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a b s t r a c t

The present paper describes a simple isocratic reverse phase HPLC method for the determination of four
genotoxic alkyl benzenesulfonates (ABSs) viz. methyl, ethyl, n-propyl and isopropyl benzenesulfonates
(MBS, EBS, NPBS and IPBS) in amlodipine besylate (ADB). Good resolution between benzene sulfonic
acid (BSA), MBS, EBS, NPBS, IPBS and ADB was achieved with Inertsil ODS 3V (150 mm × 4.6 mm, 5 �m)
column using a 65:35 (v/v) mixture of 1% triethyl amine, pH adjusted to 3.0 with orthophosphoric acid and
acetonitrile as mobile phase. The flow rate was 1.0 ml/min and the elution was monitored at 220 nm. The
factors involved in the method development are discussed. This method was validated as per International
Conference on Harmonization (ICH) guidelines and is able to quantitate MBS, EBS, NPBS and IPBS at 21,
Validation

Genotoxins
Alkyl benzenesulfonates
A

32, 35 and 28 ppm levels, respectively with respect to 5 mg/ml of ADB. The method is linear in range of
75–180 ppm of ABSs, which matches the range of 50–120% of estimated permitted level (150 ppm) of
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mlodipine besylate ABSs. ABSs were not prese

. Introduction

Regulatory issues related to the presence of genotoxic impurities
ave arisen with a greater frequency due to enhanced technologi-
al capability in identifying impurities and increased focus on their
otential impact on human health [1]. As per the guideline from
he European Medicines Agency on the limits of genotoxic impuri-
ies, a threshold of toxicological concern (TTC) value of 1.5 �g/day
ntake of a genotoxic impurity is considered to be associated with
n acceptable risk for most of the pharmaceuticals. The concentra-
ion limit of permitted genotoxic impurity in ppm is the ratio of TTC
n microgram/day and dose in gram/day [2].

Amlodipine besylate (ADB), chemically described as 3-ethyl-
-methyl-(4RS)-2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-
-methyl-1,4-dihydropyridine-3,5-dicarboxylate benzenesul-
onate is an anti hypertensive agent [3–6]. Since, benzene sulfonic
cid (BSA) or besylate is the counter ion of ADB, the usage of
ethyl, ethyl, n-propyl or isopropyl alcohol either at any stage of
ynthesis or crystallization, leads to the formation of genotoxic
ethyl, ethyl, n-propyl and isopropyl benzenesulfonates (MBS,

BS, NPBS and IPBS), respectively (Scheme 1) [7]. ADB is admin-
stered at a maximum daily dose of 10 mg/day [8] in the form

∗ Corresponding author.
E-mail address: karipeddi rk@yahoo.com (K. Ramakrishna).

2

2

e
M
w

731-7085/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2008.05.021
the three studied pure and tablet batches of ADB.
© 2008 Elsevier B.V. All rights reserved.

f tablets (2.5, 5.0, 10.0 mg with trade name as Amlo-H). Hence,
he estimated permitted level of ABSs (alkyl benzenesulfonates)
n ADB is 150 ppm/day. In literature, two GC–MS [9,10] and one
C–MS methods [11] were found for the determination of ABSs.
ecently, D.P. Elder et al., reviewed about the control and analysis
f alkyl esters of alkyl and aryl sulfonic acids in novel active phar-
aceutical ingredients [12]. However, all the reported methods

nvolve highly sophisticated instruments, which are not generally
vailable in most of the up coming pharmaceutical industries and
o report is concentrated on the analysis of ABSs in ADB. Therefore,

n continuation to our previous publication on the determination
f genotoxic alkyl methanesulfonates in a drug substance [13],
e have developed a simple isocratic RP-HPLC method that can

uantitate at permitted levels of ABSs in ADB. This method is
alidated as per ICH guidelines [14] in terms of limit of detection
LOD), limit of quantification (LOQ), linearity, precision, accuracy,
pecificity and robustness.

