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ABsTRACT: Two rapid assay procedures based on visible spectrophotometry and high performance liquid
chromatography (HPLC) have been developed for the determination of amlodipine besylate (ADB) in
pharmaceutical formulations. Spectrophotometric method is based on the bromination of ADB with a
known excess of bromate-bromide mixture in acid medium followed by the determination of surplus
bromine by reacting with Metanil Yellow and measuring the absorbance at 530 nm. The HPLC determination
was carried out on a reversed phase C,, column using 0.1% orthophosphoric acid (pH 3): acetonitrile (20:80)
at a flow rate of 1.0 ml min"' with UV-detection at 238 nm. In the spectrophotometric method, the
absorbance is found to increase linearly with increasing concentration of ADB, which is corroborated by the
calculated correlation coefficient of 0.9975. The system obeys Beer’s law for 1.25-7.50 ug ml* ADB with a
molar absorptivity of 2.51 x 10*I mol'em™ and a Sandell sensitivity of 16.37 ng cm™. The limits of detection
and quantification are calculated to be 0.17 and 0.56 ug ml, respectively. In the HPLC method, a rectilinear
relationship was observed between 7.55 — 241.6 ug ml"' ADB with a detection limit of 1.51 pg ml'and a
quantification limit of 3.02 pg ml™'. The statistical evaluation of the methods was examined by determining
intra-day and inter-day precision. The methods, when applied to the determination of ADB in tablets, gave
satisfactory results. Accuracy and reliability of the proposed methods were further ascertained by parallel
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determination by the reference method and by recovery studies.
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INTRODUCTION

Amlodipine besylate (ADB) is an important calcium
channel blocker belonging to the dihydropyridine
family. It is more selective for arterial vascular smooth
muscle than for cardiac tissue and is approved for the
treatment of hypertension and for variant and stable
angina'”. Itis chemically knownas (4 R, S)-3-ethyl-5-
methyl 2-(2-amino-ethoxy-methyl)-4-(2-chloro
phenyl)-1,4-dihydroxy-6-methyl pyridine-3,5-
dicarboxylate monobenzene sulphonate* and its
structure is given in Fig. 1. The main effects of this drug
are confined with peripheral and coronary vasodilator
properties. Therefore, the analysis of its dosage forms
is very important.

The assay procedure listed in European
Pharmacopoeia describes a reversed phase high
performance liquid chromatographic (HPLC) method®
for the determination of drug in bulk and
pharmaceutical formulations. Most methods developed
for ADBin pharmaceuticals are applicable to combined
dosage forms and alimited number of them have been

reported for the quantification of drugin single dosage
forms. Visible spectrophotometry is widely used for
the assay of ADB in dosage forms. Procedures based on
ion-pair complex formation followed by extraction®",
charge-transfer complex formation'*'7,

|
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Fig 1. Structure of amlodipine.
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derivatization'®!”, redox*, oxidative coupling® and
complex formation'”?!?? reactions have been proposed
by several workers. However, these procedures suffer
from such disadvantages as poor sensitivity and
selectivity, heating or extraction step and narrow range
of linear response (Table 1).

Methods based on several chromatographic
techniques like liquid chromatography tandem-mass
spectrometry?’, high performance thin layer
chromatography?**’, unicellar electrokinetic
chromatography®®, packed column supercritical fluid
chromatography*® and  HPLC?°  with
photometric’®?> and electrochemical®® detection
systems have been used for the quantitative
determination of amlodipine in pharmaceuticals.
However, majority of the HPLC procedures®~° are
applicable to combined dosage forms, and even those
procedures **2 used for assay in single dosage forms
have either narrow range of applicability (0.5-16 ug
ml ™) or poor sensitivity (2-10 mg ml™")’". Other
methods reported for the determination of ADB in
formulations include UV-spectrophotometry’,
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difference UV-spectrophoto metry?®, fluorimetry* and
anodic stripping voltametry*.

