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Abstract

A new, specific, rapid and stability indicating reversed phase liquid chroma-
tographic (RP-LC) method for the determination of process related and de-
gradation related impurities of Apremilast has been developed and validated.
The degradation study performed in acid, base, oxidative, photolytic, and
thermal stressed conditions. Eight process related impurities (Imp-1 to Imp-8)
in test sample of Apremilast have been detected by developed RP-LC method.
The good chromatographic resolution between the peaks of process related
impurities, degradation impurities and Apremilast has been achieved on a
Synergi Max-RP 80 A (150 x 4.6 mm ID), 4 u column. The process and de-
gradation related impurities were characterized by mass spectrometry, 'H
NMR and FT-IR spectral data. The method was validated as per ICH guide-
line and found to be specific, rapid, and stability indicating. The proposed
RP-PLC method was successfully applied to the analysis of drug substance
samples of Apremilast.
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1. Introduction

Apremilast is a novel, oral small-molecule inhibitor of phosphodiesterase 4

(PDE4) that works intracellularly to modulate a network of pro- and anti-in-
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flammatory mediators. Phosphodiesterase 4 is a cyclic adenosine monophos-
phate (cAMP)-specific PDE and is the dominant PDE in inflammatory cells. In-
hibition of PDE4 elevates intracellular cAMP levels, which in turn down regu-
lates the inflammatory response by modulating the expression of tumor necrosis
factor alpha (TNF-a), interleukin (IL)-23, IL-17, and other proinflammatory cy-
tokines. Elevation of cAMP also increases anti-inflammatory cytokines. These
pro- and anti-inflammatory mediators have been implicated in psoriasis and
psoriatic arthritis (PsA). The proinflammatory mediators that are up regulated
in PsA include the cytokines TNF-gq, IL-1, IL-6, and IL-8, and the chemokines
monocyte chemotactic protein-1 (MCP-1) and macrophage inflammatory pro-
tein-1 beta (MIP-15) (CC-10004-PSA-002-PD). Based on these effects, Apremi-
last is being developed for use in the treatment of various immune-mediated in-
flammatory conditions such as psoriasis, PsA, rheumatoid arthritis (RA), Behget
disease (BD), and ankylosing spondylitis (AS). OTEZLA tablets are supplied in
10-mg, 20-mg, and 30-mg strengths for oral administration. Each tablet contains
Apremilast as the active ingredient and the following inactive ingredients: lac-
tose monohydrate, microcrystalline cellulose, croscarmellose sodium, magne-
sium stearate, polyvinyl alcohol, titanium dioxide, polyethylene glycol, talc, iron
oxide red, iron oxide yellow (20 and 30 mg only) and iron oxide black (30 mg
only) [1]-[9].

The development of capable analytical method of drug substance to establish
impurity profile study is a critical and essential activity during the process de-
velopment of product in generic companies as process is either improved conti-
nuously with the use of new reagents; intermediates, etc., or change in the route
of synthesis of product. Moreover there are lots of regulatory challenges to ad-
dress the regulatory queries on impurity profile hence proper study of impurity
profile by suitably developed analytical method is very essential. During the
study of synthetic process in our laboratory, we discovered eight process related
impurities viz., Imp-1, Imp-2, Imp-3, Imp-4, Imp-6, Imp-7 and Imp-8 as shown
in Figure 1.

There are few reports which provide bio analytical HPLC methods for the de-
termination of Apremilast and its metabolite in blood plasma. These methods
are limited to quantitative determination of Apremilast in biological and formu-
lation samples [10] [11] [12]. Further, these reports have not provided the details
on analysis of process-related and degradation impurities of Apremilast formed
under the stress conditions employed. As per the requirements of various regu-
latory authorities, the impurity profile study of drug substances and drug prod-
ucts has to be carried out using a suitable and validated analytical method in the
final drug substance and in the drug product. Further, Apremilast is not yet offi-
cial in any of the pharmacopoeia. Two of the articles have reported method for
determination of Apremilast and its impurities, one article provides the method
for determination of Apremilast by UV [13], and another article provides the
method for determination of Apremilast and its impurities by HPLC [14]. The
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Figure 1. Synthetic scheme of Apremilast: the details of process related impurities.

reported HPLC method has longer run time and lack of forced degradation
study.

