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Abstract: Dispersive liquid–liquid microextraction, an environmentally friendly extraction technique,
followed by gas chromatography–mass spectrometry operating in selected ion monitoring (SIM)
mode, is here presented for the simultaneous determination of two anticonvulsant drugs in plasma,
Topiramate and Carbamazepine. Experimental parameters affecting the recovery of the proposed
extraction method, such as the extraction and dispersion solvent, the extraction and dispersion
volume, the sample amount, the pH of the aqueous phase, the ultrasound time, the centrifugation
time and ionic strength, were investigated. The limits of detection for Topiramate and Carbamazepine
were 0.01 and 0.025 µg mL−1, and the limits of quantification were 0.025 µg mL−1 and 0.05 µg mL−1,
respectively. The method is shown to be selective, accurate, precise and linear over the concentration
ranges of 0.025–8 µg mL−1 for Topiramate and 0.05–3 µg mL−1 for Carbamazepine. The extraction
recovery of the analytes ranged from 91.5% to 113.9%. The analytical method was successfully
applied to real plasma samples received by the Forensic Toxicology Service of the Forensic Science
Institute of Santiago de Compostela.

Keywords: anticonvulsant drugs; gas chromatography–mass spectrometry; dispersive liquid–liquid
microextraction; plasma samples

1. Introduction

Epilepsy is a chronic brain disease which affects people of all ages. In fact, about
70 million people worldwide suffer from the condition, making it one of the most common
neurological diseases globally. Data applied to the Spanish population (46 million) indicate
that, currently, between 180,000 and 360,000 people suffer from epilepsy in this country [1].
Pharmacotherapy with anticonvulsant or antiepileptic drugs (AEDs) is currently the treat-
ment of choice regarding epilepsy [2]. Several AEDs of the first generation and/or second
generation can be used. The latter drugs are not necessarily more effective than traditional
drugs but are safer and better tolerated than their classic counterparts, due to their im-
proved tolerability profile, broader therapeutic ranges, linear pharmacokinetics and less
interindividual variability [3]. There are several options in the world market, including
Topiramate (TOP) and Carbamazepine (CBZ), both found quite frequently in the casuistry
of the Forensic Toxicology Service of the University of Santiago de Compostela.

Topiramate, [2,3,4,5bis-O-(1-methylethylidene)-D-fructopyranose], is one of the most
used second-generation AEDs. It exhibits multiple mechanisms of action [4]. In turn,
Carbamazepine (5H-dibenzo [b,f] azepine-5-carboxamide) is a first-generation antiepileptic,
being one of the most commonly used drugs in clinical practice [5].

Biological samples, such as plasma, usually contain some compounds that can inter-
fere with the analytes of interest. Furthermore, the expected concentrations in these kinds
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of matrices are low. Therefore, the application of a reliable extraction technique becomes a
must prior to chromatographic analysis. There are a wide range of sample preparation tech-
niques which span from traditional procedures such as solid-phase extraction (SPE) [6–10]
to newer techniques. At present, the trend is focused towards more innovative techniques
such as dried blood spots (DBSs) or the so-called microextraction techniques, such as mi-
croextraction by packed sorbent (MEPS) [3,4,11,12]. These techniques require less samples
and solvents and allow for greater specificity and selectivity in extraction [13]. Dispersive
liquid–liquid microextraction (DLLME), a miniaturization of conventional liquid–liquid
extraction, is used in this study. This technique is aimed at adapting to green chemistry
standards, a current trend in analytical chemistry. Assadi et al. developed this technique in
2006. It is based on a three-solvent system in which the extraction and dispersion solvents
are rapidly injected into the aqueous sample with a syringe and the turbidity of the solution
is observed. Finally, the analytes are extracted in a droplet obtained by centrifugation [14].
The steps necessary to develop this technique have been described in a previous article [15].
Some of its advantages are the low volumes of samples and solvents used; its simplicity,
the recovery rates which are comparable with or better than the traditional techniques; its
environmental sustainability; and the shorter extraction times [14]. The extraction method
described here does have some limitations, such as the possibility of drop breakage due
to excessive agitation, the centrifugation time necessary for drop formation or the need
to use extraction solvents with a density larger than that of water (normally chlorinated
solvents) to achieve the formation of the drop at the bottom of the tube, thus achieving
easier collection [14].

The methods commonly used to determine AEDs are high-performance liquid chromatog-
raphy (HPLC) [2,16–21], gas chromatography–mass spectrometry (GC-MS) [4,7,8,10–12] or
capillary electrophoresis (CE) [17,18].

