is
contaminated by the external environment, does not dry
out sufficiently or if it is a sample with a reduced volume,
the final concentration may be considerably affected [56].
Using PALME, DBS were processed allowing desorption,
extraction, and high efficiency cleaning to occur simulta-
neously in 96-well plates [35].

In 2020, Behpour et al. [57] developed a methodo-
logy for the determination of desipramine and citalop-
ram in serum and breast milk samples combining a gel
electromembrane extraction (GEL-EME) method with
the switchable hydrophilicity solvent-based homogene-
ous liquid-liquid microextraction (SHS-HLLME) method.
With the analysis performed by GC-FID, they obtai-
ned LOD values of 0.7 and 0.3 ng/mL for desipramine
and citalopram, respectively, and recoveries between
75.4% and 83.5%. GEL-EME is more advantageous when
compared to EME, essentially because the membrane
that composes it is prepared using an environmentally
friendly process since it does not use toxic organic sol-
vents. The combination of these two methods gives better
results due to the low volume of organic solvent and the
GEL-EME makes complex matrices cleaner. The authors
concluded the work emphasizing the advantages of the
GEL-EME/SHS-HLLME system since the injection of water
in the GC is avoided with the use of organic solvent as ext-
raction solvent in the SHS-HLLME.

Microfluidic systems were also used to determine
antidepressants; in fact, Hedeshi et al. [58] have publis-
hed recently their work concerning the use of modified
paper extractive phases in a microfluidic device for the
determination of some compounds in urine including a
number of antidepressants (amitriptyline, trimipramine,
and clomipramine). This approach presented excellent
relative recoveries, ranging from 95% to 103%. Detailed
information concerning the use of microfluidic systems,
paper-based substrates, and gel electromembrane, as well
as other microextraction techniques, for the determina-
tion of antidepressants are described in Table 1.

The most commonly used equipment for the analy-
sis of antidepressants is HPLC-UV as applied both for
urine and plasma samples. Fresco-Cala et al. (2018) [59]
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developed a new micro solid-phase extraction technique
(microSPE) with incorporation of carbon nanotubes
for the determination of four antidepressants in urine
samples reporting LOQ values between 14 and 30 ng/mL
and recoveries between 72% and 108%. The authors con-
cluded that due to the ease of retention resulting from
the additional m interactions, carbon nanotubes in the
monolith improve the sensitivity to the antidepressants
making this method simple and economical. Cai et al. [60]
developed, in 2017, a polymer monolith microextraction
technique (PMME) (with polyoxometalate) for the deter-
mination of three compounds in urine samples achieving
lower LOQ values, between 2.2 and 4.7 ng/mL, and recov-
eries ranging from 83% to 105%. The authors reinforce
economic, solvent-saving, ease of operation and conve-
nience, as well as ease of preparation characteristics of
this technique of microextraction. In addition, Mohebbi et
al. (2018) [61] for the determination of five antidepressants
in urine samples used a dispersive solid-phase extraction
technique (DSPE) and classify this technique as a clean-
up method based on SPE. However, the sorbent is added
directly to the extract without any conditioning or pre-
treatment when compared to SPE. Hamidi et al. (2017) [41]
also developed a new technique of dispersive solid-phase
extraction (ultrasound assisted dispersive magnetic solid-
phase extraction (UADM-SPE)). They obtained recoveries
between 69 and 84%, and 90%, respectively, with some of
the same analyzed compounds. UADM-SPE advantages go
from its cost-effective relation, ease of operation and short
extraction period to the low consumption of toxic organic
solvent and short time of analysis.

But more recently, analytical techniques such as mass
spectrometry and tandem mass spectrometry coupled to
gas and liquid chromatography have been increasingly
implemented in the determination of antidepressants in
biological samples, due to the specificity and sensitivity
due to unambiguous molecular weight separation. In
addition, powerful high-resolution analysis techniques
associated with mass spectrometry can be used which
can improve described advantages mentioned above by
improving analyte resolution. An example of this is the
work developed by Majda et al. in 2020 [62] who developed
a methodology for the determination of 8 antidepressants
(amitriptyline, desipramine, imipramine, nortriptyline,
venlafaxine, citalopram, fluoxetine, and paroxetine) in
200 pL samples of post-mortem blood and bone marrow
with extraction by direct immersion solid-phase micro-
extraction (DI-SPME) and chromatographic analysis by
liquid chromatography time-of-flight mass spectrometry
(LC-TOF-MS). The authors achieved LOD values between
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2.98 and 9.98 ng/mL and LOQ values between 8.95 and
29.95 ng/mL for complex biological matrices. DI extrac-
tion commands higher efficiency of the analytes in study,
even with low volatility, since the fiber is in direct contact
with the sample. This results in a reduction of fiber life-
time due to increased detrition. Thus, contamination
probability rises along with carry-over effect during ext-
ractions. For these reasons, DI should be avoided in the
analysis of complex matrices but rather be used in cleaner
samples [51,63].

Figure 3 summarizes microextraction approaches for
sample preparation for the extraction of antidepressants.