As per our knowledge there is no method reported for the determination of
process related and degradation related impurities of Apremilast in drug sub-
stance and drug product by using HPLC for regular analysis and stability study
analysis in QC laboratory. The core-objective of this research work was to de-
velop a specific and robust stability-indicating RP-LC method for the determi-
nation of process and degradation related impurities of Apremilast and its ana-
lytical validation. The identified impurities required for method development
and method validation were received from Megafine Pharma R & D centre,
process laboratory and were characterized by IR, Mass, and NMR. The devel-
oped method was found to be specific, selective, and stability indicating for the
determination of process and degradation related impurities of Apremilast. The
developed method was successfully validated according to the USP <1225> Va-
lidation of Compendial Procedures and ICH Q2 (R1) guidelines [15] [16].

2. Experimental
2.1. Materials and Reagents

The common reagents like ammonium dihydrogen orthophosphate, hydroch-
loric acid, sodium hydroxide, and hydrogen peroxide were all of AR grade, pro-
cured from Merck (India). The gradient grade acetonitrile was procured from
Merck, Mumbai, India. HPLC grade water obtained from Millipore system (Mil-
lipore Inc., USA) was used throughout the analysis. The potential process related
impurities viz., Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7 and Imp-8
and test sample of Apremilast were received from synthetic laboratory of Mega-
fine Pharma (P) Ltd., Nashik, India.
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2.2. Instrumentation and Chromatographic Conditions

HPLC (Agilent 1200, Agilent Technologies, Germany) equipped with photodi-
ode array detector was used for method development, forced degradation studies
and method validation. The photodiode array detector was used to determine
the peak purity of stressed samples. Synergi Max-RP 80 A (150 x 4.6 mm ID), 4
pu HPLC column thermostated at 40°C was used for the separation. Mobile phase
A was prepared by dissolving 5.75 + 0.10 g ammonium dihydrogen orthophos-
phate and 1 ml triethylamine in 1000 mL of Water, filtered through 0.45 um
membrane filter (0.45 u, Millipore) and degassed in ultrasonic bath prior to use.
Acetonitrile was used as mobile phase B. The flow rate and injection volumes
were 1.0 mL-min™" and 10 pl respectively and auto sampler temperature was kept
at 5°C. The analysis was carried out under gradient conditions such as: time
(min)/A (v/v): B (v/v); T30,/70:30, T;,/70:30, T14,/45:55, T5,,/45:55, T5,/70:30
and 73,,/70:30. The data was acquired at 230 nm for 30 min and processed by
using EZ Chrom Elite software Ver. 3.2.1.

2.3. Preparation of Analytical Solutions

The mixture of 50% acetonitrile and 50% water was used as diluent for prepara-
tion of analytical solutions. The test sample solution having concentration of 500
pg-mL™" was prepared for the determination of process and degradation related
impurities of Apremilast. Individual stock solutions of each impurity at concen-
tration about 75 pg-mL™" (Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7,
and Imp-8) was prepared in diluent which was further diluted adequately to
study the validation attributes. The stock solution of Apremilast reference stan-
dard of a concentration 50 pug-mL™" was prepared and further diluted with im-
purity stock solution to get the 0.75 pg-mL™" and 0.50 pg-mL™" concentrations of
impurities and Apremilast respectively as a standard solution preparation as
shown in Figure 2(b). The specification limits used for validation studies for
known impurities was 0.15% w/w for the related substances viz., Imp-1, Imp-2,
Imp-3, Imp-4, Imp-5, Imp-6, Imp-7 and Imp-8. Apremilast reference standard
solution (500 pug-mL™") spiked with all impurities at a specification level (0.15%

w/w) was used as system suitability solution (SST) as shown in Figure 2(c).

