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ABSTRACT

A novel and highly selective reverse phase liquid chromatography (HPLC) method was
optimised for quantifying levetiracetam in pharmaceutical formulations. The chromatographic
resolution was achieved using a Symmetry C18 column (4.6 mm x 250 mm, 5 pm particle
size) and a mobile phase consists of 0.1% formic acid in 70% aqueous solution and 30%
methanol, flowing for 1.0 mL/min. Detection was performed at 210 nm. The full run time for
the analysis was six minutes, and the retention time observed for levetiracetam was 4.405
minutes. Peak purity analysis conducted under all degradation conditions confirmed the
homogeneity of the peak, thereby establishing the method as stability-indicating. The results
of validation parameters demonstrated that the procedure exhibits linearity, precision,
accuracy, reproducibility, and selectivity for the analysis of levetiracetam.All obtained results
met acceptance criteria, confirming the acceptability of the approach for routine analytical
control and drug assay purposes.
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INTRODUCTION

In this study, the focus is on Levetiracetam (LEV) analysis, a novel antiepileptic drug used
for treating tonic-clonic and myoclonic seizures. The chemical name for LEV is (-)-(S)-a-
ethyl-2-oxo-1-pyrrolidine acetamide, and its formula is CgH14N20>. It is highly soluble in

water and chloroform, soluble freely in methanol and ethanol, soluble sparingly in
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acetonitrile, and is insoluble practically in n-hexane. One of the advantages of LEV is its
favourable pharmacokinetic properties. These characteristics comprise 100% oral
bioavailability, linear pharmacokinetics, minimal protein binding, absence of hepatic
metabolism, rapid attainment of steady-state concentrations, low likelihood of drug
interactions, and a half-life ranging from 6 to 8 hours [1-6]. Several chromatographic
methods[17], such as HPLC[7-14,18] and LC-MS/MS[15-16], developed for the
quantification of LEV in bulk and pharmaceutical dosage forms. The study aims to approach
a HPLC method that is fast, sturdy, responsive, specific and reproducible for the
quantification of LEV. The developed conditions were validated according to ICH
guidelines[19], and the linearity, accuracy, precision, specificity, limit of detection (LOD),
and limit of quantification (LOQ) were determined. The method was used to quantify the
drug content of LEV in various commercial dosage forms.

MATERIALS AND METHODS

Materials:For this study, the working standard levetiracetam (LEV) was obtained from Dr.
Reddy's Laboratories Ltd. in Hyderabad. HPLC grade methanol, acetonitrile and water were
procured from Merck Life Science Private Limited in Mumbai, India. All other chemicals
and solvents of analytical grade and procured from Loba Chemie in Mumbai, India.
Instrumentation:The analytical system used in this study was the Shimadzu LC-10AT VP
system, which includes a binary gradient pump, a UV-Vis SPD-10A VP detector, an inbuilt
SIL-20A HT autosampler with loop volume, with a column and data acquisition with LC
Solution software. To enhance the dissolution of the analyte in the diluent, a Cyclo Mixer
(Remi Model: CM 101) was used. The mobile phases were degassed using an Ultra Sonicator
(Loba Life; Model: 3.5L 100). pH adjustment was done using a digital pH meter (Systronics
n pH System 361), and all materials were weighed using a digital balance (Amkette
Shimadzu; Model: ATX224).

Preparation of Solutions:

Standard Stock solution preparation:To prepare the solution, 100mg of LEV was exactly
weighed and taken into a 100mL volumetric flask. HPLC grade water was added to the flask,
and the solution was shaken vigorously. The volume was then finalised to the mark with the
HPLC water to get 1000 pg/mL. It was subsequently passed though 0.45um membrane filter

before use.
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Sample preparation for the assay of levetiracetam in the tablets: To create the sample
solution, twenty tablets underwent weighing and were subsequently pulverized into a fine
powder using a mortar.A precisely measured amount of powder, equal to 100mg, was
subsequently added to a 100mL calibrated flask already containing 50mL of high-
performance liquid chromatography (HPLC) water. The solution underwent sonication to
facilitate the dissolution of the powder, followed by topping up the remaining volume with
water to reach the flask's mark. Subsequently, the obtained solution was passed through a
0.45um nylon membrane filter. Following that, 15uL of the previously prepared solution
were carefully pipetted into a ImL vial, and the remaining volume was made with diluent to
achieve 15ug/mL. This final solution was then introduced into the high-performance liquid
chromatography (HPLC) in triplicate, employing optimized chromatographic conditions.
Validation of the method: The developed methods was validated according to International
Conference on Harmonisation (ICH) guidelines Q2 (R1).1*"]

