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ABSTRACT

Simple, sensitive and accurate stability indicating analytical method for dronedarone has been developed and validated
using RP-HPLC technique. Developed method is used to evaluate the assay and related substances of dronedarone drug
substance and tablets (Multag®). The drug substance was subjected to the stress conditions such as hydrolysis (acid and
base), oxidation, photolysis and thermal degradation as per International Conference on Harmonization (ICH) pre-
scribed stress conditions to show the stability-indicating the nature of the method. Significant degradation was observed
during acid and base hydrolysis, and peroxide degradation. The major degredants were identified by LC-MS, FTIR and
'H NMR spectral analysis. The chromatographic conditions were optimized using an impurity-spiked solution and the
samples generated from forced degradation studies. In the developed HPLC method, the resolution between dronedar-
one, process-related impurities, (namely Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7, Imp-8, Imp-9, Imp-10 and
Imp-11) and degradation products were found to be greater than 1.5. The eleven potential process related impurities
were separated on an Ascentis® Express C18 column (4.6 x 10 cm i.d., particle size 2.7 um) at a flow rate of 1.2
mL-min '. The LC method employed a linear gradient elution and the detection wavelength at 220 nm. The chroma-
tographic behavior of all the impurities was examined under variable compositions of different solvents, temperatures
and pH values.
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1. Introduction [1-4]. This drug is currently being marked under the
brand name of MULTAQ® contains 400 mg of active in-
gredient (expressed as base). Dronedarone HCl is a white
fine powder that is practically insoluble in water and
freely soluble in methylene chloride and methanol.
Impurity profiling studies of drug substances and drug
products in pharmaceutical industries play a vital role
during drug/process development. Gathering of analytic-
cal data on impurities is important for early stage of phar-
maceutical development. During the chemical process
development of bulk drug, several impurities aroused
from precursors, side products formed in the reaction and
impurities related to the reagents used may be present at
low levels [5,6]. Separation of all these impurities includ-
ing degradation impurities in a single analytical HPLC
“Corresponding author. method is a challenging job. Moreover, stringent ICH

Dronedarone, a benzofuran derivative,
N-{2-butyl-3-[4-(3-dibutylaminopropoxy)benzoyl]-benz
ofuran-5-yl} methanesulfonamide, is a potent drug mainly
used for the indication of cardiac arrhythmias [1]. It has
been developed by Sanofi Aventis to overcome iodine-
associated adverse effects of the commonly used antiar-
rhythmic drug, amiodarone, with which it is structurally
related [2]. Dronedarone is a multi-ion channel blocker,
inhibiting the potassium currents involved in cardiac re-
polarisation including Ik, Iks, Ixu, and Igachy and has
been shown to be effective in the treatment of cardio-
vascular hospitalization in patients with paroxysmal or
persistent atrial fibrillation (AF) or atrial flutter (AFL)
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guidelines are forcing to monitor and control the level of
impurities to the specified limit in drug substances and
drug products and hence there is a practical and scientific
need to develop a suitable and efficient analytical method
for analysis.

Extensive efforts have been found in literature towards
the development of analytical method for the determina-
tion dronedarone hydrochloride and its related impurities
in biological samples, bulk drug sample and in pharma-
ceutical dosage form. A literature survey also revealed
that the analytical methods were available for the inves-
tigation of pharmacokinetics of dronedarone where the
content of dronedarone individually and with its active
metabolite de-butyldronedarone in human plasma was
studied by liquid chromatography-tandem mass spectro-
metry [7]and HPLC-UV [8] methods respectively. Stabi-
lity indicating HPLC method reported [9] for dronedarone
bulk drugs samples and pharmaceutical dosage forms has
been found to be non-selective at our end. In addition,
few other methods for the quantitative determination of
dronedarone in pharmaceutical dosage forms have also
been reported [10,11]. However, these papers were re-
stricted to the determination of dronedarone and failed to
discuss the details of process-related impurities and deg-
radation impurities formed under the stress conditions
employed.
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As per the requirements of various regulatory authori-
ties, the impurity profile study of drug substance and
drug product has to be carried out using a suitable ana-
lytical method in the final product [12,13]. While study-
ing the synthetic process for the preparation of drone-
darone hydrochloride in our laboratory [14], we identi-
fied eleven process/degradation related impurities (Imp-1
to Imp-11) of dronedarone hydrochloride as shown in
Figure 1. The present study was carried out to describe
detailed degradation studies as per ICH guidelines and
develop a suitable stability indicating LC method for the
separation and estimation of both process related impuri-
ties and degradation impurities. Interestingly the author
observed two major degradation products in acid and pe-
roxide degradation of dronedarone. The major possible
degradation products were synthesized and confirmed by
chromatographic retention time and using advanced spec-
tral techniques such as IR, LC-MS and NMR. The de-
veloped LC method was validated with respect to speci-
ficity, LOD, LOQ, linearity, precision, accuracy and ro-
bustness. These studies were performed in accordance
with established ICH guidelines [15,16]. The method could
also be applied for pharmacokinetic study of dronedarone
apart from estimating the impurities and assay in bulk
samples and drug products.
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Figure 1. Synthetic schemes of dronedarone hydrochloride: generation of process related and degradation related impurities.
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2. Experimental
2.1. Materials and Reagents

HPLC grade acetonitrile and methanol procured from
Merck (Mumbai, India) were used. Ammonium dihydro-
gen orthophosphate, hydrochloric acid, sodium hydroxide
and hydrogen peroxide were all of AR grade, procured
from Merck (Mumbai, India). HPLC grade water ob-
tained from Millipore system (Millipore Inc., USA) was
used throughout the analysis. The investigated samples of
dronedarone hydrochloride and its potential process related
impurities (Imp-1 to Imp-11) were received from synthetic
laboratory of Megafine Pharma (P) Ltd., Nashik, India.

