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Abstract: Safinamide is an orally active, selective monoamine oxidase-B inhibitor with dopaminergic
and non-dopaminergic properties approved by the European Medicine Agency and US Food and
Drug Administration for the treatment of mid- to late-stage fluctuating Parkinson’s disease (PD) used
in combination with other PD medications such as levodopa. In this study, an analytical quality by
design (AQbD) approach was applied to optimize an LC-MS/MS bioanalytical method to determine
safinamide in human plasma. A full 3 factorial design was used to optimize safinamide separation
conditions, with a method first screened and optimized using chromatographic responses, including
peak area and retention time. The results showed that temperature had a significant indirect effect on
retention time and peak area (p < 0.05), while ammonium acetate concentration had an insignificant
indirect impact on peak area or retention time. However, the temperature was significantly agonistic
to the effect of buffer concentration (p < 0.05). The resultant optimized chromatography conditions
utilized 9.0 mM ammonium acetate buffer and acetonitrile (22.0:78.0) as mobile phases at a column
temperature of 23.2 °C. The assay was linear from 0.1-1000 ng/mL, met acceptance criteria for inter-
and intra-assay precision and accuracies across three quality controls, and was successfully applied
to in vitro microsomal metabolic stability. The UPLC/MS/MS method was found to be adequately
sensitive and suitable for routine safinamide pharmacokinetic studies.
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1. Introduction

Safinamide is a novel medication used as an adjunctive medication to carbidopa/levodopa
for patients suffering from Parkinson’s disease (PD) and motor fluctuations in the mid-
to-late stage. The European Medicines Agency was the first authority to approve and
register safinamide [1,2] followed by the US Food and Drug Administration (FDA) [1,3].
The mechanism of action of safinamide involves selective monoamine oxidase-B inhibition,
modulation of glutamate release [4], sodium channel blockade, and calcium channel mod-
ulation [5]. In patients with idiopathic PD, safinamide is safe and effective in improving
motor complications [6,7]. It can be considered a useful option for early stage patients to
delay the onset of motor and non-motor complications for levodopa-sparing strategy [8,9].
Motor symptoms and parkinsonism improve with safinamide without worsening dyskine-
sia [10,11]. These effects are dose-dependent [12].

Safinamide is an anticonvulsant effective in various seizure models with a low poten-
tial to induce tolerance and locomotor or cognitive side effects [8]. Administration with
L-dopa in patients with PD and motor fluctuations significantly increases total on time
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with no or non-troublesome dyskinesia, decreases off time, and improves parkinsonism,
indicating that it improves motor symptoms and parkinsonism without worsening dysk-
inesia [13,14]. The effects of safinamide on dyskinesia are attributed mainly to sodium
channel inhibition and glutamate release stimulation rather than reduced dopaminergic
stimulation [15].

A pharmacokinetic-pharmacodynamic study found that safinamide reversibly inhib-
ited the MAO-B enzyme in a dose-dependent manner. This, in turn, prevented dopamine
bioinactivation in patients suffering from Parkinson’s disease [16,17]. Safinamide is me-
tabolized via oxidation to an inactive metabolite and is excreted primarily through the
urine. Safinamide absorption is linear and dose-dependent, and the half-life is about 22 h.
However, it is cleared without any clinical accumulation at a steady state [17]. After a
single dose, the maximum concentration is achieved at 2 h, while after a repetitive dose,
the concentration peak is reached at 5-6 h. It is 89% plasma protein bound.

Drug-drug interactions may affect the safety or efficacy of other drugs and can im-
prove or change the systemic exposure of the drug. Ketoconazole has no significant changes
in safinamide exposure. The concurrent administration of safinamide with some antide-
pressant drugs in PD patients seemed to be safe and well tolerated [18]. However, some
antiepileptic drugs, such as carbamazepine and phenobarbital, decrease safinamide plasma
concentration and shorten the half-life [19-21]. On the other hand, safinamide does not af-
fect the plasma concentrations of these drugs. Safinamide also does not affect oral tyramine,
which is metabolized mostly by intestinal MAO-A, while safinamide inhibits monoamine
oxidase (MAO)-B only [22]. It has been shown that safinamide has direct effects on pain
relief and reduces the average individual’s use of pain treatment [23].

