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ABSTRACT

A simple, specific, accurate and precise stability indicating Reverse Phase High Performance Liquid Chromato-
graphic method was devel oped for estimation of Amlodipine besylate in tablet dosage form on RPC . BDS column
(250mmx4.6 mm, 5pum) with a mobile phase consisting of A: Triethylamine (pH 3.0) adjusted with ortho phosphoric
acid, B: ACN, with atimed gradient program of T/%B: 0/30, 7/70, 8/30, 10/30 with aflow rate of 1.4 ml/min, UV
detection at 236 nm was used. The retention timefor Amlodipine besylate was found to be 4.5 min. Proposed method
was validated for precision, accuracy, linearity, range, robustness, ruggedness and force degradation study. The
calibration curve of Amlodipine besylate was linear over the range of 12.5-37.5 pg/ml. The method was found to be
sengitive with limit of detection was determined 0.16 and limit of quantitation was determined 0.49 pg/ml. The
oxidative degraded product of Amlodipine besylate formed wasinvestigated by electrospray ionization (ESI) time-
of-flight mass spectrometry, NMR and IR spectroscopy. The found unknown impurity related to oxidative degrada-
tionwas 2, 6-dimethyl-3-Ethoxycarbonyl-5-Methoxycarbonyl 1, 4-Dihydropyridine.
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INTRODUCTION

Amlodipine Besylate, chemicaly, (RS)-3-ethyl-
5-methyl-2-(2-aminoethoxymethyl)-4-(2-chloro-phe-
nyl)-1, 4-dihydro-6-methyl- 3, 5-pyridinedicarboxyl ate
benzenesulfonate (Figure 1),¥ isalong acting calcium
channel blocker whichisused asan antihypertensive
agent. Thismedication block thetransport of calcium
into thesmooth musclecdlsliningthecoronary arteries
and other arteriesof thebody. Sincecalciumisimpor-
tant in muscle contraction, blocking cal cium transport
relaxesartery musclesand dilates coronary arteriesand
other arteriesof thebody. By relaxing coronary arter-
ies, Amlodipineisuseful in preventing chest pain (an-
gina) resulting from coronary artery spasm.4

Literature survey revealed HPLC,[5" RP-

HPLC,89 HPTLC,*1 LC-MS/MS,*2 LC-MS,[=¥
and s multaneous UV-spectrophotometric methods, ™
16 are reported for the estimation of Amlodipine
besylate alone or in combination with other anti-
hypertensive agents. As no method is stability indi-
cating method reported for Amlodipine besylate, the
aim of the present study was to develop accurate,
precise and selective reverse phase HPLC assay
procedure for the analysis of Amlodipine besylate
and characterization of oxidative degradation prod-
uct by spectroscopic techniques.

EXPERIMENTAL

Material and reagents
Amlodipinebesylate drug substance, drug product
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Figurel: Chemical structure of an Amlodipine besylate

(prepared from Amlodi pine besyl ate) and samplesen-
riched with thisimpurity was obtained from our labora:
tory. HPL C gradeacetonitrile, AR gradetriethylamine
and AR grade orthophosphoric acids (85% v/v) were
obtained fromMerck India. Doubledistilled water ob-
tained from water distillation assembly, was used.

High performanceliquid chromatogr aphy (anal yti-
cal)

Agilent HPLC system equipped with low pressure
guaternary gradient pump along with photo diode ar-
ray detector and manual rheodyne sampleinjector has
been used for the analysis of samples. Thedatawas
collected and processed using Ezichrom Elite software.
A LCGCRP-18, 5u (250 x 4.5 mm) BDS column was
employed for the separation of impurity from
Amlodipine. Thecolumn e uent wasmonitored at 236
nm. The samplediluent wasamixtureof 7 ml Triethy-
laminein 1000 ml water of pH 3.0 adjusted with ortho-
phosphoric acid and acetonitrilein theratio of 6:4 (v/
V), filter through 0.45p or finer porosity membrane fil-
ter.