The present work aims to develop a sensitive method able to simultaneously determine
the plasma concentrations of TOP and CBZ for toxicological purposes. To date, there is
no published method to determine both AEDs in plasma using DLLME and GC-MS. The
validation of the method was developed according to the guidelines of the Food and Drug
Administration (FDA) [19]. The method was then applied to 18 plasma samples received at
the Forensic Toxicology Laboratory.

2. Materials and Methods
2.1. Chemicals

Acetonitrile, carbon tetrachloride, sodium chloride, methanol, acetone, chloroform,
dichloromethane, 1-chlorobutane, 1,2-dichloroethane and sodium carbonate were pur-
chased from Merck® (Darmstadt, Germany). Topiramate, Carbamazepine and Topiramate-
D12, used as the internal standard, were obtained from Cerilliant® (Round Rock, TX, USA).
Methanol was used to prepare the working solution. Distilled water was processed through
a Milli-Q water system (Millipore, Bedford, MA, USA).

2.2. Plasma Samples

To carry out the validation, drug-free plasma samples obtained from the Blood Bank
of Santiago de Compostela were used. On the other hand, plasma samples from real
cases were stored in our laboratory at −20 ◦C. Plasma was obtained from whole blood by
centrifugation (14,000 rpm, 5 min) and kept at 4 ◦C. The samples received at the Forensic
Toxicology Service of the University of Santiago de Compostela were collected during
the performance of the autopsies by the forensic doctors. Approval from Galicia’s Ethics
Committee was not required because the toxicological data used in this work do not allow
the identification of the subjects. Informed consent was obtained from all volunteers
involved in the study.
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2.3. Sample Preparation

In order to separate plasma from proteins, blood samples were centrifuged at
14,000 rpm for 5 min. For those samples in which this process was not enough, ace-
tonitrile (1 mL) and further centrifugation for 10 min at 4000 rpm were subsequently used.
To carry out the analysis, 1 mL aliquots were put into glass tubes and spiked with TOP-D12
(10 µL of solvent, 100 µg/mL). The pH of the plasma sample was alkalized by the dropwise
addition of 1.25 mL of borate buffer (pH 9, 10 mM). DLLME was carried out using 40 µL of
carbon tetrachloride as the extraction solvent and 0.5 mL of acetonitrile as the dispersive
solvent. Prior to being injected into the samples with a micropipette or a syringe, these
solvents were mixed. Then, the mixture was gently shaken for several seconds. This way,
the extraction kinetics were improved, since the contact surface between the sample and the
extraction solvent increased by dispersing the extraction solvent in the form of fine droplets
in a turbid solution. The mixture was then sonicated for 10 min and finally centrifuged at
4000 rpm for 12 min. The drop formed was transferred to a conical tube with the aid of a
100 µL syringe. The evaporator was set at 40 ◦C to evaporate the elution solvent to dryness
under a gentle stream of N2. Finally, the extracts were reconstituted with methanol and
injected into the GC-MS system.

2.4. Study of DLLME Parameters

The optimization of the DLLME parameters, such as the type and volume of the
extraction and dispersive solvents, the volume of the biological sample, the pH of the
sample solution, the volume of the buffer solution, the ionic strength and the sonication
time, was carried out. Stepwise optimization was used, fixing all but one variable in each
experiment. This process is explained in detail in the Results section.

2.5. Instrumentation

The analyses were carried out using a model 7890B gas chromatograph from Agilent
Technologies® (Santa Clara, CA, USA, EEUU) coupled to an Agilent 5977B mass spectrom-
eter. The ionization source used was electron impact ionization with an energy of 70 eV. An
HP5-MS capillary column (30 m × 250 µm inner diameter, 0.5 µm film thickness; Agilent
Technologies®) was used to perform the chromatographic separation, using helium as the
carrier gas (1 mL/min). The injector temperature was set at 250 ◦C and the purge time
was 2 min. The extracts were injected using the splitless mode. The temperature program
used was as follows: the temperature gradient started at 90 ◦C, maintained for 1 min, then
it was progressively increased at 35 ◦C/min to 200 ◦C, and finally, the temperature was
increased at 10 ◦C/min to 260 ◦C and held for 1 min. In order to clean the column, the
temperature was increased to 280 ◦C for 5 min. The total chromatographic separation
time was 10 min. The MSD was maintained at 300 ◦C, the ion source at 250 ◦C and the
quadrupole at 150 ◦C. The SCAN mode was used to obtain the retention times and mass
spectra of each compound. Once the compounds were identified, we proceeded to work in
SIM (selected ion monitoring) mode in order to increase the sensitivity of the method.

