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Abstract

In this study, an off-line coupling of dispersive solid-phase extraction (DSPE) and ion mobility spectrometry (IMS) was
introduced to extract and determine bupropion (BUP). A magnetic nanocomposite adsorbent (Fe;0,@CuO&GO) was fab-
ricated by combining graphene oxide (GO) sheets with Fe;O, and CuO through coprecipitation method. The synthesized
adsorbent was characterized and analyzed using the analytical techniques. The effect of extraction parameters including
desorption solvent (type and volume), pH, adsorbent amount, contact time, temperature, and the volume of analyte solution
on the extraction efficiency was investigated and optimized. The operational parameters of IMS method were also investi-
gated. Under the optimum conditions (DSPE-IMS), the proposed method provided a linear range 4.0-24.0 ng for BUP with a
determination coefficient R? >0.98. LOD and LOQ values were 0.7 and 2.2 ng for BUP. The repeatability of proposed method
was evaluated and reported as relative standard deviation (RSD% <5.5). The developed method was applied to determine

BUP in different biological samples, in which satisfactory results were obtained (93.0-98.0%).

Keywords Bupropion - Graphene oxide - Magnetic nanocomposite - Dispersive solid-phase extraction - lon mobility

spectrometry - Biological samples

Introduction

Bupropion (BUP) drug is an inhibitor of norepinephrine and
dopamine reuptake, and also it acts as a receptor of nicotinic
antagonist. The combination BUP and naltrexone was also
approved by the Food and Drug Administration for the con-
trolling of human weight. Furthermore, based on the clinical
results, BUP can be consumed and affected in the drug abuse
therapy and hyperactivity disorder due to attention deficit
[1-4]. Various methods (chromatography, spectrometry, and
electrochemistry) were utilized and reported for the BUP
determination in different samples [4—10]. Although the
above-mentioned methods provide good quantitative infor-
mation, these are usually time-consuming, costly, require
harmful solvents, and well-equipped laboratories with
expert persons to the drug analysis. Therefore, there is still
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a necessary to develop sensitive, rapid, and simple methods
for the determination of BUP in different matrices.
Magnetic solid-phase extraction (MSPE) is a new strat-
egy of dispersive solid-phase extraction (DSPE) which has
been significantly used in the sample preparation scope. In
this technique, the magnetic nanoparticle (MNP) adsorbents
are gathered simply by using a magnet [11]. Fe, Co, or Ni
compounds are exploited [11, 12], as MNPs which among
them Fe;0, is the most commonly interested due to its suit-
able bioapplications and wastewater treatments, excellent
paramagnetic properties, low toxic effect, low cost, and
simple preparation [13, 14]. However, Fe;0, MNPs easily
accumulate in aqueous samples and this can decrease their
surface areas and adsorption efficiency [15, 16]. Moreover,
the oxidation reaction of Fe;O, naked NPs leads to a phase
change [17]. Combining Fe;0, NPs with other metal oxides
can be employed to eliminate or reduce the stated limitations
[11, 18]. For example, Peng et al. combined Cu(OH), to
Fe;0, NPs through coprecipitation method, so that the new
composite gave better results than Fe;0, alone [19].
Nowadays, nanocarbon compounds have been widely
entered as efficient adsorbents in solid-phase extraction
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(SPE) techniques because of properties such as their high
surface area, and appropriate physical and chemical struc-
ture. Among that, graphene is a key and remarkable com-
pound in material field due to its unique properties. To
develop its hydrophilic properties and applications in water
samples, graphene is converted to graphene oxide (GO) via
an oxidation reaction. GO has been combined with some
magnetic nanoparticles and widely used as a promising
adsorbent in SPE studies [20].

