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Abstract

In this study, a dispersive magnetic solid phase extraction (DMSPE) was described by combining graphene oxide (GO)
with Fe304 and CuO (Fes04@CuO&GO) for extraction and preconcentration of aspirin (ASP) in biological samples. The
morphology and structure of the prepared nanocomposite was characterized and analyzed by XRD, SEM and FTIR
techniques. lon mobility spectrometry (IMS) method equipped to a corona discharge ionization source was exploited to
determine ASA. The extraction parameters (desorption solvent, pH, adsorbent amount, extraction time and temperature)
and also the operational parameters of IMS were investigated and optimized. Under the optimum conditions, the DMSPE-
IMS method provided a linear range 6.0-40.0 ng for ASA with coefficient of determination Rz = 0.99. The LOD and LOQ
values were 0.9 and 3.0 ng for ASA, respectively. The repeatability of developed method was evaluated as relative standard
deviation (RSD% = 2.7). The proposed method was also used to determine ASA in human plasma and serum as biological
samples, which recovery results were within 89.0-100.0%.
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1.INTRODUCTION

Aspirin (ASA) is an important compound which is
used as an anti-inflammatory, anti-pyretic and
analgesic drug for its effectiveness in the treatment
of many diseases such as coronary heart, cancer,
preeclampsia, headache, alzheimer, cardiovascular
[1-3]. Based on the pharmacological studies, ASA
is hydrolyzed to salicylic acid in human body and
this acid is the responsible of ASA activity. It is
toxic at higher amounts of 2.2 mM so that the
incorrect ASA dose can damage to stomach wall
and lead to stomach ulcers [4, 5]. Therefore,
according to above matters (high consumption and
the overdose hazards) the ASA analysis is
important. Different analytical methods have been
reported by researchers for this purpose [6-10].

Dispersive magnetic solid phase extraction
(DMSPE) is a novel approach of SPE which has
been considerably used in sample preparation
field. In this technique, the dispersive magnetic
nanoparticle (MNP) adsorbents in the sample
solution are gathered simply by using a magnet
[11, 12].

The compounds containing Fe, Co or Ni [11] are
used as MNPs which among them Fe3O, is the
most commonly interested due to simple
preparation, bioapplications, wastewater
treatments, excellent paramagnetic properties, low
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toxic and cost [13, 14]. On the other hand, Fe;O4
particles easily accumulate in the aqueous samples
that this can reduce their surface areas and
resulting adsorption efficiency [15, 16]. Moreover,
the oxidation reaction of the FesO, naked NPs
leads to a phase change [17]. FesO4 NPs combined
with other metal oxides has been employed to
eliminate or reduce of these limitations [11]. The
Peng research team combined Cu(OH); to Fe3O4
NPs by coprecipitation procedure, so that the
nanocomposite presented the better results than
Fes;0, alone [18].

Nanocarbon compounds were widely utilized as
efficient adsorbents in SPE techniques because of
properties such as their high surface area, and
appropriate physical and chemical structures [19].
Among, graphene was a key and remarkable
compound due to its unique properties [20].
Graphene was converted to graphene oxide (GO)
via an oxidation reaction that this could be
improved its hydrophilic  properties and
applications in water samples [21]. GO has also
been combined with magnetic nanoparticles and
used widely as a promising adsorbent in DMSPE
studies [22].

lon mobility spectrometry (IMS) is an analytical
technique for the detection and determination of
trace analytes. In IMS, the chemical compounds
(gaseous ions) are separated based on their ionic
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mobility in a weak electric field (drift tube) and
atmospheric pressure. During drift tube, the
analyte ions are separated based on their size,
shape, mass, and charge at a range of drift times.
The total numbers of ions are calculated for
quantitative assay. IMS is applied to detect a wide
ranging of compounds such as drugs, pollutants,
and explosives. The simplicity, low cost, short
analysis time, and high sensitivity are the main
advantages of IMS methods [23-26].

In this work, DMSPE technique was developed to
extraction and preconcentration of ASA.
Combining GO with FesO4 NPs and also CuO was
performed for improving the adsorption
performance of adsorbent. IMS method equipped
with a corona discharge source was used to
determine ASA.

The effective parameters of DMSPE-IMS
(extraction and determination) were investigated
and optimized. The proposed method was certified
and also its capability was successfully evaluated
and confirmed in the ASA analysis of biological
samples.

2.EXPERIMENTAL

2.1. Materials

ASA tablets (80 mg) were obtained from Pharma
Chemie Co (Iran). The stock solutions (100
pg/mL) were prepared in methanol. Iron (I11)
chloride (FeCis), iron (1) sulfate (FeSQ.), copper
(1) chloride (CuCy2), sodium hydroxide (NaOH),
and ethanol were purchased from Merck Co.