2.2. Instrumentation and Chromatographic
Conditions

A Waters HPLC (Milford, MA, USA) equipped with Al-
liance 2695 separations module and 2996 photodiode ar-
ray detector was used for method development, forced
degradation studies, and method validation. The column
Ascentis” Express C18, 10 cm x 4.6 mm, 2.7 pm (SUP-
ELCO Analytical, USA), thermostated at 35°C was used
for the analysis/study. The mobile phase-A consisting a
mixture of buffer (0.05M Ammonium dihydrogen ortho-
phosphate) and methanol in the ratio of 80:20 v/v and
mobile phase-B consisting a mixture of acetonitrile, me-
thanol and water in the ratio of 45:45:10 v/v. The flow
rate and injection volumes were 1.2 mL-min"' and 10 ul
respectively. The analysis was carried out under gradient
conditions as follows, time (min)/A (v/v): B (v/v); Too1/
65:35, T7'0/45255, T17<0/45255, T24'0/30370, T28<()/30270,
Tr9.0/65:35, T35¢/65:35. The data was processed by Em-
power data handling system (Waters, USA). For the ana-
lysis of forced degradation samples, the photodiode array
detector was used in the scan mode from 200 nm to 400
nm. The peak homogeneity was expressed in terms of
peak purity values.

2.3. Solution Preparation and Analytical
Procedure

A mixture of water and acetonitrile in the ratio of 30:70
(v/v) was used as diluent in the preparation of analytical
solutions. A solution of dronedarone was prepared at a con-
centration of 500 pg-mL™" and 50 pg-mL™" in the diluent
for related substances determination and assay determina-
tion, respectively. The individual stock solutions of all the
related substances (150 pg'mL ") and dronedarone hydro-
chloride (50 pg-mL™") were prepared by dissolving known
amount of the substances in 5 ml of acetonitrile, made up
to the mark with diluent and these solutions were further
diluted adequately to study the validation attributes. The
specification limits used for validation studies was 0.15%
for the known related substances viz., Imp-1 to Imp-11

Copyright © 2013 SciRes.

and 0.10% for unknown related substances. Dronedarone
hydrochloride working reference standard solution (500
ng-mL™") spiked with all impurities at a specified level
(w/w) was used as resolution mixture solution (RMS).
The system suitability solution of all impurities was pre-
pared at specified level by diluting above stock solutions.

Sample of drug product was prepared by; powdering
five tablets of Multaq, dissolving an equivalent of 25 mg
of active ingredient in diluent in a 50-mL volumetric
flask and ultra sonicating for about 15 min. The volume
was made up to the mark with the diluent, and filtered
through Merck Nylon syringe filter having pore size 0.45
pm. The clear liquid was collected and used for the de-
termination of related substances in the pharmaceutical
dosage forms. This solution was ten times diluted for the
assay determination in pharmaceutical dosage forms.

10.0 uL of blank, RMS, six replicate injections of sys-
tem suitability solution and test sample solution were
separately chromatographed. A resolution of not less than
1.5 between Imp-7 and Imp-8 was set as a system suit-
ability requirement in RMS. The relative standard devia-
tion (RSD) of not more than 5.0% for all related sub-
stances peak areas obtained from six replicate injections
of system suitability solution was used to verify the system
precision. All the known related substances in test sam-
ple were determined against mean area of respective im-
purities obtained from replicate injections of system sui-
tability solution. As well as all the unknown related sub-
stances in test sample were determined against mean area
of dronedarone obtained from replicate injections of sys-
tem suitability solution.

2.4. Characterization of Impurities

2.4.1. "H NMR Spectroscopy

The 'H NMR spectra were recorded on Bruker AV400
(400 MHz) spectrometer using deuteriated chloroform as
solvent and tetramethylsilane (TMS) as internal standard.

2.4.2. Mass Spectrometry (MS)

Mass spectra were recorded on Waters Micro mass-
Quattro micro API mass spectrometer (Waters Corpora-
tion, Milford, MA, USA) equipped with a quadrupole mass
analyzer. lons were detected in electron spray ionization
with positive ion mode. Spectra were acquired from m/z
60 to 1100 in 0.1 amu steps with 10 numbers of scans.

