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Abstract

Background: In recent days, solid-phase extraction methods are widely utilized for the extraction of drug
molecules from plasma samples due to their easy operating procedures and low matrix effect. The trace-level solid-
phase extraction of three structurally related antiepileptic drugs brivaracetam (BVC), eslicarbazepine acetate (ESL),
and carbamazepine (CBZ) was investigated by using a magnetic porous material graphene oxide-β-cyclodextrin
(MGO-CD). Morphology, magnetic properties, and structure of the synthesized MGO-CD were characterized by
using FT-IR, SEM, XRD, and VSM.

Results: Solid-phase extraction (SPE) methods were used to extract the analytes from human plasma. Different
extraction solvents such as acetonitrile (ACN), methanol (MeOH), acetone, chloroform (CHCl3), tertiary butyl diethyl
ether (TBDE), and ethyl acetate (EtOAc) with variable polarities were used to extract drug molecules from MGO-CD.
The linearity analysis showed good correlation coefficient values (R2) of 0.9989, 0.9995, and 0.9982 for BVC, ESL, and
CBZ respectively. The LOD and LOQ ranges were found to be 6.14–28.32 ngmL−1 and 20.45–94.31 ngmL−1

respectively.
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Conclusion: The high accuracy and precision made the developed HPLC method with MGO-CD a suitable
alternative for the bioequivalence study of BVC, ESL, and CBZ in human plasma. This developed HPLC-UV method
has good efficiency for recoveries and good linearity and is simple to handle. And also, it gave low retention time
for the three antiepileptic drugs within 8 min. It provides high efficiency for the extraction of trace-level substances
from human plasma.

Keywords: Solid-phase extraction, HPLC, Magnetic graphene oxide, Cyclodextrin, Antiepileptic drugs

Background
Epilepsy is a chronic brain disease described by sudden
and transient brain dysfunction caused by recurrent
episodes of neurons in the brain [1–3]. It is identified
with symptoms like seizures and should be treated im-
mediately with a quick-acting antiepileptic drug (AED).
The treatment results in lowering the potential sequelae,
predominantly excitotoxic and ischemic neuronal cell
loss, which initiates within minutes of uninterrupted
seizure activity [4–8]. Brivaracetam (BVC), eslicarbaze-
pine acetate (ESL), and carbamazepine (CBZ) drugs are
widely used drugs for the treatment of this condition
(Fig. 1) [9]. The IUPAC name of BVC is ((2S)-2-[(4R)-2-
oxo-4-propylpyrrolidin-1-yl]), which is a 4-n-propyl
equivalent of racetum and levetiracetam derivative and
is primarily employed for partial onset of seizures in
adults and adolescents [10, 11]. The mode of action of
BVC is through binding to the pervasive synaptic vesicle
glycoprotein 2A (SV2A), like levetiracetam but has a 20-
fold greater affinity [12–15]. CBZ is a mood-stabilizing
and anticonvulsant tricyclic lipophilic drug. This drug is
the first one to treat epilepsy for psychomotor and
partial onset of seizures and is also used for variability of
indications, including schizophrenia, attention-deficit
hyperactivity disorder (ADHD), paroxysmal dangerous
pain disorder, phantom limb disease, and post-traumatic
stress syndrome [16–18].
ESL is a modern and third-generation single enantio-

mer drug that belongs to the dibenzoazepine family. ESL

is an anticonvulsant medication, effectively adminis-
trated in the adjunctive therapy for partial-onset seizures
[19, 20]. ESL is a prodrug that is intensively transformed
to eslicarbazepine, which is an important metabolite in
the human body [21–23]. ESL was known to wield anti-
convulsant activity by inhibiting the repetitive neuronal
firing and also by stabilizing the inactive sodium chan-
nels [24–26].
Considering the importance of these molecules as

antiepileptic drugs, it is important to develop an
analytical method for the extraction of these drugs
from biological fluids. The available literature re-
vealed that the different analytical methods such as
fluorescence-based immunoassays, enzyme-linked
immunosorbent assays, electrochemical, and spectro-
photometric methods are known for extraction of
these drugs. These methods give results with high
accuracy and sensitivity and also rapidly by using a
small amount of blood sample. But the main draw-
back with these methods is their high operating
costs. Solid-phase extraction (SPE) method is the
commonly used extraction method compared with
liquid-liquid extraction (LLE) due to its advantages
such as high preconcentration value, low solvent
consumption, and easy handling. Adsorbent plays a
key role in the SPE method; various adsorbents such
as simple graphene oxide, silica gel, activated carbon,
ionic liquids, calixarenes, and chelating resins were
reported. But these materials normally showed low

