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Selective Extraction Based on Molecular
Imprinting Polymer for Determination Lorazepam
in Pharmaceutical and Biological Samples

Eman W. Ammen® "*, Yehya K. Al-Bayati® '

1 Department of Chemistry, College of Science, University of Baghdad, Baghdad, Iraq
2 Scientific Research Commission, Baghdad, Iraq

ABSTRACT

A new and selective method was evaluated for the separation and quantification of lorazepam in pharmaceutical and
biological samples utilizing a molecularly imprinted polymer (MIP) as a solid-phase extraction adsorbent material. The
molecularly imprinted polymer (MIP) was synthesized via free-radical polymerization with lorazepam as a template
and acrylamide as a functional monomer. The synthesized polymers were characterized using UV-visible spectroscopy,
Fourier transform infrared spectroscopy, scanning electron microscopy, and thermogravimetric analysis. The adsorption
isotherm and Kinetic studies were applied to characterize the adsorption of lorazepam by the synthesized polymers;
additionally, the selectivity and reusability of the molecularly imprinted polymer were evaluated. Several parameters
affecting solid-phase extraction performance, including adsorbent mass, flow rate, sample pH, sample volume, and
the type and volume of the elution solvent were optimized. The proposed approach offers a linear dynamic range of
0.025-0.8 mmol/L, with a correlation coefficient of 0.9990 for lorazepam. The detection and quantification limits were
determined to be 0.63 and 2.09 umol/L, respectively. The suggested approach was well validated for the extraction and
quantification of lorazepam in pharmaceutical and biological samples, with recoveries between 95% and 101% and a
relative standard deviation of less than 2.5%.

Keywords: Adsorption isotherm, Lorazepam, Molecular imprinting polymer, Solid-phase extraction, UV-visible
spectroscopy

and physicochemical characteristics, such as
solubility, tastelessness, and odorlessness, make
them prone to abuse and exploitation in criminal

Introduction

Lorazepam (LRZ), chemically known as

7-chloro-5-(2-chlorophenyl)-1,3-dihydro-3-hydroxy-
2H-1,4-benzodiazepin-2-one, Fig. 1, is classified
within the benzodiazepine family of pharmaceu-
ticals.! Benzodiazepines (BZDs) are extensively
prescribed for their anticonvulsant, anxiolytic,
sedative, and muscle relaxant properties, but their
use is often associated with dependence, cognitive
impairment, and other adverse effects. In recent
years, misuse of BZDs has intensified globally,
contributing to the broader crisis of prescription
drug abuse. Their potent pharmacological action

activities. Overdoses can cause severe toxicological
consequences, highlighting the need for reliable
analytical and monitoring approaches. >

A variety of analytical techniques have been em-
ployed for the determination of benzodiazepines,
including lorazepam. These methods include liquid
chromatography with tandem mass spectrometry,?=>
high-performance thin-layer chromatography-mass
spectrometry,® gas chromatography-mass spectrom-
etry,” gas chromatography-tandem mass,® and UV-
visible spectroscopy.®'? Although there have been
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Fig. 1. Lorazepam structure.

substantial improvements in analytical instrumen-
tation, sample preparation procedures are crucial
pretreatment steps for complex samples, as they re-
move a significant number of undesirable substances,
thereby enhancing the specificity and selectivity of
the method.'! Supercritical fluid extraction, liquid-
phase microextraction, and solid-phase extraction
(SPE) are examples of sample pretreatment pro-
cedures among these technologies. Solid-phase ex-
traction (SPE) is commonly utilized as a sample
pretreatment method. This is due to its low cost, high
enrichment efficiency, and simplicity of operation, as
well as its low consumption of organic solvents. Con-
ventional SPE has drawbacks, including low filler se-
lectivity. Therefore, it is critical to find new fillers. '?
Molecular imprinting technology (MIT) is fre-
quently depicted as a method for producing an "ar-
tificial lock" that identifies a "molecular key" by sim-
ulating enzyme-substrate or antigen—antibody inter-
actions. '*>~!> The preparation process of MIPs is typi-
cally divided into three parts. The first part involves
the preassembly or copolymerization of the tem-
plate molecule with the functional monomer through
specific methods such as non-covalent, covalent, or
semi-covalent bonds to form the host-guest complex.
The second part involves the addition of a crosslinker
and the initiation through specific initiation methods,
such as initiator, thermal initiation, photoinitiation,
etc., to produce a highly cross-linked polymer. The
third part involves the removal of the template
molecules through an appropriate method to obtain
MIPs with predetermined conformations and specific
recognition for the template molecules. MIPs have
been extensively employed in the fields of sample
pretreatment for the analysis of drugs and various an-
alytes, such as chromatographic separations, '®!” and
sensors '%'? due to their low cost, simplicity of prepa-
ration, chemical stability, and high selectivity.2%!
The aim of this research was to synthesize a new
lorazepam-MIP, which was utilized as an adsor-
bent material in solid-phase extraction coupled with
UV-Visible spectroscopy. All factors influencing the
performance of solid-phase extraction were investi-
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gated. The proposed method was successfully applied
to the extraction and determination of lorazepam in
pharmaceutical and biological samples.