2.4. Chromatographic Procedure

The blank (diluent), SST, six replicate injections of standard solution and test
sample solution were separately injected and chromatographed. The relative
standard deviation (RSD) of NMT 5.0% for Apremilast, Imp-1, Imp-2, Imp-3,
Imp-4, Imp-5, Imp-6, Imp-7, and Imp-8 peak areas obtained from six replicate
injections of standard solution was used to verify the system precision of me-
thod. The resolution NLT 1.5 between Apremilast and Imp-5 was set as system
suitability criteria in SST. The all known related substances in test sample solu-
tion were determined against the mean area of respective impurities obtained

from replicate injections of standard solution.
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Figure 2. Typical chromatograms of RP-LC method development; (a) Blank solution
preparation (b) Standard solution preparation (c) System suitability test solution (SST).

2.5. Procedure for Forced Degradation Study

Forced degradation studies were also performed on Apremilast drug substance
to provide an indication of the stability-indicating property and specificity of the
proposed method. The stress conditions employed for the degradation study in-
cluded light (1.2 million lux hours), heat (105°C), acid hydrolysis (0.1 M HCI),
base hydrolysis (0.1 M NaOH) and oxidation (15% v/v H,0,). For heat sample
was exposed for 5 days, for acid, base and oxidation samples were treated for 15
min at RT. The degradation was observed in acid and alkali solution as shown in
Figure 3. The mass balance was calculated for all the stressed samples. The mass
balance is a process of adding together the assay value and the levels of degrada-
tion products to see how closely these add up to 100% of initial value with due
consideration of the margin of analytical error [17] [18] [19]. A photodiode ar-
ray detector was employed to check and ensure the homogeneity and purity of

Apremilast peak in all the stressed sample solutions.
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2.6. Identification of Impurities

Few crude samples of Apremilast were analyzed for identification of process re-
lated unknown impurities by LCMS. Based on the observed m/z, starting ma-
terial and reactants used in the synthetic scheme (Figure 1) the possible struc-
tures of process related impurities were assigned. The impurities (Imp-1, Imp-2,
Imp-3, Imp-4, Imp-5, Imp-6, Imp-7and Imp-8) were synthesized and co-in-

jected with the Apremilast to confirm the retention times.

2.7. Characterization of Impurities

2.7.1. 'H NMR Spectroscopy
The 'H NMR spectra were recorded on Bruker AV400 (400 MHz) spectrometer

using suitable solvent and tetramethylsilane (TMS) as internal standard.
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Figure 3. Typical RP-LC chromatograms of forced degradation study; (a) Acid treated
test sample (b) Base treated test sample (c) Peroxide treated test sample.
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2.7.2. Mass Spectrometry (MS)

Mass spectra were recorded by using ESI source mass spectrometer equipped
with a single quadrupole mass analyzer (Shimadzu LCMS-2020 coupled with a
Shimadzu UFLC Nexera, Japan). Ions were detected in electron spray ionization
with positive/or negative ion mode (Event). Spectra were acquired from m/z 80

to 800 in scan mode.

2.7.3. Fourier Transform Infrared Spectroscopy (FT-IR)
FT-IR spectra were recorded for all the eight process-related and degradation
impurities on Perkin Elmer model-spectrum-100 (California, USA) instrument
using KBr pellet method.

All impurities (Imp-1 to Imp-8) were characterized using MS, FT-IR, and
NMR spectroscopic techniques. The mass, FT-IR spectral data and 'H NMR
chemical shift values of these impurities are presented in Table 1.

3. Results and Discussion
3.1. Development of Analytical Method

The quality of product can be determined by good analytical method therefore

Table 1. Mass, FTIR spectral data and '"H NMR chemical shift values.

