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Determination of Levetiracetam in Plasma
by a Modified HPLC-UV Method and Its
Pharmacokinetic Application

ABSTRACT

Levetiracetam is a very effective antiepileptic which has been pointed out as
a drug that should be monitored, despite its almost ideal pharmacokinetics.
The objective was to adapt an HPLC-UV method to quantify levetiracetam in
plasma based on previously published techniques, to provide an affordable
analysis for routine use in a low-source setting. Pretreatment of plasma
samples consisted of a deproteinization with acetonitrile. The analytical
conditions implemented were a mobile phase of potassium dihydrogen
phosphate buffer (10 mM, pH-4.6)/acetonitrile(93:7 v/v) at an isocratic flow
rate of 0.5 mL/min, and UV detection at 192 nm. The retention time for
levetiracetam was 7.45 min. Total runtime of the analysis was 9 min. The
method was linear in the range of 5-60 pug/mL, repeatable and reproducible
(CV<15%). Recovery was above 80%. The limit of detection was 0.19 pg/mL.
The method was applied to determine levetiracetam concentration in plasma
of 10 patients with epilepsy, and pharmacokinetic parameters Cmax, Tmax,
AUC
an alternative for laboratories interested in implementing therapeutic

AUC__, and t,, were estimated. The described method represents

monitoring of levetiracetam that lack sophisticated equipment and have
limited access to supplies employed in other published methods.

KEYWORDS: Levetiracetam; Epilepsy; HPLC-UV; Antiepileptic drugs;
Therapeutic drug monitoring; Pharmacokinetics

INTRODUCTION

Levetiracetam is an antiepileptic drug (AED) used in patients of all age
groups for the treatment of different types of seizures [1,2]. Despite its
almost ideal pharmacokinetics, levetiracetam has been pointed out as an
AED that should be monitored [3] due to its pronounced interindividual
variation in response [4-6]. Therapeutic drug monitoring (TDM) guides
physicians towards individualized plasma concentrations that are optimal
for seizure control while minimizing toxic effects [6]. TDM of levetiracetam
is performed in some centers around the world with a typical plasma
concentration targeted between 12 and 46 ug/mL [3]. The objective of
this study was to adapt an HPLC-UV method to quantify levetiracetam in
plasma based on previously published techniques [7-14], to provide an
affordable analysis for routine use in a low-source setting, directed to the
therapeutic monitoring of levetiracetam in patients with epilepsy.
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MATERIALS AND METHODS
Reagents and Standard Solutions

Sigma-Aldrich HPLC-grade levetiracetam (assay =98%), J.T.
Baker® reagent grade monobasic and dibasic potassium
phosphate, and Fermont HPLC-grade acetonitrile, methanol,
and water were used. All solvents were filtered through a
0.45 um nylon membrane filter before use. The primary stock
solution was prepared at a concentration of 1T mg/mL of
levetiracetam.

Apparatus and Chromatographic Conditions

The chromatographic analysis was performed using a
Waters® HPLC system, equipped with an In-line Degasser-AF,
a 1525 Binary Pump, a 717 Plus Autosampler and a 2487 Dual
Absorbance Detector. Data was collected and analyzed using
the software BREEZE™ (version 3.2). Compounds were separated
using a reversed-phase Symmetry C18 column (3.5 pm particle
size, 3.0mm x 150mm) protected by a Security Guard Symmetry
C18 precolumn (5 um particle size, 3.9mm x 20mm). The mobile
phase was a mixture of potassium dihydrogen phosphate
buffer (10 mM, pH 4.6) and acetonitrile (93:7 v/v) pumped at an
isocratic flow rate of 0.5 mL/min. UV detection was performed
at 192 nm.

Sample Preparation

100 pL of acetonitrile were added to 100 pL of plasma to
deproteinize, vortexed for 1 min and then centrifuged at
20,817 g (14,000 rpm) for 20 min at 4°C. The supernatant
was recovered and evaporated to dryness at 60°C using a
Vacufuge® plus Concentrator. The dry residue was dissolved in
100 pL of mobile phase, of which 20 pL were injected into the
chromatographic system.

Method Validation

The method validation was performed in agreement with the
FDA guidelines [15].

Selectivity: Evaluated by demonstrating the non-interference
of normal, lipemic and hemolyzed blank plasma, the use of
heparin, citrate, and EDTA as anticoagulants, and antiepileptic
drugs that patients could use in combination therapy with
levetiracetam, such as gabapentin, carbamazepine, valproic
acid, lamotrigine, and topiramate.

