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Abstract: Clobazam (CLB) is a benzodiazepine that is used in many types of epilepsy. Although
therapeutic drug monitoring (TDM) of CLB is not routine, there is evidence that TDM may be of value
in conditions where pharmacokinetic alterations are suspected. Therefore, determination of both CLB
and its active metabolite concentrations is essential for TDM. Herein, we present a simple and practical
method for determination of CLB and N-desmethylclobazam (NDMCLB) in human plasma by high-
performance liquid chromatography (HPLC). The drugs were extracted by hexane:dichloromethane
(1:1, v/v) from 0.3 mL plasma. The separation was carried out with a C18 reverse phase column
using a mobile phase of water:acetonitrile (57:43, v/v) pumped at 0.8 mL/min. The analytes were
detected at 228 nm. The method was linear over the concentration range 20–500 ng/mL for CLB
and 200–3000 ng/mL for NDMCLB. The intra-day coefficient of variation (CV) was <10% for CLB
and <6% for NDMCLB, while the inter-day CV for CLB was <16%. The metabolite inter-day CV
was <6%. The accuracy of intra- and inter-day assessments determined for CLB and NDMCLB was
within ±10%. This paper describes a rapid, reliable, and simple method for measuring CLB and its
metabolite NDMCLB in human plasma. This UV-HPLC procedure offers acceptable precision and
accuracy to quantify CLB and its metabolite in human plasma.
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1. Introduction

Clobazam (CLB), is a benzodiazepine antiepileptic drug that has been shown to be
effective in many types of refractory epilepsy and has been in use since 1984 [1–3]. Its
1,5-benzodiazepine structure, as opposed to that of the traditional 1,4 benzodiazepines,
confers it unique characteristics. It preferentially binds to the α2 subunit of GABA-A re-
ceptors over α1, rendering CLB less sedating and more suitable for chronic administration
than other benzodiazepines [1–3]. Although therapeutic drug monitoring (TDM) of CLB
is not routine, there is growing evidence that TDM may be of value in conditions where
pharmacokinetic alterations are suspected, such as in the case of drug–drug interactions [4],
liver disease [5], and extremes of age [6]. CLB is mainly metabolized by the liver with
negligible renal elimination. N-desmethylclobazam (NDMCLB) is an active metabolite re-
sulting from the N-demethylation of CLB (Figure 1). It has a longer half-life than the parent
drug and is believed to contribute to the pharmacological effects of CLB [7]. Therefore,
determination of the concentrations of both the parent drug and its metabolite is essential
for TDM. The suggested reference ranges for CLB and NDMCLB are 30–300 ng/mL and
300–3000 ng/mL, respectively [7]. Several analytical procedures have been reported to
determine CLB and NDMCLB concentrations in biological samples, utilizing various tech-
niques including gas–liquid chromatography (GLC) [8–10], liquid chromatography tandem
mass spectrometry (LC-MS/MS) [11–13], and high-performance liquid chromatography
(HPLC) [14–20]. Herein, we present a rapid, reproducible, simple, and sensitive HPLC-UV
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method for quantifying CLB and NDMCLB in human plasma. The method utilizes a single
liquid–liquid extraction step, small volumes of samples (0.3 mL as opposed to 1 mL in most
methods) [17,18,21–24], and a simple mobile phase mixture (acetonitrile/water as opposed
to using buffers) [20]. In addition, the method quantifies CLB and NDMCLB over the
suggested reference range in patients with epilepsy, and is thus practical for TDM purposes.
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(NDMCLB); and (C) the internal standard used (diazepam).

2. Materials and Methods
2.1. Reagents

CLB (certified reference material; purity 99.9%), diazepam (certified reference material;
purity ≤ 100%), NDMCLB (certified reference material; purity 100%), and HPLC grade
acetonitrile and hexane were obtained from Sigma-Aldrich (Oakville, ON, Canada). HPLC
grade water was from Fisher Scientific (Edmonton, AB, Canada). Dichloromethane was
purchased from Caledon Laboratories Ltd. (Georgetown, ON, Canada) and pooled human
plasma was from Cedarlane Laboratories (Burlington, ON, Canada).