Name of Mass value FT-IR (KBr) absorption 'H NMR chemical shift values, § in ppm,
impurity (m/z) (M + H)* bands (cm™) (multiplicity, integration)
3391.08, 3321.25, 1604.73, 1591.02, 1.30 - 1.34, (t, 3H), 2.15 (s, 2H), 2.95 (s, 3H), 3.21 - 3.44 (dd, 2H),
1) Imp-1 273.34 1523.84, 1396.26, 1137.68, 1267.27, 3.72 (s, 3H), 3.99 - 4.04 (q, 2H), 4.24 - 4.27 (dd, 1H)
1024.90 6.88 - 6.88 (d, 2H) 7.01 (s, 1H)
2) Imp-2 315.38 1651.47, 1592.95, 1524.28, 1376.37,  1.46 - 1.49 (t, 3H), 2.04 (s, 3H), 2.64 (s, 3H), 3.41 - 3.68 (dd, 2H), 3.8 6(s, 3H),
P ’ 1136.36, 1263.21 & 1028.67 4.06 - 4.13 (q, 2H), 5.46 - 5.53 (q, 1H), 6.67 - 6.69 (d, 1H), 6.84 - 6.90 (m, 3H)
1.43 - 1.47 (t, 3H), 2.19 (s, 3H), 2.96 (s, 3H), 3.67 - 3.71 and
3344.93,1768.91, 1615.78, 1518.53,
3) Imp-3 460.5 4.67 - 4.76 (dd, 2H), 3.84 (s, 3H), 4.06 - 4.76 (q, 2H), 5.88 - 5.93
1358.62 1137.40, 1262.82 and 1026.74
(dd, 1H), 7.07 - 7.28 (m, 6H), 7.48 - 7.57 (m, 1H), 8.19 (s, 1H)
3346.24, 1762.36, 1701.94, 1619.19, 1.50 - 1.45 (t, 3H), 2.87 (s, 3H) 3.76 - 3.70 (dd, 1H), 3.85 (s, 3H),
4) Imp-4 446.4 1519.06, 1339.30, 1137.41, 1264.27 4.14 - 4.07 (q, 2H), 4.59 - 4.57 (dd, 1H), 5.90 - 5.85 (dd, 1H),
6.85 - 6.82 (m, 1H), 7.11 - 7.08 (m, 2H), 7.55 - 7.53 (d, 1H),
and 1026.83 7.70 - 7.65 (t, 1H), 8.53 - 8.52 (s, 1H), 8.76 - 8.73 (d, 1H), 9.43 (s, 1H)
3369.11, 1753.53, 1694.15, 1634.38  1.43 - 1.469 (t, 3H), 2.80 (s, 3H), 3.75 - 3.380 and 4.80 - 4.54 (dd, 2H), 3.80 (s,
5) Imp-5 418.46 1593.02 & 1517.22, 1351.54 & 1138.18, 3H), 4.06 - 4.13 (q, 2H), 5.21 (s, 2H), 5.81 - 5.84 (dd, 1H), 6.79 - 6.80 (d, 1H),
1261.95 & 1026.65 6.81 - 6.82 (d, 1H), 7.08 - 7.09 ( d, 1H), 7.11 - 7.12 (d, 1H), 7.35 - 7.38 (dd, 1H)
1.41 - 1.49 (t, 3H), 2.83 (s, 3H), 3.84 (s, 3H), 3.76 - 3.82 and
1770.01 & 1710.29, 1595.30 & 1519.59,
6) Imp-6 403.44 4.50 - 4.58 (dd, 2H), 4.07 - 4.14 (q, 2H), 5.88 - 5.93 (dd, 1H),
1359.14 & 1141.12, 1265.66 & 1044.02
6.82 - 6.84 (d, 1H), 7.11 - 7.14 (d, 1H) 7.69 - 7.73 (m, 2H), 7.80 - 7.84 (m, 2H)
1780.52 & 1721.87, 1592.96, 1542.14 1.44 - 1.47 (t, 3H), 2.88 (s, 3H), 3.67 - 3.71 and 4.54 - 4.60 (dd, 2H), 3.84 (s,
7) Imp-7 448.44 &1518.74, 1361.29 & 1139.57, 1262.41  3H), 4.06 - 4.12 (q, 2H), 5.90 - 5.93 (dd, 1H), 6.81 - 6.83 ( d, 1H)7.10 - 7.12
& 1025.38 (dd, 2H), 7.86 - 7.90 (t, 1H), 8.08 - 8.10 (dd, 1H)
1.32 - 1.29 (m, 3H), 2.18 (s, 3H), 2.94 (s, 3H), 3.72 (bs, 3H), 4.02 - 3.96 (m,
1775.63, 1716.83, 1612.66, 1523.70,
2H), 4.27 - 4.09 (m, 2H), 5.73 - 5.69 (m, 1H), 6.94 - 6.92 (m, 2H), 7.06 (s, 1H),
8) Imp-8 605.61 1366.22, 1133.05, 1263.19, 1029.96 and

