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Abstract: In this research, a molecularly imprinted polymer (MIP) was synthesized by precipitation
polymerization using oxazepam (OZ) as a template molecule and was subsequently applied as a
selective sorbent for the extraction of diazepam (DZP) and its metabolites in urine samples using
an SPE cartridge. OZ, temazepam (TZ), nordiazepam (NZ) and DZP were analyzed in the final
extracts by high-performance liquid chromatography with diode array detection (HPLC-DAD). The
SPE extraction steps were optimized, and the evaluation of an imprinting factor was carried out.
The selectivity of the method for OZ versus structurally related benzodiazepines (BZDs), such as
bromazepam (BRZ), tetrazepam (TTZ) and halazepam (HZ), was investigated. Under the optimum
conditions, the proposed methodology provided good linearity in the range of 10–1500 ng/mL,
with limit of detection values between 13.5 and 21.1 ng/mL and recovery levels for DZP and its
metabolites from 89.0 to 93.9% (RSD ≤ 8%) at a concentration level of 1000 ng/mL. The proposed
method exhibited good selectivity, precision and accuracy and was applied to the analysis of urine
samples from a real case of DZP intake.

Keywords: benzodiazepines; molecular imprinting solid-phase extraction; urine samples; HPLC-DAD

1. Introduction

Over the past few years, the misuse and abuse of benzodiazepines (BZDs) has become
a health issue [1,2]. BZDs are amongst the most widely used medicines, mainly to treat
anxiety and insomnia, and have other uses as anticonvulsants and anesthetics. However,
they can also produce several problems when they are used improperly—for example, when
they are consumed for a longer time frame than prescribed, with the risk of developing a
physical dependence on these drugs [3], or when they are consumed in combination with
other substances, such as alcohol or opiates [4–6]. As prescription medicines, they can affect
the ability of consumers to drive safely [7,8] or increase the risk of falls, leading to fractures
in older persons [9]. Illegal uses include criminal purposes like rape and robbery, in which
these drugs can be masked in drinks or food [10,11]. Moreover, the concomitant use of
BZDs and opioids has been associated with an increased risk of overdose and overdose
mortality [12–14].

Despite their risks, the use of BZDs has not fallen; it even increased during the COVID-
19 pandemic due to anxiety, insomnia, and depressive disorders [15–18]. Therefore, to
prevent BZDs abuse, the development of accurate and highly sensitive methods for the
determination of these is of great importance.

Diverse analytical techniques have been used for the analysis of BZD drugs in bio-
logical matrices: capillary electrophoresis–tandem mass spectrometry (CE-MS/MS) [19],
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GC-MS/MS [20,21], HPLC-MS/MS [22–24], HPLC-DAD [25,26], differential pulse voltam-
metry [27] and voltametric electronic tongues [28].

Previously, sample treatment was necessary for the determination of analytes; thus,
diverse sample preparation methods, mainly liquid–liquid extraction (LLE) [29,30], solid-
phase extraction (SPE) [31–33] and solid-phase microextraction (SPME) [34–36], have been
established for the extraction of BZDs from biological matrices.

DZP is one of the most prescribed BZDs and is commonly used to treat diverse
conditions, such as convulsions, insomnia and anxiety. In 2020, DZP was among the ten
most used medications in Europe [37]. In the human body, DZP is metabolized by the liver
into NZ, TZ and OZ, which are then eliminated by the kidney. For this reason, as well
as advantages such as simplicity and non-invasiveness of collection, urine analysis is the
preferred sampling method for DZP determination [38,39].

For urine analysis, SPE has been broadly used for sample pretreatment, due to its
simplicity, low solvent consumption and high extraction efficiency [40,41], allowing for
the separation of target analytes from interferents prior to determination. Nevertheless,
when SPE is used, the target analyte is extracted as well as other compounds that can be
retained by the sorbent. However, the use of selective sorbents, such as those developed
from molecularly imprinted polymers (MIPs), could provide the ability to recognize and
extract only the target molecules among different compounds. The molecular imprinting
technology allows designed sorbents to specifically adsorb an analyte or group of analytes
of interest [42]., A porous, highly cross-linked polymeric net that can specifically recognize
the template analyte in the molecular imprinting is obtained. First, functional polymeriz-
able monomers form a pre-polymerization complex with the template molecule. After the
addition of a large percentage of a cross-linker monomer, as well as an initiator compound,
a porous, polymeric matrix is obtained. When the template is eliminated, cavities comple-
mentary to the template molecule are formed and have recognition properties selective to
the original template molecule [43,44].