Materials and methods

Reagents and chemicals

Lorazepam and Diazepam were obtained from
Sammara (Iraq); Hydrochlorothiazide was supplied
by Furat Pharma (Iraq); Acrylamide, Acetic acid,
and Sodium hydroxide were sourced from BDH
(USA); ethylene glycol dimethacrylate, benzoyl per-
oxide, and acetone were acquired from Sigma-Aldrich
(USA); Ethanol was purchased from Honeywell
(USA); Methanol was obtained from PanReac (Spain);
and 2-Propanol and hydrochloric acid were sourced
from Fulka (Germany).

Instruments

A single-beam UV-visible spectroscopy (UV-1240,
Shimadzu, Japan), Fourier transform infrared spec-
trometer (IR-Affinity-1, Shimadzu, Japan), scanning
electron microscope (TM3000 Hitachi Analytical
Tabletop, Tokyo, Japan), and thermogravimetric an-
alyzer (SDT Q600, New Castle, DE, USA) were used
for the characterization of the prepared polymers.

Synthesis of MIP and NIP

The free-radical polymerization method was used
for the synthesis of the molecularly imprinted
polymer (MIP) and non-imprinted polymer (NIP).
In this polymerization method, 0.2 mmol of LRZ
(65.2 mg) was dissolved in 5 mL of a solvent mixture
of ethanol and chloroform at a ratio of 2:1 to
serve as the template. Following this, 2.35 mmol of
acrylamide (167.2 mg) was added to the mixture as
the functional monomer; subsequently, 17.53 mmol
of ethylene glycol dimethacrylate (3474 mg), used as
a cross-linker, and 0.3 mmol of benzoyl peroxide (75
mg), used as the initiator, were dissolved separately
in 5 mL of the solvent mixture and incorporated into
a screw-cap tube. The mixture was deoxygenated
by nitrogen purging for 20 minutes and sealed
thoroughly. Polymerization was conducted in a water
bath at 60°C for 36 hours. The NIP was synthesized
utilizing the identical procedure in the absence of
LRZ. To create selective binding sites within the
polymer matrix, the resulting MIP was dried, ground
using a mortar, and subjected to Soxhlet extraction
with a solvent mixture of ethanol and acetic acid at
a ratio of 9:1. The extraction process was carried out
until LRZ was no longer detected at 319 nm.
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Adsorption isotherm and kinetic studies

Column adsorption experiments were conducted to
evaluate the adsorption capacity of the synthesized
polymers for LRZ.%? The experiment involved pack-
ing 150 mg of MIP/NIP into empty 3 mL solid-phase
extraction cartridges. Standard solutions, ranging
from 0.05 to 0.9 mmol/L with 3 mL, were then passed
through the MIP and NIP cartridges using a peristaltic
pump system set to a flow rate of 4 rpm. The con-
centration of unbound LRZ was determined using a
spectrophotometer at 319 nm. The adsorption capac-
ity (Q) for both MIP and NIP for the template LRZ was
calculated according to Eq. (1) below:

Q= 2%y M
m

Where Q. (mg/g) is the mass of LRZ adsorbed onto
a unit quantity of dried polymer, C; (mg/L) is the
initial concentration of the LRZ solution, C. (mg/1)
is the equilibrium concentration of the analyte after
adsorption, V (L) is the volume of the LRZ solution,
and m (g) is the weight of the dry MIP.%*

Adsorption kinetics were evaluated to assess the
rate of the adsorption process of LRZ onto MIP/NIP,
which is crucial when constructing an effective ad-
sorption system. The adsorption Kinetics experiments
were carried out under the same conditions as the
adsorption isotherm experiments but at different con-
tact times (0, 5, 10, 15, 20, 25, and 30 min), with
an initial concentration of 0.4 mmol/L of LRZ. The
obtained data were analyzed using pseudo-first and
second-order models to clarify adsorption processes.

