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Abstract

A spectrophotometric method has been developed for the determination of amlodipine besylate in pure form and in
pharmaceutical preparations. The method is based on the reaction of the primary amino group of the drug with ninhydrin in
N,N’'-dimethylformamide (DMF) medium producing a coloured complex which absorbs maximally at 595 nm. Beer’s law is

obeyed in the concentration range of 10-60 pg ml~! with RSD of 0.66% and molar absorptivity of 6.52 x 10> I mol~! cm

—1

All variables were studied in order to optimize the reaction conditions. The proposed method has been applied successfully to the
analysis of the bulk drug and its dosage forms. No interference was observed from common pharmaceutical adjuvants. Statistical
comparison of the results with the reference method shows excellent agreement and indicates no significant difference in accuracy

and precision. © 2001 Elsevier Science S.A. All rights reserved.
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1. Introduction

Amlodipine besylate 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. It is
chemically known as (4R,S)-3-ethyl 5-methyl 2-(2-
amino-ethoxy-methyl)-4-(2-chlorophenyl)-1,4-dihydro-
6-methyl  pyridine-3,5-dicarboxylate = monobenzene
sulphonate and is official in Martindale The Extra
Pharmacopoeia [1]. The main effects of this drug are
confined with peripheral and coronory vasodilator
properties. Therefore, the analysis of its dosage forms is
very important.

The assay procedure listed in European Pharmaco-
poeia for amlodipine besylate describes the reversed
phase high performance liquid chromatographic
method [2] for determination of the drug in bulk and
pharmaceutical formulations. Other methods based on
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high performance liquid chromatography [3-8], re-
versed phase high performance liquid chromatography
[9-11], high performance thin layer chromatography
[12—15], gas chromatography [16], gas chromatography
coupled with mass spectrometry [17], liquid chromatog-
raphy coupled with tandem mass spectrometry [18] and
fluorimetry [19] have been described in the literature.
Spectrophotometry as a quantitative analytical method
still belongs to the most frequently used analytical
techniques in pharmaceutical analysis. It provides prac-
tical and significant economic advantages over other
methods. Prasad and coworkers [20,21] have developed
two derivative spectrophotometric methods in com-
bined tablet preparations. The drug content in pharma-
ceutical preparations has been determined by two
spectrophotometric methods [22]. The first method is
based on the formation of an ion—pair complex of the
drug with bromothymol blue, which was extracted in
chloroform and measured at 405 nm. The other method
involved the formation of an oxidative coupling
product of the drug with 3-methyl-2-benzothiazolinone
hydrazone—HCI in the presence of ceric ammonium
sulfate. The charge-transfer reaction of amlodipine with
m-acceptors such as p-chloranilic acid [23] and chloranil
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[24] has been used for its assay in bulk and pharmaceu-
tical formulations. Recently, Jain and Agrawal [25]
have proposed spectrophotometric methods for simul-
taneous determination of amlodipine besylate and
lisinopril in tablet formulations based on multicompo-
nent mode of analysis over the range 300—190 nm using
four sampling points at 300, 271, 242 and 213 nm. The
other extractive spectrophotometric methods [26—30]
are also utilized for its assay in dosage forms. However,
many of these methods are limited in their applications
or rather much tedious and time consuming. There is,
therefore, a need for a simple spectrophotometric
method for the assay of amlodipine besylate.

The present paper describes a rapid, simple and
sensitive visible spectrophotometric method for the de-
termination of amlodipine besylate. The determination
is based on the reaction of the primary amino group of
the amlodipine besylate with ninhydrin in N,N'-
dimethylformamide medium.

2. Experimental

2.1. Apparatus

A Milton Roy Spectronic 20D* spectrophotometer
(Milton Roy Co., USA) was used for all absorbance
measurements. A water bath shaker (NSW 133, India)
was used to control the heating temperature for colour
development.
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Fig. 1. Effect of heating time on the formation of coloured product
(50 pg ml— ! drug + 9.0 x 10 =3 M ninhydrin).

2.2. Reagents and standards

All the reagents used were of analytical grade. A
0.1% amlodipine besylate (Wockhardt Ltd., India) solu-
tion was prepared in DMF. A 0.06 M ninhydrin (E.
Merck) solution was also prepared in DMF. Freshly
prepared ninhydrin solution was always used.