2.6. Identification of Compounds

The first step of performing the correct identification of the compounds consisted
of the injection in SCAN mode (scanning from 40 to 550 amu) of all the pure stan-
dards (Figure 1A–C). The ions selected to work in SIM mode are shown as follows:
245 quantifier ions and 171 and 229 qualifier ions for TOP; 254 quantifier ions and
177 and 241 qualifier ions for TOP-D12; and 193 quantifier ions and 139 and 165 quali-
fier ions for CBZ. The selection of these ions was based on the abundances obtained in
the fragmentation pattern, resulting from the SCAN work. The retention times for TOP
and TOP-D12 were 6.52 and 6.45 min, respectively, with 9.6 min for CBZ. Figure 1D
shows the GC-MS chromatograms of TOP and CBZ at a concentration of 0.5 µg mL−1.
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provides information on the sensitivity of the method. For the calculation of both param-
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Figure 1. (A) Topiramate (TOP) (chemical structure and mass spectra); (B) Topiramate-D12 (TOP-
D12) (chemical structure and mass spectra); (C) Carbamazepine (CBZ) (chemical structure and mass
spectra); (D) chromatogram of TOP, TOP-D12 and CBZ in SIM mode.

2.7. Method of Validation

To carry out the validation, different parameters such as selectivity; linearity and
sensitivity; precision and accuracy; and recovery were monitored following the FDA
Bioanalytical Methods Validation Guide [19].

For the selectivity study, six drug-free plasma samples were analyzed. The linearity
was evaluated on different days by calculating eight calibration curves with seven con-
centration levels, from the limit of quantification (LOQ) that is the lowest standard in
the calibration curve: 0.025 µg mL−1 and 0.05 µg mL−1 for TOP and CBZ, respectively.
The upper limit of quantification (ULOQ), namely, the highest standard in the calibration
curve, was 8 µg mL−1 and 3 µg mL−1 for TOP and CBZ, respectively. A linear response
was observed within the studied range, yielding a correlation coefficient in all cases better
than 0.99. The determination of the limit of detection (LOD) and limit of quantification
(LOQ) provides information on the sensitivity of the method. For the calculation of both
parameters, the signal-to-noise ratio must be taken into account, being 3 for the LOD and
10 for the LOQ. The study of precision was evaluated by means of the relative standard
deviation (%RSD). For its experimental determination, three concentrations were taken
from the calibration line (low, medium and high point) and 5 replicates of each one were
made on the same day (intraday precision), as well as on 5 different days (inter-day pre-
cision). For the study of accuracy, the relative error (%RE) was calculated following the
same pattern as for the calculation of precision. The criteria established by the international
guidelines [19] suggest that the error of accuracy and precision should not exceed 15% for
each calibration standard, except for the LOQ, where a 20% error is accepted. To determine
the recovery of an analyte, the response of the detector obtained after the extraction of the
biological sample to which a known amount of the analyte under study has been added,
as well as the response of the detector obtained after the injection of the pure standard,
must be compared. Good recovery is indicative of efficient and reproducible extraction. It
is not considered necessary to obtain 100% recoveries; however, the degree of recovery of
an analyte and an internal standard must be consistent and reproducible [20]. It was also
studied at three different concentration levels, five times, within three days.
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3. Results

Following the principles of green chemistry, a microextraction technique (DLLME)
was used for the quantitative determination of two drugs. The optimization of all the
parameters involved in the selected technique was carried out step by step. The variables
studied were the type and volume of the extraction and dispersion solvents, the sample
amount, the pH of the aqueous phase, the ultrasound time and the ionic strength.