. Experimental

.1. Chemicals
All chemicals and solvents were of analytical grade. Tri-
thyl amine and acetonitrile (HPLC grade) were procured from
erck, India. Methyl benzenesulfonate and ethyl benzenesulfonate
ere purchased from Sigma–Aldrich Corporation, Bangalore, India.

http://www.sciencedirect.com/science/journal/07317085
mailto:karipeddi_rk@yahoo.com
dx.doi.org/10.1016/j.jpba.2008.05.021
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column was selected because of its appreciable carbon loading.
In this condition, good separation was achieved for all the com-
pounds with out any blank interference. However, the problem was
with longer retention times. Finally, a short column (Inertsil ODS
3V, 150 mm × 4.6 mm × 5 �m) was selected. pH of the buffer was

Table 1
LOD, LOQ and linear regression analysis and precision data

Parameter MBS EBS NBPS IPBS

LOD (ppm)a 7 11 12 9
LOQ (ppm)a 21 32 35 28
Linear range (ppm)a 75–180 75–180 75–180 75–180
Slope 835 945 687 993
Intercept 331 678 898 915
Scheme 1. Formation of alkyl benzenesulfonates from amlodipine besylate.

sopropyl benzenesulfonate was purchased from Shanghai Synnad
hemical Co, Ltd., Shanghai, China. n-Propyl benzenesulfonate and
ure amlodipine besylate were obtained from our R & D division.
DB tablets (Code: Amlo-H) were obtained from the formulation
ivision of Hetero Drugs Ltd., Hyderabad, India.

.2. Chromatographic conditions

Analysis was carried out on Waters Alliance 2695 separation
odule equipped with 2996 PDA detector (Waters Corporation,
ilford, USA). However, for convenience, the elution was moni-

ored at 220 nm. Separation was achieved by using Inertsil ODS
V column (150 mm × 4.6 mm, 5 �m, GL Sciences Inc., Japan) with
obile phase containing a 65:35 (v/v) mixture of 1% triethyl amine,

H adjusted to 3.0 with orthophosphoric acid and acetonitrile. The
ow rate of the mobile phase was kept at 1.0 ml/min. Acetoni-
rile was used as diluent. Twenty microliters of sample solution
s injected each time.

.3. Sample preparation

One mg/ml individual stock solutions of MBS, EBS, NPBS, IPBS
ere prepared by dissolving 10 mg each of ABSs separately in 10 ml

f acetonitrile. These solutions were used for identifying retention
imes. Three mg each of alkyl benzenesulfonates and ADB dissolved
n 10 ml of diluent was used for resolution studies (Fig. 1). For val-
dation studies, required volumes of MBS, EBS, NPBS, IPBS stock
olutions and 50 mg of ADB were taken in 10 ml volumetric flask.
he contents were dissolved and diluted up to the mark with ace-

onitrile. Since ADB and all the four ABSs are soluble in acetonitrile,
ablet powder equivalent to 50 mg of ADB and required volumes
f MBS, EBS, NPBS, IPBS stock solutions were dissolved in 10 ml of
cetonitrile, sonicated well and the filtered solution was used for
nalysis.

C
P
I

ig. 1. LC chromatogram of 0.3 mg/ml each of ADB and alkyl benzenesulfonates.

. Results and discussion

.1. Method development

The present method was developed by altering stationary and
obile phases sequentially and observing their influence on the

esolutions of all the four ABSs, BSA and ADB. As a preliminary
nvestigation, Waters Symmetry C18 (150 mm × 4.6 mm × 5 �m)
olumn was selected as appropriate stationary phase. Since, all the
our ABSs were derived from benzenesulfonic acid, the investiga-
ion is commenced with a buffer at acidic pH. Hence, 0.1% formic
cid was chosen as an aqueous solution. Since, most of the com-
ounds under study have wavelength maximum as 220 nm, in
rder to avoid blank interference, acetonitrile was chosen as organic
olvent because of its low wavelength maximum (190 nm) when
ompared to methanol (205 nm). The buffer and acetonitrile ratio
as fixed as 75:25 (v/v). All the compounds were eluted, but the