Fig. 1 Chemical structures of a brivaracetam, b eslicarbazepine acetate, and c carbamazepine
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absorbance values and made the elution procedure
critical. Therefore, the development of a method
which overcomes all the limitations mentioned here is
of utmost importance for the analysis of drugs in bio-
logical samples.
In the current method, iron oxide-graphene oxide-β-

cyclodextrin composite was used as an adsorbent. Β-
cyclodextrin is a cyclic oligosaccharide consisting of
seven D-glucopyranose units bound by β-1, 4-glycosidic
bonds [27]. The usage of β-cyclodextrin in the compos-
ite further increases the adsorption capacity due to the
presence of a hydrophilic outer shell due to the pres-
ence of more hydroxyl groups and hydrophobic cavity
due to its corban chain conformation. Owing to this
dual character, it acts as the host-guest moiety by cap-
turing compounds with suitable dimensions into its
cavity [28–31]. Enrichment capability and high supra-
molecular recognitions of β-cyclodextrin are widely
used in different analytical aspects especially in separ-
ation methods [32, 33]. Graphene oxide (GO), the other
component of the composite, is made through the oxi-
dation of graphene. It contains hydroxyl, carboxyl, and
epoxide derivative as functional groups, which increases
the dispersibility in the solution. GO is known for its
exceptional electrical, optical, and mechanical proper-
ties due to the high surface area. Thus, the combination
of these three components makes this composite an
ideal adsorbent for the extraction of drugs from plasma.
Iron oxide induces magnetic property to the adsorbent,
and this made the extraction process easy and quick
with low matrix effect and high recovery percentage of
analytes. There is no need to go for high-speed centri-
fugation; instead, a simple magnet can be used for the
separation. The MGO-CD was prepared through the
encapsulation of β-cyclodextrin on MGO with the help
of linker tetrafluoterthalonitrile. The liker tetrafluo-
terthalonitrile helped to build a porous structure of
MGO and β-cyclodextrin via nucleophilic aromatic
substitution reactions [34]. The MGO-CD morphology,
structure, and magnetic nature were confirmed by
using SEM, VSM, IR, and XRD studies. Simultaneous
identification and quantification synergy of BVC, ESL,
and CBZ in human blood plasma by using MGO-CD as
solid phase has been accomplished with HPLC.

Methods
Materials
All the chemicals and solvents used in the current
studies are of analytical grade. Graphene powder,
FeCl3·6H2O, and ammonium hydroxide solution
(28.0–30% NH3 basis) were procured from Sigma-
Aldrich. Acetonitrile, methanol, chloroform, TBDE,
acetone, ethanol, ethyl acetate, and DMF were pur-
chased from (Merck) Mumbai, India. Double distilled

deionized water is used for the entire analysis. Tetra-
fluoroterepthalonitrile, β-cyclodextrin (> 98%), sodium
acetate, and mono-, di-, and polyethylene glycol were
procured from Sigma-Aldrich. CBZ, BVC, and ESL
were obtained as gifted samples from Mylan & Hetero
laboratories.