2.5. Method Development and Optimization

Literature reported methods [7-9] were examined at our
end to evaluate their efficiency for eluting all the eleven
impurities before taking up the development of a new
method. As shown in Figures 2-4, the reported methods
failed to separate the peaks of Imp-4 and Imp-5, Imp-6
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and Imp-7, and Imp-3 and Imp-9 from each other. The
wavelength selected (288 nm) was also found to be not
suitable for the determination of dronedarone and speci-
fied impurities. Methods [8,9], were also found to be non-
specific for said impurities determination Thus we felt a
need for the development of a new chromatographic me-
thod that detect and determine all the potential process

S.B.LANDGE ET AL.

and degradation related impurities viz., Imp-1 to Imp-11
present in bulk samples of dronedarone hydrochloride
and to achieve the separation of all eleven impurities (Fi-
gure 1) from the analyte peak. The new method devel-
oped in our laboratory showed separation of all the ele-
ven impurities of dronedarone hydrochloride satisfacto-
rily as shown in Figure 5(b).
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Figure 2. HPLC chromatograms of system suitability solution; (conditions: Mobile phase-A: mix. of 0.01 M Potassium di-
hydrogen phosphate (KH,PO,) + 0.01 M Tetra n-butyl ammonium hydrogen sulfate, pH 3.2 with potassium hydroxide, Mo-
bile phase-B: Acetonitrile, Gradient elution as time (min)/% solution B: 0/35, 25/80, 25.1/35 and 30/35, flow 1.5 mL-min”!,
25°C, 220 nm, Agilent Zorbax RX C8 column (150 x 4.6 mm, 5 pm), 5 pm, run time 30 min).
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Figure 3. HPLC chromatograms of system suitability solution; (conditions: Buffer (0.05 M KH,PO, solution, pH 3.0 with
OPA): Acetonitrile, 42:58% v/v, flow 1.1 mL-min~!, 30°C, 220 nm, Hypersil ODS 3 V column, (250 mm x 4.6 mm i.d., 5 pm),

run time 50 min).
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Figure 4. HPLC chromatograms of system suitability solution; (conditions: MeOH:Buffer, 60:40 v/v, Buffer: 0.05 M KH,PO,

+ 0.1% Triethylamine, pH = 2.5 with Ortho phosphoric acid, flow 1.0 mL-min~', 30°C, 220 nm, waters symmetry C8 (100 x
4.6 mm i.d., 5 pm), run time 50 min).
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(b) Spiked test sample

Figure 5. Typical RP-HPLC chromatograms of: a) dronedarone hydrochloride unspiked test preparation, b) dronedarone
hydrochloride spiked test preparation with known impurities (Imp-1 to Imp-11).
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Standard solution for dronedarone hydrochloride and
all the 11 impurities was prepared in diluent at a concen-
tration of 10 ppm and scanned in UV-visible spectro-
photometer. All the eleven impurities and dronedarone
hydrochloride shown good response at UV maxima of
219 nm, thus detection at 220 nm was selected for method
development purpose. Ammonium dihydrogenorthopho-
spate (0.05 M) and acetonitrile (60:30, v/v) as a mobile
phase and C18 e column (250 X 4.6 mm, 5 um) as a sta-
tionary phase with flow rate of 1 mL-min ' were selected
for initial trials. Spike sample analysis revealed that the
principal peak (dronedarone hydrochloride) eluted at 27
minutes and other impurities (Imp-1 to Imp-11) were
found to be not resolved properly. By decreasing ace-
tonitrile percentage in mobile phases the resolution be-
tween Imp-4 and imp-5 was slightly improved but no
improvement was observed in the retention of dronedarone,
Imp-6 and Imp-7. The careful examination of all the im-
purities with respect to their physical property revealed
that they possess varying polarities i.e. Imp-1 to Imp-5
are highly polar in nature whereas Imp-6, Imp-7 and dro-
nedarone are moderately polar and Imp-8 to Imp-11 are
highly non-polar in nature, thus isocratic conditions may
not be suitable for separation of closely eluting impuri-
ties. More specifically the Imp-11 was not eluted within
the 50 min, hence further method development trials were
preformed on a gradient method.

During the optimization of chromatographic condi-
tions, different stationary phases such as C8, C18, Cyano
and Phenyl; different mobile phases containing buffers
such as phosphate, sulphate and acetate with different pH
between 3.0 and 7.0; and various organic modifiers like
acetonitrile, methanol and tetrahydrofuran in the mobile
phase with different ratios were used. Apart from the
co-elution of impurities poor peak shapes for some im-
purities and dronedarone were noticed during the above
trails. Further optimizations to resolve the above short-
comings were explored by introducing various amount of

methanol both in mobile phase-A and mobile phase-B.
With the introduction of methanol, satisfactory chroma-
tographic separation was achieved for all impurities with
dronedarone peak with excellent peak shapes on As-
centis” Express C18 (10 cm x 4.6 mm, 2.7 pm) column.
The composition of the mobile phase consisting a mix-
ture of buffer (0.05 M ammonium dihydrogen orthopho-
sphate in water) and methanol in the ratio of 80:20 v/v as
solvent A and a mixture of acetonitrile, methanol and
water in the ratio of 45:45:10 v/v as solvent B. All ana-
lytical system suitability criteria’s were found satisfac-
tory under these optimized chromatographic conditions
as described in Section 2.2. In the optimized conditions
the dronedarone and all the eleven impurities were well
separated with a resolution greater than 1.5 confirming
specificity and selectivity of the developed method. The
typical retention times of Imp-1, Imp-2, Imp-3, Imp-4,
Imp-5, dronebedarone, Imp-6, Imp-7, Imp-8, Imp-9, Imp-
10 and Imp-11 were about 1.4, 8.2, 9.3, 9.9, 11.9, 12.7,
14.5, 17.8, 18.4, 22.7, 23.4, and 26.6 min respectively
(Figure 5(a)), and the developed HPLC method was
found to be specific for dronedarone and its eleven speci-
fied impurities in bulk drug and pharmaceutical dosage
form. The system suitability result of developed LC me-
thod was given in Table 1.