Selectivity of polymers

Polymer selectivity was assessed in the presence
of LRZ and two competing drugs (diazepam and hy-
drochlorothiazide). Binary standard solutions of LRZ
and diazepam or hydrochlorothiazide were prepared
at a concentration level of 0.2 mmol/L by dissolving
the appropriate amounts of the drugs in 100 mL of
ethanol. The selectivity experiments were conducted
under the same conditions as the adsorption isotherm
experiments. The concentration of unbound drugs
was determined using a spectrophotometer at a wave-
length of 319, 231, and 271 nm for LRZ, diazepam,
and hydrochlorothiazide, respectively. The selectivity
factor « was calculated using Eq. (2) below:

Qrrz

(2)

o =
Qanalogue

Where Qrrz and Qanalogue (Mg/g) are the adsorption
capacities of the adsorbent for LRZ (template) and

1987

the analogue drug, respectively, the imprinting factor
(IF) for the synthetic polymers toward each drug was
calculated from Eq. (3).

_ Qe

Onre

IF 3)

Where Qurp and Qnip (mng/g) represent the capacity
of the MIP and NIP toward the target analyte,
respectively. %*

Optimization of MIP-SPE parameters

The  molecular imprinting  polymer-based
solid-phase extraction (MIP-SPE) was utilized as
the sample pretreatment method. To enhance the
efficiency of analyte extraction, several parameters
were optimized, including the amount of MIP,
flow rate, sample pH, sample volume, and the
type and volume of the elution solvent. The initial
sample pretreatment conditions included 100 mg of
adsorbent material, a sample volume of 0.5 mL of
a 0.4 mmol/L LRZ standard solution at pH 6.0, and
1 mL of ethanol as the elution solvent. Adsorption
and desorption processes were conducted using a
peristaltic pump set to a flow rate of 4 rpm. Following
each extraction, the eluted analyte was analyzed
using UV-Vis spectroscopy at a wavelength of 319 nm.

General procedure for LRZ determination

The method involved packing 50 mg of the adsor-
bent material (MIP) into a 3 mL empty SPE cartridge,
which was then conditioned with ethanol. Follow-
ing this, 0.250 mL of LRZ was introduced into the
cartridge. The analyte was eluted using a peristaltic
pump set to a flow rate of 2 rpm, followed by the
addition of 1.25 mL of ethanol as the analyte elution
solvent. The resulting desorbing solution was mea-
sured using UV-Vis spectroscopy at a wavelength of
319 nm.

Application to real samples

For the determination of LRZ in pharmaceutical
samples, an average mass of 10 tablets (2.00 mg
each, SDI-Iraq) from the same batch was recorded.
The tablets were finely ground and homogenized
in a mortar. A portion of the powdered sample
was accurately weighed and dissolved in 25 mL of
ethanol. The mixture was then heated and agitated
for 10 minutes before being allowed to cool. After
cooling, the solution was filtered into a 50 mL
volumetric flask, and the volume was adjusted to
50 mlL with ethanol to prepare a 102 mol/L LRZ
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Fig. 2. UV-visible spectra of LRZ, MIP, and NIP.

solution. To achieve the desired LRZ concentrations,
further dilutions were performed using ethanol. For
the biological samples, drug-free serum samples
were obtained from healthy volunteers and stored at
—-20 °C until analysis. The proteins were precipitated
by centrifuging the samples at 6000 rpm for 15
minutes after adding acetonitrile at a volume three
times that of the serum sample. The supernatant
was collected, spiked with the desired concentration
of the analyte, and subsequently diluted tenfold.?®
The determination of LRZ in the pharmaceutical and
biological samples was conducted according to the
general procedure for LRZ determination.