High performanceliquid chromatogr aphy (prepar a-
tive)

AnAgilent preparativeHPL C system equi pped with
liquid controller pump, photo diodearray detector, and
manua sampleinjector fitted with 20 uL loopwasused.
The datawas collected and processed using Ezichrom

Elite software. An LCGC BDS C18 column (250 x
4.5 mm, 5-Micron) was employed for loading the
sample. An analytica method wasdevelopedingradi-
ent mode separatdly to resolvethisimpurity, followed
by scaling up the same method for prep-HPL C to col -
lect therequired impurity fractions. ThemobilephaseA
and B are 7 ml Triethylamine in 1000 ml water (pH
adjusted to 3.0 with ortho phosphoric acid)/acetoni-
trile, respectively. The solvent compositionwasheld at
70 % mobilephaseA for 7 min. thenincreased mobile
phase B from 30 to 70% for 8 min. and then held at
70% A for 10 min. The chromatographic run time
was 10 min. The flow rate was set at 1.4 mL/min.
Detection wascarried out at 236 nm. Approximately
100 mg/mL of samplewas prepared using asample
diluent. The sample diluent was a mixture of 7 ml
Triethylamine in 1000 ml water of pH 3.0 adjusted
with orthophosphoric acid and acetonitrile in the
ratio of 6:4 (v/v)

Mass spectrometry (LC/MYS)

Initial LC/MS analysis has been performed on
Varian Inc (USA) 410 Prostar Binary LC with 500
MSIT PDA Detectors. Theanalysiswas performed
in positiveionization mode with turbo ion spray in-
terface. The parameters for ion source voltage IS =
5500V, declustering potential, DP= 70V, focusing
potential, FP= 400V, entrance potential, EP=10V
were set with nebulizer gas as air at a pressure of
40 psi and curtain gasasnitrogen at apressure of 25
psi in mass spectrometer. Further to get accurate
mass, anaysis was performed on high resolution
mass spectrometer using electro spray ionization.
The accurate mass obtained from the instrument,
theoretical mass and mass error was mentioned in
the TABLE no.1. AnInertsil ODS (50 x 4.6 mm, 5-
Micron) column was used for the separation. The
mobile phase A and B are 7 ml Triethylamine in
1000 ml water (pH adjusted to 3.0 with ortho phos-
phoric acid)/acetonitrile, respectively. The solvent com-
position was held at 70 % mobile phaseA for 7 min.

TABLE 1: Resultsof system suitability par ameter sof thedeveloped method for deter mination of Amlodipinebesylate

Compound  Retention time

% RSD of retention time

% RSD of area Asymmetry  Theoretical Plates

AMLO 4.28 0.20

0.90 1.23 5973

* Average of five determinations
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Figure 2 : HPLC chromatogram of Amlodipine of standard (a) and tablet (b) graphs

then increased mobile phase B from 30to 70%for 8
min. andthenheld at 70%A for 10 min. Theanaysis
was performed at aflow rateof 1.4 mL/minwith split-
ting.
NMR spectroscopy

The *H and **C experiment was carried out for
unknown impurity at processional frequencies
400.1328 MHz at 25°C on aBruker Avance-300 FT
NMR spectrometer. The 3C experiment for
Amlodipine maleate was performed in mixture of
CDCIl, and DMSO-d,. The *H chemical shift values
werereported onthe s scalein ppm, relativeto TMS
(6 = 0.00 ppm) and the chemical shift values were
reported relative to CDCI, (5 = 77.00 ppm) and
DMSO-d, (6 = 39.50 ppm) as internal standards,
respectively.

FT-1R spectroscopy

The IR spectrawere recorded in theliquid state
using Shimadzu 1600 series FT-IR spectrophotometer.

Detection of impuritiesby HPLC

Typical HPLC chromatogram of Amlodipine
besylate and itsimpurity observed in drug substance
obtained by using the HPL C method (Figure 2). The
observed impurity under study was 2, 6-dimethyl-
3-Ethoxycarbonyl-5-Methoxycarbony! 1, 4-
Dihydropyridine, eluted at retention time of about
3.90 min, while Amlodipine besyl ate el uted at about
4.55 minin drug substance HPLC method.