4 Detection of antidepressants

The increase in the prescription and the consumption of
antidepressants has led to the need of developing analyti-
cal methods for the detection and quantification of this
class of medicines in a wide range of matrices. Among
the methods published in scientific journals, the most
described are gas chromatography (GC) coupled to mass
spectrometry (GC-MS) [19,42,66,68,75,77,80,83] and flame
ionization detector (GC-FID) [34,36,39,57], high perfor-
mance liquid chromatography (HPLC) coupled to ult-
raviolet detector (HPLC-UV) [41,59-61,70,72] and liquid
chromatography (LC) coupled to tandem mass spectrome-
try (LC-MS/MS) [25,31,53,55], or ultra-high performance
liquid chromatography coupled to tandem mass spectro-
metry (UHPLC-MS/MS) [33,35]. Mass spectrometric detec-
tion provides better sensitivity and specificity allowing
separating co-eluting compounds and using deuterated
analogues as internal standards. In the case of GC-MS,
particularly for the detection of metabolites, a derivati-
zation step is often deemed necessary prior to chromato-
graphy, which usually makes the procedures more time
consuming and laborious [19]. Taking into account the
chemical structure of these compounds (namely secon-
dary amines), the main derivatizing agents used are
N-methyl-N-(trimethylsilyl)trifluoroacetamide ~(MSTFA),
N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA), and tri-
methyl chlorosilane (TMCS). Agents such as trifluoroace-
tyl and heptafluorobutyryl can also be used; however,
these agents are relatively unstable and damage capillary
GC columns. Another problem usually associated with GC
analysis for antidepressants is their poor fragmentation
pattern since usually the main ions have a low m/z (an
example of this is fragment 58, which is common to many
of these drugs). This poor fragmentation means that the
other ions have to be carefully chosen for qualification
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Figure 3: Microextraction approaches for sample preparation: (al) microextraction by packed syringe (MEPS) and (a2) polymer monolith
microextraction (PMME); (b) parallel artificial liquid membrane extraction (PALME); (c) bar adsorptive microextraction (BARE); (d) dried
blood spot (DBS); (e) dispersive liquid-liquid microextraction (DLLME); (f) dispersive-micro solid-phase extraction (D-p-SPE); (g) solid-phase

microextraction (SPME).

(positivity criteria). Rosado et al. [19] evaluated, in 2017,
the contribution between different ions in a multi-method
that allowed the determination of 15 antidepressants and
metabolites by GC/MS. In order to solve this problem, dif-
ferent mixtures of antidepressant drugs were used.

Most of these drawbacks were overcome with the
implementation of liquid chromatographic-mass spectro-
metric procedures allowing the detection of metabolites
at very low concentrations. In addition, no derivatization
is needed using this type of instrumentation decreasing
analysis time in general [31,35]. In most applications, the
compounds are ionized in the positive electrospray ioni-
zation (ESI+) mode of the mass-spectrometer despite of
being less prone to ion suppression phenomena than the
way less used atmospheric pressure chemical ionization
(APCI). The influence of matrix effects must be carefully
evaluated during method validation since it is capable
of impairing sensitivity, precision, and accuracy. Com-
pounds usually associated to ion suppression include
carbohydrates, salts, lipids, highly polar compounds, and
even metabolites of the analytes being tested.

The mobile phases were always a binary or ternary
combination of some of the following reagents: metha-
nol, acetonitrile, acetate or phosphate buffer, and water.

Meanwhile, ~ 1% of various additives (formic acid,
trifluoroacetic acid, triethylamine, phosphoric acid,
ammonium acetate, and ammonium formate, etc.) were
often added to solvent systems to improve peak shape.
However, as it also occurs in GC/MS, different classes of
antidepressants have very similar masses and as such
comparable transitions may be expected. Therefore, with
an open window of alternatives both to targeted and non-
targeted analysis, it is advantageous to use highly sen-
sitive and resolution techniques, such as LC-TOF-MS as
published by Majda et al. [62] in 2020 and UHPLC-QTOF
as published by He et al. [65] or an analytical technique
using HRMS (ORBITRAP analysers). Indeed, these instru-
ments are considered a better choice as they present high
sensitivity, selectivity and provide also accurate mass
measurements. Due to its high efficiency in generating
and registering a relevant quantity of information, this
type of instrumental techniques offers a new perspective
in chemical analysis. Furthermore, these techniques have
the flexibility to expand the panel of analytes, decrease
the volume of sample used, detect trace concentrations,
and allow also a better understanding of metabolism
patterns [86,87] due to the possibility of accurate mass
measurements.
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5 Conclusion and future perspectives

Antidepressant drugs are widely used and increasingly
prescribed by health professionals as a common practice
for the treatment of several pathologies. The overuse of
these medications increases the importance of develo-
ping methods to monitor their concentrations in patients.
It is essential that laboratories provide responses concer-
ning the determination of these compounds in biological
samples. Several extraction procedures have been applied
to antidepressants, such as LLE and SPE, but also their
miniaturized versions. The trend towards the develop-
ment of new methods of identification and quantification
follows an idea of using smaller amounts of biological
samples, lower volumes of organic solvents, with reu-
sable materials and less waste, resulting in fast, simple,
and efficient techniques. It should be noted that this must
be combined with robust analyzes where high resolution
techniques have been gaining more and more interest
allowing maximum specificity and sensitivity, making
possible the identification of the analytes even if they are
present at low concentrations. It is also of great interest to
automate the extraction and/or analysis procedures. The
main objective will be the improvement of patients’ lives
and improving the medical condition of each individual
by a better management of their situation or by improving
the treatment of other patients by compiling numerous
data and support public health authorities.
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