The concept of quality by design (QbD) in the pharmaceutical industry has been
introduced to enhance robust manufacturing processes. It is also applied in analytical
methods that are applicable throughout the product lifecycle, as well as in drug quality
control [24,25]. Analytical quality by design (AQbD) helps in the development of a robust
and cost-effective analytical method that facilitates regulatory flexibility [26,27].

Therefore, ICHQ introduces the AQbD approach as a trend in the pharmaceutical
industry involving the implementation of AQbD in the method development process as a
part of risk management, pharmaceutical development, and the pharmaceutical quality
system [28,29].

Therapeutic monitoring of safinamide may be useful in certain patients such as those
who are not achieving optimal clinical outcomes. Few methods were published for the
quantitation of safinamide in plasma. Dal Bo et al. [30] describe methods of safinamide
quantitation using micro-bioassay. The first one is relatively sensitive and with low margin
(0.5-20 ng/mL) and long retention time (5.5 min). The second is characterized by high
margin (6000 ng/mL) and low sensitivity (20 ng/mL). The third method was performed
using a fluorescent detector and was less sensitive, with a long retention time (16 min).
Safinamide pharmacokinetics was studied using LC-MS/MS method with a sensitivity of
0.5 ng/mL, but no details of the analytical method were mentioned [17] The aim of the
present work was designed to develop a fast, sensitive method applying an analytical by
design approach. A design of experiments was used to investigate the effects of column
temperature, different concentrations of ammonium acetate and different percentage of
acetonitrile in the mobile phase (independent factors) on the analytical responses including
chromatographic separation retention time and peak area. The chromatographic separation
method was applied in the assessment of safinamide in vitro metabolic stability.

2. Materials and Methods
2.1. Chemicals and Reagents

Safinamide (>99.0% purity) was procured from Beijing Mesochem Technology Co., Ltd.
(Beijing, China). Ethyl acetate and ammonium acetate were obtained from BDH Laboratory
(Lutterworth, UK), while diclofenac (internal standard, IS) was generously provided by
ADWIA Co., Cairo, Egypt. HPLC-grade methanol and acetonitrile were acquired from
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Avonchem Ltd. (Macclesfield, UK). Analytical-grade dimethyl sulfoxide (DMSO) was
sourced from Loba Chemie Pvt. Ltd. (Mumbai, India). Human plasma was kindly obtained
from the Blood Bank of King Khalid University Hospital in Riyadh, Saudi Arabia.

2.2. Instruments

Waters Acquity TQD UPLC-MS/MS (Waters Co., Milford, MA, USA) Troemner vortex
mixer, Taboys® model AP 56, HenryTroemner LLC (Thorofare, NJ, USA), analytical balance
Mettler Toledo® model XS 205 (Greifensee, Switzerland) were used. Thermo® Savant
SC210A speed Vac (Waltham, MA, USA) sample concentrator. Deionized water was
prepared via Milli-Q reverse osmosis (Millipore®, Bedford, MA, USA). NADPH purchased
from Enzo Life Sciences (London, UK) diethyl ether, ethyl acetate, n-hexane, methanol and
acetonitrile were obtained from Avonchem Ltd. (Wellington House, Cheshire, UK).

2.3. Method

A Quality by Design (QbD) approach was used to identify the factors that have the
most significant impact on the chromatographic separation and quantification of safinamide.
A working solution of 500 ng/mL of safinamide in methanol was used in the QbD analytical
procedures. Three independent factors were investigated, column temperature, percent of
the solvent (acetonitrile) in the mobile phase and the concentration of ammonium acetate
in the buffer used in the preparation of the mobile phase. A 33 full factorial experimental
design was used to characterize the effects of the two independent factors. Using Design
Expert® software, version 11, each independent factor was assigned to three levels: low,
mean, and high, which were represented by the values of —1, 0, and +1, respectively. A
randomized design was used to evaluate the effect of the three independent factors on
the peak area and peak retention time. Only one factor was varied at a time (one-variable-
at-a-time analysis) while the other variables were kept constant [31]. The experimental
design resulted in 27 groups, and three replicates were analyzed. Table 1 shows the design
for the analytical procedure of safinamide using UPLC-MS/MS, including the dependent
and independent factors. All results were expressed as mean values =+ standard deviation.
One-way analysis of variance (ANOVA) was used in the statistical analysis and a p-value
of less than 0.05 was considered significant.