Chromatographic condition

The mobile phase- A containing of 7ml Triethy-
laminein 1000 ml buffer pH 3.0 and mobile phase-
B consisting of Acetonitrile, with timed gradient pro-
gram of T/%B: 0/30, 7/70, 8/30, 10/30, where a
column BDSC , (250mmx4.6 mm, 5um) was found
to resolve Amlodipine besylate. The mobile phase
wasfiltered through 0.45-u-membranefilter and the
sonicated for 10 min. theflow ratewas set at 1.4 ml/
min. Amlodipine besyl ate showed good absorbance at
236 nm, which was selected aswavelength for further
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Figure 3 : HPLC Chromatograms of Acid degradation of Amlodipine besylate

TABLE 2 : Precision Sudies

Sample number

Assay of Amlodipine Analyst Analyst
bes/late as% of 1(intra-day 2(inter -day
labded amount pr ecision) pr ecision)

1 9997 99.75
2 9987 99.40
3 99.98 99.23
4 99.56 99.31
5 9945 9943
6 99.68 99.13
Mean 99.75 99.45
RD 0.12 0.101

* Average of six determinations

anaysisal determinationswere performed at ambient
columntemperature. Diluent was used mobilephase-A
and mobile phase-B intheratio of 60:40 v/v.

Prepar ation of stock solution and standar d solu-
tion

Accurately weighed 25mg of Amlodipine dis-
solved in 100 ml of volumetric flask with diluent
(Stock solution), respectively. The stock solution was

further diluted by using mobile phaseto get the con-
centration of 25 pg/ml, of Amlodipine. (Figure 2a)

VALIDATIONOFMETHOD

The developed method was validated in terms
of linearity, specificity, precision, accuracy, robust-
ness and ruggedness*’ 18,

Prepar ation of thedegradation products

Thedifferent stress conditionswere used for the
forced degradation studies of bulk drug and drug for-

Hralytical CHEMISTRY o

mulations (TABLE-2). In this procedure make one
samplewithout drugi.e. placebo sampleand sample
with drugs were compared with force degradation
sample. The stress sample was detected at 236 nm
wavel ength and run time was taken as same as assay
sample.

Acidiccondition

For Acid hydrolysis, 1IN of hydrochloric acid
was used for preparation of 25 pg/ml, solution.
Amlodipine API taken 25 mg was dissolved in 100
of volumetric flask with 10 ml mobile phase, re-
spectively and make sample preparation for tablet
equivalent to 10 mg of Amlodipine besylatein 100
ml volumetric flask. Then add 5 ml of 1IN Hydro-
chloric acid in each flask and exposed to 30 min at
105°C under water bath. After it add 5 ml of 1N
sodium hydroxidein each flask for neutralization of
reaction. Then make up with mobile phase. For fur-
ther dilution take 5 ml of each sample in 50 ml of
volumetric flask individually and for tablet degra-
dation, 5 ml taken in 20 ml of flask and make up
with mobile phase. (Figure 3)

Alkalinecondition

For Base degradation, 2N sodium hydroxidewas
used for preparation of 25 pug/ml solution.
Amlodipine APl taken 25 mg was dissolved in 100
ml of volumetric flask with 10 ml mobile phase, re-
spectively and makes sample preparation for tabl et
equivalent to 10 mg of in 100 ml volumetric flask.
Then add 10 ml of 2N sodium hydroxide in each
flask and exposed to 90 min at 105°C under water
bath. After it add 10 ml of 2N hydrochloric acid in
each flask for neutralization of reaction. Then make

Au Judian Jourual
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Figure 4 : HPLC chromatograms of Base degradation of Amlodipine besylate
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Figure 5 : HPLC chromatograms of oxidation degradation of Amlodipine besylat

up with mobile phase. For further dilutiontake5 ml of
each samplein 50 ml of volumetricflask individually
and for tablet degradation, 5 ml takenin 20 ml of flask
and make up with mobile phase. (Figure4)

Oxidation condition

For Peroxide degradation, 10% Hydrogen Perox-
ide was used for preparation of 25 ug/ml solution.
AmlodipineAPI taken 25 mgwasdissolvedin 100 ml
of volumetric flask with 20 ml mobile phaseand make
sampl e preparation for tablet equivaent to 10 mg of
Amlodipine besylatein 100 ml volumetricflask. Then
add 5 ml of 10% Hydrogen peroxidein eachflask and
exposed to 45 min at 105°C under water bath. Then
make up with mobile phase. For further dilutiontake5
ml of each samplein 50 ml of volumetricflask individu-
ally andfor tablet degradation, 5 ml takenin 20 ml of
flask and make up with mobilephase. (Figure5)