Ion mobility spectrometry (IMS) is an analytical method
for the identification and determination of trace analytes
existing in various samples. Briefly, IMS is a specific sepa-
ration technique for chemical compounds based on the ionic
mobility of gases in a weak electric field at atmospheric
pressure. The ion mobility is determined regard to its veloc-
ity in drift tube where the electric field is applied. During
drift tube, the analyte ions separate according to their size,
mass, shape, and charge. Consequently, the ions spread in
drift tube and achieve to faraday cup (detector) at a range of
drift times. The total numbers of ions are calculated for the
analytes quantitative assay. IMS is applied to detect a wide
ranging of compounds such as drugs, pollutants, and explo-
sives. The rapid analysis time, simplicity, inexpensive, and
high sensitivity are the major advantages of IMS [21, 22].

In this study, we proposed the DSPE technique for the
extraction and preconcentration of BUP. The strategy of
combining CuO with Fe;O4 NPs to place GO as adsorbent
has been exploited for improving adsorption performance.
The IMS method equipped with a corona discharge source
was applied to determine the drug analyte. Various variables
affecting the performance of DSPE and also IMS were stud-
ied and optimized. The developed method was validated, and
finally, its capabilities were successfully confirmed through
the BUP analysis in biological samples.

Experimental
Materials

The BUP tablets (150 mg) were obtained from Exir Phar-
maceutical Co (Iran). The stock solution (100 pg/mL) was
prepared in methanol. Iron (III) chloride (FeCl;), iron
(II) sulfate (FeSO,), copper (II) chloride (CuCl,), sodium
hydroxide (NaOH), and ethanol were purchased from Merck
Co.

Instrumentation
In this research, an ion mobility spectrometer in positive
mode (IMS —400, TOF Tech. Pars Company, Iran) was used

for quantitative drug analysis. An IMS cell (drift tube and
a needle for generating the corona in ionization region),
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two high-voltage power supplies (drift and corona), a pulse
generator, an analog-to-digital converter, and a computer
for recording spectra are the main components of the IMS
apparatus. The drift tube contained 11 Al-rings (OD: 55 mm
and ID: 36 mm), and the ionization region also contained 5
Al-rings (OD: 55 mm and ID: 20 mm). The rings were con-
nected to each other via a resistor (5 MQ). The IMS cell is
installed in an oven so that its temperature could be adjusted
from 25 to 200 °C. The injection port could be heated up to
250 °C. Nitrogen was used as carrier and drift gases with
flow rate of 300 mL/min and 600 mL/min, respectively [21].
The total peak area of analyte was integrated over the acqui-
sition time (from the first to final peaks) and was consid-
ered as IMS response. The operational conditions of IMS
(temperatures: injection and oven, flow rates: carrier and
drift gas, voltages: corona and drift, and pulse width) were
reported in the results section.

The adsorbent preparation (Fe;0,@Cu0&GO)

The Hummers procedure with a minor change was served
to synthesize GO [23]. Fe;0,@CuO&GO nanocomposite
was prepared via a modified precipitation method in a N,
atmosphere. In accordance with the initial tests and by using
digestion method, it is found that the mass ratio of 9% GO
to 91% Fe and Cu was the optimal value for the preparation
of composite adsorbent. Fe;0,@Cu0O&GO adsorbent was
prepared as follows: GO was added to deionized water and
mixed by ultrasonic vibration for 2 h. Then, the solutions of
FeCl; (0.1 M), FeSO4 (0.2 M), and NaOH (1.5 M) simul-
taneously and gradually were added into the reactor vessel.
The mixture was stirred for 1 h, and then, the CuCl, (0.1 M)
and NaOH (1.5 M) solutions were simultaneously poured
into the reactor. Next, the above solution was mixed for 1 h.
After that, precipitation was separated and washed continu-
ously with the solvent of deionized water and ethanol and
freezing in half a day. Finally, solid products were crushed,
sieved, and kept in a desiccator [24]. The prepared nanocom-
posite adsorbent was characterized using X-ray diffraction
(XRD), scanning electron microscopy (SEM), and Fourier
transform infrared (FT-IR) analysis methods.