3.1. Type of Extraction and Dispersive Solvents

Two of the most noteworthy variables are the type and volume of the extraction
and dispersion solvents. A wide variety of organic solvents can be used, but there are
common requirements that should be fulfilled. Optimizing the conditions of the solvents
can increase the recovery by two to three times. The extraction solvents must have low
water-miscibility; otherwise, neither phase separation nor partitioning takes place. It also
needs to be miscible with the disperser solvent and must be able to dissolve the analyte of
interest. One way to study the suitability of an organic solvent for DLLME is through the
partition coefficient (k), with optimal solvents having K > 500. However, this information
is not always available, resorting, in these cases, to the octanol/water coefficient, Kow,
which measures the degree of lipophilicity of an analyte. Organic solvents with higher
partition coefficients (K > 500) are preferable. However, partition coefficient data are not
always available for all compounds. In these cases, the reported Kow for octanol/water
systems can be used as an indication of the lipophilicity of the analyte [21]. Maximum
extraction efficiencies are usually observed at lower extraction volumes (20–200 µL). The
most common dispersion solvents used are acetonitrile and methanol. In general, the use of
a small volume, namely 200–1000 µL, is often enough to disperse the organic extractant in
the sample. Due to the undesirable cosolvent effect that decreases the extraction efficiency,
larger volumes of dispersers should be avoided [14,21,22].

Five solvents, including carbon tetrachloride (CCl4), chloroform (CHCl3), dichloromethane
(CH2Cl2), 1-chlorobutane (C4H9Cl) and 1,2-dichloroethane (C2H4Cl2), were evaluated as ex-
traction solvents, as well as acetonitrile (C2H3N), methanol (CH3OH) and acetone (C3H6O) as
dispersion solvents. Among all those tested, acetonitrile showed the best results, since no drop
was formed with the other solvents used. Regarding the extraction solvents, no cloudy solution
was formed using dichloromethane, and therefore, it was eliminated from this study. According
to the obtained results (Figure 2A), CCl4 resulted in the highest extraction efficiency for CBZ
and TOP. Hence, CCl4 and acetonitrile were selected as the optimum solvents for the analytes
of interest.

3.2. Volume of Extraction Solvent

The recovery of the analytes of interest were evaluated by using 1 mL of acetonitrile
containing different volumes of CCl4 (40, 60, 80 and 100 µL). With the increase in the CCl4
volume, the recovery of both analytes decreased. Therefore, a volume of 40 µL was selected
as the optimum extraction volume (Figure 2A).

3.3. Volume of Dispersive Solvent

Different acetonitrile volumes (0.5, 0.75, 1, 1.25 and 1.5 mL) containing 40 µL of CCl4
were used to find the optimal volume. The signal of the analytes decreased when the
volume of acetonitrile increased. According to the results, 0.5 mL of acetonitrile was chosen
(Figure 2B).
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Figure 2. (A) Optimization of extraction solvent type and volume (extraction conditions: sam-
ple volume, 1 mL; borate buffer (pH 9, 1 mL); dispersive solvent (Acetonitrile) volume, 1 mL).
(B) Optimization of dispersive solvent volume (extraction conditions: sample volume, 1 mL; borate
buffer (pH 9, 1 mL); extraction solvent (CCl4) volume, 40 µL).

3.4. pH of the Sample Solution

The pH of the medium allows the analytes to be in a neutral or ionized state, which
will affect their passage from the sample to the organic phase. For this reason, the plasma
samples were buffered at a pH lower than the pKa of TOP and CBZ, 9.7 and 13.9, respec-
tively. Therefore, the pH of the aqueous phase was adjusted in the range of 8–10. According
to the data obtained (Figure 3A), the optimal pH for TOP is 8, with 10 for CBZ. Hence, it is
necessary to reach the best compromise, so pH 9 was chosen.
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Figure 3. (A) Optimization of buffer pH (extraction conditions: sample volume, 1 mL; dispersive
solvent (ACN) volume, 0.5 mL; extraction solvent (CCl4) volume, 40 µL). (B) Optimization of buffer
solution volume (extraction conditions: sample volume, 1 mL; dispersive solvent (ACN) volume,
0.5 mL; extraction solvent (CCl4) volume, 40 µL; borate buffer (10 mM, pH 9)).

3.5. Volume of Buffer Solution

Different volumes of buffer solution (0.25, 0.5, 1, 1.25, 1.5 and 2 mL) were used to find
the optimal result. The signal of analytes increased up to 1.25 mL. From this value, the
signal obtained remains constant. Therefore, the volume of 1.25 mL was chosen (Figure 3B).
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3.6. Volume of Sample

Different sample volumes were studied (0.25, 0.5, 0.75 and 1 mL). This variable was
more significant for CBZ, showing a more constant area ratio for TOP. Finally, the optimal
volume was defined in 1 mL of the sample (Figure 4A).
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(B) Optimization of salt addition ( Extraction conditions: sample volume, 1 mL; dispersive solvent
(ACN) volume, 0.5 mL; extraction solvent (CCl4) volume, 40 µL; borate buffer (10 Mm, pH 9),
1.25 mL). (C) Optimization of sonication time (extraction conditions: sample volume, 1 mL; dispersive
solvent (ACN) volume, 0.5 mL; extraction solvent (CCl4) volume, 40 µL; borate buffer (10 Mm, pH 9),
1.25 mL).