Table 1. Design for the analytical procedure of safinamide using UPLC-MS/MS.

Independent Factors

Dependent Factors

Acetonitrile Ammonium Acetate . (Response)
% (A) mM (B) Temperature °C P
Peak area
" 15 40 (mAU/min)
80 10 30
Retention time (min)
70 5 20

2.3.1. Optimization of MS/MS Conditions

The optimization of MS/MS conditions is crucial for the accurate and sensitive determi-
nation of the analyte and internal standard. In this study, the Acquity TQD UPLC-MS/MS
instrument was used with an ESI source in positive ion mode. The instrument parameters,
including the precursor to product ion transition, collision energy, cone voltage, and dwell
time, were optimized for the determination of safinamide and IS. The source temperature
was adjusted at 150 °C and the capillary voltage was maintained at 4 KV. The collision gas
(argon) flow rate was kept at 0.2 mL/min, and the desolvation gas flow rate was optimized
at 600 L/h. For optimization of mass spectrometry conditions, standard solutions of safi-
namide and IS (500 ng/mL) were directly injected into the instrument. Higher sensitivity
was found with using positive mode ionization. The multiple reaction monitoring mass
spectrometry (MRM) technique was used, and the ESI was adjusted in the positive mode to
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monitor the precursor, as well as the product ions. Precursor ions [M + H]* were monitored
at m/z 303.04 > 109.0 for safinamide and m/z 296.06 > 215.0 for IS. The instrument operated
by the MassLynx™ program and TargetLynax software, version 4.1, was used for data
acquisition. Chromatographic separation was achieved using the Acquity UPLC CSH Cyg
(1.7 um 2.1 x 100 mm) column (Waters, Milford, MA, USA). This column was chosen after
trying different stationary phases and dimensions to provide rapid analytical techniques
with improved resolution within a shorter time.

2.3.2. Stock Solutions, Calibration Standards, and Quality Control (QC) Samples

Stock solutions of safinamide (1 mg/mL) and IS (1 mg/mL) were prepared by dissolv-
ing suitable amounts in DMSO. These stock solutions were further serially diluted with
acetonitrile /water (50:50 v/v) to prepare the working solutions. Appropriate amounts were
spiked to drug-free human plasma to achieve different concentrations of calibration curves
(0.1,0.5,1.0, 5.,10.0, 20.0, 50.0, 100.0, 500.0, and 1000.0 ng/mL), as well as quality control
(QC) samples (0.3, 15.0, 150.0, 750.0 ng/mL). The stock of QC samples was kept in an
ultra-freeze (—80 °C). Safinamide and IS working solutions were stored in the refrigerator.

2.3.3. Sample Preparation

To 100 uL of calibrators and QCs samples, 10 pL of IS working solution (20 ug/mL)
was added and then mixed with a vortex mixer for 10 s. A total of 50 uL of acetonitrile was
added to the tubes and mixed again with a vortex mixer for 1 min. To each tube, 1 mL of
ethyl acetate was added and then mixed using a vortex mixer for 30 s and centrifuged at
10,000x g and 8 °C for 10 min. The upper organic layer was then transferred to a clean
tube and evaporated to dryness using a vacuum speed concentrator adjusted at 40 °C. The
dried extracts were reconstituted with a 100 uL mobile phase and 5 pL was injected into
UPLC-MS/MS instrument.

2.4. Method Validation

The method was validated according to the US FDA [32] and ICH 10 [33] guidelines
for bioanalytical method validation. The assay was validated for selectivity and specificity,
accuracy, precision, linearity, matrix effect, recovery, and stability

2.4.1. Specificity and Selectivity

Method selectivity was evaluated via analysis of blank plasma of six different sources
to investigate if there is any peak at the same retention time and the conditions of safinamide
and IS separations. To evaluate the specificity of the method, chromatograms of plasma
samples spiked with safinamide at the LLOQ concentration level were compared with the
chromatograms of those of blank plasma samples obtained from six different sources along
with IS.

