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ABSTRACT:

Lacosamide is prescribed as a partial-onset seizure medication and as an adjuvant for the
treatment of primary generalized tonic-clonic seizures. A validated reverse phase HPLC
method has been developed and validated to determine the acetic acid content of Lacosamide
in a simple, precise, affordable, and accurate manner. There is a daily intake limit for acetic
acid, which is classified as a Class Il solvent under ICH recommendations. By monitoring of
acetic acid in Lacosamide using this method, the final chromatographic conditions were
obtained using a Kromasil-C18 (250 x 4.6mm, 5um) and a mobile phase that was prepared by
orthophosphoric acid buffer (1.0 ml of orthophosphoric acid dissolved in 1 liter of HPLC grade
water) and acetonitrile. At a flow rate of 1.0 mL/min and a detection wavelength of 210 nm, a
tiny runtime was achieved within 30.0 minutes. With a linear regression curve (R? = 0.99), the
linearity was demonstrated in the range of 0.025-7.5mg/mL of working concentration, with
limits of detection (LOD) and quantitation (LOQ) of 8.2ppm and 24.9ppm, respectively. The
suggested approach was simple, sensitive, and capable of directly analyzing the amount of
acetic acid without the need for a reaction.

1. Introduction:

People of all ages are affected by epilepsy, a chronic,
non-communicable brain disease. One of the most
prevalent neurological disorders around the world,
epilepsy affects about 50 million people worldwide. The
mainstay of treating epilepsy since 1989 has been
prescription antiepileptic medication. Nevertheless, the
prognosis of intractable epilepsy has not been much
improved by current antiepileptic medications, and more
are required. Antiepileptic medications that act on novel
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therapeutic targets with improved efficacy and a smaller
amount side effects are specifically needed. Most adult
patients who have partial-onset seizures are treated with
Lacosamide (Figurel), a third-generation antiepileptic
medication, as an adjuvant. Lacosamide may interact
with collapses in response mediator protein-2 and
preferentially increase the delayed inactivation of
voltage-gated sodium channels. The exact efficacy of
these unique mechanisms of action in treating epileptic
patients will only become evident as more patients are
taken the drug 271,
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Figure 1: Structure of Lacosamide
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Figure2: Structire of Acetic Acid

The USFDA has mandated that any residual solvents
found in pharmaceutical products and components be
profiled as of July 1, 2008. The USFDA recommends
thorough profiling of residual solvents before approving
them for filing, as they were officially recognized in USP
under General Chapters <467>. Additionally, the FDA
advises limiting the amount of residual solvents in
pharmaceutical products and substances that aren't
covered by a USP monograph. According to ICH
recommendations for residual solvents under ICHQ3C
(R4), acetic acid (Figure2) is categorized as a class Il
residual solvent and has a daily intake limit of 50 mg.
Any new substance found in a medication component
should always be considered as an impurity, even if it is
innocuous 19, Acetic acid thus is deemed to be an
impurity. The residual acetic acid level of all drug
substance and their formulations must be monitored in
all pharmaceutical production units. Hence, its presence
needs to be monitored. A survey of the literature
indicates that several liquid chromatographic techniques
[11-18] have been documented for the quantification of
Lacosamide in tablet and bulk dose forms. However,
only a small number of liquid chromatography methods
[19-23] have been published for determining the amount of
acetic acid in various pharmaceutical compounds. But
none of them are especially dedicated to studying the
acetic acid in Lacosamide. Therefore, an easy technique
is usually needed for the assessment of acetic acid in
Lacosamide with acceptable analytical time. Establishing
chromatographic conditions that could be utilized for
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determining acetic acid in Lacosamide is the aim of this
endeavor.

2. Materials and Methods:

2.1. Chemicals, Reagents and Samples:

"Qualigens fine chemicals Ltd, India" supplied
acetonitrile, and Sun Pharma, Mumbai, provided
Lacosamide. The acetic acid in Lacosamide’s active
medicinal components was determined using materials
from "Standard, India" (methanol and dichloromethane,
HPLC kind), "Rankem, India" (orthophopshoric acid),
"Milli-Q system, USA" (water), and "Merk, India"
(acetic acid).

2.2. Instrument and Software:

The Waters ‘HPLC’, a system with a UV- detector, was
used to do the data acquisition. Empower Software was
used for the method screening and optimization.
Preparation of Buffer: 1.0ml of Orthophosphoric acid
was diluted in 1 liter of HPLC grade water and filter
through 0.45y filter paper.

Mobile Phase (MP) preparation: Mobile Phase A:
buffer and Mobile Phase B: acetonitrile Both are filtered
through 0.45um membrane filter paper.

Diluent preparation: Use Mobile Phase as a diluent
Preparation of acetic acid standard solution:

In a 100 mL clean, dried volumetric flask (VF),
accurately weighed, and later transferred 25mg of acetic
acid as the working standard. Add diluent and sonicated
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to completely dissolve it, then add more diluent to make
the volume up to the limit with the same diluent. Taken
up 5.0 mL of the aforementioned stock solution into a 50
mL VF and added the diluent until the desired
concentration is achieved.