Results and discussion
Characterization of polymers

UV-visible spectroscopy was employed to detect the
presence of the template in both MIP and NIP within
the wavelength range of 280-400 nm. The objective of
this spectral analysis was to differentiate the presence
of the drug in the MIP compared to the NIP,%° as
illustrated in Fig. 2. An absorption peak at 319 nm
was observed, indicating the presence of LRZ in the
MIP. In contrast, this peak was absent in the NIP,
confirming the presence of LRZ in the MIP.

FT-IR spectroscopy was employed to characterize
the functional groups in the template (LRZ), MIP,
and NIP within the 400-4000 cm™ range. The FTIR
patterns for the template (LRZ), MIP, and NIP are pre-
sented in Fig. 3A strong and broad peak was observed
in the range of 3622-3361 cm! in both the LRZ and
MIP spectra. This peak is attributed to the O-H and
N-H stretching vibrations, indicating the presence of
hydroxyl and amide functional groups in the MIP

related to the template. Furthermore, the peaks at
3051 and 3049 cm™ in the LRZ and MIP patterns,
respectively, are attributed to the aromatic ring in
the drug structure. The peak seen in the range of
2985-2848 cm! is attributable to the vibration of the
C-H stretching mode from LRZ and EGDMA in the
template (LRZ), MIP, and NIP. The peaks at 1616 and
1597 cm! in LRZ and MIP, respectively, are related to
the aromatic C=C in the drug structure. The intense
peak at 1728 cm’! in MIP and 1726 cm™ in NIP
corresponds to the carbonyl ester present in EGDMA.
The peaks at 1635 cm! in MIP and 1670 cm™ in
the NIP are related to the aliphatic C=C that are
present in the functional monomer and crosslinker.
These results indicate that the polymerization process
was satisfactory.

Scanning electron microscopy (SEM) was employed
to analyze the morphologies of the MIP and NIP par-
ticles. The micrographs of the polymers, captured at
a magnification of 30000X, are presented in Fig. 4.
Both MIP and NIP exhibited irregular surface mor-
phologies, which are a feature of bulk polymerization
processes, and the particle size cannot be adequately
determined using the ImageJ program.?’” The MIP
shows an average pore size of 231.06 nm, which is
less than the average pore size of the NIP, 307.53
nm, as illustrated in Figs. 4b and 4d for the MIP
and NIP images, respectively. This is attributed to
the existence of the template in the MIP. Thermal
gravimetric analysis (TGA) was employed to assess
the thermal stability of the synthesized polymers by
measuring their mass as a function of temperature,
as illustrated in Fig. 5. An initial mass loss occurred
across all polymers at temperatures below 100°C,
which is attributed to moisture and unreacted chem-
icals that were present during the production of the
materials. Following this event, a significant weight
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Fig. 3. FT-IR pattern for LRZ, MIP, and NIP.

loss was observed around 420°C, likely resulting from  mately 12% was retained for the NIP. The partial
the decomposition of the materials. Furthermore, it  elimination of entrapped template molecules during
was found that around 10% of the mass was preserved  thermal decomposition may be responsible for the
for the MIP after decomposition, whereas approxi- lower residue observed in the MIP, which in turn
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Fig. 4. SEM micrographs of the synthesized polymers at 30,000 x magnification: (a, b) MIP and (c, d) NIP. Images (b) and (d) highlight the

pore size diameters of MIP and NIP, respectively.

accelerates the degradation of the imprinted poly-
mer matrix. In contrast, the slightly higher residual
mass of the NIP can be attributed to its more com-
pact structure, which is devoid of template-induced
porosity, resulting in increased charcoal formation
during heating. This discrepancy confirms the impact
of template incorporation on the thermal stability of
the polymer.2®

Adsorption isotherm and kinetic studies

Adsorption isotherms were implemented to as-
sess the affinity of the synthesized polymer for LRZ
molecules. To achieve this aim, saturation binding
experiments were conducted in the concentration
range of 0.025-0.9 mmol/L, and the quantity of LRZ
molecules adsorbed was determined using Eq. (1).
MIP demonstrated a marginally superior adsorption
capacity for LRZ in comparison to NIP and the poly-

mer saturation was observed at a concentration of
0.7 mmol/L, confirmed by the linear aspect of the
adsorption curve, as illustrated in Fig. 6.