2.4.2. Linearity, LLOD, LLOQ

Samples of the plasma calibration curves (10 different concentrations including the
LLOQ) of safinamide were analyzed. The peak area ratio (safinamide/IS) was plotted
against safinamide plasma concentration. The linearity of the calibration curves was
determined using the least square method.

The limit of detection (LLOD) is defined as the concentration of an analyte yielding a
peak with a signal-to-noise ratio of 3, while this ratio is 5 times the low limit of quantification
(LLOQ).

2.4.3. Extraction Recovery and Matrix Effect
Due to the wide range of the calibration curve, four levels of QC samples were used
(High QC. [HQC], Middle QC_1 [MQC_1], Middle MQC_2 [MQC_2], and Low QC [LQC]).
Recovery of the method was evaluated by comparing the peak area obtained from
plasma samples spiked pre-extraction with that spiked post-extraction with the same
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concentration level (n = 6). Similarly, the recovery of the IS was also determined at a
concentration level of 500 ng/mL. The matrix effect was evaluated at the same level of
QCs used in the evaluation of extraction recovery. The peak area obtained for safinamide
following the analysis of samples spiked post-extraction was compared with those of
standard safinamide prepared directly in acetonitrile at the same concentrations.

2.4.4. Precision and Accuracy

Four QC samples (HQC, MQC_1, MQC_2, LQC) and LLOQ were analyzed in six
replicas in one day and in three successive days to assess precision (relative standard
deviation, CV%) and accuracy to evaluate intra-day and inter-day precision and accuracy,

respectively. The acceptable accuracy and precision were expected to be within £15% for
QCs samples and £20% for the LLOQ.

2.4.5. Stability

For evaluation of safinamide plasma stability, six replicates of the OCs (Meduin QC_1,
and HQC) under different conditions of storage and processing (short-and long-term,
freeze-thaw, and auto-sampler stability) were analyzed. The short-term stability was
evaluated in LQC and HQC plasma samples after leaving it for 8 h, which represents the
maximum time of sample processing, at room temperature (23 °C). The freeze-thaw stability
was evaluated using QC plasma samples after three cycles of thaw at room temperature
and freeze at —80 °C, respectively. The long-term stability was assessed by analyzing
QC plasma samples after storage for 4 weeks at —80 °C. After storage of reconstituted
QC samples for 24 h in an autosampler, it was reinjected to evaluate the autosampler
stability after this period. According to the acceptance criteria of the applied bioanalytical
guidelines, QC samples were considered stable when their value after analysis was +15%
for accuracy and <15% for the precision of the nominal value.

2.5. Metabolic Stability

Following the preparation of a safinamide solution in DMSO (1 mg/mL), a working
solution of safinamide (10 pg/mL) was prepared in the mobile phase. From this working
solution, standard calibration curves in the range of 0.1-1000 ng/mL were constructed
between safinamide concentration and peak area.

For the study of safinamide metabolic stability, another working solution of safi-
namide (800 pug/mL) in phosphate buffer (pH = 7.4) was prepared. To 10 uL of safinamide
(800 pg/mL), 450 pL of 0.1 M phosphate buffer (pre-warmed, 37 °C) was added and
followed by a 25 pL of 20 mM NADPH solution in phosphate buffer. Incubations were
initiated by 10 pL of microsomes and the tubes were kept shaken at 37 °C. To terminate
the reaction, 250 uL of acetonitrile containing IS (100 ng/mL) was added at different time
intervals (0.0, 0.5, 10.0, 20.0, 30.0, and 40.0 min). The tubes were centrifuged for 5 min
at 10,500x g and 10 °C. The supernatant was transferred into the Eppendorf tube. Then,
5 uL of each sample was injected into the UPLC-MS/MS. After analysis, the curve was
plotted between the concentration of safinamide representing the percentage remaining
(calculated using the regression equation of the calibration curve) versus incubation time.
From this curve, another one was plotted between the logarithm (Ln) of the concentration
of the points of the linear part of the first curve against its time intervals. The slope of
the linear regression represents the metabolic half-life (t1/2) calculated from the slope
of the linear regression using Equation (1). The intrinsic clearance was calculated using
Equation (2) [34,35]:

L1 In2
In vztroi = % 1)
CLint — 0.693 uL incubation @

in vitro t1/2" mg microsomes
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3. Results

For the optimization of mass spectrometry conditions, standard solutions of safi-
namide and IS (500 ng/mL) were directly infused into the MS/MS instrument. Higher
sensitivity was found with using positive mode ionization. The multiple reaction moni-
toring mass spectrometry (MRM) technique was used, and electrospray ionization (ESI)
was adjusted in the positive mode to monitor the precursor, as well as the product ions.
Precursor ions [M + H]* were monitored at m/z 303.04 > 109.0 for safinamide and m/z
296.06 > 215.0 for diclofenac [Figure 1].