Preparation of Lacosamide standard solution:
Accurately weighed and transfer 33.5mg of standard into
a 100 mL clean dried VF added the diluent and sonicated
it up to 30 minutes to dissolve, and centrifuge for 30
minutes to dissolved it completely and make volume up
to the mark with the above mentioned solvent. Then it is
filtered through 0.45 micron filter. Further pipette out 3
mL of the directly above stock solutions into 50 mL of
VF and dilute up to the mark with diluents.

Preparation of Sample (Lacosamide) Solution:
Accurately weighed and transfer 1.0g of Lacosamide
sample into a 50 mL clean dried VF added the diluent
and sonicated it up to 30 minutes to dissolve, and
centrifuge for 30 minutes to dissolved it completely and
make volume up to the mark with the above mentioned
solvent. Then it is filtered through 0.45 micron filter.
(Con C.: 20 mg/mL).

2.3. Chromatographic system:

Analysis was accomplished on an HPLC system,
containing of a binary solvent manager, sample manager
and a UV detector. The analytical column was a
Kromasil-C18 (250 x 4.6mm, 5um). The separation of
acetic acid and Lacosamide were achieved by gradient
elution using OPA- buffer and CH3;CN. These were the
final conditions that were chosen as optimized
conditions.

Validation of the proposed method:

Specificity:

The specificity of developed HPLC method was
demonstrated by analyzing the diluent, test sample, test
sample spiked with acetic acid at their specification level
individually. Their spectral peak purity data was
recorded.

Linearity:

The linearity of acetic acid was demonstrated between
25% and 150% of the reference concentration by using at
least six calibration levels (25, 50, 75, 100, 125, and
15%). We used linear regression to evaluate the linearity.
The matching concentrations and the peak areas of
standard solutions were plotted. An equation describing
linearity was utilized to calculate the correlation
coefficient.

Accuracy:

The recovery experiments were conducted to determine
the accuracy of the method for the quantification of
acetic acid in Lacosamide. The study was carried out in
triplicate at four different concentration levels viz. 50,
100 and 150% of the specification level. Percentage
recoveries were calculated.
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Precision:

For method precision, six individual measurements of
Lacosamide sample spiked with acetic acid were
analyzed, calculated the % of acetic acid from each
measurement and determined their mean, standard
deviation and relative standard deviation. An
intermediate  precision experiment performed by
different analyst, column and instrument in the same
laboratory. Obtained results of method precision and
intermediate precision were compared.

Sensitivity:

The ICH guideline's signal-to-noise method was
employed to evaluate the acetic acid's limit of
quantitation (LOQ) and limit of detection (LOD). After
gradually diluting acetic acid solutions were injected into
the RP-HPLC, the signal-to-noise (S/N) ratio was
determined at each concentration.

Robustness:

Robustness of the method was evaluated by making
deliberate changes in flow rate (£ 10%), mobile phase
organic composition (x 5% absolute). At each condition
determined the resolution between acetic acid and
Lacosamide was determined. All the other mobile phase
components were held constant as described above.

3. Results and Discussion:

3.1. Method development and optimization:

The major criteria required for the development of the
effective RP-HPLC method for the assessment of acetic
acid in Lacosamide. The method should be accurate,
precise, reproducible, and robust, so that it can be used
on a regular basis in QC-labs. To achieve this, the
following trials were conducted, and ultimately the
chromatographic  conditions were optimized. The
retention of Lacosamide increased with an increase in
column length, so a column Kromasil-C18 (250 x
4.6mm, 5um) was selected to provide the possible run
time without compromising to increase symmetry shape
of the drug. The retention time of the two components
was significantly impacted by a change in the percentage
of ACN in the mobile phase. The final gradient run was
chosen with regards to the peak shape, analysis time and
tailing. Regarding backpressure in addition to run time,
the flow rate of 1.0 mL/min was carefully chosen as the
most effective approach. The standard and sample
concentration of acetic acid 20 mg/mL and injection
volume of 20 pL were also optimized with regard to
peak response, resolution and tailing. Lacosamide
standard and sample concentrations responded
satisfactorily at 210 nm, making it possible to determine
their acetic acid content results in a single run. Acetic
acid and Lacosamide were eluted in reasonable time of
approximately 5.0 minutes and 12.5 minutes. Typical
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chromatograms of the blank, standard and sample were
shown in Figure 3, 4 and 5 respectively.

The final optimized chromatographic conditions were
achieved with a Kromasil-C18 (250 x 4.6mm, 5um), and
a mobile phase was adapting by gradient elution at
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ambient column temperature. Lacosamide was detected
(PDA-detector) at 210 nm, and a satisfactory separation
was achieved in 5.0 minutes of runtime with a flow rate
of 1.0 mL/min., in Waters High Performance Liquid
Chromatography’.
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Figure 3: Blank chromatogram of Lacosamide
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Figure 4: Standard chromatogram of Lacosamide
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Figure 5: Sample chromatogram of Lacosamide

The proposed developed method suggested that no
interference from the degradation products, making it
superior method.