2.3. Procedure for the assay of amlodipine besylate

Aliquots of 0.10-0.60 ml amlodipine besylate stan-
dard solution (1 mg ml~!) were pipetted into a series of
boiling test tubes. To each test tube 1.5 ml of ninhydrin
solution was added, mixed well and heated on a water
bath at 100 + 1°C for 5 min. After heating, the solu-
tions were cooled at room temperature and transferred
to a 10 ml volumetric flask and diluted to volume with
DMF which corresponds to 10-60 pg ml~! concentra-
tion in the final reaction solution. The absorbance was
measured at 595 nm against a reagent blank treated
similarly. The concentration of amlodipine besylate was
calculated from calibration graph.

2.4. Procedure for the assay of amlodipine besylate in
pharmaceutical preparations

Twenty tablets were accurately weighed and pow-
dered. A portion equivalent to 50 mg amlodipine besy-
late was stirred with 20 ml of DMF, let stand for 10
min, the residue was filtered on a Whatman no. 42 filter
paper and washed with DMF. The filtrate and washing
were diluted to volume in a 50 ml volumetric flask and
subjected to the procedure for determination.

3. Results and discussion

The ninhydrin has been known as a reagent for the
detection of amino acids and amines since 1910 and
therefore, a number of theories have been put forward
to explain the mechanism of its reaction. It was sug-
gested that the reactions of ninhydrin with amine,
amino acids and imino acids all proceed by the same
mechanism [31] to give diketohydrindylidene—diketohy-
drindamine or the Ruhemann’s purple. This compound
would further react with amino group to give the
product which absorbed maximally at 595 nm.

The optimum conditions for determination of am-
lodipine besylate were established via a number of
preliminary experiments.

3.1. Effect of heating time
A 0.5 ml of 0.1% amlodipine besylate was mixed with

1.5 ml of 0.06 M ninhydrin solution. The reaction
mixture was heated on a water bath at 100 + 1°C. A
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coloured product was obtained and the intensity of the
colour was reached to maximum after four min of
heating and remained constant up to 10 min. The
content of the boiling tube was transferred to 10 ml
standard volumetric flask and diluted to volume with
DMEF. Hence, the absorbance was measured after 5 min
of heating. The results are shown in Fig. 1.

3.2. Effect of ninhydrin concentration

To 0.5 ml of 0.1% amlodipine besylate, different
volumes (0.2—1.5 ml) of 0.06 M ninhydrin were added.
The reaction mixtures were heated for 5 min on a water
bath at 100 + 1°C. The coloured product was diluted to
10 ml with DMF and the absorbance was measured
against a reagent blank at 595 nm. The results showed
that the highest absorbance was obtained with 1.3 ml
which remained unaffected with higher amounts of
ninhydrin (Fig. 2). A 1.5 ml of the reagent, therefore,
was added for the determination.

3.3. Analytical data

Beer’s law limit, molar absorptivity, detection limit,
regression equation and correlation coefficient were
obtained by least square treatment of results. The linear
relationship was found between absorbance at 4,,,, and
concentration of drug in the range 10-60 pug ml—!.
Regression analysis of Beer’s law plot at 595 nm yielded
the regression equation, 4 =0.001+ 1.149 x 10~2C
(where C = concentration in pg ml~!'). High values of
correlation coefficient (r =0.9999) and small value of
intercept validated the linearity of calibration curve and
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Fig. 2. Effect of ninhydrin concentration on the absorbance at 4, of

the coloured product (drug =50 pg ml—").

max

obedience to Beer’s law. The confidence limit for inter-
cept value at 95% confidence level was computed using
the relation a =+ 1S, [32] and found to be 0.001 &+
5.065 x 10 =%, This indicated the high reproducibility of
the proposed method. The molar absorptivity and the
detection limit were found to be 6.52 x 10° 1 mol ~!
cm~! and 0.22 pg ml—!, respectively. The detection
limit was calculated using the equation [33,34]:

—21t
Detection limit = S(Z)n -
n—15>

where n =number of samples; b = slope of line of re-
gression; ¢ = student’s z-value at 95% confidence level
and S2 = variance. The detection limit and the slope of
the calibration graph indicated the good sensitivity of
the method and the small value of variance, 9.96 x
10~ 7, confirmed the small degree of scattering of exper-
imental data points around the line of regression.

The reproducibility of the proposed method was
checked with ten replicate determinations of 0.4 mg of
amlodipine besylate, which gave average recovery of
100.09% with relative standard deviation of 0.66%.

