
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 1

/2
3/

20
26

 8
:1

7:
51

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Sensitive determ
aDepartment of Chemistry, College of Science

Iraq. E-mail: jalal.n@sc.uobaghdad.edu.iq;
bNational Oil Company, Iraq Drilling Comp
cAshur University, Baghdad, Iraq

Cite this: RSC Adv., 2025, 15, 11478

Received 22nd February 2025
Accepted 4th April 2025

DOI: 10.1039/d5ra01298h

rsc.li/rsc-advances

11478 | RSC Adv., 2025, 15, 11478–114
ination of chlorpromazine in
pharmaceutical formulations and biological fluids
using solid phase extraction followed by HPLC-UV
and spectrophotometric analysis

Raed F. Hassan,a Jalal N. Jeber, *a Hussein Fares Abd-Alrazack,b

Mohammad K. Hammooda and Muhannad M. Abdc

An environmentally friendly analytical methodwas developed to detect trace amounts of chlorpromazine in

pharmaceutical formulations, urine, and serum samples. The method integrates magnetic solid-phase

extraction (MSPE) with UV detection (MSPE-UV), utilizing environmentally friendly materials and

procedures. The MSPE system employed 3-chloropropyltriethoxysilane-coated magnetic nanoparticles

(Fe3O4@CPTES) as adsorbents, offering a sustainable and efficient alternative to conventional methods.

The proposed technique eliminates the need for toxic organic solvents commonly used in pre-

concentration steps, aligning with the principles of green chemistry. Optimization of extraction

parameters, including pH, ionic strength, and adsorbent dosage, revealed high extraction efficiencies

(98% for pharmaceutical solutions, 52% for urine, and 33% for serum), with corresponding enrichment

factors of 102, 52, and 41, respectively, and detection limits as low as 0.08 ng mL−1 for pharmaceutical

solutions. The method demonstrates excellent linearity (R2 > 0.9988) over a wide range (0.15–400 ng

mL−1) and high precision (RSD < 7%). The Fe3O4@CPTES nanoparticles enable rapid, reusable, and

efficient extraction, reducing both analysis time and resource consumption. While tablet analysis

validates method robustness, the primary application lies in trace CPZH detection in biological matrices.

This green analytical approach offers a reliable, sensitive, and eco-friendly protocol for CPZH detection,

highlighting its potential for broader applications in pharmaceutical and biomedical analysis.
1. Introduction

The introduction of chlorpromazine hydrochloride (CPZH) into
medical practice in the early 1950s was probably one of the
major milestones in medicine and psychiatry, leading to
a complete revolution in the management of mental health
disorders. Further development, even more powerful than the
initial, of phenothiazine-based psychopharmacological agents
brought a revolution in the eld, making their use a break-
through in the management of psychiatric illnesses.1 CPZH is
one of the most extensively used phenothiazine derivatives for
treating many psychiatric ailments. The main uses observed are
in the treatment of psychomotor disturbances, excitement and
agitation and in schizophrenia and during manic episodes
related to manic-depressive states. Other uses of CPZH include
states of hyperkinesis and aggression conditions, and at times
its prescription is found helpful in reducing anxiety and tension
, University of Baghdad, Baghdad, 10071,
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states in other psychiatric ailments.2 Because of their high
potency, antipsychotic drugs are prescribed in low daily doses.
CPZH is also extensively metabolized in the human body. In
plasma, very low concentrations of CPZH have been found.
From a bioanalytical as well as from a clinical point of view, the
determination of bio-therapeutically optimal therapeutic levels
along with the management of side effects require highly
sensitive, selective, precise bio-analytical methods for determi-
nation of the amount of CPZH in biological uids.

Various analytical methods have been employed for the
determination of CPZH in different samples such as
spectrophotometric,3–5 uorescence,3 ow injection analysis,6,7

electrochemical,8 MS,9 turbidity,10,11 LLE,12 GC-MS,13 and
QuEChERS-based extraction.14 The analysis and quantication
of CPZH in biological matrices has been extensively studied
through HPLC coupled with various detection techniques,
focusing on determining its active compound composition and
concentration. Several published methods have employed
HPLC with diverse detection systems to measure CPZH
concentrations in biological samples.15–18 However, the direct
analysis of species in real biological samples poses signicant
challenges due to matrix interference and the limited sensitivity
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 The chemical structure of CPZH.
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of instrumental detection methods for ultra-trace levels of the
analyte.19 To overcome these limitations and achieve reliable,
sensitive and accurate results, a preliminary separation and
preconcentration step is oen required prior to analysis.20