2.6. Stress Studies/Specificity

2.6.1. Design of Forced Degradation and Specificity
Study

Specificity is the ability of the method to measure the
analyte response in the presence of its potential impuri-
ties [17]. The specificity of the developed LC method for
dronedarone hydrochloride was determined in the pres-
ence of its impurities and degradation products (namely
Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7, Imp-8,
Imp-9, Imp-10, and Imp-11). Forced degradation studies
were also performed on dronedarone hydrochloride to

Table 1. System suitability test results.

Compound Capacity factor (k) Selectivity (a) Resolution (R,) Tailing factor (7) Theoretical plates RRT
Imp-1 0.27 23.67 - 1.10 1250 0.11
Imp-2 6.45 1.15 43.51 1.03 44050 0.64
Imp-3 7.43 1.08 6.57 1.02 46495 0.73
Imp-4 8.02 1.22 3.69 1.04 46937 0.78
Imp-5 9.81 1.08 9.48 1.09 40617 0.93

Dronedarone 10.56 1.15 2.33 1.06 40277 1.00
Imp-6 12.15 1.25 443 1.10 34360 1.14
Imp-7 15.21 1.03 9.78 0.97 35223 1.40
Imp-8 15.74 1.25 1.55 0.99 37747 1.45
Imp-9 19.64 1.03 12.79 0.97 95151 1.78
Imp-10 20.29 1.14 2.70 1.13 141040 1.84
Imp-11 23.16 - 12.11 0.97 142978 2.09

RRT Relative retention time.
Copyright © 2013 SciRes. AJAC
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provide an indication of the stability-indicating property
and specificity of the proposed method [7-12]. The stress
conditions employed for the degradation study included
light (carried out as per ICH Q1B), heat (105°C), acid
hydrolysis (Conc.HCI), base hydrolysis (5 M NaOH),
Water hydrolysis (Refluxed for 12 h) and oxidation (5%
H,0,). For heat and light studies, the samples were ex-
posed for 10 days, whereas the samples were treated for
12 h for acid hydrolysis, base hydrolysis and for oxida-
tion. The peak purity of the dronedarone hydrochloride
stressed samples was checked by using a Waters 2996
photo diode array detector (PDA). The purity angle was
within the purity threshold limit in all of the stressed
samples, demonstrating the homogeneity of the analyte
peak. Assays were carried out for the stress samples against
a qualified reference standard. The mass balance (% as-
say + % of impurities + % of degradation products) was
calculated for all of the samples.

2.6.2. Identification of Degradation Product by
LC-MS Analysis

A LC-MS study was carried to determine the m/z value
of the major degradation product formed under stressed
conditions. LC-MS analysis was performed by using tri-
ple quadrupole mass spectrometer (API 2000, PE SCIEX)
coupled with a Shimadzu HPLC equipped with SPD 10A
VP UV-vis detector and LC AT VP pumps [Foster city,
CA, USA]. Analyst software was used for data acquisi-
tion and data processing. The turbo ion spray voltage was
maintained at 5.5 kV and temperature was set at 375°C.
High pure nitrogen gas was used as auxiliary gas and
curtain gas. Zero air was used as nebulizer gas. LC-MS
spectra were acquired from m/z 50 to 1200 in 0.1 amu
steps with 2.0 s dwell time. Dronedarone hydrochloride
stressed sample was subjected to LC-MS analysis. The
analysis was carried out on Agilent Zorbax SB-Phenyl
(250 x 4.6 mm, 5 um) column under gradient elution by
a binary mixture of solvent-A and B. Solvent-A was
composed of mixture of 0.1% trifluoroacetic acid solu-
tion, whereas solvent-B contains acetonitrile. Detection
was carried out at 220 nm and flow rate was kept at 1.2
mL-min"'. Water and acetonitrile mixture in the ratio of
50:50 (v/v) was used as diluent. Data acquisition time
was 40 min. The gradient program was set as follows:
time (min)/A (v/v): B (v/v); Too/55:45, T5¢/55:45, Ty
20:80, T30‘0/20:80, T33A0/55:45 and T40A0/55:45.

2.7. Method Validation
The proposed method was validated per ICH guide lines
[14,15].

2.7.1. Precision
The precision of the related substance method was inves-
tigated by injecting six individual preparations of drone-

Copyright © 2013 SciRes.

darone hydrochloride (500 pg-mL™") spiked with 0.15%
each of Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-
7, Imp-9, Imp-10 and Imp-11. The %RSD for percentage of
each impurity was calculated. The intermediate precision
(ruggedness) of the method was evaluated by different
analyst using different column, different day and differ-
ent analyst in the same laboratory.

The precision of the assay method was evaluated by
carrying out six independent assays of a test sample of
dronedarone hydrochloride at 50 pug-mL™" concentration
against a qualified reference standard. The %RSD of six
obtained assay values was calculated.