The adsorption process of an analyte on an ad-
sorbent surface is frequently described using the
Freundlich and Langmuir models.?®> The Freundlich
model applies to heterogeneous adsorption processes
or multilayer-type adsorption processes on the adsor-
bent surface, while the Langmuir model describes a
monolayer-type adsorption process on the adsorbent
surface.?° The linear Freundlich equation is expressed
as follows:

1
Log Q. = 0 Log C. + Log K¢ 4

Where Q. (mg/g) is the adsorption capacity at
equilibrium, and C. (mg/L) is the equilibrium con-
centration of LRZ. n and K; are the parameters
related to the intensity and adsorption capacity of the
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Fig. 6. Adsorption isotherm of LRZ on MIP and NIP.

Freundlich isotherm model, respectively. The linear
Langmuir equation is illustrated in Eq. (5).

Ce 1 Ce

= 5
Qe Qmax KL * Qmax ( )

Where Qmax (mg/g) is the maximum adsorption
isotherm for the polymer, and K, is the constant for
the Langmuir adsorption isotherm model. *°

The results indicate that the adsorption of MIP
towards LRZ follows the Freundlich isotherm model,
which gives a linear equation equal to Log Q. =
0.8397 Log C. — 1.4789 with R? equal to 0.9768,
while the NIP gives the linear equation Log Q. =
0.3816 Log C. — 0.7647 with R? equal to 0.2532,
which is a higher R? than that obtained by applying
the Langmuir model, as reported in Table 1, and
illustrated in Fig. 7. This indicates that the Freundlich
model provides a more accurate description of the
binding mechanism, with the adsorption of LRZ

adhering to a multimolecular layer physical adsorp-
tion process.?>>! The Freundlich model is ideal for
materials with heterogeneous binding site energies. >
Additionally, the adsorption intensity values (1/n) for
MIP and NIP were 0.8397 and 0.3816, respectively,
indicating more favorable adsorption on MIP, where
the value of 1/n serves as an indicator of the
degree of favorability of adsorption, with n values
greater than 1 signifying favorable conditions for
adsorption. >

A kinetic adsorption experiment was conducted to
study the rebinding efficiency of the synthesized poly-
mer at a concentration of 0.4 mmol/L at different
times, as illustrated in Fig. 8. It was observed that the
amount of LRZ that interacts with the MIP increases
over time up to 15 min, due to the presence of specific
sites in the polymer for the selective LRZ binding.
After 15 min, the amount of LRZ adsorbed by the
polymers remains constant; this is expected when the
system reaches adsorption equilibrium. 43
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Table 1. Characteristics of the Freundlich and Langmuir adsorption

isotherm models.

Freundlich isotherm model

Materials Kg n R2

MIP 0.033 1.19 0.9768

NIP 0.172 2.62 0.2532
Langmuir isotherm model

Materials K, Qmax (mg/g) R2

MIP 283.44 6.16 0.7668

NIP 0.01 0.50 0.6664

The kinetics of adsorption was evaluated using the
pseudo-first and second order according to the follow-
ing Egs. (6) and (7)):

Pseudo — first — order equation

In(Q— Q)= InQ. —Kit ©)

Pseudo — second — order equation
t 1 t

_Kng +@

Where Qe refers to the adsorption quantity (mg/g)
of LRZ at equilibrium time (min), Q; refers to the
amount of adsorption at time t (min), ki refers
to the pseudo-first-order rate constant (1/min), and

)

3=
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Table 2. Kinetic parameters for the adsorption of LRZ on MIP and NIP.

Pseudo - first — order

Pseudo - second - order

Adsorbent T (K) qe (mg/g) Qqe, cal (mg/g) K; (1/min) R2

Qe, cal (mg/g) Ky (g/ mg.min) R2

MIP 298  2.929 0.115 0.154 0.9711 2.934 4.651 0.9999
NIP 298 2.816 0.099 0.089 0.7223 2.814 4.677 0.9999
Qe,exp (Mg/g) was measured by experiment; qe o1 (mg/g) was calculated by fitting.
2
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Fig. 9. Pseudo First and Second-Order Kinetic Models for MIP and NIP.
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k, refers to the pseudo-second-order rate constant
(g/ mg. min), respectively. The Fitted curves and
related Kinetic parameters are present in Fig. 9
and Table 2, respectively. Based on the results, the
pseudo-second-order kinetic model (R? = 0.9999)
fit better than that of the pseudo-first-order (R? =
0.9117). It implies that chemical adsorption is the
rate-controlling step for LRZ uptake on MIP. *>37 This
result is consistent with the Freundlich adsorption
isotherm, which indicates that the adsorption process

involves multiple interactions. The experimental val-
ues are also compatible with the predicted adsorption
capacities obtained through the pseudo-second-order
isotherm, in contrast to those predicted through the
pseudo-first-order isotherm. 3®

Selectivity of polymers

Selectivity of MIPs is one of the main and out-
standing advantages of MIPs. The selectivity of the
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Table 3. Selectivity and imprinting factors for MIP and NIP towards various analytes.