In recent times, some analytical methodologies have been developed using MIPs to
selectively extract DZP and/or its metabolites in biological samples such as hair [45], blood
serum [46,47] and urine [48,49]. However, none of them have been able to efficiently carry
out the simultaneous extraction of DZP and its three metabolites (NZ, TZ and OZ).

The aim of this work was to develop a MISPE-HPLC-DAD method for the extraction
and determination of DZP and its main metabolites in urine. Once the MISPE parameters
were established, the method was used for the extraction of DZP, OZ, TZ and NZ in spiked
and real urine samples.

2. Experimental Procedure
2.1. Reagents and Materials

DZP, OZ, TZ and NZ were provided by EDQM (Strasbourg, France). TTZ, HZ and
BRZ were obtained from pharmaceutical tablets. Flunitrazepam as internal standard
(IS) was acquired from Sigma-Aldrich (St. Louis, MO, USA). A chemical grade of the
highest purity was used for all solvents and chemicals, which were obtained from different
manufacturers: methanol, acetonitrile, acetic acid, hydrochloric acid and sodium acetate
from Scharlau (Barcelona, Spain); 2,2-azo(bis)-isobutyronitrile (AIBN) and β-glucuronidase
(type HP-2 from Helix pomatia) from Sigma-Aldrich (St. Louis, MO, USA); and ethylene
glycol dimethacrylate (EGDMA) and methacrylic acid (MAA) from Merck (Darmstadt,
Germany).

Stock solutions of the individual BZDs and flunitrazepam in acetonitrile were prepared
at a 1000 mg/L concentration. A working solution containing a mixture of the four BZDs
(DZP, OZ, NZ and TZ) was prepared in acetonitrile at a 100 mg/L concentration. Stock
solutions were transferred into amber-colored flasks and stored at −18 ◦C.
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2.2. Synthesis of Molecularly Imprinted Polymer

A MIP was synthesized by precipitation polymerization, using OZ as a template
molecule, with a molar ratio of template (OZ): functional monomer (MAA): crosslinker
(EGDMA) of 1 (0.08 mmol): 4 (0.32 mmol): 20 (1.6 mmol). After mixing the reagents with
acetonitrile in a test tube, a certain amount of AIBN as an initiator was added; then, the
solution was sonicated for 5 min and purged with oxygen-free nitrogen for 10 min. The test
tube was sealed and placed in a water bath at 55◦C for 24 h to carry out the polymerization
reaction. A non-imprinted polymer (NIP), as a control polymer, was prepared in the same
way, without a template (OZ). After the polymerization process, the obtained imprinted
and non-imprinted particles were collected on a nylon membrane filter by using a vacuum
filtration system. The remaining template was removed using an acetic acid–methanol
solution via the Soxhlet extraction method. Then, the polymeric particles were completely
dried in an oven at 60 ◦C and subsequently stored in a desiccator prior to use as sorbents in
the MISPE procedure.

2.3. Urine Sample Treatment

An early morning urine sample was collected from a volunteer who was prescribed
DZP (Valium®) at a nightly dosage of 5 mg. This volunteer was a smoker and was being
treated for several diseases, including chronic obstructive pulmonary disease. The samples
were collected in urine container cups and then transferred to 2.5 mL plastic tubes with no
preservative and finally stored at −20 ◦C.

The enzymatic hydrolysis of the urine samples was carried out using a modified
protocol [50]. A volume of 50 µL of acetate buffer (pH 4.5, 2 M) and 50 µL of β-glucuronidase
enzyme were added to 1 mL of the urine sample in a 10 mL Teflon tube. The samples were
placed in a water bath at 56 ◦C for 1.5 h to carry out the hydrolysis reaction. After this
time, any precipitate formed from the hydrolyzed sample was removed by centrifugation
at 10,000 rpm for 10 min, preventing the blocking of the MISPE cartridge. Consequently, a
solution of acetonitrile and acetate buffer (pH 4.5, 0.1 M) was added to an aliquot of 1 mL
of urine. The solution was mixed for 1 min in a vortex mixer and an aliquot of 0.5 mL of
this mixture was subjected to the MISPE procedure.

