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ABSTRACT

A simple and rapid high-performance liquid chromatographic method for the determination of an
anti-epileptic drug Brivaracetam in human plasma has been developed, optimized, and validated,
with an azole anti-fungal Fluconazole as the internal standard (I.S). A protein precipitation
technique was used for plasma sample pre-treatment before injection into the HPLC system with
a UV detector. The mobile phase consisted of Phosphate Buffer (0.05M, pH=5) and Acetonitrile
in the ratio of 70:30 v/v. The detection wavelength chosen was 220 nm. The method was found to
be linear over the concentration range of 1-8 pg/mL. It was validated as per ICH M10 guidelines
for the parameter’s selectivity, specificity, linearity, accuracy, precision, stability, carry-over,
recovery, and matrix effect. The stability of Brivaracetam in plasma was studied in terms of bench-
top stability, freeze-thaw stability, and long-term stability. The results were found to be within the
acceptable limits stated by ICH. The developed method can be applied during clinical trials,
therapeutic drug monitoring in human plasma and bio-equivalence studies.
Keywords: Brivaracetam, Fluconazole, HPLC, human plasma, bioanalytical, validation

INTRODUCTION:

Brivaracetam is an anti-epileptic drug (AED) seizures. The chemical name of Brivaracetam

that has efficacy for focal and secondary is  (25)-2-[(4R)-2-0x0-4-propyltetrahydro-
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1H-pyrrol-1-yl] butanamide [1, 2]. Its
molecular formula is Ci1H20N20. and its
molecular weight is 212.29 g/mol. The exact
mechanism of action of Brivaracetam is
unclear, but it is recognized as an anti-
convulsant too. It has a selective affinity for
synaptic vesicle protein SV2A [3-5]. Epilepsy
is the syndrome consisting of two or more
unprovoked seizures that occur more than 24
hours apart. Seizures affect people in many
different ways. Seizures are disruptive and
may cause injuries to patients. Epilepsy
patients have higher rates of psychiatrically
co-existing conditions [6]. There are certain
clinically relevant interactions of AEDs,
which involve other classes of drugs and their
effect on plasma concentration. The drug
Brivaracetam is a white amorphous powder
that is freely soluble in water. Cmax of the
drug is 3.5 pg/ml [7]. According to the
literature survey, a few bioanalytical methods
are reported [8], UPLC coupled with MS/MS
[9], LC-MS/MS using
Extraction [10] and to the best of our

Liquid-Liquid

knowledge, there was scope for a simple
HPLC bioanalytical method to be developed
on Brivaracetam in human plasma. The
present study aims to develop a simple and
rapid high-performance

chromatography HPLC — UV method of

liquid

bioanalysis to estimate Brivaracetam. To

confirm the reliability of the extraction and
quantitation, validation was performed at
concentration ranges LLOQ, LQC, MQC, and
HQC.

MATERIALS AND METHODS:

Reagents and Chemicals: Brivaracetam used
as a working standard, was received as a gift
sample from ZYDUS Pharmaceuticals.
Fluconazole used as an internal standard was
received as a gift sample from CIPLA Ltd.
Water (HPLC grade) generated through the
ELGA system, chemicals and reagents used,
Acetonitrile (HPLC grade), Potassium
dihydrogen orthophosphate, Trichloroacetic
acid were purchased from Loba Chemie.
Instrumentation and chromatographic

conditions:  Bioanalytical —method of
Brivaracetam was performed on HPLC
equipped with HPLC Pump

JASCO/PU2080 plus)

system
(Make/Model-
Hypersil Thermo C8 Column of dimension
250*4.6mm  (Make- Fisher),
Rheodyne and UV detector
(Make/Model- JASCO/UV2075 plus). The

Thermo

Injector

data acquisition was done using Borwin
Chromatography Software (version 1.5).
Digital balance (Make/Model- Shimadzu/
ATX 224R) was used for weighing. The
mobile phase was filtered through membrane
filter of 0.45um pore size, using vaccum pump

(Make/Model- BIOMEDIA/JETVAC-JI), an
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Ultra-sonic bath sonicator was used for
degassing of the mobile phase. The centrifuge
used was from REMI and vortexing was done
on a cyclo mixer (Make/Model-
REMI/CM101).

Selection of Wavelength: From the standard
stock solution, further dilutions were done
using acetonitrile and it was scanned over the
range of 200-400 nm.