Consequently, various separation and preconcentration tech-
niques have been developed to extract CPZH from biological
uids, including molecularly imprinted polymers (MIP),21

liquid chromatography-UV (LC-UV),22 and solid phase
microextraction.23,24

A new pre-concentration technique has been developed
using magnetic solid phase extraction (MSPE), enabling effi-
cient extraction of diverse organic and inorganic analytes from
various matrices. MSPE uses mixed-hemimicelles assemblies,
hemimicelles/micelles, to enable sample pre-treatment and pre-
concentration of a large number of target analytes before
downstream analysis.24–30 The adsorbents for the development
of these surface-enhanced magnetite and modied magnetite
nanoparticles were surface-coated with alumina or silica to
develop Raman spectroscopy-compatible Solid Phase Extraction
(SPE) methods, further functionalizing these nanoparticles with
ionic surfactants like SDS or CTAB. Poor extraction efficiency
and time-consuming processing of large-volume samples were
the drawbacks commonly observed with previously used
microparticle adsorbents and were highly improved by the use
of MNPs as an adsorbent and mixed-hemimicelles. The use of
mixed-hemimicelles assemblies in MSPE has some advantages,
such as easy elution, regeneration of the adsorbent material,
large breakthrough volumes and high extraction
efficiencies.31–34 Besides, the use of MNPs with a huge surface
area and strong magnetism allows one to improve the adsorp-
tion capacity and decrease the time of analysis due to the
possibility of fast isolation of MNPs from large volumes of
samples using an external magnet.35 The MSPE technique,
developed for the rst time using Fe3O4 nanoparticles,
demonstrated a higher enrichment factor and superior extrac-
tion efficiency compared to conventional SPEmethods. The aim
of this study was to develop and validate a novel, eco-friendly
MSPE-UV method for the enrichment and determination of
trace levels of CPZH in pharmaceutical formulations, urine, and
serum samples. This method utilizes 3-
chloropropyltriethoxysilane-coated magnetic nanoparticles
(Fe3O4@CPTES) as adsorbents to achieve highly efficient
extraction while adhering to green chemistry principles by
eliminating the use of toxic organic solvents. Parameters
inuencing the formation of mixed hemimicelles and CPZH
extraction efficiency, such as adsorbent dosage, ionic strength,
pH, and elution conditions, were systematically optimized to
ensure maximum recovery and sensitivity. To the best of our
knowledge, this represents a novel approach for CPZH extrac-
tion and determination, offering signicant potential for
application in pharmaceutical and biomedical analysis.

2. Experimental
2.1. Chemicals and materials

All reagents employed in this study were of analytical grade.
CPZH, with a minimum purity of >99.8%, was obtained from
© 2025 The Author(s). Published by the Royal Society of Chemistry
Sammraa Drugs Industrial (SDI, Iraq). The chemical structure
of CPZH is illustrated in Fig. 1. Sodium hydroxide, ferrous
chloride (FeSO4$4H2O), ferric chloride (FeCl3$6H2O), tetrahy-
drofuran (THF), 3-chloropropyl triethoxysilane (CPTES), trie-
thylamine (Et3N), hydrochloric acid, HPLC-grade acetonitrile,
acetone, ethanol, methanol, and NaCl were all sourced from
Sigma-Aldrich (USA). Ultrapure water from a Millipore Milli-Q
system was used in all experiments. The CPZH stock solution
(1000 mg mL−1) was prepared by dissolving the hydrochloride
salt in methanol. The stock solution was stored in a refrigerator
at 4 °C. Working solutions of varying concentrations were
prepared as needed by diluting the stock solution with deion-
ized water. Methanol was selected for stock preparation due to
CPZH's high solubility, while dilution with water ensures
compatibility with real-sample matrices.
2.2. Instruments and soware

Spectrophotometric measurements were conducted using a UV-
L9, UV-visible spectrophotometer (WEST TUNE, China) equip-
ped with 1.0 cm glass cuvettes, scanning wavelengths between
200 and 800 nm. Chromatographic separations were performed
on a Waters Acquity UPLC system equipped with a Binary
Solvent Manager (Milford, MA, USA), a six-port switching valve
from Rheodyne (Rohnert Park, CA, USA) with a 10 mL sample
loop, and a Waters 2998 Photodiode Array (PDA) detector. The
chromatographic data were captured and processed using
Empower soware, version 3.0, for subsequent analysis. The
separations were carried out on a Waters BEH C18 column
(100 mm × 2.1 mm, with 1.7 mm particle size). The mobile
phase consisted of ammonium formate (20 mM, pH 3.5) and
methanol (60 : 40 v/v), run isocratically at 0.5 mL min−1.
Samples (10 mL) were analyzed with UV detection at 280 nm. The
elemental composition of the samples was characterized using
Energy Dispersive X-ray spectroscopy (EDX) on a Shimadzu EDX
8100 instrument (Shimadzu, Japan). Field Emission Scanning
Electron Microscopy (FE-SEM) images of Fe3O4 NPs and Fe3-
O4@CPTES were obtained using a Teneo FE-SEM (Thermo
Fisher Scientic, USA), operating at an acceleration voltage
between 500 V and 30 kV. For FTIR analysis, samples were
RSC Adv., 2025, 15, 11478–11490 | 11479
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mixed with KBr powder and compressed into pellets using
a hydraulic press, ensuring consistent compression to avoid
variations in absorbance intensity. FTIR spectra were recorded
using a Shimadzu 8400S spectrophotometer. The particle size
distribution was determined by analyzing FE-SEM images using
ImageJ soware. Additionally, Origin Pro and SPSS soware
were used for gure creation and statistical analysis,
respectively.