1001 10e%2

<«—— Product ion

Precursor ion

}

0322

)

100 120 140 160 180 200 220 240 260 280 300 320 340

1m/z

8288
|
v T T T
60 80
Figure 1. Typical representation of precursor to product ion spectra of safinamide in ESI positive
ionization mode.

3.1. Optimization of the Chromatographic Separation Conditions
3.1.1. The Effect of the Independent Factors on the Retention Time of the
Safinamide Chromatogram

The analysis of the variance table (Table 2) shows that the temperature alone and
the interactive of the temperature and buffer concentration of the mobile phase have
a significant antagonistic effect on the retention time of the safinamide chromatogram
(p value < 0.0269 and 0.0399, respectively). Increasing the column temperature from 20 °C
to 40 °C reduces the retention time of the safinamide chromatogram, and the shortest
recorded retention time was at 35 °C. The decrease in retention time with the increase of
the temperature from 20 °C to 37 °C may be due to a decrease in the viscosity of the mobile
phase with the raising temperature (Figure 2). However, an increase in retention time for the
column temperature upper than 37 °C to 40 °C can be attributed to the decrease in column
efficiency as a result of the decrease in the number of theoretical plates as temperature
increased above 37 °C [36].

C:Temperature

BC

CC

AA

A-Acetonitrile

AC

Buffer Concentration
BB

AB

0s 1 1s > 25
Standardized effect

o |l—

Figure 2. Effects of independent factors on peak area of safinamide chromatogram retention time
(the blue vertical line indicates the significance border).
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Table 2. ANOVA for the effects of independent analytical parameters on safinamide chromatogram

retention time.

Sum of Mean

Source Square Df Square R-Ratio p-Value
A: Acetonitrile 0.00222222 1 0.022222 1.47 0.2423
B: Acetate buffer Con. 0.55555556 1 0.00555556 0.37 0.5527
C: Temperature 0.0088889 1 0.00888889 5.87 0.0265
AA 0.00296296 1 0.00296296 1.96 0.1798
AB 0.0 1 0.0 0.00 1.000
AC 0.00083333 1 0.000833333 0.55 0.4683
BB 0.000185185 1 0.000185185 0.12 0.7308
BC 0.0075 1 0.0075 4.95 0.0399
CcC 0.00296296 1 0.00296296 1.96 0.1798
Total error 0.25747 17 0.00151416

It is evident that temperature is a significant factor affecting the effect of buffer con-
centration (B) on retention time (p < 0.0339). The interactive effects of temperature and the
percentage of acetonitrile in the mobile phase were insignificant (p > 0.4683). Generally,
the independent, quadratic, and interaction factors CC, AA, A, AC, B, BB, and AB do not
significantly affect the chromatographic retention time in descending order (Figure 2).

The 3D response plot shows that retention time decreases with increasing temperature
and reaches its shortest value at around 35 °C, after which it slightly increases up to
40 °C. Furthermore, increasing the percentage of acetonitrile decreases the retention time,
reaching its lowest value of 1.09 min, and then increases as acetonitrile concentration is
further increased. In addition, elevating the buffer concentration in the mobile phase
decreases the retention time, and the lowest value was recorded at about 10 mM of the
acetate buffer (Figure 3).

Retention time

()

Retention time

1640
32
2 Temperature
™18 5 g 20°

Acetonitrile
®)

Figure 3. A plot of the 3D response surface for the temperature (A) and buffer concentration ratio

(B) on safinamide chromatogram retention time.