7.73 -7.72 (t, 1H), 7.94 - 7.88 (m, 2H), 8.06 - 8.04 (m, 2H),

3369.83
8.54 - 8.50 (m, 1H), 9.80 -9.77 (d, 1H)

s, singlet; m, multiplet; t, triplet; d, doublet.
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objective of method development was to separate Apremilast and its process and
degradation related impurities (Imp-1 to Imp-8) in a short run time with good
resolution and good peak shape. The resolution between Imp-5 and Apremilast
was critical during the method development. Hence selection of proper statio-
nary phase was a major role during method development to achieve the good
resolution and peak shape. Initial method development trials were conducted on
different stationary phases like C;, C,;5, Phenyl, Bi-Phenyl and Phenyl hexyl along
with the optimization of other chromatographic conditions like detection of
wavelength, the type and quantity of organic/inorganic buffer, pH of mobile
phase, thermostat and column oven temperature. The analytical method devel-

opment flow diagram has been depicted below.

Literature reference

v

Selection of pH, Buffer, and mobile phase

\

Screening of columns like Cg, Cyg, Phenyl, Cyno,
Silica etc.

Optimization of gradient and mobile phase ratio

Y

Forced degradation to optimize the resolution

Vv

Final method of analysis

Few trials were carried on gradient mode by using reversed phase C18 column
and a mixture of acetonitrile-buffer (0.05 M NH,H,PO,) in the different ratio.
The system was found not suitable to separate the Apremilast and its Imp-3 and
Imp-5, where the peak of Apremilast was co eluted with Imp-3 and closely sepa-
rated by Imp-5. To increase the resolution between Apremilast and its Imp-3
and Imp-5, the percentage of acetonitrile in the mobile phase was decreased
along with the screening of different columns. To overcome the lower resolution
of Apremilast and its impurities (Imp-5) stationary phase was changed from C18
to Synergi Max-RP 80A with gradient mode.

Every time system suitability criteria was evaluated during the different trial
runs of method development to ensure the strength of developed method. Gra-
dient mode was preferred than the isocratic mode to achieve the good resolution
and elution of late-eluting (non-polar) impurities. Finally satisfactory resolution
and good peak shape of analyte was observed on Synergi Max-RP 80A (150 x 4.6
mm ID), 4 p column at flow rate 1.0 mL-min™', A 230 nm, column oven temper-

ature 40°C and injection thermostat 5°C and mobile phase was consisting
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phosphate buffer, and acetonitrile. It was observed that Apremilast, Imp-1,
Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7 and Imp-8 were well separated un-
der the optimized conditions with a resolution greater than 1.5 and indicated the
specificity of the developed HPLC [20]. The representative chromatograms of
spiked and unspiked test preparations are shown in Figure 4.