Linearity and Recovery: A set of calibration standards
at concentrations of 5, 10, 20, 30, 40, 50 and 60 pug/mL was
prepared by spiking pooled blank human plasma with the
appropriate amount of levetiracetam solution, along with

blank and zero samples. Calibration curves (n=3) were
constructed by plotting the peak area of levetiracetam (y-axis)
vs. levetiracetam concentration (x-axis). Linearity was assessed
by determining the coefficient of correlation (r) of the points
of the curves. The recovery of the analytes was evaluated
using the calibration curve concentrations.

Lower Limit of Quantification (LLOQ), Upper Limit of
Quantification (ULOQ) and Limit of Detection (LOD): The
LLOQ was established as the lowest concentration standard
of the calibration curve measured with acceptable precision
(CV+20%) and accuracy (80-120%). The ULOQ was established
as the highest concentration standard of the calibration curve
measured with acceptable precision (CV+£15%) and accuracy
(85-115%). The LOD is the lowest amount of analyte which can
be detected but not necessarily quantitated as an exact value,
calculated based on the standard deviation of the blank.

Quality Control Samples (QCs): The QCs were prepared
by supplementing blank plasma pools with the appropriate
amounts of levetiracetam to yield concentrations of 15 (low
QCs, LQCs), 35 (medium QCs, MQCs), 55 (high QCs, HQCs) and
200 pg/mL (diluted QCs, DQCs). A 1:4 dilution of the DQCs was
carried out with blank plasma to achieve a concentration of
50 pug/mL. DQCs was used to demonstrate dilution integrity,
used in case patients displayed plasma concentrations
above the highest concentration of the calibration curve,
since the dilution of samples should not affect the precision
and accuracy [15]. Acceptance/rejection criteria for spiked,
matrix-based calibration QCs were based on the nominal
concentration of analytes.

Repeatability and Reproducibility: Precision was calculated
as the coefficient of variation (%CV) of five measurements
of each QCs in the same assay for repeatability and
ten measurements of each QCs in a different assay for
reproducibility. Accuracy was calculated as the degree of
closeness of a determined value to the nominal value.

Stability: The stability of levetiracetam in plasma was
investigated after three freeze-thaw cycles and 7, 14, 30, and
120 days at -80°C.

Pharmacokinetic Application

The study was approved by the Research and Ethics Committee
of the Hospital Central “Dr. Ignacio Morones Prieto” (approval
reference no. 86-16) and participants signed informed consent
under the Declaration of Helsinki. Patients older than 18
years under treatment with immediate release levetiracetam
for at least one week with the same dose, in monotherapy
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or combination therapy with other antiepileptic drugs were
enrolled. Blood samples were collected in 3 mL sodium heparin
tubes from an IV catheter attached to a CLC2000 connector
right before oral administration, and at different times in the
range from 15 min to 12 h after dose administration. Plasma was
separated and stored at -80°C until analysis. Pharmacokinetic
o AUC, , t, e CLss/F, Vz/F and
MRT were estimated using non-compartmental analysis
(NCA) with WinNonlin® Professional version 4.1 (Pharsight

Corporation).

parameters Cmax, Tmax, AUC

RESULTS

The retention time of levetiracetam was found to be 7.45 min.
The total time of analysis was 9 min.

Method Validation

Selectivity: There was no interference of endogenous
compounds of normal, lipemic and hemolyzed blank plasma.
None of the anticoagulants tested interposed with the analytic
peaks, or other antiepileptic drugs in combination therapy
with levetiracetam. Chromatograms of blank plasma, plasma
spiked with 60 pg/mL levetiracetam and plasma of a patient
under treatment with 1500 mg of levetiracetam 12-hourly are
shown in figure 1.

Linearity and Recovery: Calibration curves (n=3) were linear
in the range of 5-60 pg/mL. Equation of the regression line was
y=128288x (+318) + 190679 (+ 54917) (r=0.999). The deviation
of the calibration standards from the nominal concentrations
was within £ 9% (<15%). The overall recovery of levetiracetam
was 91.0% + 6.2 (CV=6.8%). Detailed results are presented
in Table 1. The extent of recovery was consistent, precise,
and reproducible at each concentration. Thus, the extraction
process was efficient.

Lower Limit of Quantification (LLOQ), Upper Limit of
Quantification (ULOQ) and Limit of Detection (LOD): The
LLOQand ULOQweresetat 5 ug/mLand 60 pg/mL respectively,
which cover the levetiracetam plasma concentration target of
12 to 46 pg/mL.The %CV corresponding to precision was 9.8%
(£ 20%) for LLOQ and 0.5% (+ 15%) for ULOQ, while accuracy
was found to be 91.6% (80-120%) for LLOQ and 100.2% (85-
115%) for ULOQ. The calculated LOD was 0.19 pg/mL.