The present work is aimed at developing two simple
and sensitive methods, which would overcome the
difficulties encountered in most visible
spectrophotometric and HPLC methods. The
spectrophotometric method involves treating a fixed
amount of bromate-bromide solution in acid medium
with ADB solution and determining the unreacted
bromine by treating with a fixed amount of Metanil
Yellow dye solution and measuring the absorbance at
530nm. The HPLC analysis was carried out by injecting
the drug solution on to an Accurasil ODS C , column
with the elution being effected by a mobile phase
consisting of 0.1% orthophosphoric acid (pH 3)-
acetonitrite (20:80) and UV-detection at 238 nm. The
methods are fairly rapid and sensitive. In fact, the
spectrophotometric method is the most sensitive
method ever reported for ADB (Table 1). Both methods
are characterized by a fairly high degree of accuracy
and precision. The methods were proved to be
successful in determining ADB in tablet formulations.

Table 1. Comparision of the existing spectrophotometric methods with the proposed method.

S1No. Reagent/s A.mx (nm) Linear range (ugml?!) &(l mol! cm™) Remarks Ref
1. Bromothymol blue 405 5-40 - Involves extraction 6
2. Bromocresol green 410 0-80 - Involves extraction 7

bromophenol blue or
methylene blue
3. Rhodizinic acid 450 0.1x10° - Involves extraction/ 8
- 1.5x10° requires rigid pH control,
least sensitive
4. Fast green FCF or 625 2.5-20 2.2x10* Involves extraction, 9
Orange 11 485 2.5-20 1.9x10* requires rigid pH control
5. Trinitrobenzene 337 6.0-30.0 - Involves extraction 10
sulfonic acid
6. Tetrachloroquinone 346 5-25 - Involves incubation at 55° C 15
for 10 min and requires
strict pH control
7. DDBQ* 580 1-125 6x10° Uses non-aq. medium, 17
coloured species less stable;
less sensitive
8. NQS** 462 10-80 - Involves incubation at 50° C 18
for 20 min, requires strict
pH control
9. NQS** 477 1-80 4.4x10? Requires strict pH control, 19
least sensitive
10. Chloranil 362 1-70 1.3x10° Requires rigid pH control, 19
less sensitive
11. Ascorbic acid 530 10-140 3.2x10° Requires boiling at 100+1°C 17
for 25 min, less sensitive
12. NaOH 456 20-100 - Requires non-aq. medium, 21
less sensitive
13. Ninhydrin 595 10-60 6.5x10° Requires non-aq. medium 22
14. BrO,” Br/Metanil 530 1.25-7.50 2.5x10% Non stringent experimental Present
Yellow conditions, highly sensitive method

* 2, 3-dichloro-5, 6 dicyano-1, 4-benzoquinone
*# 1,2-naphthaquinone-4-sulfonic acid
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MaATerIALS AND METHODS

Apparatus: A Systronics model 106 digital
spectrophotometer with 1 ¢cm matched quartz cells
was used for absorbance measurements. The
chromatographic system consisted of an Agilent 1100
series chromatograph equipped with an in built solvent
degasser, quaternary pump, photodiode array detector
with variable injector and auto sampler, and areversed
phase 5 um Accurasil ODS C , column (250 x 4.6 mm).

Reagents and Solutions

Abromate-bromide mixture equivalentto 1500 ug
ml" KBrO, and 20000 pg ml" KBr was prepared by
dissolving 0.150 g of KBrO, (Sarabhai M. Chemicals,
Baroda, India) and 2.0 g of KBr (Indian Drugs and
Pharmaceuticals Ltd, Hyderabad, India) in water and
diluting to 100 mlina calibrated flask. This was diluted
stepwise to get a working concentration of 30 pg ml-
"with respect to KBrO,.

Metanil Yellow (400 pg ml™") was first prepared by
dissolving 56.3 mg of the dye (S.d. Fine Chem. Ltd.,
Mumbai, India, Dye content 71 %) in water and diluting
to 100 mlinacalibrated flask. This was diluted 10-fold
to get a working concentration of 40 pg ml dye.