The optimized method was validated as per ICH guidelines. The developed
method was complying system suitability criteria during the analytical method
validation and batch analysis which itself indicate the good strength of devel-
oped analytical method. The results of system suitability criterion are depicted in
Table 2.

3.2. Validation
3.2.1. Specificity (Selectivity)

Specificity is the ability of method to measure the analyte response in presence
of its potential impurities. The stress testing of the drug substance can help to
identify likely degradation products, which can, in turn, help to establish the de-
gradation pathways and intrinsic stability of the molecule and validate the sta-
bil-ity-indicating power of the analytical procedures used. The specificity of de-
veloped RP-HPLC method for Apremilast was determined in presence of its
impurities (Imp-1 to Imp-8) and degradation products. The peak purity data of
Apremilast indicated that it is spectrally pure. Mass balance is a process of add

ing together the assay value and the levels of degradation products to see how
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Figure 4. Typical RP-LC chromatograms of; a) Apremilast unspiked test preparation, b)
Apremilast spiked test preparation with known impurities (Imp-1, Imp-2, Imp-3, Imp-4,
a Imp-5, Imp-6, Imp-7 and Imp-8).
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Table 2. System suitability test results.

Capacity Resolution Tailing  Theoretical

Compound factor (k) Selectivity (a) (R) factor (1) Plates RRT
Imp-1 25.77 0.43 6.49 1.09 12,563 0.20
Imp-2 30.07 7.14 4.17 1.05 12,935 0.23
Imp-3 101.50 2.08 48.82 1.01 50,848 0.75
Imp-4 122.30 0.55 11.10 1.00 66,604 0.90
Imp-5 127.77 0.78 2.86 1.02 70,602 0.94

Apremilast 135.60 1.15 4.02 1.02 79,634 1.00
Imp-6 147.13 0.57 5.70 1.03 82,767 1.08
Imp-7 152.83 1.39 2.81 1.04 93,099 1.13
Imp-8 166.67 - 7.02 1.05 119,276 1.23

RRT (Relative retention time).

closely these add up to 100% of initial value with due consideration of the mar-

gin of analytical error. Forced degradation study results are given in Table 3.

3.2.2. Precision

System precision for related substances determination was verified by standard
solution, which was analyzed for six times. RSD of Apremilast and all impurities
peak areas was evaluated. Precision of the method was studied for method preci-
sion and intermediate precision. The related substances method precision was
demonstrated by analyzing six separate Apremilast sample solutions that were
prepared by spiking the related substances viz., Imp-1, Imp-2, Imp-3, Imp-4,
Imp-5, Imp-6, Imp-7, and Imp-8 at specification level. The RSD (n = 6) for each
related substance was evaluated and found to be 0.57% - 1.22%. In the interme-
diate precision study, the similar procedure of method precision was carried out
by a different analyst, using different instrument on a different day with differ-
ent lot of same brand column. The percentage relative standard deviation of the
results for related substances method was evaluated and found to be 0.59-1.39%.
The results of method precision and intermediate precision are compared with
each other. The overall RSD (n = 12) for percentage of impurities (ie. Imp-1 to
Imp-8) were found to be in the range of 0.59% - 2.49%. The results are reported
in Table 4.

3.2.3. Linearity

The linearity of peak areas versus different concentrations was evaluated for
Apremilast and all the related substances using six levels ranging from LOQ to
250% (LOQ, 50, 100, 150, 200 and 250%) with respect to the specification level
of impurities. The linear regression data for all the components tested were pre-
sented in Table 5. The RF of each impurity was estimated from the slope of the
calibration curve for each impurity by using formula; RF of impurity = Slope of

the Apremilast/Slope of respective impurity.
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Table 3. Forced degradation results (By area %).