2.3. Synthesis of magnetic core (Fe3O4 NPs)

Magnetic nanoparticles (Fe3O4 NPs) were synthesized via
modied co-precipitation. FeCl3$6H2O (10.4 g) and FeSO4-
$4H2O (4.0 g) were dissolved in 50 mL deionized water. The
solution was then degassed with nitrogen gas for 20 minutes.
Meanwhile, 500 mL of 1.5 M NH4OH solution was heated to 40 °
C in a reactor. A slow and controlled addition of the stock
solution to the reactor was achieved over a period of 30 minutes
using a dropping funnel, while maintaining a nitrogen gas
atmosphere and vigorous agitation with a glassware stirrer. The
reaction proceeded at 75 °C under nitrogen ow to exclude
oxygen. The Fe3O4 NPs were magnetically separated and washed
with doubly distilled water (2 × 500 mL) to remove impurities.
The puried NPs were dispersed in 500 mL of degassed deion-
ized water, resulting in a stock suspension with a concentration
of approximately 15 mg mL−1. The synthesized magnetic
nanoparticles (MNPs) were then analyzed using various tech-
niques, including IR, XRD, and FE-SEM.

2.4. Functionalization of the surface of a magnetic core with
CPTES

Fe3O4 magnetic nanoparticles (MNPs, 0.4 g) were dispersed in
tetrahydrofuran (THF, 8.0 mL) and subjected to sonication for
10 minutes to facilitate thorough dispersion and uniform
distribution of the particles. Triethylamine (Et3N, 1.16 mL, 8.33
mmol) was added to the suspension, followed by the dropwise
addition of 3-chloropropyltriethoxysilane (CPTES, 3.0 mL) at
room temperature. The mixture was heated and stirred at 60 °C
for 12 hours. Using a magnetic eld, the synthesized nano-
particles were collected, puried through successive washing
with ethanol and deionized water, and dried at 60 °C, resulting
in CPTES@Fe3O4 magnetic nanoparticles (MNPs).

2.5. Preparation of real samples, tablets, serum and urine
for MSPE-UV

The effectiveness of the proposed MSPE-UV method for the
extraction and determination of CPZH was assessed using
tablet, serum, and urine samples. Urine samples were collected
from ve healthy male volunteers, while serum samples were
provided by Al-Yarmouk Teaching Hospital (Baghdad, Iraq).
Prior to analysis, the urine and serum samples were thoroughly
screened to conrm that they were obtained from healthy
individuals who were not taking any medications, thereby
minimizing the risk of potential interference. To reduce matrix
interference, all urine and serum samples underwent a 1 : 10
dilution with ultra-pure water before analysis. Furthermore, to
precipitate and remove the proteins from serum samples, 0.5 g
11480 | RSC Adv., 2025, 15, 11478–11490
trichloroacetic acid was added into 50 mL of diluted serum
sample; aer that, centrifugation was performed at 4000 rpm
for 5 minutes. CPZH tablets (one tablet contains 50 mg,
commercial brand) were crushed into ne powder in a mortar
and pestle for better extraction. A known quantity of the
powdered CPZH was dissolved in 100 mL of distilled water and
sonicated for 15 minutes to ensure complete dissolution of the
compound. The mixture was then ltered using a 0.45 mm lter
to remove undissolved particles, and the ltrate was diluted
with double distilled water to the desired concentration.
Quantication of CPZH in all real samples employed the stan-
dard addition method. The MSPE-UV procedure was then
applied to the prepared samples (tablet solution, diluted urine,
and protein-free serum supernatant) for CPZH extraction and
analysis.

2.6. General procedure for MSPE-UV

A general procedure for MSPE-UV was employed to extract
CPZH from aqueous samples. Specically, 50 mL of an aqueous
sample containing 200 ng mL−1 of CPZH (pH = 4.0) was
transferred to a 100 mL glass beaker. Next, 1.0 mL of a suspen-
sion of CPTES@Fe3O4 (20 mg mL−1) was added to the sample
solution, and the mixture was thoroughly mixed. The resulting
mixture was then shaken and allowed to undergo extraction for
5 minutes. Subsequently, a strong Nd–Fe–B magnet (KINGS
MAGNET, Type N35, 100 mm × 50 mm × 40 mm, 1.5 T) was
placed at the bottom of the beaker, causing the CPTES@Fe3O4

MNPs to be isolated from the solution. Following a brief period
of approximately 1 minute, the solution claried, and the
supernatant was carefully decanted. Aer concentrating the
CPZH sample, it was separated from the adsorbent using 500 mL
of a weak sodium hydroxide solution (0.05 M NaOH). A small
portion of this eluate (100 mL) was then transferred to a cuvette
for analysis using UV spectrophotometry. Fig. 2 illustrates the
steps of process.

