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bstract

A simple, precise, specific and accurate reverse phase HPLC method has been developed for the simultaneous determination of metoprolol
uccinate (MS) and amlodipine besylate (AB) in tablet dosage form. The chromatographic separation was achieved on Hypersil BDS cyano

250 mm × 4.6 mm, 5 �m) column using PDA detector. The mobile phase consisting of buffer (aqueous triethylamine pH 3) and acetonitrile in the
atio of 85:15 (v/v) at a flow rate of 1.0 mL/min was used. The method was validated according to the ICH guidelines with respect to specificity,
inearity, accuracy, precision and robustness.

2007 Elsevier B.V. All rights reserved.
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. Introduction

High blood pressure can be treated with number of drugs
epending upon the causes which are responsible for it. It is
ncreasingly appreciated that the elusive goal of a ’normal’ blood
ressure is achieved only if multi-drug therapy is employed [1].

Amlodipine besylate (AB), 2-[(2-aminoethoxy)-methyl]-
-(2-chlorophenyl) 1,4-dihydro-6-methyl-3,5-pyridine-dicar-
oxylic acid-3 ethyl-5 methyl ester, is a calcium channel
locker (Fig. 1a). It is used in the treatment of hypertension and
ngina [2].

Metoprolol succinate (MS), 1-[4-(2-methoxyethyl)-pheno-
y]-3-[(1-methylethylamino]-2-propanol (Fig. 1b) is a beta-
drenergic blocking agent, which reduces chest pain and lowers
igh blood pressure [2].

AB is not official with USP as well as with EP. USP 2006

escribes an HPLC method for determination of MS as extended
elease tablets [3]. Few HPLC methods are reported in the
iterature for the simultaneous determination of some antihy-
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ertensive drugs from pharmaceutical dosage forms [4–11]. So
ar, to our present knowledge, no HPLC method is reported
or the simultaneous determination of metoprolol succinate and
mlodipine besylate in dosage forms.

This paper describes the development and validation of a
creening method to simultaneously quantify AB (immediate
elease type) and MS (sustained release type) by liquid chro-
atography.

. Experimental

.1. Instrumentation

HPLC system (Waters 2695, Milford, USA) consisting of
uaternary gradient pump, autosampler, column oven and pho-
odiode array detector (PDA, Waters 2996) was employed for
nalysis. Chromatographic data was acquired using Empower
oftware.
.2. Reference substances, sample, reagents and chemicals

Active pharmaceutical ingredient (API) working standards
f amlodipine besylate (AB), metoprolol succinate (MS) and
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Fig. 1. Structures of (a) amlodipin

est samples (bilayered tablets with composition MS-50 mg and
B, equivalent to amlodipine-5 mg) were obtained from Ipca
aboratories Limited, Mumbai, India. HPLC grade acetonitrile,
ethanol and orthophosphoric acid were obtained from Merck,
umbai, India Limited. Triethylamine was from Spectrochem
umbai, India. High purity deionised water was obtained from
illipore, Milli-Q (Bedford, MA, USA) purification system.

.3. Chromatographic conditions

Hypersil BDS Cyano (250 mm × 4.6 mm, 5 �m) (Bellefonte,
A, USA) column was used as a stationary phase. The isocratic
obile phase consisting of a mixture of buffer (0.7% aqueous

riethylamine, pH 3.0 adjusted with orthophosphoric acid) and
cetonitrile in the ratio of 85:15 (v/v) was used throughout the
nalysis. The flow rate of the mobile phase was 1.0 mL/min.
etector signal was monitored at a wavelength of 254 nm. The

olumn temperature was kept ambient and injection volume was
0 �L.

.4. Solution preparation

.4.1. AB stock solution
AB standard stock solution was prepared by transferring

5.0 mg of amlodipine besylate working standard into a 100 mL
olumetric flask. A 20 mL portion of methanol was added, soni-
ated and cooled to room temperature. The solution was diluted
o the mark with mobile phase.

.4.2. Standard solution
Portion of 50.0 mg of metoprolol succinate working standard

as transferred into 100 mL volumetric flask and dissolved by
dding 30 mL of mobile phase. Further, a 20 mL of AB stock
olution was added, volume was adjusted with mobile phase to
btain a required solution containing 500 �g/mL of metoprolol
uccinate and 70 �g/mL of amlodipine besylate, respectively.

.5. Sample solution
Sample solution was prepared by transferring five tablets in
00 mL volumetric flask. One hundred millilitres methanol was
dded to disintegrate tablets completely by using ultrasonicator

p
S
e
w

late and (b) metoprolol succinate.

or 20 min. To this, 100 mL of mobile phase was added, soni-
ated and shaken for 15 min each. The volume was diluted to
he mark with mobile phase and mixed thoroughly. This solution
as filtered through 0.45 �m membrane filter. The standard and

ample solutions were found to be stable for at least 24 h.

.6. Validation procedure

The specificity of the method was determined by injecting
he sample solution containing excipients without drug having
oncentration same as that of the sample. Linearity solutions
ere prepared at 10 concentration levels from 10% to 200% of

nalyte concentration.
The accuracy of the method was carried out by adding known

mount of each drug corresponding to three concentration levels
0%, 100% and 120% of the label claim along with the excipi-
nts in triplicate The samples were given the same treatment as
escribed in Section 2.5.