2.4. MISPE Procedure

An amount of 50 mg of MIP-synthesized microspheres were packed in empty polypropy-
lene SPE cartridges with the aid of a vacuum manifold. An identical process was used
to fill the NIP’s SPE cartridge. A solution of acetic acid–methanol (20:80, v/v) followed
by acetonitrile was applied to wash the cartridge located in the vacuum system manifold
(Vac Elut 20, provided by Agilent, Madrid, Spain). The conditioning step consisted of
2 × 0.5 mL acetonitrile followed by 0.5 mL of a mixture 30:70 (v/v) of acetonitrile and
acetate buffer (pH 4.5, 0.1 M). After loading a volume of 0.5 mL preconditioned urine,
a washing step with 0.5 mL of the mixture (25:75, v/v) of acetonitrile and acetate buffer
(pH 4.5, 0.1 M), followed by 0.5 mL of water, was applied to the cartridges. Lastly, an elution
step was carried out by adding 2 × 0.5 mL of acetic acid–methanol (20:80, v/v) solution to
extract the retained analytes. The eluates were collected and spiked with 20 µL of a solution
of IS at a 100 mg/L concentration and evaporated to dryness under a stream of nitrogen in a
solvent evaporation sample concentrator at 45 ◦C. The dry residue was reconstituted with
250 µL of the mobile phase and a volume of 20 µL was injected into the chromatographic
system to separate and detect the selected compounds.

2.5. Instrumental Analysis

The chromatographic analyses were carried out using an Agilent 1200 series LC
system (Agilent Technologies, Madrid, Spain) equipped with a diode array detector and
an autosampler with a 20 µL loop. The instrumental parameters were controlled via the
Agilent ChemStation software Rev. B. 04. 02. 96. A ZORBAX Eclipse Plus C18 column
(10.0 cm × 4.6 mm i.d.; 3.5 µm particle size) was used for the separation of the compounds,
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using an isocratic elution method at 25 ◦C, with a composition of 47% methanol, 7%
acetonitrile and 46% water at a flow rate of 1.0 mL/min. The wavelength of 230 nm was
used for HPLC-DAD detection.

3. Results and Discussion
3.1. Optimization of MISPE Procedure

A MISPE procedure based on an aqueous medium was developed to extract DZP and
its main metabolites, OZ, NZ and TZ, from urine samples with minimal pretreatment. The
steps of the MISPE procedure (loading, washing and elution) were optimized with the aim
of enhancing the MIP’s recognition of the analyte, OZ.

3.1.1. Loading Step

Considering the difference between the polymerization medium (acetonitrile) and
the sample, studies of the binding of OZ in the MIP and NIP were carried out using
different solutions of OZ in water–acetonitrile at several solvent ratios, as shown in Figure 1.
The sample mixture was percolated through the SPE cartridge after conditioning with
2 × 0.5 mL of acetonitrile and 0.5 mL of acetonitrile–water solution, with a similar ratio
as used in the loading step. The assays were performed in quintuplicate. With these
conditions, OZ was fully retained on both polymers (MIP and NIP) in aqueous solutions up
to a 10% of acetonitrile, due to the predominance of non-specific hydrophobic interactions.
An increase in acetonitrile to 30% led to the total retention of OZ by the MIP, whereas
the bleeding of OZ was observed for the NIP. The increase in the acetonitrile percentage
reduced the amount of OZ retained in both polymers, being more prominent for the NIP;
thus, a mixture of acetonitrile–water (30:70, v/v) was chosen as the loading solvent.
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Figure 1. Effect of water and acetonitrile content in the binding capacity of OZ by MIP and NIP
cartridges in loading step (n = 5).

The effect of the pH on the loading step was also studied within the range of 4.0 to
6.5, using 0.5 pH increments, employing an acetonitrile–acetate buffer solution (0.1 M).
The retention of OZ by the MIP slightly decreased at pH 5.0. Consequently, a solution
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consisting of acetonitrile–acetate buffer (pH 4.5, 0.1 M) in a ratio of 30:70 (v/v) was selected
as the loading solvent.

Loading volumes ranging from 0.5 mL to 2 mL in 0.5 mL increments were studied
to determine the maximum sample breakthrough volume. The results revealed leakage
from the MIP when volumes higher than 0.5 mL were used. Therefore, a loading volume of
0.5 mL was selected as the optimum one.