esolution between MBS and NPBS is very low. Now, in order to
et a good resolution, the length of the column was increased and
hus Kromasil C18 (250 mm × 4.6 mm × 5 �m) column was opted
ith the same mobile phase, but no improvement in the resolu-

ion was observed. Then, it was planned to change mobile phase
nd hence, 0.02 M sodium dihydrogen phosphate aqueous solution,
H adjusted to 5.4 with 1 M sodium hydroxide solution in combi-
ation with acetonitrile in 60:40 (v/v) ratio was used with above
olumn. Good resolution for all the compounds were achieved but
lank interference in EBS peak was observed. Since, EBS is to be
uantified at a low level, blank interference was considered as a
ajor problem. Now, 1% triethyl amine in water, pH adjusted to

.0 with orthophosphoric acid with acetonitrile in 75:25 (v/v) ratio
as selected. However, Inertsil ODS 3 V (250 mm × 4.6 mm × 5 �m)
orrelation coefficient 0.9999 0.9998 0.9997 0.9999
recision (% R.S.D.)b 0.43 0.98 0.63 0.87
ntermediate Precision (% R.S.D.)b 1.52 1.81 1.92 1.12

a LOD, LOQ and linear ranges are given in ppm with respect to 5 mg/ml of ADB.
b Six determinations using 150 ppm of ABS with respect to 5 mg/ml of ADB.
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Table 2
Evaluation of accuracy and specificity of the proposed method

Sample % Recovery of MBSa (mean ± % R.S.D.) % Recovery of EBS* (mean ± % R.S.D.)

75 ppm 150 ppm 180 ppm 75 ppm 150 ppm 180 ppm

Pure sample-1 98.5 ± 0.26 99.3 ± 0.45 98.1 ± 0.33 99.5 ± 0.56 99.5 ± 0.33 99.7 ± 0.66
Pure sample-2 99.6 ± 0.76 99.2 ± 0.12 98.3 ± 0.78 98.5 ± 0.45 99.6 ± 0.65 98.7 ± 0.78
Pure sample-3 98.3 ± 0.79 99.5 ± 0.12 98.7 ± 0.90 99. 6 ± 0.65 99.1 ± 0.76 98.3 ± 0.56
Tablet-1 99.8 ± 1.11 98.3 ± 1.23 98.5 ± 1.30 98.7 ± 1.21 98.9 ± 1.13 99.8 ± 1.32
Tablet-2 99.1 ± 1.32 98.6 ± 1.24 99.9 ± 1.65 98.1 ± 1.23 99.4 ± 1.08 99.9 ± 1.77
Tablet-3 99.7 ± 1.51 98.7 ± 1.56 99.3 ± 1.67 99.8 ± 1.13 98.6 ± 1.89 98.8 ± 1.74

Sample % Recovery of NPBSa (mean ± % R.S.D.) % Recovery of IPBSa (mean ± % R.S.D.)

75 ppm 150 ppm 180 ppm 75 ppm 150 ppm 180 ppm

Pure sample-1 99.5 ± 0.85 98.8 ± 0.34 99.6 ± 0.55 98.5 ± 0.61 99.1 ± 0.12 99.6 ± 0.76
Pure sample-2 99.6 ± 0.41 98.8 ± 0.52 99.4 ± 0.23 98.7 ± 0.65 99.3 ± 0.67 99.2 ± 0.15
Pure sample-3 99.7 ± 0.15 99.2 ± 0.77 98.4 ± 0.24 99.8 ± 0.43 99.7 ± 0.34 99.4 ± 0.22
Tablet-1 99.8 ± 1.54 98.6 ± 1.09 98.8 ± 1.32 99.6 ± 1.99 99.93 ± 1.38 98.6 ± 1.00
Tablet-2 99.1 ± 1.66 99.2 ± 1.00 99.8 ± 1.80 99.8 ± 1.45 98.4 ± 1.64 98.1 ± 1.38
T ± 1.1
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ablet-3 98.6 ± 1.28 98.8 ± 1.29 98.4

a Mean value of three determinations.