Assay preparation of amlodipnein tablet dosage
forms

For assay preparation used strength of 10 mg of

Amlodipine. Total of 20 tabletsweretaken and accu-
rately welghed and finely powdered. All crushed pow-
der wastaken into 200 ml volumetric flask and dis-
solved in 150 ml of mobile phase, ultrasonicated for 25
min and filtered through whatman filter. Final volume
was made up to 200 ml. From this solution 5 ml was
taken and diluted to 200 ml inavolumetric flask. Final
concentration was 25 pg/ml made. The diluted solution
was andyzed under optimized chromatographic condi-
tions. (Figure2b)

Isolation of 2, 6-dimethyl-3-Ethoxycar bonyl-5-
M ethoxycarbonyl 1, 4-Dihydropyridineimpurity
by PrepHPLC

A simple reverse phase chromatographic sys-
tem was used for isolating the unknown impurity 2,
6-dimethyl-3-Ethoxycarbonyl-5-M ethoxycarbonyl 1,
4-Dihydropyridine. Inthischromatographic system, the
2, 6-dimethyl-3-Ethoxycarbonyl-5-M ethoxycarbonyl
1, 4-Dihydropyridineimpurity euted at about 3.90 min.
So fractions el uting between 3.8 and 4.1 min. were
collected, pooled and concentrated by evaporating ac-
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TABLE 3: Recovery studies TABLE 4 : Results of robustness study
Retention Theoretical
acition (v0) oddet g IOk reoovayon) _PEOT tme . AOMmey TR
80 16 98.90 pH of 2.8 4.55 121 5917
100 20 0981 99.6 mobile phase 3.2 4.43 127 5841
120 24 1001 Flow rate 13 4.58 1.26 5846
(ml/min) 15 4.47 1.24 5138

* Average of three determinations

etonitrileat room temperatureunder highvacuumona
Rotavapour. Theaqueouslayer wasevaporated at room
temperature. After drying oily material form, then add
HPL C grade methanol to form aliquid sample. Purity
was checked by HPL C, which wasfound to be 95%,
and was characterized by NMR, Mass experiments.

RESULTSAND DISCUSSION

Todevelopasmple, specific, accurateand precise
Reverse Phase High Performance Liquid Chromato-
graphic method for simultaneous estimation of
Amlodipine besylate, different mobile phaseswere
tried and the proposed chromatographic conditions
were found to be appropriate for the quantitative
determination. System suitability testswere carried
as per ICH guidelines and parameters are summa-
rizedin TABLE 1.

METHOD VALIDATION

Linearity

Linearity was studied by preparing standard solu-
tionsat different concentrationlevels. Thelinearity range
wasfound to beas 12.5-37.5 ug/ml. The regression
equation wasfound to beasy = 93447x - 15218 with
correlation coefficient (R?) 0.999.
Specificity

Specificity istheability to assessunequivocaly the
analytein the presence of componentswhich may be
expected to be present. Typically thesemight include
impurities, degradants, matrix, etc. Specificity of an
andytica method isitsability tomeasureaccuratdy and
specifically theandyteof interest without i nterference
from blank and placebo. Specificity thepesk purity was
assessed by comparing theretention time of standard
and sample, good correl ation was obtained between
theretention time of sandard and sample. Placebo and

Hralytical CHEMISTRY o

* Average of six determinations

blank wereinjected and there were no peaks. There
wereno interferenceshence method is specific.

Precision

Precision wasevaluated by carrying out six inde-
pendent samplepreparationsof asinglelot of formula
tion. Thesample preparation was carried out in same
manner as described in sample preparation. Percent-
agerelative standard deviation (%RSD) wasfoundto

belessthan 2% that proves method ispreciseshownin
TABLE-2.

Accuracy (Recovery studies)

To check the degree of accuracy of the method,
recovery sudieswere performedintriplet by standard
addition method at 80%, 100% and 120% concentra-
tionlevels. Known amounts of standard Amlodipine
besylate was added to the pre-anal yzed samplesand
were subjected to the proposed HPLC method. The
% recovery was found to be within the limits of the
acceptance criteria with average recovery of 98.9-
100.1%. Results of recovery studies are shown in
TABLE-3.