Repeatability and Reproducibility: Precision results are
shown in Table 2. Both intra- and inter-day %CV were less
than +15% and accuracy was within 85-115%. Thus, the
method is precise and accurate in terms of repeatability and
reproducibility.
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Figure 1: Chromatograms of (A) blank plasma, (B) blank
plasma spiked with 60 ug/mL of levetiracetam, and (C) plasma
of a patient under treatment with 1500 mg of levetiracetam
12-hourly.

Stability: Levetiracetam in plasma is stable (+15%) for at least
three freeze-thaw cycles (+ 7.0%) and after 7 (+ 3.4%), 14 (£ 3.0%),
30 (+ 7.0%) and 120 days (+ 4.2%) stored at -80°C.
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Table 1: Deviation of the calibration curve standards and recovery results (n=3).

5 46+0.5 -84 1020+ 84
10 9.8+0.5 -2.3 925+28
20 204+06 2.1 87.9+5.0
30 306+04 1.8 95.0+4.0
40 40.5+04 14 89.7+22
50 49.0+1.3 -2.0 83.3+20
60 60.1+0.3 0.2 86.9+ 1.1

Deviation (%) = ([(mean observed concentration - nominal concentration)/nominal concentration] x 100; Recovery (%) =

(response of analyte/response of standard) x 100.

Pharmacokinetic Application

Sixty-eight samples obtained from 10 patients with epilepsy
aged between 22 and 85 years (4 elderly patients) receiving
doses between 500 to 1500 mg 12-hourly were analyzed. The
demographic characteristics of the studied population are
summarized in Table 3. Since patients were under treatment
with different levetiracetam doses, the dose-dependent

parameters (Cmax, AUC_ , and AUCO_N) were normalized to

0t/
500 mg. The calculated pharmacokinetic parameters are also

presented in Table 3. Mean dose normalized Cmax was 26.2 ug/

mL (+ 11.7), and Tmax was 1.0 h (+ 0.5). The calculated value for
t,, was 7.9 h (+ 0.97) for young adults (< 60 years) and 9.7 h (+
2.7) for elderly adults (p = 0.177). CLss/F was 3.9 mL/h (£ 2.0) for
young adults and 3.0 mL/h (£ 0.2) for elderly adults (p = 0.399).
Four patients were in monotherapy with levetiracetam. Six
patients were in combination therapy with other antiepileptic
drugs such as gabapentin (1), carbamazepine (1), lamotrigine
(1), valproic acid (2) and topiramate (2). This could explain part
of the variability in reached levetiracetam plasma concentrations

[16-18].

Table 2: Precision and accuracy of the analysis of levetiracetam in human plasma.

5(LLOQ) 44+03 6.3 88.8 43+05 10.8 85.5

15 (LQCs) 148+0.3 1.9 98.9 149+0.7 44 99.0
35 (MQCs) 352+08 23 100.5 329+24 7.2 94.1

55 (HQCs) 547+1.2 2.1 99.5 526+24 4.6 95.7
200 (DQCs) 1969+ 3.6 1.8 98.5 210.6 +14.9 7.1 105.3

Precision (%CV) = (SD/mean observed concentration) x 100; Accuracy (%) = 100 + [(mean observed concentration — nominal

concentration)/nominal concentration] x 100.
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Table 3: Demographic characteristics of the studied population (n =10) and obtained pharmacokinetic parameters of levetiracetam

estimated by non-compartmental approach.

Characteristics Value
Male patients 40%
Age (years) 36.5 (22-85)
Body weight (kg) 679+ 10.6
Height (m) 1.65+0.11
Serum creatinine 0.8 (0.75-1.27)
CrCL (mL/min) 78.1(53.5-159.7)
Pharmacokinetic parameter Mean + SD
2Cmax (pug/mL) 262+11.7
Tmax (h) 1.0+0.5
*AUC_, (ug*h/mlL) 157.3£52.0
*AUC, _ (ug*h/mL) 262.5+87.4
t,, (h)
young adults (< 60 years) 7.9 (+0.97)
elderly adults (= 60 years) 9.7 (+2.7)
CLss/F (mL/h)
young adults (< 60 years) 3.9 (+2.0)
elderly adults (> 60 years) 3.0(+=0.2)
Vz/F (mL) 432+193
MRT (h) 125+25

Data are shown as mean + standard deviation or median (min-max). CrCL = creatinine clearance estimated using the Cockcroft-

Gault equation. *dose-dependent parameters normalized to 500 mg, Cmax = Maximum observed concentration, Tmax = Time to

reach maximum observed concentration following drug administration, AUC_, = Area under the plasma concentration-time curve

from time zero to time't, AUC _=Area under the plasma concentration-time curve from time zero to infinity, t,= Elimination half-

life, CLss/F = Apparent total body clearance at steady state following oral administration, Vz/F = Apparent volume of distribution

during terminal phase after oral administration, MRT = Mean residence time.