Compound Structure Selectivity factor («) Imprinting Factor (IF)
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Fig. 11. Optimization of MIP-SPE parameters.

imprinted polymers is determined by the size, shape, = was evaluated using diazepam and hydrochloroth-
and functional groups of the template molecule that  iazide as competitive drugs, as illustrated in Fig. 10.
integrates into the polymer structure during synthe- The selectivity factor is obtained by comparing the
sis. 3 The selectivity of the synthesized MIP and NIP ~ adsorption capacities of MIP towards LRZ and an
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Fig. 13. Lorazépam calibration curve.

analogous analyte. The results indicate that the se-
lectivity factor of MIP towards LRZ is found to be
15.67 and 1.20 against diazepam and hydrochloroth-
iazide, respectively. In contrast, the imprinting factor
of the synthesized polymers (MIP/NIP) towards LRZ
was found to be 1.03 by comparing the adsorption
capabilities of the MIP and NIP at a concentration of
0.2 mmol/L for the analyte, as reported in Table 3.
These results demonstrate that the developed method
is selective for the determination of LRZ in various
samples. Furthermore, the prepared MIP shows an
acceptable imprinting factor. 4°

Optimization of solid phase extraction conditions

This study utilized MIP-SPE coupled with UV-Vis
spectroscopy to extract and quantify LRZ in pharma-

Table 4. Analytica data for the calibration curve.

Parameter Value

Linear range (mmol/L) 0.025-0.8
Regression equation A =1.7679 C (mmol/L) + 0.0497
Maximum wavelength (nm) 319

Correlation of determination 0.9981
Correlation coefficient 0.9990
Repeatability RSD % n = 3 0.69
Reproducibility RSD % n = 3 0.72
Molar absorptivity (L/mol.cm) 1.7679 x 103
Sandell’s sensitivity (ug/ cm?) 5.56 x 10
Limit of detection (umol/L) 0.63
Limit of quantitation (xmol/L) 2.09

ceutical and biological samples. To ensure optimal re-
covery of the analyte, the experimental parameters—
including the amount of adsorbent, flow rate, sample
volume, pH, and the type of elution solvent and its
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Table 5. Results obtained for LRZ determination in pharmaceutical and biological samples.

Sample Real / Spike (mmol/L) Found* (mmol/L) Recovery (%) Absolute Error Relative Error (%) RSD % Paired t-test
Tablet (2 mg) 0.2 0.202 101.00 0.002 1.00 0.86 2.04
0.4 0.393 98.25 0.007 1.75 1.02 3.03
0.6 0.587 97.83 0.013 2.16 1.05 3.63
Serum .1 0 - - - - -
0.4 0.380 95.04 0.020 5.00 2.20 4.123
0.6 0.577 96.16 0.038 3.83 2.38 2.907
Serum .2 0 - - - - -
0.4 0.390 97.50 0.010 2.50 1.12 4.027
0.6 0.581 96.83 0.019 3.16 1.66 3.464

* Average of three determinations, t-tab at confidence level 95%, n = 3, (4.303).

volume were thoroughly examined and optimized.
The optimization was carried out using a solution
containing 0.4 mmol/L of LRZ. The absorbance at a
wavelength of 319 nm was utilized to assess the im-
pact of the parameters on the recovery of the analyte.

Adsorbent mass

The packaging material’s mass is a critical parame-
ter in SPE due to the adsorption of the analyte onto it.
In the adsorption process, adsorbent material quanti-
ties of 50, 100, 150, and 200 mg were assessed, as
illustrated in Fig. 11a. The highest analytical signal
was found when the sorbent mass was 50 mg; when
the adsorbent mass increased after 50 mg, the ana-
lytical signal decreased as a result of the difficulty in
sample passage and elution after 50 mg.*' However,
in subsequent experiments, the optimal quantity of
packaging sorbent was 50 mg of MIP.