DSPE procedure

In the preliminary testing of DSPE, 40 mg of adsorbent
(Fe;0,@CuO&GO nanocomposite) was washed with
5 mL of methanol and 5 mL of deionized water, respec-
tively. It was then added to 10 mL of a solution containing
10 ng of BUP at pH 8-9 and a homogenous suspension was
established. The solution was mixed for 10 min and, after
reaching to equilibrium, the adsorbents were collected using
an external magnet at the bottom of a laboratory beaker.
The drugs adsorbed on the nanocomposite materials were
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separated by 1 mL methanol (desorption solvent), and also
it was shaken in an ultrasonic bath for 3 min. The adsorbents
were then collected (as above) from the solution, and 1 pL of
the extract liquid was injected into the IMS for drug analysis.
In order to obtain the best extraction efficiency for BUP via
DSPE method, various variables (desorption solvent, pH,
adsorbent amount, contact time, temperature, and the ana-
lyte solution volume) affecting the performance of method
were studied and optimized. Each analysis was repeated in
three times.

The real sample preparation

The drug-free human plasma and serum samples were
obtained from Pars Laboratory (Yazd, Iran). For plasma
sample preparation, first, the spiked sample (1 mL) was
mixed with methanol (1 mL) that protein to precipitate out
of solution. 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 solution pH was set by adding the solu-
tions of HCI or NaOH (0.1 M), and the sample was subse-
quently treated with DSPE [25].

To prepare serum sample, briefly, 100 pL of the spiked
sample was mixed well with 900 pL of methanol and fol-
lowed by centrifugation for 10 min at 4000 rpm. The super-
natant of the sample solution (containing the analytes) was
taken and diluted with 3 mL of deionized water. Finally, the
sample was treated by DSPE for the cleanup and extraction
[26].

Results and discussion
Characterization of Fe;0,@Cu0&GO

The XRD technique was used to confirm the crystalline
structure of Fe;0,@CuO&GO; this pattern (Fig. 1) showed
the diffraction peaks at 20 values: 30.1°, 35.6°,43.1°, 53.9°,
57.0°, 62.7° which agreed to (220), (311), (400), (422),
(551), and (440) diffraction planes, respectively (JCPDS
card no. 19-0629) [27]. The XRD results also showed
that the core of Fe;O, nanoparticles did not change during
anchoring onto the surface of GO. Because the CuO species
are highly dispersed, its peaks were not appeared in XRD
pattern. [28]

SEM HV: 15 kV
View field: 19.0 pm

WD: 15.09 mm
SEM MAG: 9.98 kx |5 pm

Fig.2 SEM image of Fe;0,@CuO&GO

Fig. 1 XRD pattern of Fe;0,@ 80 {XD-10200479_black
CuO&GO
Counts
w —
40 -4
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The surface morphology of Fe;O0,@CuO&GO was stud-
ied by using SEM (Fig. 2). This nanocomposite presented a
flake-like structure in which CuO and Fe;0, nanoparticles
were distributed homogeneously all over the surface of the
GO. In this figure, the Fe;0, and CuO were seen as the dark
and lighter color points on the GO surface [29].

The FT-IR spectra of Fe;0,@Cu&GO (before and after
adsorption) were obtained (Fig. 3). The absorption band
at 3420 cm™! was attributed to stretching mode of O-H,
and also a band was observed at 1126 cm™ for C-O groups
[30]. The peak at 1625 cm~' may be assigned to the skel-
etal vibrations of graphitic domains of GO. The absorption
band at 566 cm™! can be attributed to Fe—Q/Cu—O: it proved
the presence of Fe;0,/CuO [31]. As seen in FT-IR spectra
(Fig. 3), after adsorption, the absorption band in 1625 cm™!
has been shifted to 1636 cm™!. Regard to this change and
also the molecular structure of drug and adsorbent, the
mechanism of sorption can be related to n—r interactions
among the oxygen and nitrogen groups between = electron
donors and & electron acceptors from the aromatic parts