3.1.2. The Effect of the Independent Factors on the Peak Area of
Safinamide Chromatogram

The column temperature has a highly significant effect on the chromatographic peak
area of safinamide (p > 0.0002) (Table 3). Increasing the temperature in the range of 20 °C to
40 °C resulted in a decrease in peak area. However, other factors, such as the percentage of
acetonitrile and buffer concentration, as well as their quadratic and interaction factors, had
no significant effects on the peak area of safinamide (p value was higher than 0.05). These
effects can be arranged in a descending manner as follows: B, BC, BB, AC, CC, BA, AA,
and A, respectively (Table 3, Figure 4).
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Table 3. ANOVA for the effects of independent analytical parameters on safinamide chromatogram

peak area.
Source Sum of Square Df Mean Square R-Ratio p-Value
A: Acetonitrile 2.6295 x 108 1 2.62995 x 108 0.02 0.8803
B: Acetate buffer Con.  2.63246 x 100 1 2.63246 x 1010 2.34 0.1446
C: Temperature 2.59232 x 10! 1 2.59232 x 101 23.03 0.0002
AA 6.49689 x 10° 1 6.49689 x 108 0.06 0.8130
AB 9.16371 x 10° 1 9.16371 x 10° 0.81 0.3795
AC 1.21055 x 1010 1 1.21055 x 1010 1.08 0.3142
BB 1.34664 x 1010 1 1.34664 x 1010 1.20 0.2893
BC 1.91826 x 1010 1 1.91826 x 1010 1.7 02091
CcC 1.17761 x 10 1 1.17761 x 1010 1.05 0.2207
Total error 1.9133 x 1011 17 1.12547 x 1010
C:Temperature

Buffer Concentration

BC

EB

AC

cC

AB

AA

A-Acetonitrile

Standardized effect

Figure 4. Effects of independent factors on peak area of safinamide chromatogram peak area (the

blue vertical line indicates the significance border).

The 3D response plot indicates that the peak area increases with an increase in the
acetonitrile ratio in the mobile phase, with the highest peak area observed at 78% ace-
tonitrile. On the other hand, an increase in temperature results in a decrease in the peak
area, with the highest peak area achieved at approximately 22 °C. Furthermore, increasing
the concentration of ammonium acetate in the buffer within the mobile phase leads to a
reduction in peak area, with the highest peak area observed at around 9.0 mM of the acetate
buffer (Figure 5).

3.1.3. The Optimization of UPLC Conditions for Safinamide Analysis

The optimization of UPLC conditions for safinamide analysis was based on the sta-
tistical analysis of each dependent factor, aiming to achieve the minimum safinamide
chromatogram retention time and maximum peak area. Based on the statistical evalua-
tion of the obtained results for the optimization of the separation conditions, the most
optimal mobile phase constituents were found to be “temperature = 23.0 °C, ammonium
acetate = 9.0 mM, and acetonitrile = 78.0%”. The predicted values for the peak area and
retention time under these optimal conditions were 329,824 + 16,491 and 1.09 & 0.05, re-
spectively. Upon experimental measurement, the obtained values were 315,135 + 1543 for
the peak area and 1.17 £ 0.09 min for retention time. Importantly, no significant difference
was observed between the measured and predicted values [Figure 6].
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(X10,000)
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17
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- 3640
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(B)

Figure 5. The plot of the 3D response surface for the temperature (A) and buffer concentration ratio
(B) on the safinamide chromatogram peak area.

L 2 L
70 90 5 10
AAcetonitrile = 781064 J B:Buffer Conc = 9.01404
7‘ ——
- -
20 40 1.06 1.2
C:Temperature = 23.2293 J L RT = 110708
,»«“’7/.<<7>, o
409973 613279

Peak Area = 329824

Figure 6. Plot showing the optimization of UPLC conditions for the separation of the analyte.

3.2. Sample Preparation

Our aim was to improve the sensitivity and reliability of UPLC-MS/MS analysis
by finding the optimum extraction procedure with high recovery and low matrix effects.
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Protein precipitation is an easy and fast method for drug extraction from biological fluids.
We attempted to use both acetonitrile and methanol, but the results were not satisfactory as
they yielded lower recovery efficiency and high matrix effects. Therefore, we applied the
liquid-liquid extraction method using different solvents such as dichloromethane, diethyl
ether, ethyl acetate, n-hexane, and tert-methyl ether. Finally, we found that ethyl acetate
was the most efficient solvent. Additionally, treating the plasma sample with 50 pL of
acetonitrile before adding ethyl acetate improved the extraction efficiency.