3.2. Analytical method parameters and its validation:
After a successful development phase, the method was
put through method validation in accordance with ICH
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principles. The proposed RP-UPLC method was
validated using the approved procedure to assess
acceptable validation properties and show that it is
appropriate for its intended use.
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Table 1: Summary of validation parameters for monitoring of acetic acid in Lacosamide

S. No Parameters Acetic acid

1 Specificity No interferences

2 Linearity range 25-7475 pg/ml

3 Regression line equation Y=14.09x -161.78

4 Correlation co-efficient 0.99996

6 Precision Repeatability 0.87

7 (% RSD) Inter-day precision 0.81

8 LOD 8.2 ug/ml

9 LOQ 24.9 pg/ml

10 Accuracy(Recovery) 98.5-101.2%
Specificity: Linearity:

By comparing blank, Lacosamide, and acetic acid
impurity at various relative retention times (RRTS), the
method's specificity was demonstrated. According to the
experimental data [Table 1], the chromatogram [Figures
3-5] of Lacosamide and acetic acid does not contain any
interfering peaks at the retention time. Acetic acid and
Lacosamide are clearly separated in the modified
approach, making it selective for determining the amount
of acetic acid present.

The acceptability of the method for the quantitative
determination of acetic acid was confirmed by the
linearity regression studies. To determine the linearity
range, the obtained data was evaluated using linear
regression analysis, obtaining the correlation coefficient,
slope, and intercept. For acetic acid, this method exhibits
a linear range of 25ug/ml to 7475 pg/ml (i.e., LOQ% to
150%) with a correlation coefficient larger than 0.999
[Figure 6].

Table 2: Linearity data

Linearity Lacosamide
Level Concentration (ug/mL) Peak’s Area Slope Intercept CcC
LOQ 25 394
50% 2492 34659
75% 3737 51845
100% 4983 20401 14.09 161.78 0.99996
125% 6229 87816
150% 7475 105172
120000 -
v =14.09x-161.78
100000 R2=0.99996
80000
£
3 60000
[}
@
& 40000
20000

0 T T T 1
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Conc in ppm

Figure 6: Linear graph for acetic acid in Lacosamide
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Precision:

Six different measurements of the acetic acid-spiked
Lacosamide sample were examined for method
precision. The percentage of acetic acid in each
measurement was computed, and the mean, standard
deviation, and relative standard deviation were
ascertained. a moderately accurate experiment carried
out in the same lab using a different analyst, column, and
equipment. The method precision and intermediate
precision results obtained were compared.

Accuracy:

The purpose of the recovery studies was to evaluate the
precision of the acetic acid quantification method in
Lacosamide. At three distinct concentrations levels—50,
100, and 150% of the specification level the
investigation was conducted in triplicate. Recoveries as a
percentage were computed.

LOD and LOQ:

Many methods for determining these two parameters are
described in ICH Guideline Q2 (R1). They comprise

visual inspection, signal-to-noise ratio, calibration
curve’s- slope and standard deviation of response. The
S/N ratio technique was used for the current study.
According to ICH recommendations, the LOD was
confirmed to be a concentration (in pg/mL) with a S/N
ratio of at least 3, and the LOQ was corroborated to be a
concentration (in pg/mL) with a S/N ratio of at least 10
for acetic acid LOD and LOQ results are 8.2 and 24.9
respectively, which are represented in Table 1.
Robustness:

Resolution, tailing, and theoretical plates of acetic acid
did not significantly alter when minor deliberate
modifications, such as increasing and decreasing the
MP's flow rate by 10% and column temperature by 10%,
were made to the chromatographic conditions. The
results and standard method system suitability
parameters are shown in Table 3. As a result, the
method's robustness to variations in the before
demonstrated conditions has been shown.

Table 3: Robustness of the proposed method

Parameters g}rl]_e}nm%i)' [ Ay (L Column temperature (30°C)
Variations 0.9 mL/min 1.1 mL/min 27°C 33°C
Average area of Acetic acid 396 395 393 394

SD of Area 1.47 3.06 2.93 3.31

% RSD of Acetic acid 0.37 0.78 0.75 0.84

4. Conclusions:

In conclusion, a gradient RP-HPLC method for
quantification of acetic acid present in Lacosamide was
developed also the validation data demonstrates a high
precision and accuracy, which proves the reliability of
the developed method. The developed method was
validated to ensure the compliance in accordance with
the regulatory guidelines. The method shows the best
baseline separation, good resolution, symmetric peaks,
and a wider concentration range of 0.024-7.475 mg/mL
for acetic acid, as well as complying with the system's
suitable conditions. Further, the observed experimental
values of LOD and LOQ for acetic acid were found to be
8.2pg/mL and 24.9ug/mL, respectively. The method was
found to be sensitive, accurate, precise, robust and useful
for its intended use. In addition to the above the short
runtime and cheaper mobile phase involved in the
method are advantageous for analyzing routine quality
control samples for the quantification of acetic acid in
Lacosamide bulk drug.
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