2.7. Ethical approval

This study, which involved the use of human samples, was
granted approval by the Institutional Ethics Committee of
University of Baghdad/College of Science. Prior to sample
collection, all participants provided written informed consent.
The study was conducted in accordance with relevant guidelines
and regulations governing the use of human specimens in
biomedical research. Throughout the study, participant privacy
and safety were protected through the implementation of
appropriate measures during sample analysis, handling,
collection and disposal.

3. Results and discussion
3.1. Characterization of synthesized Fe3O4 and
CPTES@Fe3O4 NPs using FTIR, FESEM and XRD techniques

The structural and morphological properties of both synthe-
sized Fe3O4 and Fe3O4@CPTES NPs were characterized using
FTIR spectroscopy and FESEM techniques. The FTIR spectrum
of the synthesized Fe3O4 NPs (as shown in Fig. 3) reveals several
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Schematic diagram of the MSPE-UV procedure for preconcentration and determination of CPZH.

Fig. 3 The FTIR spectra of synthesized Fe3O4 and Fe3O4@CPTES nanoparticles.

© 2025 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2025, 15, 11478–11490 | 11481
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Fig. 4 FESEM images of (A) synthesized Fe3O4 and (B) Fe3O4@CPTES.
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characteristic absorption bands, which are indicative of the
specic vibrational modes present in the sample. The inter-
pretation of these peaks can provide valuable insight into the
functional groups and molecular interactions associated with
Fe3O4 NPs. The FTIR spectrum presented herein eloquently
illustrates the successful synthesis of Fe3O4 NPs, as evidenced
by the stretching vibration of Fe–O at 516.80 cm−1 and
449.38 cm−1, which are signs of the magnetite phase. Besides
that, the broadly stretched O–H stretching band at
3450.23 cm−1 and the O–H bending mode at 1650.45 cm−1

conrm that water molecules from the surrounding atmo-
sphere or synthesis medium could, therefore, be adsorbed on
the surface of the nanoparticles. Finally, aer the successful
synthesis of Fe3O4 NPs, their modication with (3-chloropropyl)
trimethoxysilane was used to form Fe3O4@CPTES core–shell
structures. This functionalization of Fe3O4 NPs by CPTES was
carried out using FTIR spectroscopy. In Fig. 2, the FTIR spec-
trum of Fe3O4@CPTES reveals several characteristic peaks of
both the magnetite core (Fe3O4) and the coating substance,
CPTES. The following is the FTIR spectrum for the successful
functionalization of Fe3O4 with (3-chloropropyl)trimethox-
ysilane. The appearance of new peaks at 2923.88 cm−1 and
2856.38 cm−1 corresponding to C–H stretching vibrations of the
propyl chain, along with the characteristic Si–O–Si stretching at
1047.27 cm−1, conrms the successful formation of a CPTES
layer on the surface of the Fe3O4 nanoparticles. Additionally, the
Fe–O stretching vibrations below 588 cm−1 indicate that the
core Fe3O4 structure is preserved aer the modication, and the
broad O–H stretching band at 3455.77 cm−1 suggests the pres-
ence of surface hydroxyl groups or adsorbed water. The func-
tionalization of Fe3O4 with CPTES provides reactive surface
groups (chloropropyl group), which can be further utilized for
subsequent chemical modications.

Fig. 4A shows the FESEM image of the synthesized Fe3O4

nanoparticles (Fe3O4 NPs). The particles display a spherical
morphology with relatively smooth surfaces. The average
diameter of the nanoparticles, as determined from the FESEM
image, is 10.99 nm, indicating a well-controlled synthesis
process that produced uniform nanoparticles. While some
degree of agglomeration is observed, the individual particles
remain distinguishable, suggesting that the agglomeration is
primarily due to magnetic dipole interactions rather than
synthesis defects.

The relatively uniform size and morphology of the Fe3O4

NPs, coupled with their nanoscale dimensions, imply a high
surface area-to-volume ratio, which is advantageous for various
applications. These nanoparticles are particularly useful in
magnetic drug delivery, catalysis, and magnetic separation
processes, where particle size plays a critical role in perfor-
mance. The minimal size variation further highlights the
reproducibility and consistency of the synthesis method. While
Fig. 4B presents the FESEM image of Fe3O4 NPs coated with (3-
chloropropyl)trimethoxysilane (CPTES), forming Fe3O4@CPTES
nanoparticles. Aer the surface functionalization with CPTES,
the average diameter of the Fe3O4@CPTES nanoparticles are
measured to be 11.42 nm, indicating a modest increase in
particle size compared to the uncoated Fe3O4 nanoparticles
11482 | RSC Adv., 2025, 15, 11478–11490
(10.99 nm). This size increase is consistent with the formation
of a thin CPTES coating layer around the Fe3O4 core. Morpho-
logically, the c nanoparticles retain a largely spherical shape,
similar to that of the uncoated Fe3O4 NPs, though with a slightly
more aggregated appearance, which could be attributed to the
coating process. The CPTES coating imparts functional groups
(chloropropyl groups), which can facilitate further chemical
modication or improve the particles' stability and dis-
persibility in various solvents or media. The successful coating
is inferred from the observed increase in particle size and slight
morphological changes. The well-dispersed particles, along
with the observed changes in surface characteristics, suggest
that the CPTES coating was successfully applied, providing
a functionalized surface suitable for further covalent attach-
ment of molecules or improved colloidal stability. These Fe3-
O4@CPTES NPs are promising candidates for applications in
targeted drug delivery, catalysis, and surface modication due
to the introduction of reactive groups on their surface.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 The XRD pattern of synthesized Fe3O4 and Fe3O4@CPTES
nanoparticles using hydrothermal method.

