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ABSTRACT: One direct titrimetric method and two indirect spectrophotometric methods for the determination
of amlodipine besylate (ADB) are described. The methods use bromate-bromide mixture and two-dyes,
namely Methyl Orange and Indigo Carmine, as reagents. In titrimetry (Method A), an acidified solution of
ADB is titrated directly with bromate-bromide mixture using methyl orange as an indicator.
Spectrophotometry involves the addition of known excess of bromate-bromide mixture to an acidified
solution of ADB and the determination of the residual bromine based on its ability to bleach the dyes Methyl
Orange (Method B) or Indigo Carmine (Method C) quantitatively. Titrimetry allows the determination of 110 mg of ADB, whereas spectrophotometry is applicable over the concentration ranges of 0.5-3.0 µg ml-1 and
1.25-12.50 µg ml-1 for method B, and method C, respectively. Method B with a calculated molar absorptivity
of 6.56 x 104 l mol-1 cm-1, is the most sensitive method ever developed for ADB. The limits of detection and
quantification are reported for both the spectrophotometric methods. The methods described could usefully
be applied to routine quality control of tablets containing ADB. No interference was observed from common
pharmaceutical adjuvants. Statistical comparison of the results with the reference method shows an excellent
agreement, and indicates no significant difference in accuracy and precision. The reliability of the methods
has been ascertained by recovery studies.
K EYWORDS: Amlodipine besylate, determination, bromate-bromide, methyl orange, indigo carmine,
pharmaceuticals.

INTRODUCTION
Amlodipine besylate (ADB) is 2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl), 1,4-dihydroxy-6-methyl3,5- pyridine dicarboxylic acid, 3-ethyl-5-methyl ester1
(Fig. 1). ADB is a calcium channel blocker with a
vasodilatory activity similar to that of nifedipine and is
mainly used for its antianginal, antihypertensive and
antiarrhythmic activities2-4. ADB in biological fluids has
been determined mostly by chromatographic
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Fig 1. Structure of ADB.

techniques such as gas chromatography, 5 liquid
chromatography-tandem mass spectrometry (LCTMS)6-9, high performance liquid chromatography
(HPLC) 10-13 and high performance thin layer
chromatography (HPTLC)14. A limited number of
methods have been reported for the quantitation of
this drug when present alone in dosage forms. Methods
based on several techniques such as LC-TMS15, HPLC1618
, HPTLC19-21, packed column super critical fluid
micellar
electrokinetic
chromatography 22 ,
chromatography 23 , UV spectrophotometry 19,24 ,
differential spectrophotometry25 fluorimetry26 and
voltammetry,27 are found in the literature for the
determination of ADB in pure form and in tablets.
Despite being one of the most widely used
antihypertensive, antiangial and coronary vasodilator
drugs, no titrimetric method has been developed for
ADB and even a few visible spectrophotometric
methods reported suffer from one or the other
disadvantage.
Spectrophotometric methods based on ion-pair
formation and using Bromothymol Blue28, Bromocresol
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Green, Bromophenol Blue and Methylene Blue29,
Rhodizonic acid30, Fast Green FCF31 and trinitrobenzene
sulphonic acid32 as ion-pair agents, have been reported
by several authors, but the procedures involve
extraction step and are less sensitive (ε = ~103 l mol-1
cm-1). Procedures based on charge-transfer complex
formation using chloranilic acid33 and tetrachloro
quinone34 as reagents are also less sensitive, besides
requiring a heating step34 for a quantitative reaction.
Iskender and Sagirli35 have developed a method based
on the derivatization reaction involving the amino group
of the drug molecule and 1,2-napthaquinone-4sulphonic acid. However, their procedure involves
heating at 50o C for 20 minutes and is also poorly
sensitive with the concentration range of applicability
being 10-80 µgml-1. Redox reaction using FolinCioealteu reagent36 and oxidative coupling reaction28
using 3-methyl-2-benzothiazolinone hydrazone
hydrochloride in the presence of cerium (IV) have also
been the basis of spectro photometric methods for the
assay of ADB in pharmaceuticals. The yellow product
obtained by treating ADB with NaOH in dimethyl
formamide medium was used by Meyyanathan et al.37
for the determination of the drug in the range of 20100 µg ml-1. Rahman and Hoda38 have proposed two
methods based on the use of dichlorodicyano
benzoquinone (DDBQ) and ascorbic acid in dimethyl
formamide medium. The methods are less sensitive
and the coloured species (DDBQ radical anion) is less
stable. In addition, the procedure using ascorbic acid
involves a boiling step at 100º C for 25 min. The same
group of authors 39 have recently reported three
procedures based on redox and complexation
reactions, and using iron(III) and ammonium molybdate
as oxidants and orthophenanthroline and bipyridyl as
chelating agents. The procedures are sensitive enough
(ε = 104 l mol-1 cm-1) but involve a heating step to force
the reaction to completion. Very recently40, bromatebromide mixture and metanil yellow have been
employed for the sensitive spectrophotometric
determination of ADB.
Bromate-bromide mixture along with dyes such as
Methyl Orange and Indigo Carmine have been used as
reagents for the titrimetric and spectrophotometric
determination of several pharmaceuticals41-46. In this
paper, simple and sensitive titrimetric and
spectrophotometric methods are described for the
determination of ADB in pure drug and in tablets using
this combination of reagents.