Hydrochloric acid (5 M) was prepared by diluting
111.0mlofconcentrated acid, (S.d. Fine Chem. Mumbai,
India) specific gravity 1.18 to 250 ml with water.

HPLC grade acetonitrile (Rankem, India), AR grade
orthophosphoric acid (Qualigens Fine Chemicals,
India) and triethylamine (Loba Chemie, India) and
distilled water filtered through a 0.45 um filter
(Millipore) were used. A 0.1% orthophosphoric acid
solution was prepared by adding 1 ml of the acid to 1
litre of water, mixed well, pH adjusted to 3.0 by using
triethylamine and filtered through a 0.45 pum filter. The
dilutent solution was prepared by mixing acetonitrile
and water at a ratio of 60:40. The mobile phase used
consisted of 0.1% orthophosphoric acid (pH 3) and
acetonitrile (20:80).

Standard Drug Solution

Pharmaceutical grade ADB certified to be 99.7%
pure wasreceived asa gift from CiplaIndiaLtd., Mumbai,
India and was used without further purification. A
stock standard solution containing 250 ug ml' ADB
was prepared by dissolving 25 mg of ADB in 10 ml of
glacial acetic acid and diluting to the mark ina 100 ml
calibrated flask with water. This was diluted to get 25
pg ml! working concentration for the
spectrophotometric study. For the chromatographic
work, a stock standard solution equivalent to 302 ug
ml* ADB was prepared by dissolving 30.2 mg of pure
drug in the dilutent solution and diluting to the mark
ina 100 ml calibrated flask.

Dosage Forms

Thirty-six brands of tablets are currently marketed
in India. Only two brands, Amlopres (2.5 mg, 5.0 mg
and 10.0 mg dosage forms) marketed by Cipla India Ltd
and Amlocor (2.5 mg, 5.0 mg and 10.0 mg dosage
forms) marketed by Torrent Drugs and Chemicals Ltd.,
India were purchased from local commercial sources
for investigation.

General Procedures

Spectrophotometry: Inaseries of 10 ml calibrated
flasks were placed 0.5-3.0 mlaliquots of 25 ugml* ADB
solution and the total volume was adjusted to 4 ml by
adding requisite volume of water. To each flask was
then added 2 ml of 5 M HCl followed by 1 ml of 30 pug
ml"! bromate solutions. The flasks were stoppered,
contents mixed well and let stand for 10 min with
occasional shaking. Then, 1 ml of 40 pg ml* Metanil
Yellow solution was added to each flask, the volume
adjusted to the mark with water, mixed well, and
absorbance of each solution measured at 530 nm
against a reagent blank after 5 min. The calibration
graph was prepared by plotting the absorbance versus
concentration of drug solution. The concentration of
the unknown was read from the calibration graph or
computed from the regression equation derived from
the Beer’s law data.

HPLC Method

Chromatographic Conditions. Chromatographic
separation was achieved at ambient temperature on a
reversed phase Accurasil ODS 5 um C  column (250x4.6
mm) using a mobile phase consisting of 0.1%
orthophosphoric acid (pH 3) — acetonitrile (20:80) at
aflowrate of 1.0mlmin™. The detector wavelength was
set at 238 nm with a sensitivity of 0.2 a.u.f.s.

Calibration Graph: Working standard solutions
equivalent to 7.55-241.6 pg ml'* ADB were prepared
by appropriate dilution of stock standard solution with
the diluent solution. Twenty pl aliquot of each solution
was injected automatically on to the column in
duplicate and the chromatograms were recorded.
Calibration graph was constructed by plotting the mean
peak area versus concentration of ADB. The
concentration of the unknown was read from the
calibration graph or calculated from the regression
equation derived from the concentration and peak
area data.