2.7.2. Limit of Detection (LOD) and Limit of
Quantification (LOQ)

The LOD and LOQ of all the eight impurities were deter-
mined using calibration curve method according to ICH
Q2R1 recommendations by establishing the lowest con-
centration that can be measured. Precision study was also
carried out at the LOQ level by injecting six individual
preparations of all the impurities and calculating RSD of
the area.

2.7.3. Linearity

Linearity test solutions for the assay method were pre-
pared from a stock solution at five concentration levels
from 50 to 150% of the assay analyte concentration (25,
37.5, 50, 62.5, and 75 pg-mL™"). The peak area versus
concentration data was analyzed with least-squares linear
regression. Linearity test solutions for the related sub-
stance method were prepared by diluting the impurity
stock solution (Section 2.3) to the required concentra-
tions. The solutions were prepared at eight concentration
levels from the LOQ to 200% of the specification level
(LOQ, 0.05%, 0.10%, 0.15%, 0.20%, 0.25% and 0.3%).
The slope and y-intercept of the calibration curve are re-
ported.

2.7.4. Accuracy

The accuracy of an analytical procedure expresses the
closeness of agreement between the value, which is ac-
cepted either as a conventional true value or an accepted
reference value and the value found. Standard addition
and recovery experiments were conducted to determine
the accuracy of the related substance method for the
quantification of all eleven known impurities in the drug
substance as well as in the drug product. The study was
carried out in triplicate at four concentration levels i.e.
LOQ, 0.075%, 0.15% and 0.225% of the analyte concen-
tration (1000 pg-mL"). The percentage of recoveries for
Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7, Imp-9,
Imp-10 and Imp-11 were calculated by using following
formula: % Recovery = Amount recovered/Amount ad-
ded x 100.
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2.7.5. Robustness

To determine the robustness of the developed method,
the experimental conditions were altered and the resolu-
tion between two adjacent peaks was evaluated. The flow
rate of the mobile phase was 1.2 ml/min. To study the
effect of the flow rate on the resolution, the flow rate was
changed by 0.1 units (1.1 and 1.3 ml/min). The effect of
methanol in mobile phase-A on the resolution of the im-
purities was studied by varying the organic solvent by +
2 mL (methanol: buffer, 82:18 v/v and 78:22 v/v). The
effect of the column temperature on the resolution was
studied at 32°C and 38°C instead of 35°C. In all these
varied conditions, the components of the mobile phase
remained constant, as outlined in Subsection 2.2.

2.7.6. Solution Stability and Mobile Phase Stability

The solution stability of dronedarone hydrochloride and
its impurities in the related substance method was carried
out by leaving a spiked sample solution in a tightly cap-
ped volumetric flask at room temperature for 48 h. Impu-
rity content was determined for every 6 h interval up to
the study period. Mobile phase stability was performed for
48 h by injecting the freshly prepared sample solutions

for every 12 h interval. The content of impurities was de-
termined in the test solutions. The prepared mobile phase
remained constant during the study period. The solution
stability of dronedarone hydrochloride in the assay me-
thod was carried out by leaving both the sample and ref-
erence standard solutions in tightly capped volumetric
flasks at room temperature for 48 h. The same sample
solutions were assayed for in 12 h intervals over the stu-
dy period. The mobile phase stability was also examined
by assaying the freshly prepared sample solutions against
freshly prepared reference standard solutions for 12 h in-
tervals up to 48 h. The prepared mobile phase remained
constant during the study period. The %RSD of the dro-
nedarone hydrochloride assay was calculated for the mo-
bile phase and solution stability experiments.

3. Results and Discussion
3.1. Structural Elucidation
All impurities (Imp-1 to Imp-11) were characterized with
the help of MS and NMR techniques. The mass spectral

data and "H NMR chemical shift values of these impuri-
ties are presented in Table 2.

Table 2. "H NMR chemical shift values and mass spectra data.

Name of impurity

"H NMR chemical shift values, J in ppm, (multiplicity, integration); Mass (m/z) values