2.2. Instrumentation

In this research, an ion mobility spectrometer
(IMS—-400, TOF Tech. Pars Company, Iran)
equipped to continuous corona discharge as an
ionization source was used. A full description of
the IMS instrumentation was seen in Ref. [26]. The
total peak area (from first to final peaks) of analyte
was integrated and considered as IMS response.
The operational conditions of IMS were
investigated.

2.3. The
(FE304@CUO&GO)
GO was synthesized by Hummers procedure with
a minor change [27]. Fe3s0s@CuO&GO
nanocomposite was prepared via a modified
precipitation method in a N, atmosphere. The mass
ratio of 9% GO to 91% Fe and Cu was found the
optimal value for the preparation of
nanocomposite.

FesO4@CuO&GO was prepared as follows: GO
was added to deionized water and mixed by
ultrasonic vibration for 2 h. Then, the solutions of
FeCi3 (0.1 M), FeSO4 (0.2 M) and NaOH (1.5 M)
simultaneously and gradually were add into the
reactor vessel. The mixture was stirred for 1 h, and

adsorbent preparation

then; the CuCp (0.1 M) and NaOH (1.5 M)
solutions were simultaneously poured into the
reactor and it was mixed for 1 h. After, the created
precipitation was separated and washed
continuously with deionized water and ethanol and
then, freezing in half a day. Finally, solid products
were crushed, sieved and kept in a desiccator
before SPE [28].

2.4. DMSPE and IMS analysis

40 mg of adsorbent (Fes0s@CuO&GO
nanocomposite) was washed with 5 mL of
methanol and deionized water, respectively. It was
added to an aqueous solution containing 10 ng/pL
of ASA at pH 8 and a homogenous suspension was
established. The solution was mixed in a laboratory
beaker for 10 min and the dispersive adsorbents
were collected using an external magnet. The drugs
adsorbed on the nanocomposite materials were
desorbed by 1 mL methanol (desorption solvent)
and also it was shaken in an ultrasonic bath for 3
min. The extract liquid (1 pL) was injected into the
IMS for drug analysis.

2.5. The real sample preparation

The drug—free human plasma and serum samples
were obtained from Pars Laboratory (Yazd, Iran).
These samples were spiked with the standard
solution of ASA in linear range of 6.0-40.0 ng. The
spiked plasma sample (1 mL) was mixed with
methanol (1 mL) to protein precipitation. Then, the
solution was vortexed and centrifuged at 4000 rpm
for 6 min, and the supernatant was diluted with
water (1:3, v/v). The pH of solution was adjusted
by adding the dilute solutions of HCI or NaOH and
then, the plasma sample was treated by SPE for the
clean up and extraction [29].

To prepare serum sample, 100 pL of the spiked
sample was mixed well with 900 uL. of methanol
and followed by centrifugation for 10 min at 4000
rpm. The supernatant of the sample solution was
taken and diluted with 3 mL of deionized water.
Finally, the serum sample was treated by SPE for
the clean up and extraction [30]..

3.RESULTS AND DISCUSSION

3.1. Characterization of Fes04@CuO&GO

X-ray diffraction (XRD) technique confirmed the
crystalline  structure  of the  produced
nanocomposite adsorbent. The XRD pattern of
Fe;0,@CuO&GO is shown in Fig 1. The
diffraction peaks at 26 values: 30.1°, 35.6°, 43.1°,
53.9°, 57.0°, 62.7° corresponded to diffraction
planes in (220), (311), (400), (422), (551) and
(440), respectively (JCPDS card no. 19-0629) [31].
According to XRD pattern, the core of Fe3O4
nanoparticles did not change during anchoring
onto the surface of GO and also CuO peaks were
not appeared due to their high dispersion [32].

DOI: 10.30473/ijac.2023.67944.1269



Iranian Journal of Analytical Chemistry 10 (2023) 80-88 | 82

Counts

80 -{XD-10200475 black

Position [*2Theta] (Copper (Cu))

Fig 1. XRD pattern of FesOs@CuO&GO.

The surface morphology of nanocomposite
adsorbent was studied by using scanning electron
microscopy (SEM). The SEM image of
Fe;04@CuO&GO is displayed in Fig 2. Adsorbent
showed a flake—like structure in which CuO and
Fes0. nanoparticles were distributed
homogeneously all over the surface of GO.
According to Fig 2, CuO and Fe3;O4 were appeared
as the dark or lighter color points on the GO
surfaces [33].