MATERIALS AND METHODS
Apparatus
All absorbance measurements were made using a
Systronics model 106 digital spectrophotometer
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provided with matched 1-cm quartz cells.
Reagents and Solutions
All chemicals used were of analytical reagent grade
and solutions were made in double distilled water.
Bromate-bromide mixture (2.5 mM KBrO3-25
mM KBr): The bromate-bromide mixture was prepared
by dissolving 0.4175 g of KBrO3 (Sarabhai M. Chemicals,
Baroda, India) and 3 g of KBr (Qualigens Fine Chem,
Mumbai, India) in water and diluting to one liter in a
calibrated flask, and used for the titrimetric work. The
solution was diluted appropriately to obtain 10 µg ml1
and 30 µg ml-1 solutions with respect to KBrO3 for use
in the spectrophotometric methods B and C,
respectively.
Methyl Orange indicator (0.5%): 50 mg of dye
(S.d. Fine Chem., India) was dissolved in 10 ml of water.
Methyl Orange solution (50 µg ml -1): A 500 µg
ml stock solution was first prepared by dissolving
52.4 mg of dye (S.d. Fine Chem., Mumbai, India; dye
content 85 %) in water and diluting to 100 ml in a
calibrated flask, and filtered. The filtrate was
appropriately diluted to get a 50 µg ml-1 dye solution
for use in the spectrophotometric method B.
-1