temperature, 170-230 °C; IMS cell temperature 150-200
°C). In the positive mode of IMS, the ionization mechanism
is based on proton transfer from (H,0),H;O" (main reactant
ion) to analytes that have at least one basic atom as proton
acceptor. Based on observations, it is revealed that corona
discharge source generated only the protonated molecule
[M+H]* from BUP in IMS and did not appear any the frag-
ment ion peak. To achieve the best sensitivity, the all vari-
ables (Table 1) were investigated and optimized. The opti-
mum conditions for the determination of drug are present in
Table 1. According to Fig. 4a (the standard IMS spectrum),
the product ion peak of BUP (pure) appeared in 8.8 ms with
the reduced mobility value (K,=1.32 cm? V7! 571 condi-
tions: Table 1). It was completely separate and far from the
reactant ion peaks of NH,*, NO*, and H;0* (4.0-6.2 ms),
respectively. [21, 32] There is not any reported K, for

Table 1 Experimental conditions of IMS for the determination of
BUP

(C=C groups) of BUP and Fe;0,@Cu0O&GO adsorbent. Parameter Setting
A slight shift of peak at 1126 to 1128 cm™! by FT-IR investi-
gation in before and after adsorption was attributed to C—-OH Co.rona voltage 2300V
bond that confirmed the H-bonds. Furthermore, this migra- Dr.lft voltage . 700(1\/
tion was also indicated the involvement of OH groups in the Injector port temperature (170-230°C) 190°C
. IMS cell temperature (150-200 °C) 170 °C
adsorption.
Flow of drift gas (N,, mL min~h) 600
. . -1
IMS analysis Flow of carrier gas (N,, mL min™") 300
Shutter grid pulse width 100 ps
In the present IMS work, the spectral behavior of BUP was Drf tube length ITem
studied at different instrumental conditions (corona volt- Dri t.tube presstire 760.t_0rr
age, 2200-2500 V; drift voltage, 5000-8000 V; injector port Polarity Positive
Fig.3 FT-IR spectra of Fe;0,@ ° <|
CuO&GO, before (down) and 0 '&g‘
after (top) adsorption
o
<
g
o
g
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£
7]
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Fig.4 Ion mobility spectra: a
the standard solution of BUP, b
the extracted BUP of the spiked
plasma sample

2300
2100
1900
1700

product ion originated from BUP in research articles. The
K, value of (NH,*) [33, 34] was used as a reference to com-
pare the drift times. According to our calculations, it was
confirmed that the observed peak in 8.8 ms was attributed
to the product ion of BUP in IMS. The standard addition
method was also performed using the high-purity BUP. The
peak height in 8.8 ms was increased, and any other product
ion peak was not appeared.

DSPE optimization

In order to achieve the efficient extraction recovery using
the proposed method, the experimental variables affecting
the recovery including desorption solvent (type and vol-
ume), pH, adsorbent amount, extraction time and tempera-
ture, and the volume of analyte solution must be optimized.
The extraction recovery is defined as the ratio of extracted
analyte (found) to the amount of added analyte. The ini-
tial investigations showed that the parameters (variables) of
DSPE technique were not coupling each other and can be
optimized independently using one factor at a time.

Effect of desorption solvent

The type of desorption solvent is an important parameter in
the extraction studies. The common organic solvents includ-
ing acetonitrile, methanol, dichloromethane/acetonitrile,
acetonitrile/methanol were used as the desorption solvents to
elute the target analyte from adsorbent. The best extraction
recovery of BUP was obtained with acetonitrile or methanol.
In the reported conditions (Table 1), acetonitrile shows peak
in IMS which can interfere to determine analytes. Metha-
nol is a suitable solvent in the IMS measurements (without
peak); therefore, it was chosen as desorption solvent for the

10 15 20
Drift time (ms)

present work. The effect of methanol volume on the extrac-
tion efficiency was investigated in range of 0.5-2 mL. As
shown in Fig. 5, the recovery was increased until 1 mL,
and then, it was decreased due to dilution effect. Therefore,
1 mL was chosen as the optimum volume that can be used
to desorb analyte completely from adsorbent in the studied
concentration range.