Beer’s law limit and percent relative standard devia-
tions of the proposed method are comparable with that
of other spectrophotometric procedures described in the
literature (Table 1). It is worth noticing that Beer’s law
limit of the proposed method is quite comparable with
high precision.

In order to investigate the applicability of this spec-
trophotometric method to the determination of am-
lodipine  besylate alone or in pharmaceutical
preparations, the effect of the presence of some com-
mon excipients such as starch, talc, lactose and magne-
sium stearate was studied. It was found that the
common excipients did not interfere in the
determination.

The validity of the proposed method for the determi-
nation of drug in pharmaceutical preparations was
tested by applying the standard addition technique. The
results obtained were reproducible with low relative
standard deviations (0.21-0.45%) and the mean recov-
eries were in the range of 99.96—-100.12%. The results
are reported in Table 2.

Commercial formulations containing amlodipine be-
sylate were assayed successfully by the proposed
method. The results were compared to those obtained
by the reference method [35], based on reaction with
sodium hydroxide, which are listed in Table 3. The
performance of the proposed method was judged by
calculating 7- and F-values [36]. At 95% confidence
judged level, the calculated ¢- and F-values do not
exceed the theoretical values indicating no significant
difference between the proposed method and the refer-
ence method.

Amlodipine besylate, as all dihydropyridines, is sensi-
tive to day and UV light and undergoes decomposition
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Table 1
Comparison of Beer’s law limit and precision of proposed method with those from other spectrophotometric methods for the determination of
amlodipine besylate

Reagent Amax (M) Beer’s law limit (ug ml—!) RSD (%) References
Bromocresol green # 409.0 0-80 [29]
Bromophenol blue # 409.0 0-80 [29]

Methylene blue # 668.2 0-80 [29]

Sodium hydroxide 456.0 20-100 1.90 [35]
Bromothymol blue # 405.0 5-40 0.99 [22]

MBTH ® 630.0 5-40 0.87 [22]

Ninhydrin 595.0 10-60 0.66 present method

# Extractive method.
b 3_Methyl-2-benzothiazolinone hydrazone hydrochloride.

Table 2
Spectrophotometric determination of amlodipine besylate in pharmaceutical preparations by standard addition method

Preparations * Amount taken (ug ml~!') Amount added (ug ml—!) Total amount found (ug ml—!)® Recovery (%) RSD (%)°

Myodura-10 10.00 20.00 29.99 99.96 0.28
20.00 20.00 39.99 99.97 0.21
Amlong-10 10.00 20.00 30.02 100.06 0.44
20.00 20.00 40.05 100.12 0.45
Amlogard-10 10.00 20.00 30.02 100.06 0.44
20.00 20.00 40.02 100.05 0.33
Amlosun-10 10.00 20.00 30.02 100.06 0.44
20.00 20.00 40.02 100.05 0.45
Amloz-10 10.00 20.00 30.02 100.06 0.44
20.00 20.00 40.05 100.12 0.45
Amtas-10 10.00 20.00 29.99 99.96 0.28
20.00 20.00 39.99 99.97 0.21

4 Drug samples are in tablet form.
b Five independent analyses.

Table 3
Spectrophotometric determination of amlodipine besylate in pharmaceutical preparations by the proposed method and reference method

Pharmaceutical preparations Labelled amount (mg) Proposed method Reference method [35] feate F.©
Recovery (%) RSD (%)* Recovery (%) RSD (%) #

Myodura 10 100.02 0.42 100.02 0.27 0.023  2.33
Amlong 10 99.97 0.34 100.02 0.27 0.128 1.55
Amlogard 10 100.10 0.50 100.02 0.35 0.047  2.08
Amlosun 10 100.10 0.50 100.02 0.35 0.139  2.08
Amloz 10 100.15 0.42 100.05 0.24 0238 294
Amtas 10 100.02 0.42 100.15 0.40 0.239 1.06

2 Five independent analyses.

 Theoretical value for ¢ at 95% confidence level is 2.306.

¢ Theoretical value for F at 95% confidence level is 6.39.
to give pyridine derivative. The drug and its photoprod- It is concluded that the proposed method is sensitive,
ucts contain amino group. Therefore, the proposed simple, rapid and selective for determination of am-
method is unable to distinguish the drug from its lodipine besylate in bulk and commercial formulations
photoproducts. However, the determination was done with good accuracy and precision. The short analysis
under a condition where contact with light was com- time and low cost are the main advantages of the

pletely avoided. developed method for routine analysis.