Fig. 6 Effect of pH on the adsorption efficiency of CPZH using
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The use of X-ray diffraction (XRD) analysis provided deni-
tive proof for the synthesis of Fe3O4 nanoparticles at both
uncoated and surface-modied levels with (3-chloropropyl)
triethoxysilane silane or CPTES (Fig. 5). The diffractogram
shows characteristic diffraction peaks of magnetite dihedral at
approximately 30.1°(220), 35.5°(311), 43.1°(400), 53.4°(422),
57.0°(511), 62.6°(440), and 74.0°(533) which according to the
standards are positioned around 30.1°(220), 35.5°(311), 43.1°
(400), 53.4°(422), 57.0°(511), 62.6°(440) and 74.0°(533) which
correspond perfectly with JCPDS card NO 19-0629. The peak at
35.5° is particularly diagnostic of inverse spinel structure of
Fe3O4. It is remarkable that there are no other peaks that would
be typical for additional phases of other iron oxides or
hydroxides such as gamma Fe2O3, alpha Fe2O3, Fe(OH)3 or even
Fe(OH)3 was striking due to the unadulterated phases of the
synthesized material. Diffraction pattern of Fe3O4@CPTES
show all the sharp peaks of unmodied Fe3O4 which indicates
that the crystal structure does not change aer surface modi-
cation, although some broadening of peaks occurs which could
relatively easily be explained by silane coating. There is little
degree of doubt in the preservation of peak positions with
absence of other crystalline phases in concern for the potential
hydrolysis of iron(III) salts in non acid media. The synthetic
approach yielded phase-pure Fe3O4 nanoparticles with the ex-
pected crystallographic structure.

Based on the analysis of the XRD data using the Scherrer
equation, the nanoparticle sizes for both samples were calcu-
lated. It was found that the Fe3O4@CPTES nanoparticles (size
range 7–14.16 with an average size of 11.42 nm) are slightly
larger than the Fe3O4 nanoparticles (size range 6–14.13 with an
average size of 10.99 nm) by about 0.43 nm on average. This
slight increase in size is consistent with what we would expect
aer coating Fe3O4 nanoparticles with CPTES (3-chloropropyl
triethoxysilane), which adds a thin silane layer to the surface of
the iron oxide nanoparticles. Both samples show relatively
narrow size distributions, suggesting good control during the
synthesis process.
© 2025 The Author(s). Published by the Royal Society of Chemistry
3.2. Optimization and validation of the proposed MSPE-UV
method for CPZH analysis

The development of the MSPE-UV method involved two
instruments: a spectrophotometer and an HPLC-UV. Most
parameters were optimized using the spectrophotometer due to
its ease of use, fast analysis time, and cost-effectiveness.
However, the eluent volume was optimized using the HPLC-
UV due to its superior sensitivity and separation capabilities,
which are essential for method validation and analyzing real
samples containing complex mixtures. During optimization
experiments, a solution with a concentration of 200 ng mL−1 of
CPZH was used. Quantication was performed by measuring
the absorption peak area using both spectrophotometry and
HPLC-UV. The nal elution of CPZH was carried out in 5 mL
conical tubes to minimize eluent volume and enhance enrich-
ment factors or sensitivity by improving adsorbent collection.
3.3. Impact of sample pH on CPZH adsorption

The pH of the sample solution is a crucial factor that inuences
the state of species (ionic or neutral forms) and the adsorption
behavior of the mixed-hemimicelles system. Specically, the
charge density on the surface of the magnetic nanoparticles
(MNPs) changes with pH, affecting the adsorption of CPZH.12

Fig. 6 clearly demonstrates that the maximum adsorption of
CPZH occurs at a pH of 4.0. This is because, at this pH, the
majority of the amino groups in CPZH are protonated, leading
to a strong electrostatic attraction between the negatively
charged surface of the MNPs and the positively charged CPZH
molecules, resulting in high adsorption. However, when the pH
is increased from 4.0 to 8.0, the amino groups become depro-
tonated, reducing their positive charge and weakening the
electrostatic attraction. Consequently, the adsorption capacity
of CPZH signicantly decreases. This decrease can be explained
by the electrostatic interactions between the negatively charged
surface of the MNPs and the positively charged CPZH
Fe3O4@CPTES.