Selection of Internal Standard (I.S.):
Internal standard (I.S.) is a compound added
to samples to monitor the accuracy and
precision of sample pre-treatment as well as
the robustness of the bioanalytical method.
Atenolol, Bedaquiline, Teriflunomide,
Metformin., Nebivolol HCI, and Fluconazole
were analyzed for internal standard trials.
Amongst all these, Fluconazole was selected
as the internal standard as peaks of the drug
and 1.S. were well resolved.

Mobile Phase Preparation: HPLC grade
ACN was added to Phosphate Buffer (0.05 M,
pH=5) made in HPLC grade water (30:70 v/v).
The solution was further filtered through a
0.45 pm membrane filter and sonicated for 10
minutes.

Preparation of stock solution: The stock
solution of Brivaracetam and Fluconazole
(I.S) was prepared separately by transferring

accurately weighed 10 mg of the drug into a

10ml volumetric flask and making up the

volume with acetonitrile to obtain a
concentration of 1000 pg/ml. Working
solution for Brivaracetam was prepared by
diluting appropriate stock solution to get a
final concentration of 1-8 pg/ml and for
Fluconazole to get a final concentration of 50
pg/ml.
Preparation of Spiked plasma sample: The
reported clinical Cmax of Brivaracetam is
3.5ug/ml V. On this basis, the linearity range
was chosen as 1-8 pg/ml. Spiked plasma was
prepared by spiking 4.8 ml plasma with 0.1 ml
from each stock solution (50, 100, 150, 200,
250, 300, 350, 400 pg/ml) and 0.1 ml of
Fluconazole (250 pg/ml) as an internal
standard separately. The content was vortexed
for 2 minutes each. The vortexed solution and
precipitating agent were taken in a ratio of 1:1.
Acetonitrile along with Trichloroacetic acid in
the ratio of 9:1 was added as the precipitating
agent. These solutions were vortexed again
and then centrifuged for 3 minutes. The
similar procedure was followed for blank
plasma (only plasma), zero plasma (plasma
and internal standard), and spiked plasma.
Bio-analytical Method Validation: [11]
1) Selectivity: Selectivity of the bio-
analytical method is the ability of the
proposed method to quantify and

differentiate the working standard
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2)

3)

4)

drug in the presence of an interfering
substance.

Calibration Curve: The correlation
between the known concentration and
response was evaluated through a
regression analysis of the calibration
curve constructed using an eight-point
(1, 2, 3, 4, 5, 6, 7, and 8 pg/ml)
standard calibration curve. The
calibration curve was constructed with
ratio of area drug/L.S. called as
response factor on Y-axis and
concentration on X-axis.

Accuracy: The percent mean
accuracy was determined for all QC
samples. The response factors were
substituted in the regression equation
to get the concentration of the given
sample. The deviation of the average
from the theoretical value served as
the estimation of accuracy.

Precision: The closeness of the
individual measured value of the drug
analyte among all aliquots of the same
volume of the plasma was assessed by
injecting six replicates at LLOQ,
LQC, MQC, and HQC levels. The
precision of the method performed on
the HPLC system was evaluated by
determining the % CV of the repeated

injections.

5) Recovery: Recovery studies were
performed by comparing the
chromatographic response for samples
after extraction at LLOQ, LQC, MQC,
and HQC with the standard in three
replicates.

6) Carry Over: Carryover is the impact
of the previous injection on the next
injection of the analyte. It was
determined by injecting blank samples
after HQC injection of 6 pg/ml.

7) Matrix Effect: The method was
performed using a pooled plasma
sample. This indeed marks that the
study results were carried out in a
matrix condition.

8) Stability Studies: The stability
procedure should evaluate the stability
of the analyte during sample collection
and handling after long-term (frozen at
intended storage temperature) and
short-term (room temperature) storage
conditions.

RRESULT:

Detection Wavelength: It was observed that
Brivaracetam showed considerable
absorbance at 220 nm. Hence, this wavelength
was chosen for detection (Figure 1).
Selectivity: The evaluation was done using

blank plasma samples. The absence of
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interference at Brivaracetam and Fluconazole
retention time was confirmed (Figure 2-4).
Linearity: The result is mentioned in Table
2, Figure 5. The R? value was found to be
0.9832.

Accuracy: : Accuracy was estimated by using
a minimum of 5 replicates of 4 concentrations
i.e. at LLOQ , LQC, MQC, HQC. The result
is mentioned in Table 3.