N. Rahman, S.N.H. Azmi /1l Farmaco 56 (2001) 731-735 735

Acknowledgements

The authors are grateful to Professor Saidul Zafar
Qureshi, Chairman, Department of Chemistry, Aligarh
Muslim University, Aligarh for providing research fa-
cilities. The authors wish to express their gratitude to
M/s Wockhardt Ltd., India for the sample of pure
amlodipine besylate and to Dr S.M. Jaweed M for
cooperation and encouragement to carry out this work.

References

[1] Martindale The Extra Pharmacopoeia, 31st edn., Royal Pharma-
ceutical Society, London, 1996, pp. 819-820.

[2] European Pharmacopoeia, 3rd edn, Council of Europe — Stras-
bourg, 2001 Supplement, pp. 431-432.

[3] U.P. Halker, N.P. Bhandari, S.H. Rane, High performance
liquid chromatographic simultaneous determination of amlodip-
ine and enalapril maleate from pharmaceutical preparation, In-
dian Drugs 35 (1988) 168-169.

[4] K. Shimooka, Y. Sawada, H. Tatematsu, Analysis of amlodipine
in serum by a sensitive high performance liquid chromatographic
method with amperometric detection, J. Pharm. Biomed. Anal. 7
(1989) 1267-1272.

[5] P.K.F. Yeung, S.J. Mosher, P.T. Pollack, High performance
liquid chromatography assay for amlodipine: chemical stability
and pharmacokinetics in rabbits, J. Pharm. Biomed. Anal. 9
(1991) 565-571.

[6] R.V. Patki, C.P. Tamhanker, H.P. Tipnis, Simple and rapid high
performance liquid chromatographic estimation of amlodipine in
pharmaceutical dosage forms, Indian Drugs 31 (1994) 560—-561.

[71 M. Josefsson, A.-L. Zackrisson, B. Norlander, Sensitive high
performance liquid chromatographic analysis of amlodipine in
human plasma with amperometric detection and a single step
solid-phase sample preparation, J. Chromatogr., B: Biomed.
Appl. 672 (1995) 310-313.

[8] F. Shang, K. Shang, Determination of amlodipine in tablets by
HPLC, Zhonggno Yiyao Gongye Zazhi 27 (1996) 411-413.

[9] A.B. Avadhanulu, J.S. Srinivas, Y. Anjaneyulu, Reverse phase
HPLC determination of amlodipine in drugs and its pharmaceu-
tical dosage forms, Indian Drugs 33 (1996) 36—40.

[10] S.R. Sankar, M.J. Nanjan, M. Vasudevan, N. Shaat, B. Suresh,
Simultaneous estimation of atenolol and amlodipine in formula-
tions by reversed phase-HPLC, Indian J. Pharm. Sci. 59 (1997)
171-173.

[11] V.J. Dhorda, N.B. Shetkar, Reversed phase high performance
liquid chromatographic determination of ramipril and amlodip-
ine in tablets, Indian Drugs 36 (1999) 638-641.

[12] T.G. Chandrashekhar, P.S.N. Rao, K. Smrita, S.K. Vyas, C.
Dutt, Analysis of amlodipine besylate by HPTLC with fluorimet-
ric detection: a sensitive method for assay of tablets, J. Planar
Chromatogr., Mod. TLC 7 (1994) 458—460.

[13] K.K. Pandya, M. Satia, T.P. Gandhi, I.A. Modi, R.I. Modi,
B.K. Chakravarthy, Detection and determination of total am-
lodipine by high performance thin layer chromatography: a
useful technique for pharmacokinetic studies, J. Chromatogr., B:
Biomed. Appl. 667 (1995) 315-320.

[14] K. Ilango, P.B. Kumar, V.R.V. Prasad, Simple and rapid high
performance thin layer chromatographic determination of am-
lodipine in pharmaceutical dosage forms, Indian J. Pharm. Sci.
59 (1997) 336-337.

[15] A.P. Agrekar, S.G. Powar, Simultaneous determination of
atenolol and amlodipine in tablets by high performance thin

layer chromatography, J. Pharm. Biomed. Anal. 21 (2000) 1137—
1142.

[16] A.P. Beresford, P.V. Macrae, D.A. Stopher, B.A. Wood, Analy-
sis of amlodipine in human plasma by gas chromatography, J.
Chromatogr. 420 (1987) 178—183.