3.7. Ionic Strength

The addition of salt to the experiment may favor the passage of the analytes of interest
from the aqueous phase to the organic phase by decreasing their solubility in the aqueous
phase (ionic strength effect). To study this phenomenon, different concentrations of sodium
chloride (0–15%, w/v) were added, and it was observed that by increasing the NaCl
concentrations, the recoveries of TOP and CBZ decreased. A possible reason for this may be
due to an increase in the viscosity of the aqueous phase, which generates a decrease in the
diffusion coefficient of the analyte (salting-in effect). Therefore, the extraction procedure
was established with no salt addition.

3.8. Sonication Time

This variable can be useful achieving a greater dispersion of the extraction solvent
into the aqueous phase in order to reduce the extraction time. Several sonication times
were studied (Figure 4C). Higher recoveries were obtained after sonicating for 10 min for
both compounds.
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3.9. Validation of the Optimized Method

The feasibility of the proposed method was studied by determining some analytical
parameters described in Section 2.6. To do so, blank plasma samples were spiked with
known concentrations of the analytes of interest.

3.9.1. Selectivity

Selectivity provides information on the possible presence of interfering substances at
the same retention time as the analytes of interest. For this study, blank plasma samples
from six different sources were analyzed. It was shown that there were no interfering peaks
at the retention times of interest. The chromatogram of a blank plasma sample spiked with
TOP-D12 is shown in Figure S1.

3.9.2. Linearity

A calibration curve was created using a blank sample spiked with TOP and CBZ at
concentrations of 0.025–8 µg mL−1 and 0.05–3 µg mL−1, respectively. All samples were
spiked with an internal standard (TOP-D12; 100 µg/mL). The curve was obtained by
representing, on the x-axis, the concentrations of the compounds under study, and on the
y-axis, the ratio of the peak areas of each compound (analyte peak area vs. IS peak area).
The equation of the curve for TOP was y = 1.51443, x − 0.067483, and for CBZ, it was
y = 10.765, x − 2.0072. The correlation coefficients (r2) were 0.9987 and 0.9922 for TOP and
CBZ, respectively, demonstrating a good linearity.

The LODs, defined as the lowest concentration that the equipment can detect, giving a
response of at least three times the signal-to-noise ratio, were 0.01 µg mL−1 and 0.025 µg
mL−1 for TOP and CBZ, respectively. On the other hand, the LOQ, which corresponds to
the lowest point of the calibration curve, is defined by an analyte response of at least ten
times the signal-to-noise ratio. It was set at 0.025 µg mL−1 and 0.05 µg mL−1 for TOP and
CBZ, respectively.

3.9.3. Precision and Accuracy

Table 1 shows the data obtained for the calculation of intraday and inter-day precision
and accuracy, expressed in relative standard deviation, %RSD, and relative error, %RE. The
intraday and inter-day precisions were all <15.5% for CBZ and <15.4% for TOP, and the
intra- and inter-day accuracies were in the range of 2.6–18.2% for CBZ and 3.4–18.5% for
TOP. The results satisfy the international validation rules defined by the FDA [19].

Table 1. Intraday and inter-day assay for CBZ and TOP (%RSD: relative standard deviation; %RE:
relative error; %R: recovery).

Carbamazepine Topiramate

Concentrations (µg mL−1) Concentrations (µg mL−1)

0.05 2 3 0.025 5 8

Intraday
assay

%RSD 15.5 14.4 12.4
Intraday

assay

%RSD 15.4 6.4 6.3

%RE 18.2 8.3 7.9 %RE 16.2 6.8 6.9

%R 90.3 91.7 107.9 %R 91.5 93.2 113.9

Inter-day
assay

%RSD 12.8 11.0 9.6
Inter-day

assay

%RSD 13.4 9.4 10.6

%RE 16.5 14.7 2.6 %RE 18.5 3.4 5.4

%R 90.5 116.7 102.6 %R 92.4 96.6 105.4

3.9.4. Recovery

Recovery was studied for three concentrations within the calibration range (low,
medium and high), with five repetitions of each within three days. The results were
compared with the theoretical concentration that represents 100% recovery. The values
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ranged from 90.3 to 116.7% for CBZ and 91.5 to 113.9% for TOP. The results are shown in
Table 1.