3.3. Method Validation
3.3.1. Selectivity and Specificity

No significant interfering peaks were found at the retention time of the chromatograms
of drug-free plasma samples and those of plasma samples spiked with safinamide at its
LLOQ level. The peak response ratio of safinamide at its LLOQ was more than five times
that of the blank, while the IS provided peak areas of more than twenty times the blank
signal. The absence of any interference at the retention times of both safinamide and IS
indicates that this method is highly specific for safinamide analysis.

3.3.2. Lower Limit of Quantification (LLOQ)

The lower limit of quantification (LLOQ) is the lowest concentration of an analyte that
can be reliably and accurately quantified with a given analytical method. The signal /noise
ratio (5/N) is a measure of the relative size of the signal (analyte peak) compared to the
background noise in a chromatogram. A high S/N ratio indicates a strong signal relative to
the background noise, which improves the accuracy and precision of the measurement. In
the current method, the S/N ratio was more than five-fold, and the LLOQ was determined
tobe 0.1 ng/mL, which represented the lowest point in the calibration curve (Figure 7). This
value ensures that the method can accurately measure low concentrations of the analyte.

1.17,8216 MRM of Channel ES+
303.22 > 109 (SAFINAMIDE)

3.57 X 10%
Area

1.38,25622
i\ B MRM of Channel ES+

[x‘ \ 296.05 > 215.0 (Diclifenac)
| 1.03X10°

{ Area

1 T =T T 4 T T 1 T T T T y Time
0.00 0.50 1.00 1.50 2.00 250 3.00

Figure 7. MRM chromatograms of blank plasma spiked with safinamide at LLOQ (A) and internal
standard (B).
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3.3.3. Linearity

The calibration curves were obtained by plotting the peak area ratios of safinamide
to IS versus the nominal concentration of safinamide using the least squares method. The
calibration curve showed good linearity in the range of 0.1-1000 ng/mL and the variation
coefficient (R?) was 0.998.

3.3.4. Recovery and Matrix Effect

The extraction recovery and matrix effects for safinamide were evaluated at four
different QC levels (0.3, 15, 150, and 750 ng/mL) and IS (100 ng/mL). The average recovery
of safinamide was found to be 85.36%, while that of the IS was 81.26%, and it was con-
centration independent. These results indicate that this method is sensitive enough and
suitable for the determination of safinamide in plasma. The range of the matrix effects was
81.22-90.09% for safinamide and 91.26% for IS (Table 4).

Table 4. Extraction recovery and matrix effects of three quality control (QC) samples of safinamide in
rat plasma.

Nominal C Extraction Recovery Matrix Effect
Compound ominalt-onc. Mean Ccv Mean Ccv
(ng/mL) (%) (%) (%) (%)
0.3 93.33 5.35 86.66 5.20
15 78.18 12.12 90.90 12.61
SAFINAMIDE 300 91.98 9.82 81.22 10.34
750 77.96 12.36 85.47 7.49
IS 100 81.26 74 91.26 7.46

3.3.5. Precision and Accuracy

Precision and accuracy were evaluated by analyzing the different concentrations of the
QC samples (LQC, MQC_1. MQC_2, and HQC) and LLOQ. The analysis was carried out in
one day or three successive days for evaluation of the intra- and inter-day precision and
accuracy, respectively. The precision or CV % ranged from 5.50 to 12.16% and 5.50-13.20%
for inter-day and intra-day, respectively (Table 5). The inter-day and intra-day accuracy
ranged from 86.62 to 90.47% and from 86.26% to 90.24%, respectively (Table 5). These
results showed that the precision and accuracy of safinamide in this method was precise
and accurate and were within the acceptable limits as per guidelines.

Table 5. Intra-day and inter-day precision and accuracy of safinamide in rat plasma.