Flow rate

The flow rate was evaluated in this study in relation
to the desorption of an analyte from MIP. In order
to optimize the flow rate of the sample, a variety of
flow rates using a peristaltic pump were investigated,
ranging from 1 to 6 rpm. The results indicated that
the efficacy of LRZ desorption increased until the
flow rate reached 2 rpm, and decreased as the flow
rate increased to 6 rpm, as illustrated in Fig. 11b.
This is attributed to the reduced contact between
the adsorbent and the elution solvent at high flow
rates. “>*> So, the flow rate of 2 rpm was chosen for
the subsequent experiments.

pH of the sample
The pH of the sample was a crucial factor in

determining the adsorption and subsequent recovery
of the analytes.®>® To investigate the impact of pH,

LRZ solutions with a concentration of 0.4 mmol/L
were changed to pH values ranging from 2 to 8 using
1 mol/L HCI and NaOH. The extraction of LRZ was
evaluated for 0.5 mL of each solution, including an
untreated LRZ solution at pH 6, using 50 mg of MIP,
as depicted in Fig. 11c. Extraction efficiency was
largely unaffected by pH, with optimum recovery ob-
served at neutral pH. The optimal efficiency observed
at neutral pH, this is attributed to the neutral form
of LRZ and the H-bonding interaction between the
template and cavities of MIP.%7-3%%* Consequently, a
pH of 6.0 was selected for all subsequent studies.

Sample volume

The sample volume is a critical parameter in the
optimization of MIP-SPE, as it directly affects the
interaction between the target analyte and the im-
printed binding sites. Sample volumes ranging from
0.25 to 1.0 mL were assessed in this investigation. The
highest recovery was achieved with a sample volume
of 0.25 mlL, as illustrated in Fig. 11d. This can be
attributed to the favorable ratio between the quantity
of analyte and the available sorbent binding sites.
In recent studies, comparable findings have been
reported wherein excessive sample loading resulted
in reduced recoveries as a result of sorbent saturation
and restricted accessibility of imprinting sites. **

Elution solvent type and volume

For MIP in SPE, the template molecules need to
be removed to be quantified by using UV-Visible
spectroscopy, so the eluent species are crucial. The
main mechanism is that the eluent solvent destroys
the interaction between the template molecule and
the functional monomer, weakening the binding
between them and eluting the template molecules.
A study was conducted to select the best solvent for
efficiently desorbing LRZ from MIP while maintaining
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Fig. 14. Application of MIP-SPE to serum samples. (a, b) Unspiked and spiked (0.6 mmol/L LRZ) serum sample 1; (c, d) Unspiked and

spiked (0.6 mmol/L LRZ) serum sample 2, respectively.

high recovery rates. The elution of LRZ from MIP
was tested using four solvents: acetone, ethanol,
methanol, and 2-propanol. The concentration of
LRZ in each solvent was measured using UV-visible
spectroscopy, as shown in Fig. 1le. Ethanol was
chosen as the best solvent for extracting LRZ from
MIP due to its better efficacy. As a result, it was
chosen as the elution solvent for future studies. The
volume of elution solvent was changed from (0.5,
0.75, 1, and 1.25 mL). Fig. 11f shows that a volume
of 1.25 mL was best for eluting LRZ.

Reusability of MIP

Reusability is a key parameter of LRZ-MIP for prac-
tical applications. To assess the reusability of the
synthesized MIP, the MIP with LRZ was extracted

with a solution of ethanol: acetic acid (90:10, v/v) to
elute the LRZ. The regenerated MIP was subsequently
employed to re-adsorb LRZ. The elution/adsorption
cycle was continuously carried out ten times under
the optimum conditions (n = 10). Following ten
regeneration cycles, the effectiveness of analyte re-
covery decreases by 8%, as shown in Fig. 12, possibly
due to the degradation or obstruction of the binding
sites. These results demonstrate that the MIP exhibits
satisfactory reusability. >

Analytical parameters
The linearity, precision, limit of detection (LOD),

and limit of quantitation (LOQ) of the proposed
method were evaluated using LRZ standard solutions.
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The results are presented in Table 4. A linear
least-squares regression of the absorbance of LRZ
versus concentration in triplicate was used to develop
the calibration curve over the range of 0.025 to
0.8 mmol/L. The calibration curve exhibited a
correlation coefficient of r = 0.9990, indicating
excellent linearity, as shown in Fig. 13. The relative
standard deviation (RSD%) was calculated for
intra-day and inter-day (n = 3) measurements to
assess the method’s precision. The values were
0.69% and 0.72%, respectively.