Procedure for Tablets: Twenty tablets were weighed
and ground into a fine powder. An amount of powder
equivalent to 25 mg of ADB was accurately weighed
intoa 100 ml calibrated flask, 10 ml glacial acetic acid
and 40 ml of water added, and shaken for about 20 min.
The volume was diluted to the mark with water, mixed
well and filtered using a Whatman No.42 filter paper.
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The filtrate (250 pg ml") was diluted 10-fold and a
suitable aliquot was analyzed by spectrophotometry.

For assay by the HPLC method, an amount of
powdered tablet equivalent to 30 mg of ADB was
accurately weighed into a 100 ml calibrated flask, 60
ml of diluent solution added and shaken for about 20
minutes, the volume was diluted to the mark and mixed
well. A small portion of this solution (= 10 ml) was
withdrawn and filtered through a 0.2 um filter to ensure
the absence of particulate matter. The filtered solution
was appropriately diluted with the diluent solution for
analysis.
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ResuLts AND DiscussioN

Method Development

Spectrophotometry: Many dyes are prone to
oxidation to form colourless productsin acid medium,
thus offering a suitable analytical approach for the
indirect spectrophotometric determination of different
pharmaceutical substances**° using oxidizing agents
including in situ generated bromine. In the proposed
spectrophotometric method, the susceptibility of ADB
to undergo bromination by in situ generated bromine
and the latter’s ability to quantitatively decolorise
Metanil Yellow have been used for the determination
of ADB. The possible reaction scheme is given in Fig. 2

BrO3 +5Bf +6HY ———>3Bry +3H0

E

CH2OCH2CHoNH2

COOC2Hg + 3Bro

(Measured
Excess)

/CI

Unreacted bromine +

E—>d

E

CH20OCH2CHoNH2

H3CO0 COOC2H5

+ 3 HBr
e Cl' | Unreacted bromine

Br

Metanil Yellow (red colour in acid medium)

¢

r

SO3
_ ' N2

Colourless (oxidative destruction product)

Fig 2. Reaction scheme.



ScienceAsia 31 (2005)

In this method, different amounts of ADB were
added to a fixed and known excess of in situ generated
bromine, and after the bromination reaction wasjudged
to be complete, the residual bromine was determined
by reacting it with a fixed amount of Metanil Yellow dye
and measuring the change in absorbance at 530 nm.
The absorbance was found to increase linearly with the
concentration of ADB. ADB, when added inincreasing
amounts to a fixed and known excess amount of in situ
generated bromine, consumes the latter, and there will
be a concomitant decrease in the amount of bromine.
When a fixed amount of Metanil Yellow is added to
decreasingamounts of bromine, a proportional increase
in the dye concentration results which is reflected in
the proportional increase in absorbance at 530 nm
(Fig. 3).

0.5

04 1

0.3 1

Absorbance

0.1 4

0 1 2 3 4 5 6 7 8
Concentration of ADB, (ug ml?)

Fig 3. Beers law curve.

By performing a preliminary experiment, it was
found that 4 g ml* Metanil Yellow could be determined
spectrophotometrically at 530 nminacid medium. The
red colour due to 4 pg ml? dye was quantitatively
bleached by 3 pg ml* bromate solution in the presence
ofalarge excess of bromide. Hence, different amounts
of ADBwere reacted with 30 g of KBrO, in the presence
of bromide and in acidic conditions, and the unreacted
bromine was determined by treating with 40 pg of
Metanil Yellow. This was done to establish the
concentration range over which the method isapplicable
for the determination of ADB.

Hydrochloricacid was found to be anideal medium
forbromination as well as the determination of residual
bromine. Two ml of 5 M HCl in a total volume of 4 ml
was found to be adequate for the bromination reaction,
which was complete in 10 min, and the same
concentration was maintained for the determination
of the residual bromine by its bleaching action on
Metanil Yellow. Contact time of 10 min is not critical
and any delay up to 30 min in the determination of the
residual bromine had no effect on the absorbance. A
5 min standing time was found necessary for the
quantitative bleaching of the dye colour by the residual
bromine. The absorbance of the dye colour was stable
for 60 min in the presence of the bromination product.