3.1.2. Washing Step

The washing solvent plays a crucial role in the MISPE procedure, aiming to maximize
the specific interactions between the analyte and binding sites while eliminating non-
specific interactions by removing matrix components from the cartridge. To optimize the
washing solution, several solvents were tested, including an acetate buffer (pH 4.5, 0.1 M),
water and an acetate buffer with increasing volumes of acetonitrile, using a loading volume
of 0.5 mL.

In this study, the MIP behaved like a reverse-phase sorbent when loading the aqueous
samples, and the target analytes were retained by non-specific interactions. Therefore, it
was necessary to apply a washing process capable of removing analytes that were non-
specifically bound to the selective imprinted polymer [51,52]. Water used as a washing
solvent resulted in the slight bleeding of OZ, so mixtures of acetonitrile–acetate buffer
(pH 4.5, 0.1 M) were considered as washing solvents. An increase in the percentage of
acetonitrile led to the negligible washing of OZ from the imprinted polymer, up to a mixture
ratio of 75:25 (v/v). In comparison to the NIP, the bleeding of OZ was consistently higher
regardless of the solvent used. This bleeding was particularly remarkable with mixtures
of acetonitrile–acetate buffer with proportions higher than 20:80 (v/v). Thus, a mixture
of 25:75 (v/v) of acetonitrile–acetate buffer (pH 4.5, 0.1 M) was selected as the optimum
solvent to carry out selective washing, given the markedly different behavior of both
polymers. A final washing step using water was used to remove any salt from the matrix.

3.1.3. Elution Step

The choice of a suitable elution solvent is important as it is responsible for the efficient
desorption of the target analyte from the cartridge. A small amount of a modifier, such
as a weak acid, is frequently added to aid in breaking the hydrogen bonds to recover
strongly bound analytes. The elution solution was optimized by using fractions of 0.5 mL
of methanol and mixtures of methanol–acetic acid. The elution of OZ with methanol was
not complete, even when using two volumes of 0.5 mL. However, the elution efficiency
increased with the addition of acetic acid. Total cumulative elution was achieved when a
2 × 0.5 mL elution step with an acetic acid–methanol (20:80, v/v) solution was applied.
The polarity of this elution solvent was sufficient to disrupt the ionic and hydrogen bonds
established between the analyte and the MIP. Increasing the ratio of acetic acid produced
no advantage since it was necessary to use two volumes of 0.5 mL to reach 100% elution.

3.2. Imprinting Factor and Specific Adsorption

Sequential loads of the OZ solution at 100 mg/L (in acetonitrile), in 0.5 mL increments,
were performed in the imprinted and non-imprinted SPE cartridges to saturate the binding
sites. The percolated solution was collected and analyzed to calculate the amount of OZ
adsorbed by the imprinted and non-imprinted polymers. After loading a total volume of
2.5 mL of OZ solution, the MIP and NIP cartridges showed an OZ adsorption capacity
of 0.89 and 0.65 milligrams of analyte per gram of polymer, respectively. The specific
adsorption assays were carried out in quintuplicate (see Figure 2).



Polymers 2024, 16, 635 6 of 13Polymers 2024, 16, x FOR PEER REVIEW 6 of 13 
 

 

 
Figure 2. Adsorption of OZ (100 mg/L in acetonitrile) onto imprinted and non-imprinted polymers. 

The imprinting factor (IF) is a measure of the strength of the interaction of the im-
printed polymer with the template molecule and it was studied in the washing step. The 
IF was calculated as the ratio between the amount of analyte bound to the imprinted and 
non-imprinted polymers (Equation (1)), denoted by QMIP and QNIP [53], respectively. Q 
describes the difference between the initial and final amounts of the analyte in the solution 
mixture (Equation (2)), where Ci and Cf are the initial and final concentrations of the ana-
lyte in the solution, m is the mass of the polymer, and V is the volume of the analyte 
solution mixture, respectively. 

IF = QMIP/QNIP (1)

Q (mol/g) = (Ci − Cf)·V/m (2)

The cartridges of the MIP and NIP were washed with sequential volumes of 0.5 mL 
of 25:75 (v/v) acetonitrile–acetate buffer (pH 4.5, 0.1 M) solution. The results showed the 
gradual elimination of the non-specific adsorption of OZ on both polymers, giving an 
amount of OZ residually bound to the NIP and MIP of 0.069 and 0.138 mg/g of polymer, 
respectively, with an IF of 2.0. This demonstrates that the MIP retained a larger amount 
of the analyte compared to the NIP. 