[17] Y. Feng, Q. Meng, X. Guo, D. Yang, Y. He, Human plasma
amlodipine GC-MS determination, Guangdong Yaoxueyuan
Xuebao 14 (1998) 111-112, 118.

[18] T. Yasuda, M. Tanaka, K. Iba, Quantitative determination of
amlodipine in serum by liquid chromatography with atmospheric
pressure chemical ionization tandem mass spectrometry, J. Mass
Spectrom. 31 (1996) 879-884.

[19] Y.E. Mohamed, M.E.K. Naglaa, A.M. Bahia, G.M. Nashwa,
Fluorimetric determination of amidarone, amlodipine and
propafenone, Bull. Fac. Pharm. 36 (1998) 1-9.

[20] C.V.N. Prasad, C. Parihar, T.R. Chowdhary, S. Purohit, P.
Parimoo, Simultaneous determination of atenolol-amlodipine
and haloperidol—trihexyphenidyl in combined tablet prepara-
tions by derivative spectroscopy, Pharm. Pharmacol. Commun. 4
(1998) 325-330.

[21] C.V.N. Prasad, R.N. Saha, P. Parimoo, Simultaneous determi-
nation of amlodipine—enalapril maleate and amlodipine—
lisinopril in combined tablets preparations by derivative
spectrophotometry, Pharm. Pharmacol. Commun. 5 (1999) 383—
388.

[22] K. Sridhar, C.S.P. Sastry, M.N. Reddy, D.G. Sankar, K.R.
Srinivas, Spectrophotometric determination of amlodipine besy-
late in pure forms and tablets, Anal. Lett. 30 (1997) 121-133.

[23] N. Rahman, S.N.H. Azmi, Spectrophotometric determination of
amlodipine besylate by charge-transfer complex formation with
p-chloranilic acid, Anal. Sci. 16 (2000) 1353—1356.

[24] M.Y. Ebeid, N.M. El-kousy, B.A. Mousa, N.G. Mohamed,
Contribution to the methods of determination of some cardio-
vascular drugs, Egypt. J. Pharm. Sci. 39 (1998) 31-43.

[25] H.K. Jain, R.K. Agrawal, Spectrophotometric methods for
simultaneous determination of amlodipine besylate and lisinopril
in tablets, Indian Drugs 37 (2000) 196—-199.

[26] G. Cetin, S. Sungur, A spectrophotometric method for the
determination of amlodipine in pharmaceutical formulation, Sci.
Pharm. 63 (1995) 93-98.

[27] B.V.S. Lokesh, M.N. Reddy, D.G. Sanker, K. Sreedhar, Extrac-
tive spectrophotometric determination of amlodipine, East.
Pharm. 39 (1996) 125-126.

[28] M.N. Reddy, G.T. Rani, K.V.S.P. Rao, D.G. Sankar, K. Sreed-
har, Extractive spectrophotometric determination of amlodipine
using eriochrome black-T and indigocarmine, Indian J. Pharm.
Sci. 59 (1997) 188—189.

[29] I. Singhvi, S.C. Chaturvedi, Visible spectrophotometric methods
for estimation of amlodipine besylate in tablets, Indian J. Pharm.
Sci. 60 (1998) 309-310.

[30] I. Singhvi, S.C. Chaturvedi, Spectrophotometric method for
determination of amlodipine besylate and benidipine hydrochlo-
ride from tablets, Indian J. Pharm. Sci. 61 (1999) 190-191.

[31] D.J. McCaldin, The chemistry of ninhydrin, Chem. Rev. 60
(1960) 39-51.

[32] J.N. Miller, Basic statistical methods for analytical chemistry:
part 2. Calibration and regression methods, Analyst 116 (1991)
3-14.

[33] B. Morelli, Spectrophotometric assay for chloramphenicol and
some derivatives in the pure form and in formulations, Analyst
108 (1983) 870—879.

[34] V.V. Nalimov, The Application of Mathematical Statistics to
Chemical Analysis, Pergamon Press, Oxford, 1963, p. 189.

[35] S.N. Meyyanathan, J. Joel, S. Scaria, S. Sowmya, B. Suresh,
Simple spectrophotometric analysis of amlodipine besylate, In-
dian Drugs 35 (1998) 296-297.

[36] G.D. Christian, Analytical Chemistry, 4th edn., Wiley, New
York, 1986, pp. 79-83.