3.9.5. Applicability of the Proposed Method

The capability of the proposed method for identifying and quantifying CBZ and TOP
was tested on blood samples received at the Forensic Toxicology Service of the Institute of
Forensic Science of Santiago de Compostela. These samples were previously collected from
autopsies carried out by the IMELGA (Institute of Legal Medicine of Galicia) to clarify the
cause of death. Biological samples are required to be collected in this type of legal case and
are performed on request from the Ministry of Justice to our laboratory.

The results are displayed in Table 2, as well as information regarding the cases. None
of the samples analyzed reached toxic levels according to different guidelines [23–26].
Figure 5 shows a chromatogram for real case number 2.

Table 2. Real cases’ information (M: male; F: female; [CBZ]: concentration of CBZ; [TOP]: concentra-
tion of TOP).

Case N◦ Age (Sex) Etiology of Death [CBZ] (µg/mL) [TOP] (µg/mL)

1 31 (F) Accidental - 1.34
2 45 (M) Suicide death - 2.05
3 24 (M) Suicide death - 1.81
4 35 (F) Accidental - 2.62
5 48 (M) Suicide death - 1.62
6 62 (M) Natural - 1.09
7 52 (F) Overdose 0.10 -
8 42 (M) Suicide death 0.31 -
9 48 (M) Overdose 0.20 -
10 59 (F) Natural 0.25 -
11 37 (F) Accidental 0.21 -
12 44 (M) Accidental 0.44 -
13 60 (M) Accidental 0.26 -
14 37 (M) Natural 0.34 -
15 44 (F) Suicide death 0.12 -
16 62 (M) Accidental 0.4 -
17 41 (F) Sexual assault 0.64 -
18 52 (M) Natural 0.41 0.06
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4. Discussion

Epilepsy is a common nervous system disease. The usual treatment for this condition
is antiepileptic drugs [2]. Therefore, reliable methods of analysis are needed for their
quantification in plasma samples. TOP and CBZ are two common drugs for the treatment
of epilepsy.

Previous analytical methods for the quantification of both drugs within plasma sam-
ples have been described, including LC-MS/MS [2,16,27–30], HPLC–Fluorescence detec-
tion [31,32], LC-UV [6,33,34], HPLC-DAD [3,9], UPLC-MS/MS [35], CE [17,18], FO-BLI [5]
or GC-FID [13] (Table 3). Here, however, we aimed to develop a procedure that was simple
enough to be used as a routine analysis tool. Therefore, GC/MS was chosen as an instru-
mental technique, especially considering its lower cost and easier maintenance compared
to other techniques such as LC-MS or LC-MS/MS. In addition, this technique also includes
high sensitivity and selectivity, especially due to the greater number of theoretical plates
and the requirement of volatile compounds, and does not require the preparation of buffers
and mobile phases, reducing organic solvent waste [4,7,12]. Thus, this technique is com-
monly used in analytical and forensic toxicology laboratories. Hence, GC-MS is a good
alternative as a working method.

Table 3. Analytical figures of merit of available methodologies for the determination of CBZ and TOP
in blood samples.

References Biological
Matrix

Extraction
Technique

Detection
Technique Drugs Data of Interest

D.J.S. et al.,
2000 [10] Whole blood SPE GC-MS CBZ

LR: 0.5–60
LOD: -
%R: 158
Total run: 15 min
Derivatization step

G.F.V.R. et al.,
2002 [16] Plasma LLE LC-MS/MS CBZ

LR: 0.0008–6.6
LOD: -
%R: 95.1
Total run: 4 min

G.B. et al.,
2004 [31] Plasma LLE HPLC- FD TOP

LR: 0.02–5.1
LOD: 0.001
%R: 98
Total run: 5 min
Derivatization step

G.B. et al.,
2005 [33] Plasma LLE LC-UV TOP

LR: 0.04–40
LOD: 0.005
%R: -
Total run: 7 min
Derivatization step

T.A.C.V. et al.,
2007 [9] Plasma SPE HPLC-DAD CBZ

LR: 0.37–14.8
LOD: 0.018
%R: 100
Total run: 20 min

G.M. et al.,
2008 [30] Blood DBS LC-MS/MS TOP

LR: 0.5–50
LOD: -
%R: -
Total run: 3 min

R.M. et al.,
2010 [18] Plasma SPE CE TOP

LR: 2–60
LOD: 0.8
%R: >92
Total run: 5 min
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Table 3. Cont.