Indigo Carmine solution (100 µg ml -1): A 1000
µg ml-1 dye solution was prepared by dissolving 112 mg
of dye (S.d. Fine Chem. Mubai, India; 90 % dye content)
in water and diluting to 100 ml with water in a calibrated
flask, and filtered. The filtrate was diluted 10-fold with
water to get a 100 µg ml-1 solution for use in the
spectrophotometric method C.
Hydrochloric acid (5 M): 111 ml of concentrated
hydrochloric acid (Qualigens Fine Chem. Mumbai,
India, Sp. gr. 1.18) was diluted to 250 ml with water, and
used in spectrophotometric studies. This was further
diluted to get 2 M acid for use in the titrimetric
investigations.
Standard Drug Solution
Pharmaceutical grade ADB was kindly provided by
Cipla India Ltd., Mumbai, India and was used as received.
A stock standard solution containing 1 mg ml-1 ADB
was prepared by dissolving 250 mg of pure drug in 15
ml of glacial acetic acid and diluting to the mark in a 250
ml calibrated flask with water, and was used in the
titrimetric assays. The stock solution (1000 µg ml-1
ADB) was diluted stepwise to obtain working
concentrations of 10 µg ml-1 and 25 µg ml-1 for use in
the spectrophotometric determination by methods B
and C, respectively.
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Sample Solution
Twenty tablets were weighed and ground into a fine
powder. An amount of powder equivalent to 100 mg of
ADB was transferred into a 100 ml calibrated flask, 20
ml of glacial acetic acid added and shaken for 20 min.
Then, the volume was diluted to the mark with water,
mixed well and filtered using a Whatman No 42 filter
paper. The filtrate equivalent to 1000 µg ml-1 ADB was
diluted appropriately with water for assay by the
spectrophotometric methods.
General Procedures
Titrimetry (Method A): A 10 ml aliquot of pure
drug solution containing 1-10 mg of ADB was accurately
measured into a 100 ml titration flask. Five ml of 2 M
HCl was added, and titrated with 2.5 mM bromatebromide mixture using 2 drops of Methyl Orange an
indicator until the indicator colour disappeared. A
blank titration was run and the volume of bromate was
subtracted from the volume required for sample
titration. The amount of ADB in the measured aliquot
was calculated from:
Amount (mg) = VMwR
where
V =volume of bromate-bromide solution consumed,
ml
MW = relative molecular mass of drug, and
R = molarity of bromate-bromide mixture with
respect to KBrO3.
Spectr
ophotometric method B: Varying aliquots
Spectrophotometric
(0.5-3.0 ml) of 10 µg ml-1 ADB solution were accurately
measured into different 10 ml calibrated flasks and the
total volume was adjusted to 3 ml by adding water. To
each flask were added 1 ml each of the bromate-bromide
mixture (10 µg ml-1 with respect to KBrO3) and 5 M HCl.
The content was mixed well after stoppering the flasks
and let stand for 15 minutes with occasional shaking.
Then, 1 ml of 50 µg ml-1 Methyl Orange solution was
added to each flask and diluted to the mark with water.
The absorbance of solution was measured at 520 nm
against a reagent blank after 5 minutes.
Spectrophotometric method C
C: Different aliquots
(0.5-5.0 ml) of standard 25 µg ml-1 ADB solution were
taken in a series of 10 ml calibrated flasks, water was
added to bring the total volume to 5 ml. To each flask
was then added 1 ml of 5 M HCl followed by 1.5 ml of
the bromate-bromide mixture (30 µg ml-1 with respect
to KBrO3). After stoppering the flasks, the content was
mixed well and let stand for 15 minutes with occasional
shaking. Finally, 2 ml of 100 µg ml-1 Indigo Carmine
solution was added to each flask and the volume was

diluted to the mark with water and mixed well. The
absorbance of each solution was measured at 610 nm
against a reagent blank after 5 minutes.
In methods B and C, the measured absorbance was
plotted against the concentration of ADB to obtain the
calibration graphs. The concentration of the unknown
was read from the respective calibration graph or
computed from the respective regression equation,
derived from the Beer’s law data.
Convenient aliquots of tablet extract were taken
for analysis by titrimetry (1 mg ml -1 ) and
spectrophotometric method B (10 µg ml-1) and method
C (25 µg ml-1) applying the procedures described above.

RESULTS AND DISCUSSION
Preliminary experiments revealed that ADB is prone
to substitution reaction by bromine-generated in situ
by the action of acid on bromate-bromide mixture. In
titrimetry, the reaction is followed by direct titration
with the bromate-bromide mixture using Methyl Orange
as an indicator. In spectrophotometry, the reaction is
followed by measuring the increase in absorbance of
either Methyl Orange at 520 nm or Indigo Carmine at
610 nm, as the absorbance change is caused by
bleaching action of bromine on the dyes.
Method Development
Optimization of reaction conditions
Experimental variables, such as the choice of acid
medium, acid concentration, and standing time, were
optimized.
Titrimetry: The quantitative nature of the reaction
between ADB and bromate was checked by titrating 110 mg of drug in acid medium with the bromate-bromide
mixture (2.5 mM with respect to KBrO 3 ). The
BrO 3 - + 5Br - + 6H +