RSC Adv., 2025, 15, 11478–11490 | 11483
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Fig. 8 Impact of MNPs dosage on CPZH adsorption.
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molecules, which exist in their protonated form at lower pH
values, favoring adsorption, however, the insufficient number
of protons at higher pH values led to a decrease in the proton-
ated amount of CPZH, resulting in reduced adsorption. On the
other hand, when the pH value was below 4.0 (in the range of 2–
3), the negative charge density on the MNPs surface decreased
due to the excess concentration of acid, which reduced the
negative charges on the surface of the MNPs.15,20 As a result, the
electrostatic attraction between the negative charges of the
MNPs and the positive charges of CPZH was insufficient to
facilitate hemimicelle formation, resulting in inefficient
adsorption of CPZH in its cationic state (pH = 2.0–3.0).23

Therefore, a pH of 4.0 was chosen for subsequent experiments.

3.4. The effect of ionic strength on the adsorption of CPZH

The impact of ionic strength on CPZH adsorption was examined
by adding NaCl to the solution at concentrations ranging from
0 to 5% (m/v). The ndings revealed that higher NaCl concen-
trations signicantly reduced the adsorption capacity of the
MNPs. This reduction can be attributed to ion–exchange reac-
tions occurring in the solution during the adsorption process,
as described in Fig. 7. High salt concentrations increase [Na+],
and according to Le Chatelier's principle, this should lower
CPZH adsorption. Consequently, all subsequent experiments
were conducted in the absence of NaCl. Notably, in biological
samples, where salts are naturally present, lower extraction
efficiencies may be anticipated compared to aqueous samples.

3.5. Inuence of adsorbent quantity

The effect of adsorbent dosage on the extraction efficiency was
evaluated by varying the amount of adsorbent used in the
extraction process. Different amounts of MNPs (0–40 mg) were
introduced into 50 mL of the sample solution. The results
indicated that increasing the adsorbent quantity up to 20 mg
caused a gradual rise in extraction recovery, aer which it
reached a plateau. This effect results fromMNPs having a larger
Fig. 7 Influence of ionic strength (NaCl concentration) on CPZH
adsorption.

11484 | RSC Adv., 2025, 15, 11478–11490
surface area-to-volume ratio than conventional micronized
adsorbents. Consequently, satisfactory results were achieved
with a relatively small amount of MNPs (20 mg), as shown in
Fig. 8.
3.6. Effect of extraction time

The inuence of extraction time on CPZH adsorption was also
examined over a range of 1–15 minutes, as shown in Fig. 9. The
results indicated that CPZH adsorption increased slightly up to
5 minutes and then remained constant. The shorter diffusion
path of MNPs explains this behavior. Additionally, the CPTES-
coated MNPs displayed superparamagnetic properties and
high saturation magnetization, enabling quick magnetic sepa-
ration (under 30 seconds) with a strong magnet. This facilitated
quick extraction and elution of analytes from the MNPs,
signicantly shortening the analysis time. Consequently, an
extraction time of 5 minutes was deemed optimal.
Fig. 9 Effect of extraction time on CPZH adsorption efficiency.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 Comparison of different eluents for CPZH desorption from
Fe3O4@CPTES.

Fig. 11 Effect of eluent volume on CPZH extraction efficiency.
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3.7. Selection of a suitable eluent

The selection of a suitable eluent for desorbing analytes from
mixed-hemimicelles on coated -MNPs was investigated (Fig. 10).
A series of organic solvents and aqueous solvents, known to
disrupt mixed-hemimicelles were tested (acetonitrile, meth-
anol, ethanol, Na2CO3, NaHCO3, and NaOH) for their ability to
elute CPZH from CPTES-coated MNPs. The results showed that
organic solvents had limited desorption efficiency compared to
aqueous solvents, which exhibited excellent desorption capa-
bilities. This can be ascribed to that at higher pH levels,
particularly around the isoelectric point, the charge density on
the MNP surface is weakened, facilitating the disruption of
mixed-hemimicelles. Among the aqueous solutions, NaOH
demonstrated the highest desorption efficiency. Consequently,
a basic NaOH solution (0.05 M) was chosen for further studies.
Table 1 Relative standard deviation (RSD), extraction efficiency, and
enrichment factors (EF) for CPZH analysis in different matrices

RSD%, (n = 5),
[CPZH] = 25 ng mL−1
3.8. Optimization of eluent volume and desorption time