Forced degradation studies: During forced degradation studies, standard LEV samples were
exposed to thermal, basic, peroxide, acidic and photolytic conditions. For acidic studies of
degradation, the stock solution was mixed with 0.1 N hydrochloric acid (HCI) and heated
under reflux at 60°C for half an hour. The mixture was then balanced for neutralisation with
the addition of 0.1 N sodium hydroxide (NaOH). For basic degradation, the stock solution
was mixed with 0.1 N sodium hydroxide and heated under reflux at 60°C for 30 minutes. The
mixture was balanced by adding 0.1 N HCI. To induce oxidative break down conditions, the
stock solution was combined with 3% v/v hydrogen peroxide (H202) and maintained at 60°C
for 30 minutes. To degrade thermally, the standard LEV was subjected to exposure at 105°C
for 1 hour. For degradation of the drug photolytically, the powdered drug was placed to UV
light for 1 hour. For every study of degradation, corresponding solutions without drug were
made following the same procedure described above, omitting the addition of standard LEV.
After completing the degradation study, the solutions returned to room temperature and then
made with diluent to achieve 15 pg/mL. Before injecting, all solutions were passed through
using 0.45 um membrane filter.

RESULTS AND DISCUSSION

Optimal method design: The following steps are essential for developing a chromatographic
method. Specifically, attention must be given to standardize sample preparations, selecting
the mobile phase, choosing the stationary phase, and deciding on the detector. With the help

of Phenomenex column C18 (250 length x 4.6 Dia mm, 5um particle size) and a mobile
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phase consists of 0.1% formic acid and methanol (70:30% v/v) at the rate of 1.0 mL/min, an
acceptable resolution with well defined peaks and a stable base line was accomplished.
Levetiracetam (LEV) quantitation was performed at 210 nm. A typical chromatogram (Fig. 1)
generated by the approached RP-HPLC method illustrates the symmetrical peak of LEV. The
observed time of retention (4.405 min) allows for rapid drug determination, making it

suitable for routine quality control analysis.
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Figure 1: An Optimized Chromatogram of A) Blank and B) Standard LEV

Table 1: Optimal analytical conditions

Parameters Refined conditions
Column C18Column (250 x 4.6 mm; 5 um)
Rate of flow 1.0 mL/min
Temp. of the oven with 30°C
column
Run Time 10 min.

Volume of injection 20 pL
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Wavelength 210 nm
Mobile Phase 0.1% Formic acid: methanol (70:30% v/v)

Method Validation:
The system suitability assessment specifies that the peak asymmetry of the analyte should not

exceed 1.5, the theoretical plates number for the sample peak must be more than 2000, and
the deviation in the standard relatively for 5 duplicate injections of the standard preparation
should be less than 2.0%. The data given in Table 2 demonstrate that the instrument was

deemed appropriate to the intended analysis.

Table 2: Results of system suitability parameters

Parameter* LEV Limit
Peak Area (%RSD) 0.841 NMT: 2 %
Retention Time (%RSD) 0.542 NMT: 1 %
Tailing Factor 1.341 NMT: 1.5
No. of Theoretical Plates 11669 NLT: 2000

* Replicates of five determinations; RSD: Relative Standard Deviation;
NMT: Not More Then; NLT: Not Less Then
The linearity results presented in this study illustrate the satisfactory linearity of drug (LEV)
across 50% to 150% range of the target concentration (refer to Fig. 2). A linearity was
established for the area under the curve and the quantity of LEV within 5 to 25 pg/mL range.
The correlation was (r% 0.9991) obtained and the regression line indicates good association
for the area under the peak and the quantity of LEV. Details for the regression line is

provided in Table 3.

Table 3: Data to show linearity

Conc. Peak Area RSD Linear regression
(Mg/mL) (Mean + SD)* (%) equation
5 128422 + 1173 0.913
10 275036 + 983 0.357 y = 26863x +1296.3
15 409014 + 1835 0.449 R2 = 0.9991
20 542449 + 6079 1.121
25 666293 + 7542 1.132

*Replicates of three injections; SD: Standard Deviation; RSD: Relative Standard Deviation
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Figure 2:Proposed method:Calibration curve for LEV.

The detection limit (LOD) and quantification limit (LOQ) were quantified based on the
standard deviations of the intercepts and slopes of the linear regression curves. For LEV, the
LOD determined to be 0.34 pg/mL, and the LOQ found to be 1.04 pug/mL. From the recovery
data has been confirmed that the percentage recovery was within the range (i.e. 98 to 102 %)
and additionally%RSD values were also below 2.0%. Hence, the data proves that the

developed approach is recovered good (Table 4).