Inter-Day Intra-Day
Nominal . . . .
Actual Precision Accuracy Actual Precision Accuracy
Con. (ng/mL)  Con. (ng/mL) (%) (%) Con. (ng/mL) (%) (%)
0.1 0.08 + 0.004 5.60 87.25 0.08 &= 0.004 5.50 82.50
0.3 0.27 £0.015 5.50 89.16 0.25 £ 0.014 5.40 86.66
15 13.03 £ 1.57 12.10 86.87 13.60 + 3.76 2.74 86.26
300 272.34 + 184 9.78 90.20 259.22 +1.67 6.35 86.4
750 649.67 + 80.31 12.26 86.62 652.87 + 86.21 13.20 87.05

3.3.6. Stability Studies

Table 6 shows the stability of safinamide in the plasma samples after different con-
ditions of storage and processing. All the samples were analyzed and evaluated against
freshly prepared calibration curves. It was found to be stable at room temperature (23 °C)
for 8 h and in the refrigerator (8 °C) for 4 weeks and after three freeze—-thaw cycles (at room
temperature and freeze at —80 °C).
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Table 6. Stability data of safinamide in rat plasma and aqueous solutions (n = 6).

Parameters Nominal Con Measured Con. Precision Accuracy
(%) (%) (%) (%)
Sh 15 13.03 £1.28 9.82 86.86
ort-term 750 64350 + 41.79 6.49 85.8
Lone-term 15 13.6 £1.51 11.16 90.66
J 750 640.95 £+ 82.10 12.80 85.46
Th df 15 12.77 +£1.17 9.15 85.16
aw and freeze 750 652.75 + 51.62 7.90 87.03
Auto-sampler 15 12.83 £1.25 9.71 85.53
(24 h) 750 673.07 = 69.92 10.38 89.74

3.4. Comparison of Current and Published Methods for Safinamide Analysis in Plasma

Table 7 provides a comparison of various published methods for the separation and
quantitation of safinamide in plasma. The results show that the current method has a
distinct advantage over the other methods in terms of sensitivity and separation retention
time. This suggests that the current method is a promising approach for safinamide analysis
in plasma.

Table 7. A comparison of current and previous methods.

?I/iztfl:l(')fnce Nol LLOQ (ng/mL)  Range (ng/mL) Reter(l::i)rr:)Time Ins‘:l:r;:;;es?; of
Marzo et al. [17] 0.5 - - LC-MS/MS
Dal Bo et al. [30] 0.5 0.5-20 5.5 LC-MS/MS
Dal Bo et al. [30] 20 20-1000 16.0 LC-MS/MS
Dal Bo et al. [30] 20 20-6000 55 HPLC

3.5. In Vitro Metabolic Stability Study

Metabolic stability and intrinsic clearance reflect drug disposition characteristics and
they determine the half-life and predicted oral bioavailability of a drug. The human
liver microsomes have been a key tool in this research. This in vitro system possesses
many of the major drug-metabolizing enzymes and is thus applicable to a wide variety of
compounds [34]. The prediction of drug clearance in humans is available and easier now
using human liver microsomal preparations and /or hepatocytes [35]. The concentrations of
the remaining safinamide at different time intervals were calculated using the constructed
calibration curve in the mobile phase between the area ratio of safinamide and IS versus
nominal concentrations of safinamide. The percentage of residual concentrations of the
parent safinamide in the incubated mixtures at different time intervals was measured. These
results indicated that safinamide rapidly metabolized during the first 40 min, followed by a
slow and partial metabolism. Only 6.0% of the parent compound remained in the reaction
mixtures after 40 min of incubation. Figure 8A shows the plot of the relationship between
the percentage residual of safinamide versus incubation time points in the metabolic study.
From the linear portion of the plotted curve (0-15 min), (Figure 8B) we calculated the
in vitro t% after the determination of slope, which was 6.49 min, and the intrinsic clearance
was 10.6 uL/min/mg.
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Figure 8. The percentage remaining of safinamide (A) and the logarithmic percentage remaining
(B) of safinamide versus incubation time profile.

4. Conclusions

The validated method was found to be sensitive, linear, accurate, and specific for the
determination of safinamide in plasma. All the validation parameters were found within the
acceptance criteria. The quality by design approach deals with the interrelationships of the
percentage of solvent in the mobile phase, buffer concentration, and column temperature
at three different levels. The response parameters were retention time and peak area. This
helps to understand the effects of these factors that influence chromatographic separation
to develop UPLC-MS/MS.
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