The inuence of eluent volume and desorption time on the
extraction efficiency of CPZH was investigated. A basic solution
of 0.05 M NaOH was used as the eluent, with volumes ranging
from 0.1 to 1.0 mL. As illustrated in Fig. 11, the desorption
efficiency of CPZH elevated with eluent volume up to 0.5 mL,
beyond which peak areas decreased due to dilution effects. The
optimization study determined 0.5 mL as the ideal eluent
volume, as shown in Fig. 8. Additionally, the impact of
desorption time was examined over a range of 1 to 15 minutes.
Experimental results indicated that desorption time had negli-
gible effect on CPZH desorption efficiency. To minimize overall
analysis time, a desorption period of 1 minute was chosen for
subsequent studies. These optimizations ensure efficient CPZH
extraction while maintaining analytical expediency.
Sample Extraction% EFInter day Intra day

CPZH tablet 0.9 1.1 98 102
Serum 3.1 5.3 49 52
Urine 2.9 3.8 33 41
3.9. Effect of sample volume

Processing larger sample volumes is essential for achieving
higher enrichment factors. The use of Magnetic Carrier
© 2025 The Author(s). Published by the Royal Society of Chemistry
Technology (MCT) in MNPs mixed hemimicelles SPE offers key
advantages in this regard. This approach eliminates time-
consuming steps like column passing and ltration, demon-
strating great potential for preconcentrating large volumes of
water samples. The effect of sample volume on CPZH enrich-
ment was studied by extracting 20 mg CPZH from aqueous
solutions with volumes ranging from 25 to 250 mL. Using
optimized conditions, CPZH recovery remained high (>94%)
even with sample volumes reaching 200 mL. Although the data
supported using volumes up to 150mL, the researchers opted to
proceed with 75 mL sample solutions for further studies. This
decision was made due to the limited volumes typically avail-
able in biological samples. However, this nding is valuable as
it can be applied to dilute biological samples, potentially
reducing matrix effects in the analysis.
3.10. Assessment of analytical method performance

The performance of the proposed method is summarized in
Table 1, which presents the linearity, enrichment factor (EF),
limit of detection (LOD), sensitivity, precision, and limit of
quantication (LOQ) for the extraction of CPZH from 75 mL of
three distinct aqueous solutions.

3.10.1. Linearity and calibration range. Under optimized
conditions, the calibration curves were linear over the ranges of
0.25–300 ng mL−1, 5.0–300 ng mL−1, and 10.0–300 ng mL−1 for
RSC Adv., 2025, 15, 11478–11490 | 11485
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Table 2 Statistical parameters of the proposed method for CPZH
determination

Sample
Linear range
ng mL−1

LOD
(ng mL−1)

LOQ
(ng mL−1) R2

CPZH tablet 0.15-400 0.08 0.25 0.9988
Serum 8.0-400 4.0 10.0 0.9989

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 1

/2
3/

20
26

 8
:1

7:
51

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
pharmaceutical solution, urine, and serum samples, respec-
tively (n = 6). Recovery percentages were calculated using the
formula:

Recovery % ¼
�
Celuate � Vsample

Csample � Vsample

�
� 100;

where C and V represent analyte concentrations and volumes,
respectively. enrichment factors (EF) were determined as the
ratio of Celuate and Csample. While formula for EF was:

EF ¼ Celuate

Csample

3.10.2. Enrichment factor (EF). The EF for CPZH was
determined by comparing the calibration curve slopes obtained
from preconcentrated samples versus direct injection of CPZH
standards using HPLC. The above results showed that the
proposed method provided EFs of 102, 52, and 33 for pharma-
ceutical solution, urine, and serum samples, respectively,
reecting its effectiveness in the enriching of CPZH from these
matrices, as listed in Table 1.

3.10.3. Sensitivity and precision. The precision of the
developed method was veried by calculating intra-day and
inter-day RSDs. The RSDs of reproducibility and repeatability (at
n = 5) for CPZH were below 7% at the 20 mg L−1 level, which
reveals good precision. Furthermore, no signicant differences
in inter-day peak areas obtained for CPZH were determined
using a one-way ANOVA test, demonstrating the excellent
reproducibility of the developed method (See Table 1).

3.10.4. LOD and LOQ. The LODs were 0.1 ng mL−1 for
pharmaceutical solutions, 0.5 ngmL−1 for urine samples, and 1.0
ng mL−1 for serum samples. This means that the assay could
reliably detect concentrations of the analyte as low as these
Fig. 12 Proposed mechanism for CPZH extraction using Fe3O4@CPTES

11486 | RSC Adv., 2025, 15, 11478–11490
values. The LOQs were 0.25 ng mL−1, 1.0 ng mL−1, and 5.0 ng
mL−1 for the respective sample types. This indicates the lowest
concentration at which the analyte could be accurately quanti-
ed. The LODs were determined using a signal-to-noise ratio of 3.
3.11. The proposed mechanism of the MSPE-UV method

The electrostatic attraction between the positively charged
amino group of CPZH and the negatively charged surface of the
MSP NPs is thought to be the driving force behind the CPZH
extraction mechanism. The MSPE-UV-based extraction of CPZH
can be understood in light of its ionizable amino group
(Fig. 12). With a pKa of 9.3, the ionization state of this amino
group signicantly inuences the extraction process. In acidic
conditions (pH < pKa), the amino group of CPZH becomes
protonated, resulting in a positive charge. With this, the CPTES-
coated MNPs are supposed to form mixed-hemimicelles at the
surface, which would project a negatively charged interface on
their surface. The positively charged CPZH molecules are
consumed onto the negatively charged surface of the CPTES-
coated MNPs in a very fast way. According to this, the main
driving force for the extraction was an electrostatic attraction.
Thus, under acidic conditions, the extraction of CPZH is
predominantly driven by electrostatic interactions between the
nanoparticles.