", % assay of % of Observation and Peak

Stress condition ! .
Apremilast degredants mass balance purity
Un-degraded 99.13 % 0.87 - 1.0000

Major unknown degradation
93.25 6.75 product (2.79%) formed  1.0000
(Mass balance: 92.93%)
Major unknown degradation
91.54 8.47 product (3.40%) formed  1.0000
(Mass balance: 90.59%)
No any known and unknown
100.0 Nil degradation product formed 1.0000
(Mass balance: 100.29%)
No any known and unknown
99.68 0.32  degradation product formed 1.0000
(Mass balance: 98.09%)
No any known and unknown
100.0 Nil degradation product formed 1.0000
(Mass balance: 100.0%)

Acid hydrolysis (0.1 M HCI, 15 min
at room temperature)

Base hydrolysis (0.1 M NaOH, 15
min at room temperature)

Oxidation
(15% H,0,, 15 min. at Room Temp.)

Thermal
(105°C, 5-days)

Photolytic as per ICH
(1.2 Million Lux hr.)

Mass balance = % assay + % sum of all impurities + % sum of all degredants.

Table 4. Results of the method precision and intermediate precision study.

Method precision Intermediate precision (n  Overall precision

Compound (n=6) =6) (n=12)
Imp-1 23 2.9 25
Imp-2 2.5 3.3 3.1
Imp-3 2.0 2.8 2.5
Imp-4 3.4 2.4 2.9
Imp-5 3.5 2.5 3.2
Imp-6 2.5 35 3.1
Imp-7 3.6 4.6 42
Imp-8 4.5 35 3.9

Table 5. Linearity, limit of detection (LOD) and limit of quantitation (LOQ) data for
Apremilast and related substances.

LOD/LOQ results
Component Linearity
LOQ pg/ml, (% w.r.t.) LOD pg/ml, (% w.r.t.)
Imp-1 0.078 (0.016) 0.039 0.99998
Imp-2 0.077 (0.015) 0.038 1.00000
Imp-3 0.073 (0.015) 0.036 0.99999
Imp-4 0.076 (0.015) 0.038 0.99998
Imp-5 0.077 (0.015) 0.038 1.00000
Apremilast 0.052 (0.010) 0.026 0.99996
Imp-6 0.078 (0.016) 0.039 0.99999
Imp-7 0.078 (0.016) 0.039 0.99987
Imp-8 0.068 (0.014) 0.034 0.99995

‘LOD LOQ values are in % with respect to test concentration of 500 ug/ml.
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3.2.4. Limits of Detection and Quantitation (LOD and LOQ)

As per ICH Q2R1 guideline the standard deviation of the peak areas and slope of
linearity data limit of detection (LOD) and limit of quantitation (LOQ) of
Apremilast and related substances were calculated. The LOD and LOQ of Apre-
milast was 0.053 pg-mL™" and 0.160 ug-mL™" respectively, whereas the LOD and
LOQ for the related substances were in the range of 0.025 - 0.068 pg-mL™' and
0.077 - 0.206 pug-mL™" respectively. The calculated LOQ concentrations of all the
components were further verified for precision by injecting six individual prep-
arations of Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7, Imp-8, and
Apremilast. The RSD of LOQ precision was in the range of 3.35% - 8.96%. These
limits of quantification levels of the impurities were helpful for the process re-
search work to control the impurities at the accepted level during the optimiza-

tion of the process. The results are depicted in Table 5.

3.2.5. Accuracy (Recovery)

Accuracy of the method for all the related substances was determined by ana-
lyzing Apremilast sample solutions spiked with all the related substances at four
different concentration levels viz., LOQ, 50, 100 and 150% of specification level.
Each level has been analyzed in triplicate. Table 6 provides validation data re-
sults of related substances of Apremilast. The recovery of all these related sub-
stances was found to be in-between the predefined acceptance criteria of 80.0% -
120.0%.