2o M
Fig 2. SEM image of Fe30s@CuO&GO.
The FT-IR analysis of Fe;0,@Cu&GO, before
and after adsorption process; were also followed.
According to Fig 3, the absorption bands at 3420
cm-1 and 1126 cm-1 were attributed to stretching
modes of O-H and C-O groups, respectively [34].
The peak at 1625 cm-1 can be assigned to the
skeletal vibrations of graphitic domains of GO.
The presence of Fe304/CuOQ in adsorbent structure
was proved due to absorption band at 566 cm-1
[35]. Based on Fig. 3, the absorption band in 1625
cm-1 has been shifted to 1636 cm-1. Regard to this
change and also the molecular structures of drug
and adsorbent, the mechanism of sorption can be
associated to interactions between the oxygen and
nitrogen groups and also m—m interactions the
aromatic parts (C=C groups) of ASA with
adsorbent.
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Fig 3. FT-IR spectra of FesO0s@CuO&GO, bhefore
(down) and after (top) ASA adsorption.

3.2. IMS operating conditions

The ion mobility spectrum of ASA illustrated a
peak in 8.4 ms (Fig 4). It was completely separate
and far from the reactant ion and background peaks
(4.5-6.7 ms). Effective instrumental parameters
including corona and drift voltages, injection and
tube (cell) temperatures, carrier and drift gas flow
rates and also pulse width were investigated and
optimized. The IMS operating conditions for the
determination of drug are reported in Table 1.

1500

1000
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230 Drift time (ms)

Fig 4. lon mobility spectrum of ASA.

Table 1. The operational conditions of IMS for the
determination of ASA.

Parameter Setting
Corona voltage 2300V
Drift voltage 7000 V
Injector port temperature (170-230°C) 190 °C
IMS cell temperature (150-200 °C) 170 °C
Flow of drift gas (N2, mL min ) 600
Flow of carrier gas (N2, mL min ) 300
Shutter grid pulse width 100 ps
Corona discharge mode Positive
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3.3. DMSPE optimization

In order to reach the suitable extraction and
preconcentration using the proposed DMSPE, the
experimental parameters affecting the recovery
including desorption solvent, pH, adsorbent
amount, extraction time and temperature must be
investigated and optimized.

3.3.1. Desorption solvent

In this work, desorption solvent is an important
factor that it was studied by using common organic
solvents including acetonitrile,  methanol,
dichloromethane/acetonitrile,
acetonitrile/methanol. The best IMS response was
acquired with acetonitrile or methanol. But, since
methanol is a compatible solvent for the IMS
analysis, it was selected as the proper desorption
solvent (1 mL) for the present study.

3.3.2.pH

As shown in Fig 5, at low and high pH values; the
ASA extraction did not lead to good results. In
most of the extraction studies of ASA by Fe-
containing oxide adsorbent, the low recovery
results were obtained with increasing PH. This can
be related probability to compete OH— and ASA
for capturing the active sites of adsorbents [36].
Also, in acidic medium; the low recovery results
observed may be due to protonate the oxygen
atoms of ASA. Therefore, pH=8 was chosen as
optimum value.

110

Fig 5. Effect of pH on recovery%. Conditions: ASA: 10
ng, desorption solvent (methanol): 1 mL, amount of
adsorbent: 40 mg, extraction time: 10 min, extraction
temperature: 25 °C, analyte solution volume: 20 mL.

3.3.3. The amount of adsorbent

The amount of Fe30,@CuO&GO adsorbent has an
impact considerably on the extraction efficiency.
To check this parameter, a series of experiments in
range 15 to 50 mg of adsorbent was done (Fig 6).
According to this Fig, the ASA adsorption was
improved by increasing the amount of adsorbent
until 40 mg and then, the recovery results were

constant. Therefore, 40 mg of Fe;0,@CuO&GO
was used for future tests.
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Fig 6. Effect of adsorbent amount on recovery%.
Conditions: ASA: 10 ng/uL, desorption solvent
(methanol): 1 mL, PH = 9, extraction time: 10 min,
extraction temperature: 25 °C, analyte solution volume:
20 mL.

3.3.4. Extraction time

In DMSPE technique, the extraction (adsorption)
time is an important parameter. The effect of this
parameter was investigated over a period range of
5 to 20 min. According to Fig 7, the extract of ASA
has been completed in 10 min and then, adsorption
recovery was lowered. This trend can be justified
due to compete between adsorption and desorption
processes. Hence, 10 min was a suitable time for
adsorption process.
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Fig 7. Effect of extraction time on recovery%.
Conditions: ASA: 10 ng/uL, desorption solvent
(methanol): 1 mL, pH =9, amount of adsorbent: 40 mg,
extraction temperature: 25 °C, analyte solution volume:
20 mL.

3.3.5. Extraction temperature

The effect of temperature on the extraction
recovery was investigated in range of 20 to 40 °C.
Fig 8 shows that the adsorption recovery is
increased with increasing temperature up to 25 °C.
At the higher temperature of 30 °C, the extraction

DOI: 10.30473/ijac.2023.67944.1269



Iranian Journal of Analytical Chemistry 10 (2023) 80-88 | 84

recovery was reduced due to desorption process.
Therefore, 25 °C was selected as a suitable
temperature for the developed DMSPE in this
work.