3Br2 + 3H2O

H
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stoichiometry of ADB : KBrO3 was calculated to be 1:1.
The reaction between ADB and in situ generated bromine
could be represented by the above reaction scheme:
The titration was carried out in hydrochloric acid
medium, producing a very sharp end point with Methyl
Orange. The reaction stoichiometry was found to be
unaffected when 4-6 ml of 2 M HCl was used in a total
volume of 20-25 ml. Using 2.5 mM bromate solution
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and in the presence of a large excess of bromide, 1-10
mg of ADB could be determined with a fair degree of
accuracy and precision. The linearity between the drug
amount and end point is apparent from the correlation
coefficient of 0.9984 obtained by the line of best fit via
least squares treatment.
Spectrophotometry: Many dyes are prone to
oxidation to form colourless products in acid medium,47
thus offering a suitable analytical approach for the
indirect assay of oxidisable pharmaceuticals by using
various oxidizing agents48-54 including in situ generated
bromine 41-46. Gyory 55 used Methyl Orange as an
indicator in the direct titration with the bromatebromide mixture, as the dye was irreversibly bleached
at the end point. Quantitative decolouration of azo
dyes by bromine is widely used for its
spectrophotometric determination56. In the present
investigation, the reaction between bromine and Methyl
Orange or Indigo Carmine was used for the indirect
spectrophotometric determination of ADB. In the
proposed methods, different amounts of ADB were
reacted with a fixed and excess amount of the bromatebromide mixture in HCl medium, and the unreacted
bromine was determined by treating with a fixed amount
of Methyl Orange or Indigo Carmine and measuring
the absorbance either at 520 nm or at 610 nm,
respectively. The absorbance was found to be linearly
dependent on the ADB concentration.
ADB, when added in increasing amounts to a fixed
amount of in situ generated bromine, consumes the
latter and there will be a concomitant decrease in the
latter’s concentration. When a fixed amount of either
dye is added to decreasing amounts of bromine, a
concomitant increase in the dye concentration results.
This is observed as a proportional increase in
absorbance at the respective wavelengths of maximum
absorption with increasing concentration of ADB (Fig.
2 & 3).
Preliminary experiments were performed to fix the
upper limits of the two dyes that could be

spectrophotometrically determined in acid medium,
and these were found to be 5 µg ml-1 and 20 µg ml-1 for
Methyl Orange and Indigo Carmine, respectively. A
bromate concentration of 1 µg ml-1 in the presence of
a large excess of bromide was found to bleach the red
colour of 5 µg ml-1 Methyl Orange, and the blue colour
due to 20 µg ml-1 Indigo Carmine was completely
destroyed by 4.5 µg ml-1 bromate in the presence of
bromide. Hence, different amounts of ADB were
reacted with 1 ml of 10 µg ml-1 bromate in method B
(Methyl Orange) and 1.5 ml of 30 µg ml-1 bromate in
method C (Indigo Carmine) in acid medium and in the
presence of a large excess of bromide, followed by
determination of residual bromine as described under
procedures B and C.
Hydrochloric acid was found to be the convenient
medium for bromination of drug by in situ generated
bromine, and the determination of the latter using the
two dyes. The absorbance of the dyes was not affected
in 0.125-1.25 M HCl. However, since 1.0 M acid
concentration was found to be optimal for the
bromination reaction in a reasonable time of 5 and 10
min in methods B and C, respectively, the same
concentration was maintained for the determination
of the unreacted bromine with the dyes, and even this
contact time is not critical. Any delay up to 30 minutes
had no effect on the absorbance. A 5 min standing time
was found to be necessary for the complete bleaching
of the dye colour by the residual bromine. Though the
colour of either dye in acid medium is indefinitely
stable, it was found to be stable for several days in the
presence of the reaction product.
Quantitative parameters of spectrophotometric
methods
A linear correlation was found between absorbance
at λmax and the concentration ranges given in Table 1.
The correlation coefficients, intercepts and slopes for
the calibration plots are also presented in Table 1. The
graphs showed negligible intercept as described by the
regression equation:
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Fig 2. Absorption spectra of Method B: a. reagent blank, b, c
and d are after addition of 1.0, 2.0 and 3.0 µg ml-1 ADB.
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Fig 3. Absorption spectra of Method C: a. reagent blank, b, c
and d are after addition of 2.5, 7.5 and 12.5 µg ml-1
ADB.
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Table 1. Quantitative parameters of spectrophotometric
methods.

* A = a + bC, where A is the absorbance and C concentration in µg ml-1.