2.2. Instrument

The experiment was performed using an HPLC-UV system (Shimadzu, Kyoto, Japan)
that consisted of a system controller (CBM-20A), an autosampler (SIL-10-AF), a binary
pump (LC-10 AD), and a UV–Vis detector (SPD-10A). The separation was carried out
by using a C18 reverse phase ZORBAX® Eclipse XDB column (4.6 mm × 150 mm, 5 µm)
(Agilent Technologies Inc., Santa Clara, CA, USA) with a KrudKatcher® Ultra guard column
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(Phenomenex, Torrance, CA, USA). LabSolutions® software (Shimadzu, Kyoto, Japan) was
utilized for data acquisition and chromatographic integration.

2.3. Chromatographic Conditions

Compounds were eluted by using an isocratic mixture of mobile phase (water–
acetonitrile, 57:43, v/v) and pumped at 0.8 mL/min. All the drugs were detected at
a wavelength of 228 nm. The run time was 15 min.

2.4. Standard Stock and Working Solutions

Stock standard solution of 100 µg/mL of CLB was prepared by diluting the com-
mercially available 1 mg/mL solution with methanol and stored at −20 ◦C until needed.
Working solutions of 1000 ng/mL and 100 ng/mL of CLB were freshly prepared each
day. CLB 1000 ng/mL working solution was prepared by diluting the standard solution
with methanol. Then, CLB 100 ng/mL working solution was prepared by diluting the
1000 ng/mL solution with HPLC grade water. Both working solutions were used to prepare
CLB serial dilutions in plasma.

Standard solution of 100 µg/mL of NDMCLB in methanol (commercially available)
was used as working solution to prepare serial dilutions of NDMCLB concentrations ≥
1000 ng/mL in plasma. Additionally, it was used for preparing the 1000 ng/mL working
solution (by dilution with methanol), which was used to prepare NDMCLB serial dilutions
in plasma (dilutions with concentrations < 1000 ng/mL). An internal standard solution of
500 ng/mL diazepam was freshly prepared daily from commercially available 1000 ug/mL
diazepam solution by dilution with HPLC grade water.

2.5. Calibration Standards and Quality Control Samples

Serial dilutions of CLB and NDMCLB concentrations in blank human plasma rang-
ing from 20–500 ng/mL and 200–3000 ng/mL, respectively, were prepared to construct
calibration curves of CLB and its metabolite. Four quality control (QC) samples were
prepared along with the calibration concentrations to validate our method: Lowest limit
of quantification (LLOQ), a low level, LQC (3× LLOQ), a middle level, MQC (around the
middle of the range of calibration concentrations), and a high level, HQC (around 75–95%
of the upper limit of quantification).

2.6. Sample Preparation

Each 0.3 mL of human plasma spiked with CLB and/or NDMCLB was mixed with
150 µL of 500 ng/mL diazepam as an internal standard (IS). Samples were vortex mixed
for 45 s. Then, organic solvents containing hexane and dichloromethane (1:1, v/v) were
added to the samples. Mixtures were then vortex mixed for 5 min, and then centrifuged at
2000 rpm for 10 min. The organic layer was then transferred to clean test tubes and dried
by a SpeedVac® Vacuum Concentrator (Thermo Fisher Scientific, Waltham, MA, USA).
Residue was reconstituted by 125 µL of mobile phase (water–acetonitrile, 57:43, v/v) and
an 80 µL volume of the reconstituted sample was injected into the HPLC. The column was
washed with pure methanol between each set of sample analyses.

2.7. Method Validation

For method validation, we evaluated the method’s linearity, selectivity, sensitivity,
precision, accuracy, and extraction recovery. The method was validated based on guidelines
on bioanalytical method validation by the European Medicines Agency (EMA, 2011).