djusted to 3.0 with orthophosphoric acid and mobile phase ratio
as maintained in 65:35 ratio. All the ABSs, BSA and ADB were

luted at lower retention times with appropriate resolutions. Peak
hapes of all the alkyl benzenesulfonates were good. Even though
small distortion of ADB peak was observed, it was not consid-

red because the quantitation is mainly concentrated on ABSs but
ot on ADB. Room temperature was found to be adequate for the
nalysis.

.2. Method validation

The method validation was started by injecting 150 ppm indi-
idual solutions of ABSs with respect to 5 mg/ml of ADB and
etermining their S/N (signal to noise) ratios. Now, to determine
OD and LOQ values, ABSs concentrations were reduced sequen-
ially such that they yield S/N ratio as 3 and 10, respectively. The
etermined LOD and LOQ values were presented in Table 1. Linear-

ty for all the four ABSs was fixed in the range of 50–120% of the
stimated permitted level (viz.150 ppm with respect to 5 mg/ml
f ADB solution). Hence, 75, 100, 120, 150, 180 ppm solutions of
our ABSs were prepared and injected individually. The calibration
urves were drawn between the peak areas versus concentration of
BSs. The slope, intercept and correlation coefficient values were
erived from liner least-square regression analysis and the data
resented in Table 1 reveals that an excellent correlation existed
etween the peak areas and the concentrations of ABSs. The preci-
ion was evaluated at two levels viz. repeatability and intermediate
recision. Repeatability was checked by calculating the relative
tandard deviation (% R.S.D.) of six replicate determinations by
njecting six freshly prepared solutions containing 150 ppm of ABSs
n the same day. The same experiments were done on six different
ays for evaluating intermediate precision. The low % R.S.D. val-
es confirm the good precision of the developed method (Table 1).
hen three pure and tablet solutions of 5 mg/ml ADB were injected,

BSs were not at all detected in them. Hence, recovery studies by
he standard addition method were performed to evaluate accu-
acy and specificity. Accordingly, the accuracy of the method was
etermined by spiking 75, 150, 180 ppm of ABSs separately to three

atches of pure ADB (5 mg/ml). Each determination was carried
hree times. The recovery data indicates the accuracy of the method
Table 2). The specificity defined as the ability of method to mea-
ure the analyte specifically in the sample matrix, was determined
y analyzing the tablets of ADB. The recovery studies were per-

A

C
c

1 98.7 ± 01.34 99.2 ± 1.67 98.6 ± 1.90

ormed by spiking 75, 150, 180 ppm of ABSs separately to three
ifferent batch tablets of ADB (5 mg/ml). The recovery data is pre-
ented in Table 2 reveals that no extra amount of ABSs than spiked
as found in pure and tablets powders of ADB. It was also observed

hat the common excipients used in the tablets were not interfer-
ng at the retention times of ABSs and ADB. In addition, the peak
urities of all the alkyl benzenesulfonates were studied individ-
ally with PDA detector and found to be homogeneous with no
etectable impurities embedded in them. Hence, It was concluded
hat ABSs were not present in the three studied batches of pure
nd tablet formulations of ADB. The robustness of the method was
tudied with deliberate modifications in flow rate of the mobile
hase and column temperature. The flow rate of the mobile phase
as 1.0 ml/min and the same was altered by 0.2 units i.e. from 0.8

o 1.2 ml/min. The effect of column temperature on resolution was
tudied at 25 and 32 ◦C instead of room temperature (28 ◦C). The
esults revealed that these changes do not have any impact on chro-
atographic performance. However, the mobile phase components
ere held constant as described above. Stability of ABSs in diluent
as checked by keeping them in an auto sampler and observing

he variations in their peak areas. Methanol was initially tried as
iluent in sample preparation. It was observed that NPBS is get-
ing degraded in methanol with in a short time. Hence, acetonitrile
as chosen for this purpose and found that MBS, EBS, NPBS and

PBS were stable up to 9, 9, 8 and 6 h, respectively. Therefore, it is
ecommended to complete ABSs mixture analysis before 6 h of its
reparation in acetonitrile.