References Biological
Matrix

Extraction
Technique

Detection
Technique Drugs Data of Interest

J.M.C. et al.,
2012 [7] Plasma SPE GC-MS TOP

LR: 0.1–40
LOD: -
%R: 56.1
Total run: 6.5 min

* S.R. et al.,
2012 [12]

Plasma and
urine MEPS GC-MS CBZ

LR: 0.0088–0.5
LOD: 0.0029
%R: 85.2
Total run: 16 min

A.S. et al.,
2013 [6] Plasma SPE HPLC-UV CBZ

LR: 0.1–50
LOD: 0.01
%R: 87.9
Total run: 16 min

T.V.P. et al.,
2013 [29] Whole blood DBS LC-MS/MS TOP

LR: 0.01–2
LOD: -
%R: 93
Total run: 2 min

S.T.K. et al.,
2014 [11] Whole blood DBS GC-MS CBZ

LR: 0.5–120
LOD: 0.07
%R: 75–97
Total run: 14 min

A.F. et al.,
2014 [3] Plasma MEPS HPLC-DAD CBZ

LR: 0.1–15
LOD: -
%R: 88.1
Total run: 16 min

R.K. et al.,
2015 [35]

Whole blood PP UPLC-
MS/MS

CBZ

LR: 0.6–24
LOD: 0.12
LLOQ: 0.3
%R: 98
Total run: 6 min

TOP

LR: 1.7–68
LOD: 0.11
LLOQ: 0.34
%R: 105
Total run: 6 min

B.M. et al.,
2014 [32] Plasma SPE HPLC- FD TOP

LR: 0.5–20
LOD: -
%R: 95
Total run: 21 min
Derivatization step

Y.N. et al.,
2015 [28] Plasma PP LC-MS/MS TOP

LR: 0.001–1
LOD: -
%R: 90
Total run: 8 min

A.F.E-Y. et al.,
2016 [36] Plasma PP HPLC-UV TOP

LR: 0.15–1.2
LOD: 0.038
R (%): 98
Derivatization step

R.Z.H. et al.,
2017 [4] Plasma DBS GC-MS TOP

LR: 0.05–30
LOD: -
LLOQ: 0.5
Total run: 10 min
Derivatization step



Separations 2024, 11, 51 12 of 15

Table 3. Cont.

References Biological
Matrix

Extraction
Technique

Detection
Technique Drugs Data of Interest

S.D. et al.,
2017 [37] Serum DBS HPLC CBZ LR: 2–20

%R: >90

A.A.I. et al.,
2018 [17] Plasma LLE CE TOP

LR: 1–30
LOD: -
Total run: 2.5 min

B.F. et al.,
2019 [13] Urine HLLE-

DLLME GC-FID CBZ

LR: 0.04–100
LOD: 0.010
LLOQ: 0.033
Total run: 16 min

S.R. et al.,
2020 [34] Plasma IL-DLLME HPLC-UV CBZ LR: 0.1–20

LOD: 0.04

S.B. et al.,
2021 [5] Whole blood - FO-BLI CBZ

LR: 0.1–10
LOD: 0.01
Total run: 8 min

E.Q. et al.,
2022 [2] Plasma rat PP UPLC-

MS/MS TOP

LR: 0.005–5
LOD: -
%R: 90.9
Total run: 6.5 min

H-Y.C. et al.,
2023 [27] Plasma UAE LC-MS/MS CBZ LLOQ: 0.008

LOD: 0.003

Proposed
method

Plasma DLLME GC-MS

CBZ
LR: 0.05–3
LOD: 0.025
%R: 90.3–116.7

TOP

LR: 0.025–8
LOD: 0.01
%R: 91.5–113.9
Total run: 10 min

* Data of interest related to plasma sample. (HLLE-DLLME: homogenous liquid–liquid extraction–dispersive
liquid–liquid microextraction; DBS: dried blood spot; MEPS: microextraction by packed sorbent; SPE: solid-phase
extraction; LLE: liquid–liquid extraction; PP: protein precipitation; IL-DLLME: ionic liquid–dispersive liquid–liquid
microextraction; GC-FID: gas chromatography–flame ionization detector; UAE: ultrasound-assisted extraction; GC-MS:
gas chromatography–mass spectrometry; HPLC-DAD: high-performance liquid chromatography–diode-array detector;
HPLC-UV: high-performance liquid chromatography–ultraviolet detection; UPLC-MS/MS: ultra-performance liquid
chromatography–tandem mass spectrometry; FO-BLI: fiber-optic biolayer interferometry; CE: capillary electrophoresis;
HPLC-FD: high-performance liquid chromatography–fluorescence detection; LR: liner range, µg mL−1; LOD: limit of
detection, µg mL−1; LLOQ: lower limit of detection, µg mL−1; %R: recovery).