Precision of the method was checked by carrying out six
ndependent assays of MS and AB test samples against quali-
ed working standard. Intermediate precision was performed by
nalyzing the samples by two different analysts using different
nstruments on different days.

Robustness was performed by deliberately changing the chro-
atographic conditions. The flow rate of the mobile phase was

hanged from 1.0 mL/min to 0.8 mL/min and 1.2 mL/min. The
rganic strength was varied by ±2%, while pH was varied by
0.2 units. Standard solution was injected six times in replicate

or each change.
Respective peak areas, dilution factors, sample and standard

eights were taken into account to quantitate the amounts of
B and MS in mg per tablet.

. Results and discussion

.1. Optimization of chromatographic conditions

In order to achieve simultaneous elution of the two com-

onents, different chromatographic conditions were attempted.
tationary phases like C8, C18 and cyano were used. Metoprolol
luted in all the stationary phases, while amlodipine was retained
ith C8 and C18 using different mobile phase compositions of
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Fig. 2. Chromatogram of tablet extract, showing well separated peaks of amlodipine (besylate peak at RT 3.9) and metoprolol.

Table 1
System suitability parameters

Component (n = 6) Area Peak symmetrya Theoretical platesa Capacity factora USP resolutiona
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3.2.4. Precision
The relative standard deviations (R.S.Ds.) were 0.10% for AB

and 0.04% for MS, which are well within the acceptable limit

Table 2
Accuracy data (analyte recovery)

Theoretical
(% of target level)

Amount added
(mg)

Amount
recovered (mg)

Recovery
(%)

Metoprolol
80 200.60 199.36 98.9

100 250.00 247.49 98.5
120 300.20 295.82 98.0

Amlodipine
S 619,697 1.77
B 1,063,488 1.68

a USP–NF 29 section 621, pp. 2135.

ater (pH 3.0 adjusted with o-phosphoric acid) and acetoni-
rile (65:35, 70:30 and 85:15 (v/v)). Both the components were
luted with cyano column. To avoid merging of besylate peak
tr = 3.9 min) with metoprolol peak (tr = 4.6 min) and to reduce
untime, the mobile phase composition was selected as water
pH 3)–acetonitrile, in the ratio of 85:15 (v/v). Although sub-
tantial separation was achieved with this mobile phase, a tailing
>2) was observed for amlodipine peak. To minimize the peak
ailing, triethyl amine (0.7%) was added as an organic modifier.
eak tailing for amlodipine was found to be well within the limit
f 2 at pH 3. To reduce the analysis time the gradient system was
lso employed but the peak area reproducibility for amlodipine
as found to be poor.
Under these optimized conditions, the analyte peaks were

ell resolved and free from tailing. The tailing factors were
1.5 for both the peaks. The elution order was MS (tr = 4.6 min)
nd AB (tr = 17.3 min), at a flow rate of 1.0 mL/min. The chro-
atogram was recorded at 254 nm as the overlaid PDA spectrum

f amlodipine and metoprolol showed maximum response at this
avelength. A chromatogram of tablet extract was recorded and

hown in Fig. 2.

.2. Method validation

The newly developed method was validated according to the
CH guidelines with respect to specificity, linearity, accuracy,
recision, and robustness [12]. System suitability was estab-
ished by injecting standard solution and results are shown in
able 1.
.2.1. Specificity
The chromatograms were checked for the appearance of

ny extra peaks. No chromatographic interference from the

1
1

n

4916 224.45 –
4514 842.13 19.09

ablet excipients was found. Peak purity was verified by
onfirming homogeneous spectral data for metoprolol and
mlodipine.

.2.2. Linearity
AB and MS showed linearity in the range of 42–98 �g/mL

nd 300–700 �g/mL, respectively. Linear regression equa-
ions and correlation coefficient (R2) are: YAB = 21529x − 8719
R2 = 1.00) and YMS = 1199x + 18782 (R2 = 1.00).

.2.3. Accuracy
The accuracy was expressed as the percentage of analytes

ecovered by the assay method. It was confirmed from results
hat the method is highly accurate (Table 2).
80 20.70 20.32 98.3
00 25.50 25.22 99.0
20 30.50 30.37 99.7

= 3 determinations.
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f 2.0%. The R.S.D’s. for intermediate precision were found to
e 0.31% for MS and 0.68% for AB.

.2.5. Robustness
In all deliberately varied conditions, the RSD of peak areas

f metoprolol and amlodipine were found to be well within the
cceptable limit of 2%. The tailing factor for both the peaks was
ound to be <1.5.

. Conclusion

Proposed HPLC method is specific, accurate and precise for
he simultaneous determination of amlodipine besylate (imme-
iate release type) and metoprolol succinate (sustained release
ype) from pharmaceutical dosage form.

The described method is suitable for routine analysis and
uality control of pharmaceutical preparations containing these
rugs either as such or in combination.
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