Specific adsorption of 0.069 mg/g of OZ on the MISPE cartridge was calculated as the 
difference between the OZ concentrations residually bound on the MIP and NIP car-
tridges after extensive washing. 

3.3. Analytical Performance 
The linearity was established by using calibration curves for DZP, NZ, OZ and TZ, 

prepared from blank urine samples spiked with known amounts of stock solutions. Urine 
samples were treated according to the previously described protocol to achieve a working 
range of 10–1500 ng/mL and then subjected to the MISPE procedure (Section 2.4). The ratio 
of the analyte signal to the internal standard signal was plotted against the concentration 
of the studied BZDs. Linear least-squares regression was employed to fit the data to a 
linear calibration curve. 

The blank urine samples were spiked at 10, 15, 20 and 30 ng/mL concentrations of 
OZ, TZ, NZ and DZP and subjected repeatedly (n = 5) to the MISPE procedure. The detec-
tion and quantification limits were calculated from the standard deviation of the lowest 

Figure 2. Adsorption of OZ (100 mg/L in acetonitrile) onto imprinted and non-imprinted polymers.

The imprinting factor (IF) is a measure of the strength of the interaction of the im-
printed polymer with the template molecule and it was studied in the washing step. The
IF was calculated as the ratio between the amount of analyte bound to the imprinted and
non-imprinted polymers (Equation (1)), denoted by QMIP and QNIP [53], respectively. Q
describes the difference between the initial and final amounts of the analyte in the solution
mixture (Equation (2)), where Ci and Cf are the initial and final concentrations of the analyte
in the solution, m is the mass of the polymer, and V is the volume of the analyte solution
mixture, respectively.

IF = QMIP/QNIP (1)

Q (mol/g) = (Ci − Cf)·V/m (2)

The cartridges of the MIP and NIP were washed with sequential volumes of 0.5 mL
of 25:75 (v/v) acetonitrile–acetate buffer (pH 4.5, 0.1 M) solution. The results showed the
gradual elimination of the non-specific adsorption of OZ on both polymers, giving an
amount of OZ residually bound to the NIP and MIP of 0.069 and 0.138 mg/g of polymer,
respectively, with an IF of 2.0. This demonstrates that the MIP retained a larger amount of
the analyte compared to the NIP.

Specific adsorption of 0.069 mg/g of OZ on the MISPE cartridge was calculated as the
difference between the OZ concentrations residually bound on the MIP and NIP cartridges
after extensive washing.

3.3. Analytical Performance

The linearity was established by using calibration curves for DZP, NZ, OZ and TZ,
prepared from blank urine samples spiked with known amounts of stock solutions. Urine
samples were treated according to the previously described protocol to achieve a working
range of 10–1500 ng/mL and then subjected to the MISPE procedure (Section 2.4). The ratio
of the analyte signal to the internal standard signal was plotted against the concentration of
the studied BZDs. Linear least-squares regression was employed to fit the data to a linear
calibration curve.

The blank urine samples were spiked at 10, 15, 20 and 30 ng/mL concentrations
of OZ, TZ, NZ and DZP and subjected repeatedly (n = 5) to the MISPE procedure. The
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detection and quantification limits were calculated from the standard deviation of the
lowest measurable concentration, for a signal-to-noise ratio of 3 and 10, respectively. The
results are summarized in Table 1.

Table 1. Analytical characteristics of the optimized MISPE-HPLC-DAD methodology for BZD
analyses in human urine samples.

Analyte Linear Equation R LOD (ng/mL) LOQ (ng/mL)

OZ y = 0.219x + 0.0012 0.9984 16.2 53.5
TZ y = 0.4179x − 0.0026 0.9982 21.1 63.9
NZ y = 0.4576x + 0.002 0.9993 13.5 44.5

DZP y = 0.4823x − 4 × 10−5 0.9985 21.0 69.3

To assess the accuracy in terms of the recovery efficiency of both polymers, drug-
free urine samples spiked with each BZD at two different concentration levels (250 and
1000 ng/mL) were subjected to the sample treatment protocol as previously detailed,
followed by the MISPE procedure. Recovery rates were calculated by spiking the extracts
of MISPE-subjected drug-free urine samples at 250 and 1000 ng/mL concentration levels of
BZDs and comparing the ratios of the peak areas of each analyte vs. the internal standard.
The recovery obtained by the MIP ranged from 89.1 to 99.4%, which was higher than that
obtained by the NIP, which ranged from 66.5 to 77.7% (Table 2). The difference observed in
the extraction efficiency could be ascribed to the selective washing step.