Effect of pH value

The pH of solution is an important parameter in adsorption
process for the reason that it affects the form of analytes.
Figure 6 shows the extraction recovery results of BUP in
the pH range of 5.9 to 10.9. The improving recovery of BUP
was seen with increasing the pH, and the maximum result
was obtained at about pH=7.9. This trend has been also

110 +
100 +
90 + S

80 + < <

Recovery%

60 —+

50 : t : t : t * t * i
0 0.5 1 1.5 2 2.5
Methanol volume (mL)

Fig. 5 Effect of desorption solvent volume (methanol) on recovery%.
Conditions: BUP amount: 10 ng, pH=8.9, amount of adsorbent:
40 mg, extraction time: 10 min, extraction temperature: 25 °C, analyte
solution: 20 mL
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Fig.6 Effect of pH on recovery%. Conditions: BUP amount: 10 ng,
desorption solvent (methanol): 1 mL, amount of adsorbent: 40 mg,
extraction time: 10 min, extraction temperature: 25 °C, analyte solu-
tion: 20 mL

reported by Stumm et al. [35] They concluded that the maxi-
mum adsorption between the anions of weak acid and metal
oxides was observed usually about pKa, (for BUP=7.9).
As shown in Fig. 6, when low pH values were used, the low
recovery observed may be due to the nitrogen or oxygen
atoms of BUP protonated. Also, in the high pH values, the
low results can be related to compete OH™ anions and BUP
for capturing the active sites of adsorbent. [36, 37]

Effect of the amount of adsorbent

It is an importance matter to reach the best extraction recov-
ery with low adsorbent amount as possible. Therefore, the
most efficient adsorbent amount of Fe;0,@CuO&GO sus-
pension for DSPE processes is necessary. To test this param-
eter and to obtain the optimum value, a series of experi-
ments were performed with different amounts of adsorbent
(15 to 50 mg). As shown in Fig. 7, the analyte adsorption
was increased with increasing the amount of adsorbent until
to the 40 mg. After that, the extraction recovery of BUP was
no more increased. Therefore, 40 mg of Fe;0,@CuO&GO
was selected as the optimum value for further experiments.

Effect of extraction time

In DSPE technique, the extraction (adsorption) time is an
important parameter. The effect of this parameter was also
studied over a period of 5 to 20 min. As shown in Fig. 8,
the maximum extract of BUP has been obtained in 15 min.
This suggested a rapid extraction of BUP using DSPE.
Then, a decrease in adsorption recovery was observed with
increasing the extraction time due to competition between
adsorption and desorption processes. Therefore, 15 min was
selected as the optimum extraction time in which the adsorp-
tion process has been achieved to the equilibrium.

@ Springer

Adsorbent amount (mg)

Fig.7 Effect of adsorbent amount on recovery%. Conditions: BUP
amount: 10 ng, desorption solvent (methanol): 1 mL, pH=7.9,
extraction time: 10 min, extraction temperature: 25 °C, analyte solu-
tion: 20 mL

Effect of extraction temperature

The effect of extraction temperature on the recovery was
investigated in range of 20 to 40 °C. The results shown
in Fig. 9 explained that with increasing temperature up
to 25 °C, due to increase in the kinetic energy of ana-
lytes, the adsorption recovery was enhanced. Then, it was
reduced due to the analyte desorption from the adsorbent
surface. Therefore, this value was selected as the suitable
temperature for next experiments to maintain high extrac-
tion efficiency.