2.7.1. Linearity

The linearity of the method was assessed by constructing calibration curves by plotting
peak area ratios (CLB and NDMCLB/internal standard) vs. the nominal concentrations of
both drugs’ calibration standards. Linear regression was performed to calculate the slope,
intercept, and the coefficient of determination (r2) calculations for each calibration curve.
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2.7.2. Selectivity and Sensitivity

Blank human plasma samples were injected before each run (n = 6). The method’s
selectivity was assessed by the lack of peaks retained at the retention times of the analytes
and IS when blank samples were injected. LLOQ was the lowest concentrations in the
calibration curve with precision < 20% and accuracy within ±20%. In addition, the signal
of the LLOQ also had to be at least 5 times higher than that of blank plasma signal.

2.7.3. Precision and Accuracy

The inter-day and intra-day accuracy and precision of the method were evaluated by
analyzing five replicates of QC samples spiked with the CLB and its metabolite at 4 QC
levels (20, 60, 150, 400 ng/mL and 200, 600, 1600, 2500 ng/mL, respectively) in runs on
three different days. The precision was presented as coefficient of variation (CV, %) while
the accuracy was expressed as percent error (%, error).

2.7.4. Recovery

The mean extraction recoveries of CLB and NDMCLB were obtained by comparing
the peak areas of the extracted samples at LQC, MQC, and HQC levels with those obtained
from extracts of blank plasma spiked with equivalent concentrations of CLB and NDMCLB
post extraction.

3. Results
3.1. Liquid Chromatography Method Development

The method was optimized by performing different liquid chromatography experi-
mentations. To enhance the separation of the peak and signal intensity, the following mobile
phase compositions were tested: 50:50, 43:57, and 57:43, v/v acetonitrile–water with differ-
ent volumes of injections. The mobile phase composition and sample injection volume that
gave clear separation and high peak intensity were 57:43, v/v (water–acetonitrile) and 80 µL,
respectively. The elution times determined for CLB and NDMCLB were 8.32 and 5.82 min,
respectively, while diazepam was eluted at 10.78 min (Figure 2). Additional non-interfering
peaks were observed, most likely from the plasma and/or standard impurities, as we did
not see any sample carryover effect. Nevertheless, we were able to achieve calibration
curves with excellent linearity. With regard to sample extraction, we tried a few solvents
for extraction, including hexane alone, diethyl ether alone, dichloromethane alone, and
combinations of them at different ratios. A combination of hexane and dichloromethane
(1:1, v/v) provided superior extraction recovery.

3.2. Method Validation
3.2.1. Linearity

The linearity of the method was assessed by running both pure and extracted samples
over the concentration ranges of 20–500 ng/mL for CLB and 200–3000 ng/mL for NDMCLB.
The peak area ratios were linear over the tested concentration ranges for both CLB and
NDMCLB with r2 > 0.99 (Figure 3).

3.2.2. Selectivity and Sensitivity

As shown in Figure 2, there were no interfering peaks with both CLB and NDMCLB.
Additionally, there were no peaks seen at the retention time of the internal standard
(diazepam). In addition, there were no carryover effects when we ran blank plasma, mobile
phase, and HPLC water multiple times at the beginning of the run and in between runs.
The LLOQ was found to be 20 ng/mL for CLB and 200 ng/mL for NDMCLB.
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3.2.3. Precision and Accuracy

The intra-day and inter-day precision and accuracy were acceptable for CLB. The
intra-day and inter-day CVs for CLB were <8% and 12%, respectively, with the exception
of the inter-day lowest concentration CV (<16%) (Table 1). The intra-day and inter-day
percent errors were within ±10%. The metabolite NDMCLB also had an acceptable CV
(<6%) and percent error (within ±6%) for both inter- and intra-day (Table 2).
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Table 1. Inter- and intra-day accuracy (%error) and precision (%CV) for clobazam (CLB).

Concentration (ng/mL) Observed Concentration (ng/mL)—Mean ± SD CV (%) Percent Error

Inter-day (n = 19) 20 19.2 ± 3.0 15.4 −4.5
60 55.9 ± 6.4 11.4 −6.8
150 151.5 ± 8.3 5.4 1.0
400 388.5 ± 32.6 8.4 −2.9

Intra-day (n = 5) 20 18.6 ± 1.1 6.1 −6.9
60 65.5 ± 5.1 7.8 9.2
150 159.6 ± 5.8 3.7 5.5
400 401.1 ± 9.5 2.4 0.3

CV, coefficient of variation.