Instruments and analytical conditions
HPLC having a binary pump system with a diode array
detector and LC-Solutions software (Shimadzu, Japan)
was used for developing the method. Luna RP C18
(4.6 × 150 mm, 5 μ) column was used, and column
oven temperature was maintained at ambient condi-
tions. Acetonitrile and 0.1% formic acid (65:35) mix-
ture was used as a mobile phase. FT-IR spectra were
recorded on Perkin Elmer, USA, using KBr pellets at
ambient temperature. Powder X-ray diffractograms of
GO, MGO, and synthesized MGO-CD were recorded
by using a Bruker AXS D8 diffractometer with Cu Kα

radiation (1.5406 A°), step size 2 mdeg, and 0.5 s per
step scan speed. The morphology of MGO-CD was an-
alyzed by FEI Apreo LoVac equipped with an Aztec
Standard EDX System. The magnetic properties of
samples were measured at room temperature by using
a vibrational sample magnetometer (VSM, Lakeshore
7400, Westerville, OH, USA) in magnetic fields up to
15 kOe. Raman spectra were taken on a SENTERRA
Dispersive Raman microscope (Bruker, Germany) with
a wavelength 785.0 nm incident laser light.

Synthetic procedure for MGO-CD
Synthesis of graphene oxide
Modified Hummer’s method was used for the
synthesis of graphene oxide (GO) from graphite nano-
powder with a set of modifications (Fig. 2) [35]. In
brief, graphite powder (2 g) was added slowly into 50
mL of concentrated sulfuric acid, and for this black
mixture, 2 g of sodium nitrate was added for initiating
the reaction. For the above reaction mixture, potas-
sium permanganate was added by maintaining the
temperature below 20 °C. The resultant mixture was
stirred at 60 °C for 4 h. At this stage, the temperature
was raised up to 90 °C after adding the 100 mL of
deionized water and stirred for 15.0–20.0 min. The
addition of 20 mL of 30% H2O2 and 200 mL of warm
water resulted in a color change to bright yellow
which indicates the formation of GO. The solid was
collected and washed several times with 5% hydro-
chloric acid and water and then dried for 12 h.

Synthesis of MGO
MGO was prepared with the help of a simple and
ecofriendly solvothermal route [36]. The GO (0.2 g) was
dispersed into a 250-mL round bottom flask containing
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the mixture of mono- (20 mL) and di-ethylene glycol
(60 mL) and sonicated for about 2 h. To this, 0.68 g of
FeCl3·6H2O was added and the dispersion was stirred
for 25 min. Thereafter, polyethylene glycol (2.25 g) and
sodium acetate (8.10 g) were added slowly and sonicated
for 30 min. The reaction mixture was transferred into a
stainless-steel autoclave and the reaction is carried out
at 180 °C for 12 h. Finally, the formed product was col-
lected by using centrifugation and washed several times
with water and ethanol and then dried for 12 h at 50 °C
in a vacuum oven.

Preparation of MGO-CD composite
MGO (0.0615 g), tetrafluoroterphthalonitrile (0.4 g),
cyclodextrin (0.615 g), and potassium carbonate (0.96
g) were taken in a three-neck round bottom flask
containing the solvent mixture of tetrahydrofuran
(THF, 4 mL) and dimethylformamide (DMF, 26 mL).
The reaction mixture was deoxygenated by purging
nitrogen gas for about 30 min. After that, the reac-
tion mixture was stirred mechanically at 85 °C with
constant speed for about 24 h. After the completion of re-
action time, the formed product was collected by using
centrifugation for 5.0 min at 5000 RPM. Then, the product
was washed with deionized water and HCl until the super-
natant is neutralized. Further, the product was washed

with THF and dichloromethane for the removal of un-
bounded cyclodextrin and dried at 50 °C in the oven for
10 h [34].

Preparation of standard and spiked human plasma sample
solutions
The standard stock solutions of BVC, ESL, and CBZ
(1000 μg mL−1) were prepared by dissolving in aceto-
nitrile and stored at 4 °C in the refrigerator. The
drug-free human plasma was collected from our in-
stitute dispensary and stored at −20 °C. The protein
content from the plasma was removed by adding 1
mL acetonitrile 1:4 (v/v) ratio to 250 μL of plasma 2-
mL Eppendorf tube. The sample was vortexed for 5
min and then centrifuged for 4 min at 4000 rpm. We
repeated this procedure to getting 4 mL of super-
natant. The 4 mL of supernatant was taken in a 5-
mL glass vial and dried with N2 gas at 40 °C in a
vacuum oven. For the reconstitution of the solution,
phosphate buffer (pH 7.2) solution was added to the
residue. In order to construct the calibration curve,
eight spiked plasma sample solutions containing the
abstained final concentrations of three antiepileptic
drugs of BVC, ESL, and CBZ (0.5–50.0, 0.1–40.0, and
0.25–60.0 μg mL−1 respectively) were prepared. For
QC analysis, three-level spiked sample solutions (low:

Fig. 2 Schematic illustration diagram of the synthesis of MGO-CD
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BVC, ESL, and CBZ is 1.0, 0.5, and 0.75 μg mL−1;
middle: 10.0, 5.0, and 7.5 μg mL−1; high: 20.0, 10.0,
and 15.0 μg mL−1) were prepared. Eighteen milligrams
of MGO-CD was added and then the solutions were
mixed up to 25.0 min. The MGO-CD was separated
from the solution by using a strong magnet. The
analytes are extracted with 1.0 mL acetonitrile
through ultrasound, and the solution was evaporated
and reconstituted with acetonitrile. From this, 20 μL
solution was directly injected into HPLC for analysis.

The study of MGO-CD properties
Adsorption capacity of MGO-CD
Different amounts of MGO-CD (1.0–12.0 mg) in differ-
ent centrifuge tubes were taken and then three antiepi-
leptic drugs at a concentration of each 100.0 μg/mL
were added. After continuous shaking of this mixture up
to 120.0 min, the supernatant was collected by a strong
external magnet and then directly injected into HPLC
(Fig. 3a).

The study of adsorption kinetics
Ten milliliters of three antiepileptic drug solution
containing concentrations of each BVC, ESL, and CBZ
(100.0 μg/mL) was taken and added 18.0 mg of MGO-

CD for the study of adsorption kinetics. The mixture
was shaken continuously with different time ranges from
5 to 180.0 min. The unbounded solution was separated
by using a strong external magnet and directly injected
into HPLC analysis (Fig. 3b).

Study of adsorption isotherm
For the study of adsorption isotherm, 2 mg of MGO-
CD in 1-mL drug solutions with different concentra-
tions (5.0–700.0 μg mL−1) was taken. The solutions
are kept for 30.0 min and then supernates were
collected from MGO-CD by using a strong magnet.
20.0 μL of each supernate was directly injected into
HPLC-UV and the concentrations are determined
(Fig. 3c).

Results
Characterization of synthesized MGO-CD
The magnetic graphene oxide and cyclodextrin
(MGO-CD) composite was synthesized as depicted in
the experimental details. The MGO-CD composite
was characterized by FT-IR, powder XRD, SEM, and
VSM. The MGO showed one specific band at 591
cm−1 in the infra-red spectrum which corresponds to
the Fe–O vibration in Fe3O4. The MGO-CD exhibited

Fig. 3 a Adsorption capacity of MGO-CD. b The study of adsorption kinetics. c The study of adsorption isotherm
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an additional band at 2255 cm−1 attributed to the
stretching frequency of -C ≡ N in the linker (Fig. S1).
The IR spectra also exhibited a weak band at 1156
cm−1, and strong peaks at 1422 and 1580 cm−1 corres-
pond to C–F and aromatic C=C stretching frequen-
cies respectively. The stretching frequencies of O–H,
C–H, and C–O were also found at 3453, 2945, and
1032 cm−1. These results suggested the formation of
magnetic graphene oxide cyclodextrin composite
(MGO-CD).
Powder X-ray diffractogram of GO exhibited a peak

at 10.56° which corresponds to the characteristic dif-
fraction from graphitic carbon in exfoliated GO. The
peak was disappeared in both MGO and MGO-CD due
to the disturbance in stacking of GO sheets after

loading with iron oxide (Fe3O4) and CD. The diffrac-
tion peaks observed at 30.0°, 35.9°, 43.0°, 53.2°, 57.3°,
and 62.4° were assigned to (220), (311), (400), (422),
(511), and (440) planes, which corresponds to the cubic
phase of Fe3O4 with a face-centered cubic structure as
found in the literature reports. The intensity of XRD
peaks was found to be slightly decreased on loading
with cyclodextrin. These results supported the incorp-
oration of CD onto MGO (Fig. 4).
There will be irregularity that occurred in the sp2