110

100

Recovery%

15 20 25 30 35 40 45 50

Extraction temperature (°C)

Fig 8. Effect of extraction temperature on recovery%.
Conditions: ASA: 10 ng/uL, desorption solvent
(methanol): 1 mL, amount of adsorbent: 40 mg, pH =9,
extraction time: 10 min, analyte solution volume: 20 mL.

3.4. Method validation

For evaluating the developed DMSPE-IMS
method, parameters including linear dynamic
range (LDR), determination coefficient (Ry),
detection limit (LOD), quantitative limit (LOQ)
and repeatability or precision (RSD) were
calculated. The results are reported in Table 2. The
calibration curve of ASA was linear in the ranging
of 6.0-40.0 ng with the coefficient of
determination 0.998. The LOD and LOQ values of
developed method were determined using 3Sh/m
and 10 Sh/m equations, respectively; where Sb was
the standard deviation of blank signal and m was
the slope of calibration curve. These values were
0.9 and 3.0 ng for ASA, respectively. The
repeatability of proposed method was also valued
that was 2.7%. The enrichment factor (EF) 20 can
be claimed for the presented DMSPE system.
Fe;0,@CuO&GO nanosorbent was reused by five
successive adsorption—desorption cycles using
methanol as desorption solvent.

Table 2. The Analytical parameters of the proposed
DMSPE-IMS method for the determination of ASA.

Parameter ASA
LDR (ng) 6.0-40.0
R? 0.99
LOD (ng) 0.9
LOQ (ng) 3.0
RSD% 2.7
Recovery% 97.0

3.5. Method bioapplication

In order to assign the capability and bioapplication
of the proposed method, the recovery examinations
were done by adding different amounts from ASA
(regard to LDR) to the real samples (plasma and
serum). The analyte was extracted by the
developed DMSPE technique described in the
experimental section and then, the extracted drug
was injected into the IMS. The recovery results
reported in Table 3 (within 89.0-100.0%) proved
the capability of the developed DMSPE-IMS
method to quantitatively detect ASA in biological
samples. In Table 4, the analytical parameters of
the proposed method have been compared to those
of other methods used for the determination of
ASA drug. The proposed method presented
superior precision with respect to several other
methods [7, 16]. The LDR was also better or
comparable with the mentioned methods.

Table 3. The recovery results of ASA from biological
samples using the proposed DMSPE-IMS method.

Sample Added (ng) Recovery%

Plasma 6.0 94.0
8.0 91.0
10.0 96.0
12.0 95.0
14.0 95.0
16.0 93.0
20.0 97.0

Serum 6.0 89.0
8.0 92.0
10.0 99.0
12.0 90.0
14.0 89.0
16.0 94.0
20.0 100

4.CONCLUSION

In this work, off-line coupling a magnetic
Fe;0,@Cu&GO nanocomposite as an adsorbent
for DMSPE technique and IMS method were
developed to extraction and determine ASA. The
proposed method offered advantages such as low
amount of adsorbent, low organic solvent
consumption, good LOD (0.9 ng) and LOQ (3.0
ng) values, relative wide LDR (6.0-40.0 ng) and
acceptable recovery (97.0%). Furthermore, the
proposed method was successfully exploited to
determine ASA in human plasma and serum as
biological samples, which recovery results were
within 89.0-100.0%.
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Table 4. Comparison of the proposed IMS method with the other methods for the extraction and determination ASA.

Determ  Sample Sample preparation LDR LOD LOQ RSD  Recovery (%)  Ref
ination (ng/mL) (ng/mL) (ng/mL) (%)
method
Voltam  Tablet Poly(diaquabis(1,10- 180-3600 7.02 234 37 96.5-100.5 7
metric phenanthroline)Copper(Il)ch
loride) modified glassy
carbon electrode
RP- Tablet Thermo Scientific Hypersil (1-150)x103 69 230 98.0-102.0 8
HPLC ODS column
Electro  Urine, An electrochemical sensor (0.001-1000)  0.03x10° _ 2.0 90.0-98.0 6
chemic  Saliva based on Chitosan capped
al and with Gold nanoparticles
Pharmac
eutical
tablet
LC-MS Pharmac  Crushed knotweed (Fallopia 500 1000 17.3 (mg/g, 9
eutical x bohemica) leaves as a capacity)
biosorbent
HPLC-  Urine/Pl  Banana peel/Silicon glue (0.2-200) (0.04-0.5) (0.15-1.65) 4.9 94.0< 10
uv asma coated stir bar
DMSP  Serum Fe;0,@Cu0&GO (6.0- 9.0x102 3.0x103 2.7 (89.0-103.0)
E-IMS  /Plasma 40.0)x10° 2%
F =
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