The LOD is the lowest concentration of an analyte
that can be detected above the background noise. The
limit of quantification (LOQ) is the smallest amount
of an analyte in a sample that can be measured with
acceptable precision and accuracy. The calculated
LOD and LOQ were found to be 0.63 and 2.09
umol/L, respectively. The results suggest that the
proposed spectrophotometric method offers an easy,
rapid, and highly sensitive way to determine LRZ.

Application to real samples

The proposed method using MIP as an adsorbent
material in solid phase extraction was applied for
the extraction and determination of LRZ in phar-
maceutical and biological samples, as reported in
Table 5. The reliability of the suggested method was
considered by direct determination of LRZ in a phar-
maceutical sample at three concentration levels (0.2,

Table 6. Comparison for the determination of LRZ with other methods.

BAGHDAD SCIENCE JOURNAL 2026;23(6):1985-2002

0.4, and 0.6) mmol/L. Furthermore, the extraction of
the drug from a serum sample from a healthy volun-
teer was established by spiking the sample with two
concentration levels of LRZ (0.4, and 0.6) mmol/L,
as illustrated in Fig. 14. The percentage recoveries
were found to be quantitative in the range of 95.0-
101.0%, with a relative standard deviation (RSD%)
of <2.5%. The results indicate the effectiveness of
the method for the extraction and determination of
LRZ in pharmaceutical and biological samples.

Comparison with previous studies

The analytical characteristics of the MIP-SPE-
UV-Visible spectroscopy method were compared to
methods previously reported in the literature for
the extraction and determination of LRZ in various
sample matrices, as reported in Table 6. The de-
veloped method provided a linear calibration curve
in the millimolar concentration range, which is
higher than that of other methods. Although MIP-
SPE significantly improves selectivity and reduces
matrix interference, the detection capability remains
lower compared to chromatographic or electrochem-
ical methods, which typically achieve nanomolar or
ppm detection limits due to signal amplification and
higher instrumental sensitivity. Thus, the present
method is more suitable for routine analysis where
moderate sensitivity with high selectivity and cost-
effectiveness are required. #>4°

Technique Method Linear range LOD LOQ Recovery (%) RSD (%) Sample Ref.
Amperometry Electrochemical 0.5-1.0 and 0.2 nM / >96 3.8 Biological 47
detection using GCE  1.0-10 nM samples
coated with
electropolymerized-
MIP, modified with
MWCNTs and AuNPs
Potentiometry Electrochemical 0.2-2.0 nM 0.09 nM / >96 3.2  Pharmaceuticals 48
sensor using PGE 2.0-20.0 nM and biological
modified with a samples
nanocomposite of
polypyrrole@sol-
gel@AuNPs and
MIP
High- chromatographic 0.006-10 0.0013 ppm  0.004 ppm >84 <5.5 Environmental 49
performance determination after ppm and biological
liquid chro-  extraction of samples
matography  lorazepam (and
clonazepam) using
nano-sponge
activated carbon.
UV-Visible Spectroscopic 0.025- 0.63 pmol/L 2.09 pumol/L >95 <2.5 Pharmaceuticals This work
spectroscopy determination based 0.8 mmol/L and biological
on MIP-SPE samples
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Conclusion

This study presents a new approach for the sep-
aration and quantification of LRZ by integrating
molecular imprinting polymer-solid phase extrac-
tion with UV-visible spectroscopy. Characterization
of the polymers revealed significant properties for the
synthesis of MIP, with the surfaces exhibiting hetero-
geneous and irregular morphologies, good thermal
stability, and higher selectivity for the target ana-
lyte. Furthermore, the synthesized MIP exhibits good
reusability under optimal conditions. Molecular im-
printing polymer-solid phase extraction coupled with
UV-Visible spectroscopy demonstrated sufficient sen-
sitivity and reproducibility. Furthermore, the method
has a rapid and effortless implementation, with min-
imal solvent usage. The method was successfully
applied to the extraction and determination of LRZ in
pharmaceutical and biological samples with accept-
able recoveries.
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