Table 4: Study of recovery by standard addition method

Amount of
Ana- stqndard drug Amount of Recovery RSD
lyte spiked _ sample (Mean + SD) (%) YoRecovery
% Quantity taken (mg) -
Spiked  (mg)
50 50 100 49.82+ 0.397 0.797 99.63
LEV 100 100 100 100.21+0.326  0.325 100.21
150 150 100 150.58 £ 0.555  0.369 100.39

*Replicates of three determinations; SD: Standard Deviation; RSD: Relative Standard
deviation

The reproducibility of the method, assessed for precision, was estimated by calculating the
relative standard deviation (%RSD) from six estimations of a 15 pg/mL of LEV conducted
during the day and under same experimental conditionsThe relative standard deviation (RSD)
value obtained from the reproducibility study was found to be less than 2%, indicating that
the optimised method demonstrates good repeatability.Intermediate precision was evaluated
by analyzing a single concentration with triplicates during the day (intra-day) and on three
alternate days (inter-day). The percent RSD values obtained were 1.215% for intra-day
precision and 1.439% for inter-day precision. This assessment demonstrates consistent and
reliable performance of the method under varying experimental conditions.The relative
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standard deviation (RSD) values for intermediate precision were determined to be less than
2%, indicating that the proposed methods exhibit reproducibility. The outcomes and the range
of experimental variations assessed in the robustness study are detailed in Table 5. No
notable alterations in the chromatograms were observed when small variations were applied
to the optimised conditions, confirms the approach robustness.

Table 5: Results for Robustness Study

Parameter Used Ret_ention Tailing No. of Theoretical
Time* Factor* Plates*

Flow Rate 0.9 4.926 1.327 12177
(varied by + 0.1 mL) 1.0 4.405 1.341 11664
1.1 4.063 1.352 10822
Mobile Phase 65:35 3.847 1.383 10063
(varied by + 5%) 70:30 4.406 1.351 11375
75:25 5.407 1.288 13087

*Replicates of three determinations

Compelled studies for degradation were conducted for assessing the stability-confirming
properties of the analytical method, especially in cases where information regarding potential
degradation products was lacking. The acceleratig test studies demonstrated that the
procedure exhibited high specificity in detecting levetiracetam, effectively distinguishing it
from potential degradation products.The drug exhibited degradation under photolytic
conditions.Photolysis resulted in a peak with increased peak area at 7.4 mins (Figure 3). The
forced degradation studies under acid, alkali, thermal, and oxidation conditions for
levetiracetam (LEV) showed only a minor decrease in peak area with no detectable
degradation products. The data of the stability for LEV under each stress condition are
summarized in Table 6. The purity index values are consistently more than 0.9999, indicating

high method selectivity
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Figure 3: Chromatograms of forced degradation samples of Levetiracetam (a) Acidic (b)
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Table 6: Degradation study of Levetiracetam at different stress conditions.
Retention Area

Conditions

time
(mins)

Acidic Condition 4.458
Basic condition 4.453
Hydrogen Peroxide 4.453

(3%)
Photolytic
Condition

7.033

Thermal Condition 4.458

463437
462269
446391
566422

487854

Tailing

factor
1.323
1.312
1.297
1.357

1.353

%Degradation

13.10
12.81
9.14

38.48

19.27

Assay of levetiracetam in tablets: The developed reverse phase HPLC method can be
utilized to quantifying levetiracetam (LEV) tablet formulation. The analysis presented in
Table 7 shows the excellence of the assayed analytes and validate the suitability of method to

routine evaluation of levetiracetam in tablet dosages.

Table 7:Results for table dosage form analysis

Brand Name

Levipil 250
Levipil 500

Label claim (mg)

250
500

% Analyte Estimated

(Mean £SD)*

101.05+0.332

100.45+0.988

*Replicates of three determinations; SD: Standard Deviation; RSD: Relative Standard
Deviation

RSD (%)

0.329
0.984
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CONCLUSION

A reproducible and stability-assuring RP-HPLC technique has been established and verified
for assessing LEV in tablet formulation. Validation findings affirmed the precision, accuracy,
specificity, and robustness of the RP-HPLC approach. Successfully employed, this method is
recommended for the quantitative evaluation of LEV in the formulations, especially in
Quality Control settings where efficiency and time management are crucial.
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