110 1

100 +

90 + ¢ @

Recovery%

70 T

0 5 10 15 20 25

Extraction time (min)

60

Fig.8 Effect of extraction time on recovery%. Conditions: BUP
amount: 10 ng, desorption solvent (methanol): 1 mL, pH=7.9,
amount of adsorbent: 40 mg, extraction temperature: 25 °C, analyte
solution: 20 mL
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Fig.9 Effect of extraction temperature on recovery%. Conditions:
BUP amount: 10 ng, desorption solvent (methanol): 1 mL, amount of
adsorbent: 40 mg, pH=7.9, extraction time: 15 min, analyte solution:
20 mL

110 t

100 +

Recovery%

70 T

60 +

50 L 4 L 4 L 4 L 4 L 4 L y
T T T T T 1

Analyte volume (mL)

Fig. 10 Effect of analyte solution volume on recovery%. Conditions:
BUP amount: 10 ng, desorption solvent (methanol): 1 mL, pH=7.9,
amount of adsorbent: 40 mg, extraction time: 15 min, extraction tem-
perature: 25 °C

Effect of the volume of analyte solution (enrichment
factor)

The enrichment factor of the proposed method was consid-
ered by changing the volume of solution containing the BUP
drug (10 ng) in range of 10 to 50 mL. According to Fig. 10,
it was clear that with increasing the volume of analyte solu-
tion from 10 to 20 mL, the recovery results stayed constant,
and then, at higher volumes it decreased. Therefore, 20 mL
was chosen as the maximum volume of analyte solution in
which the DSPE recovery was still acceptable. This value
was also used to calculate the enrichment factor (=20) of
the proposed method.

Method validation

Under optimum conditions (Table 1), a number of param-
eters have been studied for evaluating the developed

Table 2 Analytical parameters

Parameter BUP

of the proposed method for the

determination of BUP LDR (ng) 4.0-24.0
R? 0.989
LOD (ng) 0.7
LOQ (ng) 2.2
RSD% 5.5
Recovery% 98

1200 1

)

1000
000 Ty~ 79 138x + 117.1 /
R2=0989
.

y=1539%x +712
R2=0.998

800 T
600 +

400 +

Total peak area (arb.u

200 +

BUP (ng)

Fig. 11 Graph of the calibration curve for BUP (conditions: Table 1)

DSPE-IMS method, including linear dynamic range
(LDR), determination coefficient (R?), detection limit
(LOD), quantitative limit (LOQ), repeatability or preci-
sion (RSD), and accuracy. The evaluation results are pre-
sent in Table 2. The calibration curve of BUP was linear
in the range of 4.0-24.0 ng, with a good coefficient of
determination (R>> 0.98) in two segments (Fig. 11). In
higher amounts (> 24 ng), the signal saturation and also
the dimerization of analytes can happen, and this condition
should be avoided in quantitative studies. The LOD and
LOQ values of the proposed method were calculated using
Eqgs. 3 Sy/m and 10 S,/m, respectively, where S, was the
standard deviation of the blank signal intensity and m was
the slope of the calibration curve. The LOD and LOQ val-
ues were 0.7 and 2.2 ng for BUP, respectively. The repeat-
ability of the proposed method for the analyte determina-
tion was also valued that was obtained 5.5%. The result of
recovery test (accuracy) was 98.0%; in comparison with
the synthesized nanocomposite Fe;0,@GO, our previous
work, it has been increased about 8.0%. This improvement
can be related to the synergetic coupling effect of GO and
CuO in the magnetic nanocomposite. Finally, the reus-
ability of Fe;0,@CuO&GO nanosorbent was done using
methanol (as desorption solvent) and confirmed until 5
successive adsorption—desorption cycles.
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Method applications

The sample matrix effects reduced the selectivity of IMS.
Therefore, a separation technique (DSPE) was necessary in
quantitative analysis of BUP in real samples before the IMS
analysis. Furthermore, the standard addition method was
used to deal with the matrix effect imposed by the proposed
DSPE.