carbon network in GO, due to the incorporation of
CD and Fe3O4. Hence, the ordered and disordered
crystal structures of fabricated MGO-CD need to be
investigated using Raman spectroscopy. The obtained
Raman spectra of GO and MGO-CD are plotted in
Fig. 5. D-band and G-band are the parameters corre-
sponding to the structural defects and imperfections,
and first-order scattering of the E2g phonon of the
sp2 carbon domains, respectively. From the spectrum
of GO, it can be observed that D-band and G-band
are assigned at 1345 and 1585 cm−1, respectively. The
disordering in the structure of GO is measured using
the intensity ratio of ID/IG. It can also be observed
that there is an increase in the intensity ratio of
MGO-CD than that of GO due to the incorporation
of CD and Fe3O4, which indicates a significant
amount of structural defects of the sp2 carbon net-
work in GO.
The morphology of the synthesized composite was

examined by SEM. Figure 6a shows a sheet-like struc-
ture of the exfoliated GO. This was further employed
for the synthesis of MGO-CD composites. There was
clear diffraction observed from Fig. 6b that shows the
formation of Fe3O4 composites on the GO sheets.
The particles have been observed clearly along with
the stacking of the GO sheets because of the adher-
ence of Fe3O4 and CD.
The vibrational sample magnetometer (VSM) data

was collected to understand the magnetic properties
of MGO-CD; the hysteresis loops of MGO-CD are
shown in Fig. 7. S-like curves of magnetic hysteresis
loops observed indicate the paramagnetic nature of
MGO-CD because of no remnant magnetization or
coercivity at room temperature. The specific satur-
ation magnetization (Ms) of the composite was
observed to be 43.96 emu g−1, which is appropriate
for the separation of composites with a magnet. The
MGO-CD could be easily separated from the mixture
of composites in the solution by placing a perman-
ent magnet.

Optimization of extraction conditions
In this method, parameters such as extraction solvent
(eluent) (ACN, MeOH, acetone, CHCl3, TBDE, and

Fig. 4 XRD patterns of (a) GO, (b) MGO, and (c) MGO-CD

Fig. 5 Raman spectra of GO and MGO-CD
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EtOAc), sorbent amount (2.0–22.0 mg), extraction time
(intermissions from 5.0–30.0 min), and eluent amount
(0.5 to 2.5 mL) were optimized. The mixture of three an-
tiepileptic drug solution contains the concentrations of
BVC (10.0 μg mL−1), ESL (10.0 μg mL−1), and CBZ
(20.0 μg mL−1) respectively.

Rate of adsorption
In order to get the amount of adsorbent required for
better extraction, the effect of adsorbent quantity on
the extraction of these drugs was studied. These stud-
ies revealed that at 2.0 mg of absorbent, the adsorp-
tion rates were found to be 33.50% (ESL), 17.95%
(CBZ), and 8.19% (BVC). Increasing in the four-unit
volume of the adsorbent amount, the adsorption rate
for ESL gradually increased and it reaches equilibrium
(97.62%) at 18.0 mg. In the case of BVC, the rate of
adsorption was slow up to 10.0 mg and it reaches
maximum (83.08%) at 18 mg whereas the adsorption
rate for CBZ was gradually increased (87.98%) and

reaches maximum at 18.0 mg (Fig. 8a). These studies
suggest that the maximum rate of adsorption was
found to be at 18.0 mg in all the three drugs.

Effect of eluent solvent
The choice of desorption solvent plays a significant role
in the extraction of analytes from the adsorbent. In the
previous methods of extraction of these three drugs,
acetonitrile, methanol, acetone, and a mixture of
solvents under acidic conditions were used. In the
present method, methanol, TBDE, acetone, acetonitrile,
chloroform, and ethyl acetates were used as desorption
solvents. Based on the polarity scale, acetonitrile is ex-
pected to give high desorption efficiency for these three
antiepileptic drugs among all solvent used and chloro-
form is of low eluting efficiency. The same pattern has
been found in our experimental results (Fig. 8b). The
percentage recovery of these three drugs was found to
be higher in the case of acetonitrile and lower with
chloroform as eluent. From the HPLC chromatograms,
the polarity sequence of the three antiepileptic drugs is
BVC > ESL > CBZ respectively (Fig. 9).