Table 2. Comparison of accuracy (% recovery; n = 5) and repeatability (RSD; n = 5) obtained for
DZP, NZ, TZ and OZ on the MIP and the NIP cartridges in human urine samples at spiking levels of
250 and 1000 ng/mL.

Analyte

1000 ng/mL 250 ng/mL

MIP NIP MIP NIP

Recovery RSD Recovery RSD Recovery RSD Recovery RSD

OZ 91.5 5.7 67.3 14.2 92.4 2.4 66.5 8.8
TZ 90.8 6.0 72.1 10.4 91.4 5.3 74.8 3.7
NZ 89.1 7.9 72.9 10.1 89.5 8.1 70.1 6.6

DZP 94.0 4.7 77.7 8.9 99.4 4.3 76.7 3.7

3.4. Selectivity of MISPE Procedure

The selectivity of the proposed method for OZ versus structurally related BZDs such
as BRZ, TTZ and HZ was investigated by subjecting spiked urine samples (1000 ng/mL
of these compounds to the MISPE procedure. The recovery percentages and the relative
standard deviations for each analyte are given in Table 3.

Table 3. Accuracy (% recovery; n = 5) and repeatability (RSD; n = 5) obtained for seven related BZDs
via the MISPE procedure in human urine samples (n = 5) at a concentration of 1000 ng/mL.

Analyte Recovery (%) RSD (%)

OZ 91.5 5.7
TZ 90.8 6.0
NZ 89.1 7.9

DZP 94.0 4.7
BRZ 50.0 2.1
HZ 69.1 2.0
TTZ 63.4 1.8

DZP showed the highest recovery by the MISPE cartridge (94.0%), followed by OZ
(91.5%), TZ (90.8%) and NZ (89.1%). Considering that OZ was the template molecule used
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in the molecular imprinting procedure, it was expected to obtain the highest recovery.
Nevertheless, specific interactions between the BZDs and recognition sites, created during
imprinting polymerization, were not promoted in the loading step by using a similar
solvent as in the polymerization but in the washing step using a 25:75 (v/v) acetonitrile–
acetate buffer (pH 4.5, 0.1 M) solution. In this environment, a certain degree of hydrophobic
interaction persisted, which could explain why DZP was the BZD with the highest recovery
throughout the analysis. On the other hand, the results indicated that BRZ, a widely
modified BZD (7-bromine substituent and 5-pyridyl instead of 5-phenyl ring), obtained the
lowest recovery (50.0%) following the MISPE protocol. Furthermore, when the benzene is
replaced by a cyclohexadiene, in the case of TZ, or the amino group (-NH) of cycloheptane
is replaced by a trifluoroethyl group (HZ), the binding is also reduced (Table 3). This effect
can be attributed to the absence of hydrogen bonding or to steric effects, possibly caused by
bulkier chains in the case of HZ. The molecular structures of the studied BZDs are shown
in Figure 3.
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In the current literature, DZP MIPs against DZP were synthesized and applied to
extraction from human plasma [46,47] Other studies with MIPs have been carried out with
OZ and NZ as templates, respectively [48,49], to selectively extract OZ in the first case
and OZ, BRZ and alprazolam in the second case. Our method showed greater selectivity
towards DZP and its metabolites, enabling the simultaneous selective extraction of these
four compounds. The main advantage of the proposed method is the capability to perform
the selective and simultaneous extraction of DZP and its main metabolites. Table 4 shows a
comparison between the results of this work and those obtained with other methods for
the determination of BZDs in biological fluids.
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Table 4. Comparison of the proposed method with other methods for BZDs determination.