Limit of quantitation and limit of detection

LOQ and LOD can be determined based on visua
evaluation, signal-to-noise approach, standard devia-
tion of theresponse and slope. Limit of detectionwas
determined 0.16 and Limit of quantitation was deter-
mined 0.49.

TABLE 5 : Force degradation study results

Stressconditions time/h Degradation/(%) Peak purity?

Acid hydrolysis 8 7.54 999
Base hydrolysis 8 29.73 999
Oxidation 8 74.40 999

aPeak purity values in the range of 990-1000 indicate the
homogenous peak
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TABLE 6 : Mass fragmentation of impurity mass m/z 239.27

Mass obse ved in

Name of the compound L CI\éIySYSI (e}rrT OF TheMo;egcal Nflg:;ca::r
2, 6-dimethyl -3-Ethoxycarbonyl-5-Mehoxycarbonyl 1, 4-Dihydropyridine impuri ty 239.2 239.27 C12H17N104
FRAGMENT 1 407.1 4075 C20H24N205C!
FRAGMENT 2 3282 327.78 C14H19N104Cl
FRAGMENT 3 2970 2980 C14H21N205
FRAGMENT 4 3485 34779 C18H19N104CI
FRAGMENT 5 165.1 169.6 CgH12N10d
FRAGMENT 6 5034 505.97 C4H23N 107 SCl
FRAGMENT 7 458.1 454.49 C20H26N208 S
Robustness of themethod TABLE 7: *H NMR assignmentsfor Amlodipine besylate

To eval uate the robustness of the devel oped RP-
HPLC method, small deliberate variations in opti-
mized method parameters were done. The effect of
changein flow rate and changein pH retention time,
tailing factor and theoretical plates were studied.
The method was found to be unaffected by small
changeslike +/- 10% in flow rate, +/- 0.2 changein
pH, shownin TABLE-4.

I nter mediate precision (ruggedness)

Different analyst carried out precision studies
inasimilar manner carried out by first analyst. The
% Assay was found to be 97.4-99.1 %. Percentage
relative standard deviation (%RSD) was found to
belessthan 2% that proves method isrugged, shown
inTABLE-3.

For ced degradation study

Degradation was not observed for Amlodipine
besylate drug sample during stress condition like
acid, base, and oxidation. Amlodipinewas degraded
into acid, base and oxidation and forms polar impu-
rities. In the acidic condition 7.54%, in the basic
condition 29.73% after 8 h and in the oxidative con-
dition 74.40% after 8 h, degradation was observed
for Amlodipine. Peak purity results greater than 990
indicate that the Amlodipine peak is homogeneous
in all stress conditions tested (TABLE- 5).

Characterization of oxidative degradant

Amlodipine besylate drug substance and
Amlodipine besylate tablets (prepared from
Amlodipine besylate, sustained release and oraly

and Impurity

2, 6-dimethyl-3-ethoxycar bonyl-5-

Position Ar&zji{z?e methoxycarboqyl 1, 4-dihydropyridine
] _ impurity
/:uﬁﬁg‘“’dg 4 ppm / *H / multiplicity

1 —

2 —

3 7.34/1H/dd

4 7.23/1H/dt

5 7.13/1H/dt

6 7.28/1H/dd

7 6.03/1H/s 6.10/2H/s

8 —

9 —

10 4.79/NH/s 4.70/ NH/ s
11 -

12 -

13 -

14 3.51/3H/s 3.50/3H/ s
15 -

16 3.98/2H/m 3.96/2H/m
17 1.12/3H/t 1.11/3H/t

18 2.31/3H/s 2.30/3H/s
19 4.64/2H/q 2.13/3H/s
20 3.66/2H/t

21 3.09/2H/t

22 7.81/NHsfs

N N
B w

6.03/1H/s
6.03/1H/s

NN
(o> ]

27

s-singlet, d-doublet,t-triplet, m-multiplet, dd-double of doublet,
dt-double of triplet
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TABLE 8 : #C NMR assignments for Amlodipine besylate and impurity

Position Amlodipine besylate 2, 6-dimethyl-3-ethoxycar bonyl-5-methoxycar bonyl 1, 4-dihydr opyridine impurity

Ci 131
Cc2 144
C3 130
c4 126
C5 126
C6 128
Cc7 36
C8 101
Cc9 143
C10 -
Ci1 144
Ci12 102
C13 166
Ci4 49
C15 165
C16 58
C17 13
C18 17
C19 66
C20 65
c21 38
c22 -
C23 168
C24 135
C25 135
C26 168