Effect of eluent amount
The rate of desorption of analytes from any adsorbent is
known to depend not only on the nature of the eluent
but also on the amount. To study the effect of eluent
amount on desorption rate, different volumes of eluent
were used from 0.5 to 2.5 mL. The studies clearly sug-
gested that the 1.5 mL of eluent gives maximum desorp-
tion of drugs (Fig. 8c). The variation was found to be in
the range of 10% between 0.5 and 2.5 mL. Based on
these studies, 1.5-mL eluent volume was found to be the
optimal condition to get the best desorption efficiency.

Effect of time on the extraction
Time also showed a significant effect on the desorption
of three antiepileptic drugs from MGO-CD. The effect
of time on extraction has been studied between 5.0 and

Fig. 6 SEM images of a GO and b MGO-β-CD

Fig. 7 Magnetization hysteresis loops of Fe3O4, MGO, and MGO-CD
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30.0 min. From Fig. 8d, it is clear that the extraction in-
creases with the increase in time from 5.0 to 20.0 min
(up to 30%) and becomes saturated after 25.0 min. Based
on this study, the optimized desorption was found to be
20.0 min for effective desorption of these drugs from the
MGO-CD.

Adsorption capacity
For the evolution and determination of adsorption
capacity of MGO-CD, different initial concentrations of
drug solutions (5.0–700.0 μg mL−1) were prepared. The
equilibrium adsorption capacity Qe (mg/g) of MGO-CD
was measured by changing the concentrations of sample
solutions and the values were calculated by using the
subsequent equation.

Qe ¼ C0−Ceð Þ V=m

where Qe (mg/g) is the amount of three antiepileptic
drugs adsorbed per unit weight of adsorbent at equilib-
rium, C0 (μg mL−1) is the initial concentration, Ce (μg
mL−1) is the equilibrium concentrations of drugs in the
solution, m (g) is the mass of MGO-CD, and V (L) is the
volume of the sample solution.
The apparent binding amount of the MGO-CD was

calculated by using the following Langmuir isotherm
model.

Fig. 8 a The effect of MGO-CD amount. b The effect of deferent solvents. c The effect of solvent amount. d The effect of time on extraction

Fig. 9 Typical HPLC chromatograms of the (a) human blank plasma
sample after the extraction and (b) spiked sample solution after
extraction with SPE at a low-level concentration
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Ce=Qe ¼ Ce 1=Qmð Þ þ 1=QmKð Þ

where K is the constant coefficient, Qm is the max-
imum sorption capacity of the MGO-CD, Qe is the equi-
librium sorption capacity, and Ce is the equilibrium
concentration. This transformation (Ce/Qe versus Ce)
gives information about the binding characteristics of
the equilibrium adsorption. The Qm values can be ob-
tained from the plot of Ce/Qe versus Ce. By using this
transformation, the maximum sorption values for BVC,
ESL, and CBZ were found to be 36.38, 106.86, and 54.49
mg g−1 respectively.

Method validation
Linearity
For the determination of linearity, six different con-
centrated solutions of three antiepileptic drugs were
prepared in the range of 0.5–50.0, 0.1–40.0, and
0.25–60.0 μg mL−1 respectively for BVC, ESL, and
CBZ. The calibration curves give good correlation
coefficient (R2) values ≥ 0.9982 with acceptable linearity
(see Table 1).

LOD and LOQ
The sensitivity of the method was assessed by meas-
uring the limit of determination (LOD) and limit of
quantification (LOQ). LOD and LOQ of the devel-
oped method were evaluated by using the signal to
noise ratio (S/N) method. The LOD was set as the
lowest concentration that can be distinguished with
signal to noise ratio over 3, whereas the lower limit
of quantification of the analytes was assessed by
using a signal to noise ratio of 10. The LOD for
BVC, ESL, and CBZ were 28.32, 6.14, and 14.86 ng
mL−1 and LOQ values for BVC, ESL, and CBZ were
94.31, 20.45, and 49.48 ng mL−1 respectively.