Table 2. Inter- and intra-day accuracy (%error) and precision (%CV) for N-desmethylclobazam (NDMCLB).

Concentration (ng/mL) Observed Concentration (ng/mL)—Mean ± SD CV (%) Percent Error

Inter-day (n = 15) 200 201.3 ± 9.5 4.7 0.7
600 564.8 ± 16.3 2.9 −5.9

1600 1567.0 ± 56.7 3.6 −2.1
2500 2456.9 ± 132.4 5.4 −1.7

Intra-day (n = 5) 200 189.7 ± 5.7 3.0 −5.2
600 546.5 ± 29.6 5.4 −8.9

1600 1517.6 ± 58.4 3.8 −5.1
2500 2526.6 ± 90.6 3.6 1.1

CV, coefficient of variation.

3.2.4. Recovery

The average extraction recovery obtained from analyzing three QC concentrations
for each drug (60, 150, 400 ng/mL for CLB and 600, 1600, and 2500 ng/mL for NDMCLB)
is shown in Table 3. The mean recovery percentages of CLB ranged from 95.7 ± 5.2% to
98 ± 3.8 with a CV of <6% while the metabolite’s average recovery ranged from 92.5 ± 1.9%
to 102.1 ± 1.2% with CV < 7%.

Table 3. Mean percent recovery for clobazam (CLB) and N-desmethylclobazam (NDMCLB).

Drug Concentration (ng/mL) Recovery, Mean ± SD (%) CV (%)

CLB 60 95.7 ± 5.2 (n = 3) 5.4
150 98.0 ± 3.8 (n = 3) 3.8
400 97.7 ± 1.5 (n = 3) 1.6

NDMCLB 600 102.1 ± 1.2 (n = 3) 1.2
1600 92.5 ± 1.9 (n = 3) 2.1
2500 96.6 ± 5.8 (n = 3) 6.0

Diazepam 500 102.3 ± 1.7 (n = 3) 1.7
n = 3 per concentration; CV, coefficient of variation.

4. Discussion

CLB is a benzodiazepine antiepileptic drug that has been shown to be effective in many
types of refractory epilepsy and has been in use since 1984 [1–3]. CLB is mainly metabolized
by cytochrome P450 enzymes. Its major metabolite, NDMCLB, is an active metabolite and
has a longer half-life than the parent drug (59–74 h vs. 36–42 h, respectively), significantly
contributing to CLB pharmacological activity [25]. This paper describes a rapid, reliable,
and simple method for measuring CLB and its metabolite NDMCLB in human plasma and
the time needed for sample analysis is only 15 min. This method only requires one isocratic
pump and one channel of detection for both analytes of interest and it involves one liquid–
liquid extraction step with reasonable extraction recovery. Additionally, one key advantage
of the described method over most of the reported methods is the relatively small volume of
samples needed (0.3 mL as opposed to 1 mL in most methods) [17,18,21–24], which makes
this analytical method feasible for research purposes as well as routine monitoring of CLB
and its metabolite. Compared to what has been previously reported [20], we used a single
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isocratic mixture of acetonitrile and water, adding to the simplicity of the method without
affecting the efficiency of separation [17,18,21–24]. CLB and NDMCLB have no established
reference range; however, it has been suggested that CLB and NDMCLB references ranges
are 30–300 ng/mL and 300–3000 ng/mL, respectively [7]. In another study, the reported
CLB concentration in plasma was from 100 to 400 ng/mL [26]. These concentrations
are within our dynamic range. Therefore, our method is practical in research purposes
investigating exposure to CLB and its metabolite in human plasma.

5. Conclusions

In conclusion, this paper describes a rapid, reliable, and simple method for measuring
CLB and its metabolite NDMCLB in human plasma. This described UV-HPLC proce-
dure offers acceptable precision and accuracy to quantify CLB and its metabolite plasma
concentrations.
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