Precision: The precision was assessed by
injecting six replicates at LLOQ, LQC, MQC,
and HQC levels. Intraday precision was
evaluated by determining the % CV of the
response of the repeated injections injected on
the same day. On the contrary, inter-day
precision was calculated after a comparison of
the measured values of the samples injected
on three different days. The result is
mentioned in Table 4 and 5.

Recovery:

Recovery from human plasma samples was
evaluated in triplicate for 4 concentrations of
Brivaracetam (1, 2, 4, and 6 pg/ml). The
overall mean recovery of Brivaracetam was
found to be 65.56%. The results are mentioned
in Table 6.

Carry Over: Response of blank samples was
below the LLOQ, hence there was no carry
over.

Stability Studies: Brivaracetam stability was

evaluated using two concentration levels i.e.

at LQC and HQC. For each sample to be

tested mean of 3 samples was taken. These

were processed, stored, and analyzed. The

results are summarized in Table 7.

1. Freeze and thaw stability: The freeze and
thaw stability of spiked quality control
samples was determined after 3 freeze and
thaw cycles stored at -20 °C, and compared
to the freshly spiked quality control sample
to assess stability. The mean percent
stability for HQC (6 pg/ml) and LQC (2
pug/ml) was found to be 95.48% and
94.43% respectively.

2. Long-Term Stability: The long-term
stability of the LQC and HQC was
determined after 7 days stored at -20 °C,
comparing them against the freshly
prepared stock solution assessed for
stability. The percent mean stability for
HQC (6 pg/ml) and LQC (2 pg/ml) are
found to be 9842% and 97.45%
respectively.

3. Short-Term Stability: The short-term
temperature stability of spiked quality
control samples was determined for a
period of 4 hrs. stored at room temperature.
Comparing them against the freshly spiked
quality control samples assessed stability.
The percent mean stability for HQC (6
pg/ml) and LQC (2 pg/ml) are found to be
96.66% and 95.07% respectively.
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. Stock solution stability: The stock

solution stability of the drug and 1.S. was

determined for 2 hrs at room temperature.

stability. The percent mean stability for
Brivaracetam at HQC (6 pg/ml) and LQC
(2 pg/ml) levels are found to be 94.15%

Comparing them against the freshly and 95.20% respectively.
weighed stock solution assessed for

1.5

FCZ
1
[
200 250 300 350 400
Wavelength [nm]

Figure 1: UV-Spectral Overlay of Brivaracetam and Fluconazole _

Plasma protein peak

Figure 2: Chromatogram of blank human plasma

Plasma protein peak

) Fluconazole (1.5.)

Figure 3: Chromatogram of zero plasma, Fluconazole (I.S.) peak at retention time (RT) = 4.35 min

I Plasma protein peak
|

(1.5

t RT =4.35, Brivaracetam peak at RT = 6.258 min

Figure 4: Chromatogram of HQC (6 pg/ml), Fluconazole (I.S.) peak a
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Table 2: Linearity Studies
. Concentration (ng/ml)
Repficate T 1 2] 3 1 5 | 6 7 8
) Response Factor
1 0.0417 0.1136 0.1332 0.2093 0.2872 0.3827 0.4420 0.5144
2 0.0431 0.1166 0.1320 0.2042 0.2558 0.3794 0.4545 0.5332
3 0.0403 0.1081 0.1310 0.2114 0.2764 0.3860 0.4403 0.5711
4 0.0398 0.1125 0.1517 0.2218 0.2772 0.3815 0.4528 0.5364
5 0.0424 0.1117 0.1298 0.2218 0.2557 0.3841 0.4341 0.5304
Mean 0.0415 0.1125 0.1355 0.2137 0.2705 0.3827 0.4447 0.5371
SD 0.0013 0.0030 0.0091 0.0078 0.0125 0.0022 0.0077 0.0186
%CV 3.284 2.740 6.7231 3.6632 4.6573 0.5862 1.7430 3.4661
y =0.0706x - 0.0503
06 R2=0.9832
0.5 /’
0.4 / ¢ Response
Factors
0.3 /.
0.2
0.1 ——Linear
(Response
0 w w Factors)
0 5 10
Concentration
Figure 5: Regression Curve for linearity
Table 3: Accuracy Studies
Calculated concentration
Replicates LLOQ LQC MQC HQC
1 1.1932 1.9786 3.8496 5.7601
2 1.1927 2.0051 3.8282 6.076
3 1.1785 1.9575 3.8940 6.0018
4 1.1902 1.9584 3.9457 5.9886
5 1.1734 1.9954 3.9457 6.004
Mean 1.1856 1.9790 3.8926 5.9661
SD 0.0090 0.0214 0.0539 0.1200
%CV 0.7651 1.0828 1.3852 2.013
%Mean Accuracy 118.56 98.95 97.31 99.43
Acceptance Criteria: The accuracy at each concentration level should be within £15%
of the nominal concentration, except at the LLOQ, where it should be within £20%.
Table 4: Results of Intraday Precision
Concentation Level LLOQ LQC MQC HQC
Mean Conc. 1.1843 1.9876 3.8901 5.9131
Standard Deviation 0.0056 0.0169 0.0256 0.0811
%CV 0.4801 0.8541 0.6597 1.3717