Method V
alidation
Validation
Accuracy and precision of methods: The accuracy
of the proposed methods was established by analyzing
the pure drug at three different levels, and the precision
was evaluated by calculating the relative standard
deviation (RSD) of seven replicate determinations using
the same solution containing pure drug at three different
levels. The relative error (%) and percent RSD values
summarized in Table 2 reveal the high accuracy and
precision of the methods. For a better picture of
reproducibility on a day-to-day basis, a series was run,
in which the standard drug solution at three levels was
analyzed each for five days. The day-to-day RSD values
were in the range of 1.34-2.75%, and represented the
best approval of the methods in routine use.

A=a+bC
(where A is the absorbance; a, y-intercept; b, slope
and C, concentration in µg ml-1), which was obtained
by the method of least squares. Other sensitivity
parameters, such as molar absorptivity, Sandell
sensitivity, detection as well as quantification limits, are
also compiled in Table 1 and are indicative of the high
sensitivity of the methods.

Determination of ADB in tablets: Thirty-six brands
of tablets in 2.5 mg, 5.0 mg and 10 mg doses are
commercially available in the local market. The
proposed methods were applied to assay ADB in some
representative tablets, and the results are compiled in
Table 3. The drug content of the same batch tablets was
checked by the reported method according to Sane et
al19. It is clear from Table 3 that there is a close agreement

Parameter

Method B

λmax, nm
Beer’s law limits, µg ml-1
Molar absorptivity, l mol-1 cm-1
Sandell sensitivity, ng cm-2
Limit of detection, µg ml-1
Limit of quantification, µg ml-1
Regression equation (A*)
Slope (b)
Intercept (a)
Correlation coefficient (r)

Method C

520
610
0.5 – 3.0 1.25 – 12.5
6.56 x 104 1.86 x 104
6.23
22.0
0.06
0.18
0.19
0.63
0.15
0.013
0.9995

0.052
-0.037
0.9934

Table 2. Accuracy and precision of methods.
Method A
ADB
ADB
RE,
taken, mg found*, mg %
3.0
6.0
9.0

3.07
5.92
8.85

2.33
1.33
1.88

RSD
%

ADB
taken, µg

Method B
ADB
found*, µg

0.85
0.33
1.28

10.0
20.0
30.0

10.12
20.16
30.42

RE,
%

RSD
%

1.20
0.80
1.40

0.62
0.46
1.35

ADB
taken, µg

Method C
ADB
RE,
found*, µg %

30.0
60.0
90.0

29.46
60.14
89.04

1.80
0.23
1.06

RSD
%
1.26
0.74
0.94

RE – Relative error.
RSD – Relative Standard Deviation.
* Mean value of seven determinations.

Table 3. Results of array of tablets containing ADB by the proposed methods.
Tablet brand
name*
Amlopresa

Amlocor b

Nominal amount
mg per tablet Reference method
2.5

102.65+1.04

5.0

99.26+0.64

10.0

101.38+0.96

2.5

98.74+0.48

5.0

99.33+0.72

10.0

101.62+0.85

* Marketed by: a Cipla India Ltd., b Torrent Drugs and Chemicals Pvt. Ltd.,
** Mean value of five determinat.ions
Tabulated t- value at 95% confidence level is 2.77
Tabulated F- value at 95% confidence level is 6.39 ions.

Found** (% of nominal amount ± SD)
Method B
Method A
101.92+0.84
t = 1.22,F = 1.53
101.03+1.26
t = 3.68,F = 3.87
102.66+1.56
t = 1.61,F = 2.64
99.26+0.64
t = 1.47,F = 1.78
100.14+0.43
t = 2.21,F = 2.80
102.16+0.34
t = 1.42,F = 6.25

100.36+156
t = 2.78,F = 2.25
100.96+1.06
t = 3.16,F = 2.74
100.68+1.66
t = 0.84,F = 2.99
100.04+0.78
t = 3.26,F = 2.64
98.76+1.16
t = 0.96,F = 2.59
101.74+1.45
t = 0.29,F = 2.91