45
101
165

144
102
166
49
165
58
13
17
15

disintegrating tabl ets) were subj ected to stability asper
ICH guidelines. TheLC-M Sanaysisshowed them/z
valuefor thisunknownimpurity as239.2 [M+H] *in
HPLC method. Themelting point of theimpurity was
found tobe 155°C. Tofurther investigatethe chemical
structureof theunknown impurity, Amlodipinebesylate
drug substance sample was kept at 105 °C for 3 h
whereinimpurity with m/z 239.2 got enriched to 0.45%.
This sample was subjected to LCMS/ ESI Q-TOF.
Thehighresolution massandyssusngMassLynx frag-
mentation tool, proposed thefollowing two probable
elemental compositions / molecular formula:
C_H_N.O, Thisisduetothefact that thisimpurity is
being derived fromAml odipinebesylatemolecule, which
containsone nitrogen atom. Based on the high resol u-
tion massfragmentation study in comparisontothere-
ported fragmentation pattern of Amlodipine besylate,

Hralytical CHEMISTRY o

thechemical structureof the unknownimpurity of m/z
239.2, assigned as 2, 6-dimethyl-3-Ethoxycarbonyl-
5-Methoxycarbonyl 1, 4-Dihydropyridineimpurity.
The observed LCMS Q-TOF fragments of
Amlodipine besylate oxidation impurity m/z 239.2
isshownin TABLE 6. Subsequently, 'H NMR spec-
traof theisolated compound of unknown impurity 2,
6-dimethyl-3-ethoxycarbonyl-5-methoxycarbonyl 1,
4 - dihydropyridine compared with that of
Amlodipine besylate was described in TABLE 7.
The 'HNMR data indicate the absence of aromatic
protonsof chlorophenyl ring and the signalsbecause
of 2-amino ethoxy moiety. Based on the above high
resol ution mass spectra dataand NMR data, it ispro-
posed that the unknown impurity is 2, 6-dimethyl-3-
Ethoxycarbonyl-5-Methoxycarbonyl 1, 4-
Dihydropyridine. We believethat more precisely the
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Figure 6 : Oxidative pathway of Amlodipine besylate

chloro phenyl ring of Amlodipinebesylatewasvery much
proneto degradationinthe presence of oxygen. ThelR
spectrum of Amlodipinewas characterized by the ab-
sorption frequency of N-H stretching and bending of
amide band at 3254 and 1554 cn? also sharp peak of
chlorine group at 818cm'*. On the other hand, the IR
gpectrum of impurity lacked thecharacteristicbands. The
BCNM R spectrashowed twel ve carbon atomsfor the
impurity whereastherearetwenty Sx carbon alomswere
present inAmlodipinebesylate (TABLE 8) confirmed
theimpurity wereformed. Thepossible pathway for the
formation of thisimpurity isshowninFigure6.

CONCLUSIONS

The present study was conducted to develop and
validate a simple, sensitive and reproducible sta-
bility-indicating RP-HPL C method for quantitative
determination of Amlodipine besylate. Theidentifi-
cation of degraded product of Amlodipine was a
challenging task. Amlodipine was found to be un-
stableto akaine and peroxide degradation, and were
less stableto acidic condition.. The devel oped chro-
matographic assay fulfilled all the requirements to
be identified as simple, specific, selective and reli-
able method, including accuracy, linearity, recovery
and precision data.

The data generated from the performed forced
degradation studies enabled the evaluation of
Amlodipine stability under avariety of ICH recom-
mended conditions. Such dataisvauablefor the safety
and potency assessment of adrug product. Further-
more, thissmpleand rapid RP-HPLC method can aso
beused successtully for thedeterminetion of Amlodipine
in pharmaceutical formulationswithout any interference

fromthe excipients. So, the proposed chromatographic
procedure confirmed itsagpplicability asastability indi-
cating method. Wehaveidentified oneimpurity inaged
and stressed samples of Amlodipine drug substance.
Thisischaracterized as, 6-dimethyl-3-Ethoxycarbonyl-
5-Methoxycarbonyl 1, 4-Dihydropyridine by analyti-
cal data
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