Analytical Data

In the spectrophotometric method, Beer’s law was
obeyed over the concentration range 1.25-7.50 ug
ml™. The apparent molar absorptivity and Sandell
sensitivity values were 2.51x10*I mol" cm™'and 16.37
ngcm?, respectively. The linear plot gave the regression

Fig 4. Typical chromatogram (ADB, 181.1 pg ml™).



18

Table 2. Evaluation of Accuracy and Precision.
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Spectrophotometric method

HPLC Method

ADB taken ADB found* RE RSD Range of ADB taken  ADB found* RE RSD® RSD* ROE® ROEFE*
pgml? pgml! % % error,%  pgml! pgml! % % % % %

2.0 1.98 1.0 0.86 +0.83 50.0 48.56 2.68 056 1.04 +0.54 =1.00
4.0 4.03 0.75 0.72  x0.69 100.0 97.32 2.68 032 085 031 =+0.82
6.0 6.05 0.83 1.26 =x1.21 150.0 148.42 1.01 0.75 1.18 +0.72 =+1.14

* Mean value of seven determinations

@ Based on retention time

# Based on peak area

RE = Relative error HPLC

RSD = Relative standard deviation
ROE = Range of error at 95 % confidence level

equation:
A=2.3x10"+0.063 C (r=0.9975, n=06)

where Aisabsorbance and Cis concentrationin g
ml"'. The detection and quantification limits were
calculated from the standard deviation of absorbance
measurements from a series of 7 blank solutions. The
limits of detection and quantification were established
according ICH guidelines * and were calculated to be
0.17 pgml'and 0.56 pug ml” respectively.

Table 3. Results of analysis of tablets and statistical
evaluation.

Brand Nominal Found** (% of nominal amount + SD)
name amount, Reference Spectrophotometric HPLC
of tablet mg/ tablet method method method
Amlopres 2.5 102.65 100.88 101.32
+1.04 +0.83 +0.62
t=2098 t=253
F =157 F =281
5.0 99.26 100.36 97.65
+0.64 +1.26 +1.44
t=183 t=242
F =3.88 F=5.06
10.0 101.38 99.85 98.83
+0.96 +1.56 +1.85
t=318 t=1285
F =2.64 F =371
Amlocor 2.5 98.74 99.94 97.84
+0.48 +0.94 +0.75
t =267 t=229
F =3.84 F =244
5.0 99.33 101.26 100.66
+0.72 +1.76 +0.63
t=246 t =362
F =598 F =2.80
10.0 101.62 99.38 99.04
+0.85 +1.86 +1.58
t=2062 t =339
F =479 F =345

**Mean value of five determinations
Tabulated t-value at 95% confidence level is 2.77
Tabulated F-value at 95% confidence level is 6.39

ADB was also determined by HPLC. A solution of
ADBwasinjected in duplicate on to the column and was
monitored by UV-detectionat 238 nm. The composition
and pH of the mobile phase were varied to optimize the
chromatographic conditions. A mobile phase
consisting of 0.1% orthophosphoric acid (pH 3):
acetonitrile (20:80) was used after several preliminary
runs. Acetonitrile and phosphoric acid increase the
solubility of ADB and prevent its adherence to the
packing material in the column. Ata flow rate of 1.0 ml
min', the retention time for ADB was 5.4 min (Fig. 4).
Under the described experimental conditions, the
analyte peaks were well defined and free from tailing.
ADB was determined by measuring the peak area. A
plot of peak area against concentration (Fig. 5) gave a
linear relationship (r=0.9999) over the concentration
range 7.55-241.6 ug ml' . Using regression analysis,
the linearequation, Y=2.79 + 34X was obtained where
Y is the mean peak area and X is concentration in pg
ml' . The limits of detection and quantifications
calculated according to ICH guidelines* were 1.51 ug
ml'and 3.02 pgml”, respectively.