Imp-1 12.15 (s, 1H), 8.07-8.04 (d, 2H), 6.95-6.93 (d, 2H), 3.87 (s, 3H).; Mass (m/z) 150.9 (MH)"
S 7.68-7.70 (d, 2H), 7.15 (d, 1H), 6.91-6.93 (d, 2H), 6.58 (s, 1H), 6.4 (d, 1H), 3.9 (t, 2H), 2.75 (s, 3H), 2.5 (q, 4H),
P 2.39 (t, 2H), 1.95 (m, 1H), 1.55 (m, 4H), 1.35 (m, 4H), 0.9 (t, 6H); Mass (m/z) 501.3 (MH)"
o3 7.64 (d, 2H), 7.2 (d, 1H), 7.0 (d, 2H), 6.7 (s, 1H), 6.4 (d, 1H), 5.2 (s, 1H), 4.2 (s, 1H), 2.9 (s, 3H), 2.2 (t, 2H), 1.58 (m, 2H),
P 1.25 (m, 2H), 0.98 (t, 3H); Mass (m/z) 388.3 (MH)"
7.17 (d, 1H), 7.08 (d, 2H), 6.7 (d, 2H), 6.69 (s, 1H), 6.39 (d, 1H), 5.79 (d, 1H), 4.0 (s, 1H), 3.94 (t, 2H), 2.82 (s, 3H),
Imp-4 2.4 (t, 2H), 2.36 (t, 6H), 2.0 (s, 1H), 1.81 (m, 2H), 1.62 (m, 2H), 1.39 (m, 4H), 1.33 (m, 6H), 0.96 (t, 9H) ;
Mass (m/z) 559.1 (MH)"
P 9.56 (s, 2H), 7.76 (d, 2H), 7.27 (d, 1H), 7.08 (d, 2H), 6.57 (dd, 1H), 6.5 (d, 1H), 4.17 (d, 2H), 3.23 (t, 2H), 3.07 (t, 4H),
P 2.71 (t, 2H), 2.12 (m, 2H), 1.6 (m, 6H), 1.32 (m, 4H), 1.21 (m, 2H), 0.91 (t, 6H), 0.79 (t, 3H); Mass (m/z) 479.1 (MH)"
77.83-7.8 (d, 2H), 7.55-7.52 (d, 1H), 7.42-7.41 (d, 1H), 7.26 (d, 1H), 6.94-6.92 (d, 2H), 4.18-4.15 (t, 2H), 3.36 (s, GH),
Imp-6 3.26-3.22 (m, 2H), 3.06-3.01 (m, 4H), 2.89-2.85 (t, 2H), 2.47-2.43 (m, 2H), 1.84-1.79 (t, 4H), 1.73-1.69 (t, 2H), 1.43-1.38
(m, 4H), 1.36-1.28 (q, 2H), 1.0-0.96 (t, 6H), 0.88-.85 (t, 3H); Mass (m/z) 634.1 (MH)
10.52 (s, 1H), 7.76-7.74 (d, 2H), 7.59-7.57 (d, 1H), 7.21-7.17 (m, 2H), 7.07-7.05 (d, 2H), 4.2-4.17 (¢, 2H), 3.29-3.25
Imp-7 (m, 2H), 3.14-3.10 (t, 4H), 2.85-2.83 (t, 3H), 2.81-2.79 (d, 2H), 2.21-2.14 (m, 2H), 1.66-1.61 (m, 6H), 1.3-1.22 (m, 6H),
0.9-0.86 (m, 6H), 0.82-0.78 (t, 3H); Mass (m/z) 373.4 (MH)"
P 8.32-8.31 (d, 1H), 8.22-8.20 (dd, 1H), 7.79-7.77 (d, 2H), 7.56-7.54 (d, 1H), 6.94-6.91 (d, 2H), 5.52 (s, 1H), 2.93-2.89
P (t, 2H), 1.79-1.71 (dt, 2H), 1.57-1.54 (d, 1H), 1.37-1.31 (m, 2H), 0.9-0.86 (t, 3H); Mass (m/z) 339.9 (MH)"
N 8.42 (s, 1H), 8.12 (d, 1H), 7.68 (d, 1H), 6.24 (s, 1H), 2.4 (t, 2H), 1.62 (m, 2H), 1.33 (m, 2H), 0.96 (t, 3H);
P Mass (m/z) 220.0 (MH)"
110 8.24 (m, 2H), 7.91 (d, 1H(, 7.8 (d, 2H), 7.09 (d, 2H), 4.12 (t, 2H), 2.82 (t, 2H), 2.49 (m, 2H), 2.32 (t, 4H), 1.82 (m, 2H),
P 1.66 (q, 2H), 1.32 (m, 4H), 1.22 (m, 4H), 1.22 (m, 6H), 0.79 (t, 6H), 0.79 (t, 9H); Mass (m/z) 508.6 (MH)"
tmp-11 8.31 (d, 1H), 8.22 (dd, 1H), 7.82 (dd, 2H), 7.55 (d, 1H), 6.98 (dd, 2H), 3.90 (s, 3H), 2.90 (t, 2H), 1.75 (m, 2H),

1.35 (m, 2H), 0.88 (t, 3H); Mass (m/z) 353.9 (MH)"

S: singlet; m: multiplet; t: triplet; q: quartrate; dd: double doublet.
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3.2. Results of Forced Degradation Studies

Degradation was not observed in dronedarone hydrochlo-
ride stressed samples subjected to light, heat, and base
and water hydrolysis. Significant degradation of the drug
substance and product was detected under acid and per-
oxide stressed degradation, leading to the formation of
two major unknown degradation products one is at 0.93
RRT (due to acid hydrolysis) and another one is at 1.39
RRT (due to peroxide degradation) as shown in Figure 6.
The data on degradation studies revealed that the degra-
dation products were well separated from the dronedar-
one and known related substances, moreover peak purity
data of dronedarone hydrochloride indicated that the
compound is spectrally pure. The data on forced degra-

331

dation studies is given in Table 3 shows that the mass
balance of stressed samples was close to 99.9% confirm-
ing the stability-indicating power of the developed me-
thod. The acid and peroxide stressed samples were sub-
jected to LC-MS analysis for identification of degrada-
tion peak. The m/z of detected peaks in acid stressed
sample were 501.3[(M+H)+] and 479.5[(M+H)+] and in
peroxide stressed sample was 1041.2[(M+H)+]. Based on
these observed m/z, starting material and reactants used
in the synthetic scheme (Figure 1) the schematic diagram
of possible structures of degradation has been drawn (see
Figure 7). The same predicted impurities (Imp-5, and
Imp-7) were synthesized and co-injected with dronedar-
one and confirmed by chromatographic retention times.
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Figure 6. Typical RP-HPLC chromatograms of forced degradation: (a) peroxide treated test sample; (b) acid treated test

sample.
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Table 3. Forced degradation results.