Urine 3.0-400 0.9 3.0 0.9978

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Recovery results for CPZH determination in real samples
using the proposed MSPE-UV method

Sample
Added
[CPZH], ng mL−1

Found
[CPZH], ng mL−1

RSD%,
n = 3 Rec%

CPZH tablet 1 2.0 2.1 1.2 105.00
CPZH tablet 2 5.0 5.08 0.99 101.60
Serum 1 20 20.2 5.2 101.00
Serum 1 40 40.19 6.3 100.47
Serum 1 60 60.25 4.9 100.41
Urine 1 5.0 4.98 1.8 99.60
Urine 2 15 14.88 3.2 99.20
Urine 3 30 30.3 4.8 101.00
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protonated CPZH and the mixed-hemimicelles on the CPTES-
coated MNPs.

3.12. Application of MSEP method with real samples

To test the effectiveness of the new extraction system on
complex matrices, we analyzed spiked samples of pharmaceu-
tical solution, urine, and serum under optimized conditions of
the method. As CPZH wasn't initially detected in these samples,
known quantities were added (in ng mL−1) before proceeding
with the extraction and analysis. Results from Table 2 show that
our method yielded satisfactory outcomes across three replicate
analyses for each sample type. The measured values closely
Fig. 13 HPLC-UV chromatograms of CPZH in (A) urine and (B) serum samples before and after spiking.

© 2025 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2025, 15, 11478–11490 | 11487
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Table 4 Comparison of different analytical methods for CPZH determination

Reported method Linear range (ng mL−1) LOD (ng mL−1) Matrix Ref.

MIP-electrochemical 0.5-100 0.16 Pharmaceuticals 36
LC-MS/MS 1.0-500 0.3 Blood/Urine 37
SPME-HPLC 5.0-1000 1.5 Biological uids 38
GC-MS 10-1000 3.0 Biological samples 39
MSPE-UV 0.15-400 0.08 Pharmaceuticals Present work
MSPE-UV 3.0-400 0.9 Urine Present work
MSPE-UV 8.0-400 4.0 Serum Present work
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matched the spiked amounts, with relative errors below 7.0%.
Furthermore, the method demonstrated good reproducibility in
real samples, with intra-day RSD% values ranging from 2.3% to
9.7%. Fig. 13 presents the chromatographic results from MSPE-
HPLC-UV analysis, showing CPZH determination in diluted
urine (A) and serum (B) matrices, with comparisons shown
between the un-spiked (native) samples and those spiked with
CPZH Table 3.
3.13. Comparison of the proposed method with existing
techniques

The performance of the proposed method was evaluated and
compared with other recently published methods for the pre-
concentration and determination of CPZH in different matrices.
The key advantages of the proposed method are outlined in
Table 4. Signicantly, the proposed method provides a broad
linear range and lower LODs, while maintaining RSDs that are
competitive with or better than those of LLE methods. This is
remarkable considering that LLE is oen coupled with highly
sensitive detection techniques like LC-ESI-MS/MS and chem-
iluminescence. Furthermore, the proposed method's use of
MNPs enables rapid extraction dynamics and a large surface
area, resulting in signicantly shorter extraction times
compared to other reported methods. This, in turn, allows for
higher sample throughput, making the proposed method
a more efficient option.
4. Conclusion

A novel MSPE-UV method was developed using MNPs coated
with CPTES to form mixed-hemimicelles. This method effec-
tively preconcentrates CPZH in pharmaceutical solution, urine,
and serum samples. The proposed method offers several key
advantages that make it a robust and efficient analytical tech-
nique. It has a high extraction capacity with high preconcen-
tration factors attained by the use of MNPs. Additionally,
magnetic separation considerably improves the separation rate
since column passing or ltration steps, which can be time-
consuming, are avoided. High extraction efficiency and
capacity is further obtained due to strong electrostatic interac-
tions between protonated CPZH and mixed hemimicelles.
Besides, the analyte can be easily desorbed by basic ethanol
without any carry-over effects in subsequent analyses, which
guarantees the accuracy and reliability of test results.
11488 | RSC Adv., 2025, 15, 11478–11490
Conclusion: all these advantages turn the proposed method
into real help for CPZH analysis. The method demonstrated its
effectiveness in concentrating trace amounts of CPZH in various
samples before using either HPLC or UV analysis. Based on
these results, this approach shows great potential for pre-
concentrating drugs from real samples in similar applications.
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