To the best of our knowledge, this is the first article describing and validating a
method for the simultaneous quantitative determination of TOP and CBZ by GC-MS.
Chromatographic conditions were optimized to achieve a good resolution of the analytes
under study as well as the IS, using the shortest running time possible. As it is a specific
technique, the analytes were easily identified through their molecular ions obtained after
injection in SCAN mode.

Nowadays, it is well established that the extraction technique used is one of the key
factors. Thus, sample preparation is an important step in the analysis, as it protects the mea-
surement equipment, increases sensitivity and improves selectivity by eliminating potential
interfering substances [21]. Protein precipitation (PP) [2,17,35,36], solid-phase extraction
(SPE) [6,7,9,10,18,32] and liquid–liquid extraction (LLE) [16,17,31,33] are some common
methods used for the analysis of TOP and CBZ in biological samples. The dried blood
spot (DBS) technique is also used for this determination [4,11,29,30,36] (Table 3), which
allows for rapid collection, safe handling, greater stability and cost reduction. However, it
is usually a poorly reproducible technique with low sensitivity, mainly due to factors that
cannot be controlled in the handling of DBSs.
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The standards of green analytical chemistry are becoming widely applied since it
results in lowering the consumption of organic solvents in analytical procedures, mak-
ing it more eco-friendly in nature. In this study, dispersive liquid–liquid microextraction
(DLLME), a microextraction technique (MET), was chosen due to its benefits, such as
miniaturization, low cost, speed and high recovery. Subsequently, different factors affecting
the selected technique were optimized (types and volumes of solvents, salt concentration,
pH of the sample solution, sample volume and sonication time). After an exhaustive
bibliographic review, summarized in Table 3, it was observed that DLLME has been used
on rare occasions for the determination and quantification of TOP and CBZ. Other authors
have proposed variants of DLLME, such as Feriduni et al. [13]. They combined DLLME
with a homogeneous liquid–liquid extraction method performed in a narrow tube for the
determination of CBZ in urine by GC-FID. Moreover, the total run time is longer than that
applied in our method. The second article listed in Table 3 using DLLME was published
by Ranjbar et al. [34]. In this case, IL-DLLME and HPLC-UV were used for the determi-
nation of CBZ in plasma samples, with a higher LLOQ than that of the method proposed
in this study.

In the reviewed scientific bibliography, articles were found that propose more sensitive
techniques than the work presented here, such as LC-MS/MS and UPLC-MS/MS [2,16,27,28].
Additionally, the possible formation of strongly adducted ion peaks under first-order mass
spectrometry should be considered [2], as well as the high consumption of organic solvents
used in the mobile phases when LC-MS/MS is used.

Regarding the other works included in Table 3, there are no LOQ improvements,
derivatization steps are included or greater total run times are used [3–7,9–11,17,18,30–36].
The method proposed by Rani et al. [12] achieved a lower LOQ than our method, but with
a poor recovery using GC-MS.

On account of all of the above, the proposed method, using an environmentally
friendly technique, DLLME, has proven to be a satisfactory procedure for the determination
of TOP and CBZ in plasma samples, achieving good validation parameters.

5. Conclusions

In this study, the DLLME microextraction technique was developed together with the
GC-MS detection technique for the simultaneous determination of two antiepileptic drugs
in plasma samples. This miniaturized extraction procedure was shown to be simple and
fast and makes use of low amounts of organic solvents. Based on optimized conditions
and validated according to FDA guidelines, the proposed method showed high sensitivity,
good linearity and satisfactory recovery. Finally, it was successfully applied to 18 real cases
received at the Forensic Toxicology Laboratory of the University of Santiago de Compostela.
Therefore, it can be successfully implemented in toxicology laboratories for routine analysis.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/separations11020051/s1: Figure S1: Chromatogram of a blank
plasma sample spiked with TOP-D12.
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