o o Peak purit;
Stress condition A)'Ass?ly of % of Observation and mass balance _ Ceaxpurly
paliperidone degradent PA PT
Undegraded 99.8 - 0.090 0.261
. . Major degradation product i.e. Imp-5 (6.21%) & Imp-4
g;if’ﬁglyfésh refluxed) 89.1 10.9 (2.11%), and other 2.58% of unknown degradation product 0.158  0.259
’ > formed (Mass balance: 100.5%)
Base hydrolysis . No any known and unknown degradation product formed
(5 M NaOH, 12 h refluxed) 1002 Nil (Mass balance: 101.4%) 0.175 0248
Oxidation Major known degradation impurity i.e. Imp-7 formed (9.9%)
(5% H,0, at 90°C, 12 Hrs) 822 178 formed (Mass balance: 100.9%) 0.142 0.266
Water Hydrolysis 99.8 Nil No any known and unknown degradation product formed
(Refluxed at 90°C, 12 Hrs) ’ (Mass balance: 100.1%)
. . No any known and unknown degradation product formed

Thermal (105°C, 10-days) 99.9 Nil (Mass balance: 99.4%) 0.091  0.257
Photolytic as per ICH 1005 Nil No any known and unknown degradation product formed 0088 0252

(Mass balance: 99.9%)

Mass balance = % assay + % sum of all impurities + % sum of all degradants; PA: Purity angle; PT: Purity threshold.

No possibility of major degradation
impurity formation

No possibility of major degradation
impurity formation

(@]

" NH
Acid Stress N
(Conc. HCI) o

Refluxed, 12 Hrs

1) Possible Acid Degradation Impurity: 1mp-2
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No possibility of major degradation
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(105°C, 10 days)
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o o Neutral
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Q NH :
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Figure 7. Schematic diagram showing possible formation of degradation related impurities.

3.3. Method Validation

3.3.1. Precision

The % RSD of dronedarone hydrochloride during the
assay method precision study was within 0.5% and the %
RSD values of the area of Imp-1, Imp-2, Imp-3, Imp-4,
Imp-5, Imp-6, Imp-7, Imp-8, Imp-9, Imp-10 and Imp-11

Copyright © 2013 SciRes.

in the related substance method precision study were with-
in 1.0%. The %RSD of the results obtained in the inter-
mediate precision study was within 0.8% and the %RSD
of the areas of Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-
6, Imp-7, Imp-8, Imp-9, Imp-10 and Imp-11 were well
within 1.8%, revealing the high precision of the method.
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3.3.2. Limit of Detection and Limit of Quantification
The limits of detection and quantification of dronedarone
hydrochloride, Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-
6, Imp-7, Imp-8, Imp-9, Imp-10 and Imp-11 (analyte
concentration of 500 pg-mL ") for a 10 pl injection vol-
ume are given in Table 4. The precision at the LOQ con-
centration for Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6,
Imp-7, Imp-8, Imp-9, Imp-10 and Imp-11 was below
2.2%.

3.3.3. Linearity

The linear calibration plot for the assay method was ob-
tained over the tested calibration range (12.5-37.5 pg-mL ")
and the obtained correlation coefficient was greater than
0.999. The results revealed an excellent correlation be-
tween the peak area and analyte concentration. The linear
calibration plot for the related substance method was
determined over the calibration ranges (LOQ to 0.3%)
for Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6, Imp-7,
Imp-8, Imp-9, Imp-10 and Imp-11, and a correlation co-
efficient of greater than 0.99 was obtained. The RF of
each impurity was determined using the slope of the dro-
nedarone hydrochloride plot against the each impurity
plot.

3.3.4. Accuracy

The percentage recovery of dronedarone hydrochloride
in the drug substance and product ranged from 98.5 to
101.6 and from 96.2 to 101.6, respectively. The percent-
age recoveries of Imp-1, Imp-2, Imp-3, Imp-4, Imp-5,

Imp-6, Imp-7, Imp-8, Imp-9, Imp-10 and Imp-11 in the
drug substance and product ranged from 95.9 to 102.1
and from 96.3 to 102.5 respectively. The HPLC chroma-
tograms of spiked samples at the 0.15% level of all
eleven impurities in the dronedarone hydrochloride drug
substance sample are shown in Figure 5. The accuracy
results are depicted in Tables 5 and 6.

Table 4. Linearity, limit of detection (LOD) and limit of
quantitation (LOQ) data for dronedarone hydrochloride and
related substances.

LOD LOQ results
Component LOQ pg/ml, LOD pg/ml,
(% w.r.t.)’ (% w.r.t.)’
Imp-1 0.053 (0.011) 0.018 (0.004)
Imp-2 0.021 (0.004) 0.007 (0.001)
Imp-3 0.028 (0.006) 0.009 (0.002)
Imp-4 0.035 (0.007) 0.011 (0.002)
Imp-5 0.075 (0.015) 0.025 (0.005)
Dronedarone 0.049 (0.010) 0.016 (0.003)
Imp-6 0.068 (0.014) 0.023 (0.005)
Imp-7 0.017 (0.003) 0.052 (0.010)
Imp-8 0.152 (0.030) 0.05 (0.010)
Imp-9 0.148 (0.030) 0.049 (0.010)
Imp-10 0.054 (0.011) 0.018 (0.004)
Imp-11 0.034 (0.007) 0.011 (0.002)

°LOD LOQ values are in % with respect to test concentration of 500 pg/ml.