Method C
101.26+0.96
t = 2.20,F = 1.17
101.04+1.36
t = 2.81,F = 4.51
102.06+1.04
t = 2.11,F = 1.17
99.66+1.11
t = 2.42,F = 5.35
100.68+1.34
t = 2.07,F = 3.46
102.55+1.26
t = 1.40,F = 2.20
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97.26
99.68
103.75
103.16
101.28
99.74
100.26
104.08
101.74
54.50
65.19
77.19
56.21
65.77
75.13
55.60
67.15
76.39
30.0
40.0
50.0
30.0
40.0
50.0
30.0
40.0
50.0
25.32
25.32
25.32
25.26
25.26
25.26
25.52
25.52
25.52
102.28
103.67
99.83
97.28
101.07
99.68
101.73
100.04
98.24
15.25
20.57
24.98
14.78
20.21
24.99
15.20
20.04
24.68
10.0
15.0
20.0
10.0
95.0
20.0
10.00
15.00
20.00
5.02
5.02
5.02
5.05
5.05
5.05
5.03
5.03
5.03
101.36
100.28
102.66
98.32
101.67
99.24
102.66
101.38
100.26
5.59
6.56
7.68
5.48
6.60
7.49
5.65
6.63
7.58
Amlopres
(10 mg)

Amlopres
(5 mg)

*Mean value of three trials.

3.0
4.0
5.0
3.0
4.0
5.0
3.0
4.0
5.0

Recovery*
of pure drug
added, %
Method A
Amount of Amount of Total
found,
drug in
pure drug
tablet, mg added, mg
mg

Table 4. Results of recovery study.

The assay results demonstrate that it is possible to
use bromate-bromide mixture as a reagent for the direct
titrimetric and indirect spectrophotometric
determination of amlodipine in authentic samples. The
titrimetric method is applicable over a micro scale (110 mg), and as small a concentration as 0.5 µg ml-1 drug
can be determined by spectrophotometric method with
a fair degree of accuracy and precision. The methods
developed can be rapidly carried out, are simple to
perform, and do not require specific sample treatments.
The spectrophotometric methods use an inexpensive
instrument compared to many reported procedures,1523,26
and do not require any expensive or toxic reagents
or organic solvents. The methods are rapid, and do not
entail any stringent experimental conditions, which
affect the sensitivity and reliability of the methods. A
significant advantage of the spectrophotometric
methods presented here is the high sensitivity, which
surpasses that of all the spectrophotometric methods
reported previously28-39. In terms of the linear range of
applicability, the spectrophotometric methods are even
more sensitive than the chromatographic16-18 as well as
fluorimetric26 methods. Thus, using an inexpensive
instrument, it is possible to achieve a better sensitivity
than is possible with costly experimental set up. An
additional advantage is that the absorbance
measurement is made at 520 or 610 nm, where the

Amount of
drug in
tablet, µg

CONCLUSIONS

2.55
2.55
2.55
2.53
2.53
2.53
2.57
2.57
2.57

Method B
Pure
Total Recovery*
drug
found, of pure
µg
drug, %
added, µg

Amount of
drug in
tablet, µg

Recovery studies: The accuracy and validity of the
proposed methods were further ascertained by
performing recovery studies via standard addition
technique. Pre analyzed tablet powder was spiked with
pure ADB at three different levels and the total amount
of drug was determined by the proposed methods.
Each determination was repeated three times. The
recoveries of the pure ADB added were quantitative
(Table 4), and revealed that the common additives,
such as talc, starch, gum acacia, lactose, sodium alginate,
magnesium stearate, calcium gluconate and calcium
dihydrogen orthophosphate, and experiments did not
interfere in the determination.

Amlopres
(2.5 mg)

Method C
Pure
Total
Recovery*
drug
found, of pure drug
added, µg
µg
added, %

interference from the associated inactive ingredients
is usually far less at longer wavelength than at shorter
wavelength (350-450 nm) used in most of the reported
methods. The proposed methods are advantageous

Tablet
studied

between the results obtained by the proposed methods
and the established 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, 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.
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than many of the reported spectrophotometric
methods for the determination of amlodipine in
pharmaceutical dosage forms.
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