DISCUSSION

The present method offers an alternative to laboratories
with limited access to reagents or solvents used in other
methods. Techniques such as ultra HPLC-mass spectrometry
have been developed; however, not all laboratories have such
sophisticated equipment.

The LOD of 0.19 pg/mL obtained in the present method is
higher than that reported by Martens-Lobenhoffer J, & Bode-
Boger SM, [7] and Zufia L, et al. [13] of 0.1 and 0.1621 pg/mL
respectively, but lower than that reported by Contin M, et al.
[10] and Chhun S, et al. [11] of 1 pg/mL. In any case, it is not
relevant to detect such low plasma concentrations that are
below the lower limit of the plasma concentration target. The
LLOQ of this method is the same as the method reported by
Juenke JEM, et al. [8], which is enough to fulfill its purpose.
Furthermore, it is selective for determining levetiracetam in
combination therapy with other AEDs.

The use of expensive solid-phase [13,19] and liquid-liquid

extraction with hazardous chemicals as hydrochloric acid [8]
chloroform [8,11], ether [12] and dichloromethane [9,12,19]
was averted. The use of perchloric acid to deproteinize [14] was
also avoided. The deproteinization with methanol described
by Contin M, et al. [10] was performed, but a pressure increase
was observed in the chromatographic system after a small
number of samples were injected. Thus, pretreatment with
methanol was abandoned. A deproteinization with acetonitrile
generated better results.

Good chromatographic separation was achieved when
preparing the potassium dihydrogen phosphate buffer at a
concentration of 10 mM instead of 50 mM [10], contributing
to the use of less reagents. The flow rate of the mobile phase
in the present method was lower than in other methods
of 0.8 mL/min [9], T mL/min [7,12,19], 1.2 mL/min [13,14],
and 1.5 mL/min [10]. Besides, other methods have longer
runtimes of 10 [9], 14 [10], 17 [12] and 18 minutes [14].
The runtime of the analysis combined with a low flow rate
translate into lower solvent expenditure.
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The sample analysis in the present method can be performed
using a small plasma volume of 100 L, unlike other methods
that require from 200 pL [7,9,12,13] to 500 pL of plasma
[8,10,14]. Unlike other methods [7,8,12,13], an oven is not
needed to maintain column temperature, since the analysis
was performed at room temperature (25°C).

Limitations include that the total runtime of the analysis may
be long for a single analyte, since it lacks an internal standard.
However, the sample preparation is quite simple, and the
chromatographic equipment is performing adequately; so, in
this situation, an internal standard may not add any benefit.

The
levetiracetam in plasma of patients with epilepsy. The

validated method was applied to quantitate
estimated pharmacokinetic parameters agree with reported
values. According to Patsalos [2], with a dose of 500 mg of
levetiracetam 12-hourly, the corresponding value for Cmax
is 17 pg/mL (10-25); this value comes from multiple-dose
studies, where participants were in monotherapy with
levetiracetam. The data collected in the present study come
from patients with epilepsy of different ages in monotherapy
with levetiracetam or in combination therapy with other AEDs,
which alter reached plasma concentrations by modifying
levetiracetam clearance (CL) [16-18]. Combination therapy
with enzyme-inducing AEDs (phenobarbital, phenytoin,
primidone or carbamazepine) could increase levetiracetam CL,
while concomitance with enzyme-inhibiting AEDs (valproic
acid) could reduce levetiracetam CL [20]. In this case, Cmax
values could vary according to the type of AED administered
concomitantly. The estimated Tmax value also agree with
reported values ranging from 0.6 to 1.3 h [1,2,4,21,22].

The reported t, , of levetiracetam is 6-8 h in young adults
and 10-11 h in elderly adults [1,2,4,22]. The estimated values
of t,,, and CLss/F for elderly adults were higher than those
obtained for younger adults. Longer t, , of levetiracetam is
most likely due to an age-related decline in renal function.
There is evidence of an age-related decrease in levetiracetam
CLss/F in patients with epilepsy [23]. Although there is a trend,
the sample size was too small to show statistically significant
results in t, , and CLss/F values of young and elderly adults.
Hence, TDM of levetiracetam is recommended in patients
with renal impairment, in combination therapy with other
AEDs, and in elderly adults with multiple co-morbidities
under chronic treatment with different drugs, who have an
increased likelihood of adverse effects and may require a dose
adjustment.

CONCLUSION

An HPLC-UV method was adapted to quantify levetiracetam
in plasma based on previously published techniques and
validated in a range that covers the plasma concentration
target of levetiracetam. The described method offers the
possibility to perform the analysis with a small sample volume,
a one-step deproteinizing procedure, and lower reagent
and solvent expense while avoiding the use of hazardous
chemicals.
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