Table 5. Accuracy data of related substances.

Recovery results (Mean % Recovery® + %RSD)

Component LOQ level, 50% of specification level®; 100% of specification level® 150% of specification level®;
amount (%ow/w) amount (%ow/w) amount (%ow/w) amount (%w/w)
Imp-1 102.11 +£0.05 101.32+£0.11 104.63 £ 1.35 103.11 £ 1.27
Imp-2 102.67 £+ 1.69 101.22 £ 1.83 105.89 +0.24 103.33 +£0.11
Imp-3 95.01+0.01 97.99 £ 0.28 91.12+0.25 92.01+0.85
Imp-4 105.14 £3.79 101.21£1.25 98.29 +0.98 98.26 + 1.03
Imp-5 9432 +2.12 97.85+0.94 100.21 £ 0.68 101.22 +0.69
Imp-6 105.14 £ 1.21 95.21+£1.99 100.21 +£2.01 98.11 +£2.59
Imp-7 91.28+1.56 101.58 £ 0.72 104.11£0.37 105.10 £ 0.59
Imp-8 90.66 + 2.89 97.12+1.14 97.89+1.64 98.12 +0.00
Imp-9 109.11 +£2.55 104.00 + 1.28 100.56 = 1.69 106.52 + 0.64
Imp-10 104.12 +£2.69 93.55+1.67 91.04+1.21 95.06 +1.27
Imp-11 90.12 +1.98 94.12 £ 1.65 95.11+1.24 98.09 + 1.41

204 Recovery average of three determinations; °0.15% of all related substances.
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Table 6. Accuracy data of assay of dronedarone hydrochlo-
ride in bulk drug and pharmaceutical form.

Recovery results (Mean % Recovery® + %RSD)

Level

Bulk drug Dosage form
50% 99.7+0.51 98.9£0.79
75% 99.5+0.24 98.7+0.97
100% 99.8+£0.11 98.5+0.54
125% 99.6 +0.25 99.0£0.13
150% 99.8 £0.37 99.1+0.87

% Recovery average of three determinations.

3.3.5. Robustness

In all the deliberate varied chromatographic conditions
(flow rate, column temperature and pH of buffer) the re-
solution between Imp-7 and -8 was greater than 1.5,
while other impurities were greater than 2.0 illustrating
the robustness of the method.

3.3.6. Solution Stability and Mobile Phase Stability
The RSD of assay of dronedarone hydrochloride during

solution stability and mobile phase stability experiments
were within 0.8%. There is no significant changes were
observed in the content of any of the impurity during so-
lution stability and mobile phase stability experiments.
The accuracy of the assay at each time point against the
initial value is between 99.8% and 100.1%. The accuracy
of the content of each impurity against the initial value is
between 90.7% and 105.2%. The solution stability and
mobile phase stability experimental data confirms that
sample solutions and mobile phase used were stable up to
48 h. It is an advantage that from the same run, the assay
results and impurities quantification can be derived. This
helps to reduce the analysis time and number of samples
that can be analyzed till 48 h in the same sequence in the
quality control during the regular analysis.

4. Application of the Method

The analysis of commercial formulation sample and bulk
drug sample indicated that the method is specific and
selective for determination of related substances and as-
say in the formulation and bulk drug samples (Table 7).
The developed method is capable for quantitative analy-
sis of dronedarone in the bulk drug and in a pharmaceu-
tical dosage form.

Table 7. Results of formulated tablet analysis and bulk drug batches sample analysis.

Bulk drug sample batches

Formulation sample

Component
Batch No.1 Batch No.2 Batch No.3 Sample-1 Sample-2

Imp-1 ND ND ND ND ND
Imp-2 ND ND ND ND ND
Imp-3 ND ND ND 0.01 0.02
Imp-4 0.02 0.02 0.01 0.01 0.02
Imp-5 0.01 ND 0.01 ND ND
Imp-6 0.01 ND ND ND ND
Imp-7 ND ND ND 0.01 ND
Imp-8 0.004 ND ND ND ND
Imp-9 ND ND ND 0.03 0.01
Imp-10 ND ND ND 0.01 ND
Imp-11 ND ND ND ND ND

ND: Not detected.
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5. Conclusion

The method presented in this communication describes
the development of a selective, accurate and sensitive gra-
dient RP-HPLC method for dronedarone hydrochloride
that separates all related substances with good resolution.
Eleven related substances are separated from its drone-
darone peak and quantitative determination has been per-
formed by this method. The developed method is vali-
dated to ensure the compliance in accordance with ICH
guidelines. The method is found to be simple, selective,
precise, accurate and robust hence, this method can be
used for routine testing as well as stability analysis of
dronedarone hydrochloride drug substance and drug pro-
ducts. All statistical results (percentage, mean, R.S.D., per-
centage difference and recovery %) are within the ac-
ceptance criteria.
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