Sample
Matrix Method of Analysis Template Recovery

(%)
Linear Range

(ng/mL)
Det. Limit

(ng/mL)
Quant. Limit

(ng/mL) Ref

Blood serum MISPE + HPLC-UV DZP DZP 95.3 - DZP 3.5 [46]

Blood serum MISPE + HPLC-UV DZP DZP 105.6 - - - [47]

Urine MIP + HPLC-DAD OZ OZ 88 2–600 OZ 0.5 OZ 2.0 [48]

Urine MISPE + HPLC-MS NZ - - - OZ 0.357 [49]

Urine MISPE + HPLC-DAD DZP
DZP

87.2–87.8
NZ 88.6–90.4

50–1600 DZP 21.5
NZ 24.5 [54]

Vitreous
humor LLE + HPLC-DAD - DZP 83.8 30–3000 DZP 30.0 DZP 100.0 [55]

Plasma DLLE + HPLC-DAD - - 50–1500 DZP 50.0
NZ 50.0

DZP 60.0
NZ 60.0 [56]

Urine Oasis MCX-SPE +
CE-DAD - DZP 78.0 10,000–150,000 DZP 2740 DZP 9140 [57]

Urine MISPE + HPLC-DAD OZ

OZ 91.5–92.4
TZ 90.8–91.4
NZ 89.1–89.5

DZP
94.0–99.4

10–1500

OZ 16.2
TZ 21.1
NZ 13.5

DZP 21.0

OZ 53.5
TZ 63.9
NZ 44.5

DZP 69.3

This
work

3.5. Analysis of Urine Sample

The optimized MISPE procedure was applied to analyze a sample collected from a
volunteer with a long-term nightly prescription of 5 mg of DZP (Valium®), following the
protocol described in Section 2.4. The concentrations obtained in the urine for OZ, TZ,
NZ and DZP were 62.2 ± 7.5, 35.5 ± 4.0, 82.0 ± 1.0 and 56.0 ± 8.0 ng/mL, respectively.
Figure 4 shows the comparison between the urine from the DZP-prescribed volunteer and a
drug-free urine sample spiked with 0.5 mg/L of these BZDs, both subjected to the proposed
method.
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DZP is metabolized via N-demethylation by hepatic enzymes, leading to the formation
of its major active metabolite, NZ (desmethyldiazepam), and hydroxylated to the minor
active metabolite TZ. NZ is further metabolized to OZ via hydroxylation, and TZ can be
in turn demethylated to OZ or glucuronidated. OZ and TZ are primarily eliminated by
glucuronidation. Consequently, DZP is excreted in the form of glucuronides of its main
metabolite, OZ, and, to a lesser extent, TZ, with the minimal excretion of the unmetabo-
lized drug in the urine [54,55,58,59]. Therefore, the obtained results were consistent with
the literature.

4. Conclusions

A new MIP using OZ as the template molecule has been synthesized and applied for
the selective solid-phase extraction of OZ, TZ, NZ and DZP from urine samples. High-
performance liquid chromatography with diode array detection (HPLC-DAD) was chosen
as the analytical technique for the analysis of DZP and its metabolites due to their simplicity,
cost-effectiveness, and reliability, making them a good choice for quantitative analysis and
BZD separation. In addition, the HPLC-DAD technique employed for the development
of the analytical method enabled, as the results demonstrated, the reliable separation,
detection, and quantification of the studied analytes in the selected matrix, with appropriate
sensitivity, selectivity, precision, and accuracy. The recovery rates at different spiking levels
in the proposed MISPE method for the studied analytes were established to be higher
than 89.1%, and high sensitivity was achieved, with detection limits between 13.5 and
21.1 ng/mL. The retention behavior of DZP and its metabolites evidenced the molecular
recognition in the MISPE procedure.Poor recovery (50.4–63%) was obtained for BRZ,
TTZ and HZ, whose molecular structures did not fit well within the imprinting cavities,
indicating that the imprinted polymer exhibited selective retention only for DZP and its
metabolites. The developed method was successfully applied to the extraction OZ, TZ, NZ
and DZP from a real urine sample.

Author Contributions: Methodology, P.F.H. and A.M.G.T.; validation, A.M.G.T., P.F.H. and G.P.G.;
formal analysis, A.M.G.T.; data curation, P.F.H., G.P.G. and J.C.B.Y.; writing—original draft prepara-
tion, A.M.G.T.; writing—review and editing, P.F.H., G.P.G., J.C.B.Y. and R.M.G.M.; supervision, P.F.H.,
G.P.G. and J.C.B.Y.; funding acquisition, P.F.H. and R.M.G.M. All authors have read and agreed to the
published version of the manuscript.
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