Precision and accuracy
Precision and accuracy of the method were analyzed by
preparing three different QC level samples as described
in Table 2 (low, middle, and high) of three antiepileptic
drugs BVC, ESL, and CBZ. Each level of QC samples
was repeatedly injected in triplicate and evaluated the
recovery percentage. Inter- and intraday recoveries of
analytes results are shown in Table 2. The results clearly
showed the low interference effect on target analyte
peaks and this demonstrates the good specificity of the
method. From the results, it is clear that the recovery
ranges in both intra- and interday are 80.25–101.11%
and CV ranges are 1.86–5.50%. From these test results,
it is clear that the developed HPLC method will be use-
ful for the analysis of these three drugs in human plasma
samples.

Robustness
The robustness of the current method was studied by
preparing standard solutions of drugs (10.0 μg mL−1) and
by varying conditions such as flow rate, column oven
temperature, and mobile phase ratio. From Table 3, it is
clear that no substantial difference in the results was ob-
served at different chromatographic conditions and the
RSD was found to vary between 5.84 and 1.42%. These
results indicate the reliability and the good performance
of the developed HPLC method.

Discussion
The LC-MS method has been quite widely employed
for the analysis of drugs in the plasma due to its high
sensitivity and selectivity. But the method is expensive
in terms of solvent usage and maintenance that in-
crease the burden for institutions and patients which
in turn limits the applicability of the method. In the
case of liquid-liquid extractions, the method needs a
high amount of organic solvents and it causes

Table 1 Analytical parameters of the three antiepileptic drugs’ quantitative analysis

Drug Linear range (μgmL−1) Calibration curve equation R2 LOD (ngmL−1) LOQ (ngmL−1)

Brivaracetam 0.5–50 y = 36563x + 22801 0.9989 28.32 94.31

Eslicarbazepine acetate 0.1–40 y = 77215x + 15516 0.9995 6.14 20.45

Carbamazepine 0.25–60 y = 310443 − 47234 0.9982 14.86 49.48

Table 2 Intraday and interday precision and accuracy values of analytes in the plasma sample

Intraday (%) Interday (%)

Low Middle High Low Middle High

Brivaracetam 81.23 ± 3.41 84.65 ± 4.24 86.06 ± 3.66 80.25 ± 3.72 86.08 ± 3.97 87.61 ± 4.11

Eslicarbazepine acetate 96.62 ± 2.48 98.68 ± 1.84 101.11 ± 3.68 95.02 ± 4.63 97.55 ± 3.87 99.13 ± 3.22

Carbamazepine 91.27 ± 4.43 94.83 ± 4.10 98.36 ± 3.45 92.97 ± 5.12 95.63 ± 3.88 99.07 ± 3.72
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pollution. Therefore, the solid-phase extraction
method is considered as an alternative method for the
analysis of drugs in the plasma due to its good ex-
traction ability, convenient operation, and consump-
tion of a low amount of organic solvents and it needs
a low amount of adsorbent. Compared with earlier re-
ported methods by using different equipments, our
method showed high precision, wider linear range,
and comparable detection limit (see Table 4) [16, 37–
44]. These results demonstrate the advantages of the
current method over the available methods, and in
addition to this, there were no studies that reported
on the simultaneous extraction of these three antiepi-
leptic drugs using the solid-phase extraction method.

Conclusions
Magnetic graphene oxide composite of β-cyclodextrin
with good water dispersibility was synthesized and char-
acterized by FT-IR, SEM, and powder XRD, and the
magnetic property of the material was established by
VSM. The material was found to be paramagnetic with
sufficient magnetization for the separation of composite
with a conventional magnet. The developed material was
used as MSPE sorbent for the extraction of three antiep-
ileptic drugs from the human plasma. The method
showed high precision with wider linear range and good
detection limits. This developed HPLC-UV method has
good efficiency for recoveries and good linearity and is
simple to handle. And also, it gave low retention time
for the three antiepileptic drugs within 8 min. It provides
high efficiency for the extraction of trace-level sub-
stances from the human plasma.
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