at the LLOQ, where it should not exceed 20%.

Acceptance Criteria: The precision (%CYV) of the concentrations determined at each level should not exceed 15%, except

IJBPAS, June, 2024, 13(6)
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Table S: Results of Interday Precision
. % CV
Concentration Level Day 1 Day 2 Day 3
LLOQ 1.2327 0.2952 0.9337
LQC 0.6801 0.3868 1.0137
MQC 1.3840 0.5641 0.8019
HQC 1.2291 1.3773 1.2962
Acceptance Criteria: The precision (%CYV) of the concentrations determined at each level should not exceed 15%, except
at the LLOQ, where it should not exceed 20%.

Table 6: Results of Recovery studies

Conc. Area of Brivaracetam Recovery Area of Fluconazole (I.S) Recovery
level Standard Spiked plasma YoMean Standard Spiked plasma |%Mean Recovery
Recovery
LLOQ 38973 24399 62.60 466164.7 330817 70.96
LQC 55134 37561 68.12 567491.2 350587 66.75
MQC 107716 70940 65.85 551324.5 370793 67.25
HQC 184508 121177 65.67 569512.1 378885 66.52
Overall Overall % Mean Recovery 65.56 Overall% Mean Recovery 67.87
Table 7: Summary of stability studies
Stability Conc.(pg/ml) Mean Stability (%) % CV
Freeze thaw stability(three LQC 94.43 0.9614
cycles) HQC 95.48 0.5478
Short term stability(for 4h at LQC 97.45 0.7129
R.T.) HQC 98.42 0.2214
Long term stability (for 7 days LQC 95.07 1.0165
at4’ C) HQC 96.66 0.2214
. - LQC 95.20 1.3253
Stock solution stability(for 2h) HQC 94.15 0.2214
Acceptance Criteria: The % mean stability for drug and LS. should be within range 85-115%. <15%

DISCUSSIONS:

The previously reported methods were
complex and tedious in nature involving
techniques like liquid-liquid extraction and
UPLC coupled with MS/MS, [9, 10]. Thus, a
simple, faster and optimized, bioanalytical
method is developed and validated. The
extraction is done using protein precipitation
in human plasma and later response factor of
Brivaracetam was subsequently calculated.
The results of validation parameters were

found to meet all the acceptance limits of the

parameters stated by ICH. The study results

here state that Brivaracetam can be effectively
extracted from human plasma and for
ensuring the extraction efficiency Fluconazole
can be used as internal standard. There were
no interfering peaks amongst the working
standard and internal standard. The method is
optimized by achieving the retention time,
such that peaks are well resolved. Apart from
other
method development by RP-HPLC on bulk
and formulation [8], UPLC coupled with
MS/MS [9], LC-MS/MS using Liquid-Liquid

reported methods, like analytical

Extraction [10] instead, there can be a simpler
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HPLC estimation of Brivaracetam from
human plasma at a laboratory scale by
employing a protein precipitation method.
The stability of Brivaracetam in human
plasma, is a function of storage conditions,
chemical properties of the drug, the matrix,
and the storage system. The drug was found to
be quite stable in human plasma.
CONCLUSION:

Brivaracetam could potentially be extracted
from human plasma and quantified using a
simple HPLC bioanalytical approach. The
process of extraction was made easier and
took less time overall by the use of protein
precipitation. The method's dependability and
accuracy were ensured by the validation
parameters compliance with the ICH
acceptance limits. The specificity and
effectiveness of the approach were proven by
the absence of interfering peaks and the
optimised retention times. The future prospect
of this method is that it could be used for
routine bioanalysis, clinical trials, therapeutic

drug monitoring, as well as bioavailability and

bioequivalence investigations of
Brivaracetam.
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