. Conclusions

The desired goal of this study is to develop a simple analytical
ethod that is capable of quantifying four unexpected alkyl ben-

enesulfonates in amlodipine besylate. Hence, a simple isocratic
P-HPLC method, which is able to quantify them at ppm level is
eveloped and validated. The information presented here could be
ery useful for monitoring of alkyl benzenesulfonates in ADB in its
ure and tablet forms.
cknowledgment

The authors are highly thankful to Dr. B. Parthasarathi Reddy,
MD, Hetero Drugs Limited, Hyderabad for providing facilities to
arry this research work.



2 tical a

R

[
[
[

30 N.V.V.S.S. Raman et al. / Journal of Pharmaceu

eferences

[1] International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use, ICH Harmonised Tripartite
Guideline, Guidance on Genotoxicity Testing and Data Interpretation for Phar-
maceuticals Intended for Human Use, S2 (R1); (2008).

[2] European Medicines Agency, Evaluation of Medicines for Human Use,
Guideline on the Limits of Genotoxic Impurities, CPMP/SWP/5199/02,
EMEA/CHMP/QWP/251344/2006 (2007).

[3] Indian Pharmacopoeia, The Indian Pharmacopoeia Commission, India, 2 (2007)

714-716.

[4] United States Pharmacopeia, The United States Pharmacopeial Convention,
Rockville, MD, 31 (2008) 1400-1401.

[5] British Pharmacopoeia, The Department of Health, Great Britain, 1 (2008) 137-
138.

[6] European Pharmacopoeia, Council of Europe, France, 6 (2008) 1173-1175.

[

[

nd Biomedical Analysis 48 (2008) 227–230

[7] S. Glowienke, W. Frieauff, T. Allmendinger, H.J. Martus, W. Suter, L. Mueller,
Mutat. Res. 581 (2005) 23–34.

[8] Physicians Desk Reference, Thomson PDR, Montvale, NJ, 61 (2007) 2508–
2514.

[9] R. Alzaga, R.W. Ryan, K.T. Worth, A.M. Lipczynski, R. Szucs, P. Sandra, J. Pharm.
Biomed. Anal. 45 (2007) 472–479.

10] I. Colon, S.M. Richoll, J. Pharm. Biomed. Anal. 39 (2005) 477–485.
11] G.E. Taylor, M. Gosling, A. Pearce, J. Chromatogr. A 1119 (2006) 231–237.
12] D.P. Elder, A. Teasdale, A.M. Lipczynski, J. Pharm. Biomed. Anal. 46 (2008) 1–

8.

13] K. Ramakrishna, N.V.V.S.S. Raman, K.M.V. Narayana Rao, A.V.S.S. Prasad, K. Sub-

haschander Reddy, J. Pharm. Biomed. Anal. 46 (2008) 780–783.
14] International Conference on Harmonisation of Technical Requirements for

Registration of Pharmaceuticals for Human Use, ICH Harmonised Tripartite
Guideline, Validation of Analytical Procedures: Text and Methodology, Q2 (R1);
(2005).


	Development and validation of RP-HPLC method for the determination of genotoxic alkyl benzenesulfonates in amlodipine besylate
	Introduction
	Experimental
	Chemicals
	Chromatographic conditions
	Sample preparation

	Results and discussion
	Method development
	Method validation

	Conclusions
	Acknowledgment
	References