In order to assign the potential and accuracy of the pro-
posed method, the recovery tests of drug were followed
by adding various amounts (6.0 to 20.0 ng, n=3) of the

Table 3 Recovery results of BUP for biological samples using the
proposed IMS method

Sample Added (ng) Recovery %
Plasma 6 97
98
10 96
12 96.5
14 94.5
16 94
20 95
Serum 6 93.5
8 96.5
10 95
12 97
14 95.5
16 94.5
20 93

standard solutions from BUP to the real samples (plasma
and serum). Under optimum conditions (DSPE-IMS), the
drug analyte was extracted and then was injected into the
IMS. The blank samples (plasma and serum) were tested
and analyzed that was demonstrated the proposed DSPE
procedure could provide the clean extracts with no extra
peaks being observed within the region where the analyte
peak appeared. The ion mobility spectrum of the extracted
BUP of the spiked biological samples is shown in Fig. 4b
(for plasma). Figure 4 displays that the IMS spectra of
BUP in standard and sample solutions are similar and the
product ion (for both) is appeared in 8.8 ms. The standard
addition method also demonstrated that BUP can be selec-
tively adsorbed and concentrated by Fe;0,@CuO&GO in
real samples. The recovery data reported in Table 3 (recov-
ery: 93.0-98.0%, RSD% = 6-8%) confirmed the capability
of developed method for the quantitative determination of
BUP in real samples.

The analytical parameters of DSPE-IMS method
were comparable to those of other existing methods for
the determination of BUP in various matrices (Table 4).
According to Table 4, the analytical parameters of the
DSPE-IMS method are better or comparable to those of
other methods introduced for the determination of BUP.
Furthermore, this method is simple, fast, and low-consum-
ing hazardous solvents and also inexpensive equipment.

Table 4 Comparison of the proposed DSPE-IMS method with the other methods for the extraction and determination of BUP in various samples

Determination method Sample Sample preparation LDR LOD LOQ (ng/mL) RSD Recovery (%) Ref
(ng/mL) (ng/mL) (%)
HPLC Plasma Aqua C18 HPLC (2.5-250) 2.5 5 1.6-3.3 62.9 6
column
HPLC-MS/MS Plasma Lux3 p Cellu- (0.3-300) - 0.3 3.4-154 80.6-97.8 7
lose-3250x 4.6 mm
column
Electrokinetic chroma- Pharmaceuti- Cyclodextrins as chiral (10-100)x10° (1.8)x10° (5.1)x10™ 2.1 103 8
tography cal formula-  selectors
tions
Electrochemical Tablets/urine  Nanocomposite 0.48-237.3 0.12 _ 4.7 98.6-102.1 9
of molecularly
imprinted Polyani-
line/Au nanoparti-
cles/Graphene oxide
HPLC Plasma/urine  H-Clinoptilolite 0.1-40)x 10°  _ _ 2.47-3.25 74.1-96.2 10
HPLC Urine RP-18 LiChrosorb (1.2-18.0)x10* 03x10° 0.9x10° 1.19 11
column
IMS Serum/plasma Fe;0,@Cu0O&GO 0.4-2.4) 0.07 0.22 6.0-8.0% 93.0-98.0 This

work
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Conclusions

In this work, off-line coupling a magnetic Fe;0,@CuO&GO
nanocomposite as an adsorbent for DSPE and IMS was
developed to determine BUP. The DSPE-IMS method
offered advantages including the use of small amounts of
adsorbent, low organic solvent consumption, good LOD
(0.7 ng) and LOQ (2.2 ng) values, a relatively wide LDR
(4.0-24.0 ng), and acceptable recovery results (98.0%)
in comparison with other methods. Also, the proposed
method could be successfully exploited to determine BUP
in human plasma and serum as biological samples (recovery:
93.0-98.0%, RSD: 6-8%).
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