3.2.6. Stability of Analytical Solution
Sample solutions of Apremilast spiked with related substances at specified level
were prepared and analyzed immediately at different time intervals up to 2-days

to determine the stability of sample solution. The sample cooler temperature was

Table 6. Accuracy study data of related substances.

Recovery results
(Mean % Recovery* = % RSD)

Component 50% of 100% of specification 150% of specification
LOQ level ; . X b b b
specification level®; level’; amount level’; amount (%
amount (% w/w)

amount (% w/w) (% w/w) w/w)
Imp-1 97.78 100.90 100.23 100.15
Imp-2 104.76 99.54 99.77 98.92
Imp-3 104.76 101.41 100.23 99.37
Imp-4 95.55 98.65 99.55 97.90
Imp-5 100.0 90.22 89.13 88.56
Imp-6 80.0 91.67 94.71 94.99
Imp-7 104.76 102.32 103.46 102.32
Imp-8 106.67 88.31 87.18 86.17

2% Recovery average of three determinations. °0.15% of all related substance.
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maintained at about 5°C. The results from these studies indicated, that the sam-
ple solution was unstable at room temperature and stable for 2-days at 5°C tem-

perature.

3.2.7. Mobile Phase Stability

Apremilast test sample spiked with related substances at specification level was
used to evaluate the mobile phase stability of the method. The Apremilast test
sample was analyzed after 24 hrs and after 48 hrs by using same mobile phase.
The content of each impurity was evaluated and compared to the mean results of
method precision. The difference between the mean values (after 48 hrs.) from
the method precision mean results is found to be below 10.0%. The studies indi-
cated that there was no effect on the determination of related substances and the
selectivity after 48 hrs. Therefore the mobile phase is stable for 48 hrs.

3.2.8. Robustness

To evaluate the robustness of the developed method, the chromatographic con-
ditions were deliberately altered and the resolution between closely eluting peak
pair Ze Imp-5 and Apremilast was evaluated. The flow rate of the mobile phase
was 1.0 mL-min™". To study the effect of flow rate on the resolution, the same
was altered by 0.1 units ie. from 0.9 to 1.1 mL-min~". The effect of column tem-
perature on resolution was studied at 37°C and 43°C instead of 40°C. All the
other mobile phase components were held constant as described above. In all the
deliberate varied chromatographic conditions (flow rate, column temperature),
the tailing factor of Apremilast was less than 1.5 and the resolution between any
two peak was greater than 1.5. There was a very minor variation in the resolu-
tion and tailing factor results observed in all the robustness conditions illustrat-
ing the robustness of the method.

3.3. Application of the Method

The analysis of bulk drug sample indicated that the method is specific, selective,

and rapid for determination of related substances of Apremilast (Table 7).

Table 7. Results of bulk drug batches sample analysis.

Bulk drug sample batches

Component
Batch No. 1 Batch No. 2 Batch No. 3

Imp-1 ND ND ND
Imp-2 ND ND ND
Imp-3 ND ND ND
Imp-4 0.054 0.053 0.053
Imp-5 ND ND ND

Apremilast 99.95 99.95 99.95
Imp-6 ND ND ND
Imp-7 ND ND ND
Imp-8 ND ND ND

ND, Not detected.
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4. Conclusion

This paper presents a rapid, specific, precise, accurate and stability indicating
gradient RP-LC method that separates the related substances and degradation
products of Apremilast with good resolution. The process and degradation re-
lated impurities present in Apremilast sample were identified by LC-MS and
characterized by using MS, FT-IR and 'HNMR spectral data. The developed
method was validated to ensure the compliance in accordance with ICH guide-
lines. Hence this method can be used for routine testing and stability analysis of
Apremilast drug substance, wherein all the statistical results (percentage, R.S.D.,
percentage difference and recovery %) are within the acceptable criteria. The
method would be useful for routine evaluation of the quality of Apremilast in
bulk drug manufacturing unit for detection of process and degradation related

impurities.
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