Method Validation

Accuracy and Precision: To determine the accuracy
and precision of the methods, pure ADB solutions
containing three different concentrations were
analysed in seven replicates. The results obtained from
this investigation are summarised in Table 2. The per
centrelative error whichis anindex of accuracy is <3%
andisindicative of good accuracy. The relative standard
deviation (£ 1.5%) and the range of error (< 1.5%) at
the 95% confidence level can be considered to be
satisfactory. The inter-day precision was established by
performinganalyses overa five-day period on solutions
prepared freshly each day. The RSD values were no
more than 2.3% for the spectrophotometric method.
The peak-areabased and rention time based RSD values
were 3.2% and 1.8% respectively.

Application
The proposed methods were successfully applied
to the assay of ADB in two brands of tablets with 2.5,
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Fig 5. Linearity graph.

5.0and 10.0 mg dosage forms. The results obtained are
presented in Table 3 and compare well with the label
claim. The drug content of the same batch tablets was
determined by the reported method accordingto Luet
al’. Ttis clear from Table 3, that there is close agreement
between the results obtained by the proposed methods
and the reference method””.

The results were also compared statistically by a
Student’s t-test for accuracy and a variance ratio F-test
for precision with those of the reference method at
95% confidence level. The calculated t and F-values
(Table 3) did not exceed the tabulated values (t=2.77
and F=6.39) for four degrees of freedom suggesting
that there was no significant difference between the
proposed methods and the reference method in terms
of accuracy and precision.

To further ascertain the accuracy and validity of the
proposed methods, recovery experiments were

Table 4. Results of recovery experiment.

performed. Pre-analyzed tablet powder was spiked
with pure drug at three different levels and the total
was found by the proposed methods. Each
determination was repeated three times. The recoveries
of pure ADB were quantitative (Table 4) and revealed
that common additives and excipients such as talc,
starch, gumacacia, lactose, calcium gluconate, calcium
dihydrogenorthophosphate, magnesium stearate and
sodium alginate did not interfere in the determination.

CONCLUSIONS

Amlodipine besylate was determined in
pharmaceuticals by two different techniques. The
methods are simple, rapid and convenient since they
do not require any special working conditions. The
striking feature of the spectrophotometric method is
that it is free from heating or extraction step unlike

Tablet studied Spectrophotometric method

HPLC method

Amount of Amount of Total Recovery of = Amount of Amount of  Total Recovery of
ADB in pure ADB found, pure* drug ADB in pure ADB found, pure* drug
tablet, ug added, pug ug added,% tablet, pug added, pug ug added, %
Amlopres 20.18 30.0 49.09 96.38 506.6 600.0 1144.70 106.35
(2.5 mg) 20.18 40.0 59.96 99.44 506.6 900.0 1394.36  98.64
20.18 50.0 71.47 102.58 506.6 1500.0 2062.55 103.73
Amlopres 20.07 30.0 51.17 103.66 488.3 600.0 1067.78  96.58
(5 mg) 20.07 40.0 59.97 99.75 488.3 900.0 1364.54 97.36
20.07 50.0 68.89 97.64 488.3 1500.0 1984.70  99.76
Amlopres 19.97 30.0 50.38 101.38 494.3 600.0 1121.66 104.56
(10 mg) 19.97 40.0 59.47 98.74 4943 900.0 1401.05 100.75
19.97 50.0 71.63 103.32 494.3 1500.0 1973.60  98.62

*Mean value of three determinations
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most methods reported earlier. It involves the least
number of experimental variables, which isreflected in
high degree of accuracy and precision. The most
significant advantage of the method is its sensitivity
which is 10-20 fold higher than that achieved by the
previously reported methods. The HPLC method is
characterized by a shorter retention time and a long
dynamic range of concentration over which the method
isapplicable. Inboth methods, there wasnointerference
from matrix sources.
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