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Three  simple,  specific,  accurate  and  precise  spectrophotometric  methods  manipulating  ratio  spectra  are
developed  for  the  simultaneous  determination  of  Amlodipine  besylate  (AM)  and  Atorvastatin  calcium
(AT)  in  tablet  dosage  forms.  The  first  method  is  first  derivative  of  the ratio  spectra  (1DD),  the  second  is
ratio  subtraction  and  the  third  is  the  method  of  mean  centering  of  ratio  spectra.  The  calibration  curve  is
eywords:
pectrophotometry
erivative ratio
atio subtraction
ean centering

linear over  the  concentration  range  of  3–40  and 8–32  �g/ml  for AM  and  AT,  respectively.  These  meth-
ods  are  tested  by analyzing  synthetic  mixtures  of  the  above  drugs  and  they  are  applied  to  commercial
pharmaceutical  preparation  of  the  subjected  drugs.  Standard  deviation  is  <1.5  in  the  assay  of  raw  mate-
rials  and  tablets.  Methods  are  validated  as per ICH  guidelines  and  accuracy,  precision,  repeatability  and
robustness  are  found  to  be within  the  acceptable  limit.
torvastatin and Amlodipine

. Introduction

Amlodipine (AM), 2[(2-aminoethoxy) methyl]-4-(2-
hlorophenyl)-1,4-dihydro-6-methyl-3,5-pyridine carboxylic
cid,3-ethyl,5-methylester (Fig. 1) [1] is a dihydropyridine deriva-
ive with calcium antagonist activity. It is used in the management
f hypertension, chronic stable angina pectoris and prinzmetal’s
ariant angina [2].  AM inhibits the transmembrane influx of
alcium ions into vascular smooth muscle and cardiac muscle
3–5].

Atorvastatin (AT) is chemically described as
R-(R*,R*)]-2-(4-fluorophenyl)-�,�-dihydroxy-5-(1-methylethyl)-
-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic
cid, calcium salt (2:1) trihydrate (Fig. 2) [1].  AT is a selective,
ompetitive inhibitor of HMG-CoA reductase, the rate-limiting
nzyme that converts 3-hydroxy-3-methylglutaryl-coenzyme

 to mevalonate, a precursor of the sterols, including choles-
erol. It is used to reduce LDL-cholesterol, apolipoprotein B, and
riglycerides and to increase ATL-cholesterol in the treatment of
yperlipidaemias [2–4].

Caduet® is the first commercial product that has been launched
y Pfizer Ltd. for the simultaneous treatment of hypertension and

yslipidaemia [6].  Caduet® contains both AM besylate for the treat-
ent of high blood pressure and AT calcium for the treatment

f hypercholesterolaemia. Caduet® tablets are intended for oral
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administration and are available in several different strength com-
binations including 5(AM)/10(AT) mg,  10(AM)/10(AT) mg.

Literature survey revealed that Amlodipine besylate is official
in British Pharmacopoeia [7].  There are many reported methods
for the determination of either AM [8–10] or AT [11–13] alone, or
in combination with other drugs in pharmaceutical dosage forms
[14–20] or individually in biological fluids [21–24].  Different LC
methods [25–30],  spectrophotometric methods [31–33],  chemo-
metric methods [34], capillary electrophoresis [35], HPTLC [36],
have been reported for the estimation of AM and AT in their mix-
ture.

In this paper, three different methods manipulating ratio spec-
tra for the simultaneous determination of Amlodipine besylate and
Atorvastatin calcium in tablets are described. These methods show
very simple and accurate way for the analysis of this binary mixture
without the need of sophisticated instruments, expensive solvents
or large number of samples. The mathematical explanation of the
procedures is illustrated.

2. Experiment

2.1. Apparatus

Spectrophotometer: SHIMADZU dual beam UV–visible spec-
trophotometer (Kyoto/Japan), model UV-1650 PC connected to

IBM compatible and a HP1020 laserjet printer. The bundled
software, UV-Probe personal spectroscopy software version 2.21
(SHIMADZU) is used. The spectral band is 2 nm and scanning speed
is 2800 nm/min with 0.1 nm interval.

dx.doi.org/10.1016/j.saa.2011.08.005
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:hdarwish75@yahoo.com
dx.doi.org/10.1016/j.saa.2011.08.005
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laboratory-prepared mixtures
Fig. 1. Structural formula for Amlodipine besylate (MW = 567.05).

.2. Software

Matlab® version 7, release 14.

.3. Chemicals and reagents

Pure samples: Pure Amlodipine; kindly supplied by Al-Hekma
pharmaceutical Company, Cairo, Egypt, its purity is certified to
be 99.89 ± 0.691. Pure Atorvastatin; kindly supplied by Al-Delta
pharmaceutical Company, Cairo, Egypt, its purity is certified to
be 99.79 ± 0.461.
Market samples: Two Caduet® tablet dosage forms, labeled
to contain 5(AM)/10(AT) mg  batch number 1030039 and
10(AM)/10(AT) mg  batch number 0795049, manufactured by
Pfizer Ltd., Cairo, Egypt.
Methanol: Spectroscopy grade is purchased from El-NASR Phar-
maceutical Chemicals Co., Abu-Zaabal, Cairo, Egypt.

.4. Procedures

.4.1. Standard stock and working solutions
AM standard stock solution; 1 mg/ml  in methanol.
AT standard stock solution; 1 mg/ml  in methanol.
AM standard working solution; 80 �g/ml in methanol.
AT standard working solution; 80 �g/ml in methanol.

.4.2. Spectral characteristics of AM and AT

The zero-order (D0) absorption spectrum of 20 �g/ml of AM and

0 �g/ml of AT solution is recorded against methanol as a blank over
he range of 200–400 nm.

Fig. 2. Structural formula for Atorvastatin
Acta Part A 83 (2011) 140– 148 141

2.4.3. Construction of calibration curves
Aliquots equivalent to 40–400 �g/ml AM and 80–360 �g/ml AT

are accurately transferred from their standard working solutions
(80 �g/ml) into two  separate series of 10-ml volumetric flasks then
completed to volume with methanol. The spectra of the prepared
standard solutions are scanned from 200 to 400 nm and stored in
the computer.

2.4.3.1. For (1DD). For the determination of AM in presence of AT,
the stored spectra of AM are divided by the spectrum of 32 �g/ml
AT, smoothed with �� = 16 nm,  then the first derivative of the ratio
spectra (1DD) with ��  = 4 nm is obtained. The amplitude of the first
derivative peak of (AM/AT) is measured at 341.0 nm.  A calibration
graph relating the peak amplitude at 341.0 nm to the corresponding
concentrations in �g/ml of AM is constructed.

For the determination of AT in presence of AM,  the stored spec-
tra of AT are divided by the spectrum of 40 �g/ml AM,  then the first
derivative of the ratio spectra (1DD) with �� = 4 nm is obtained.
The amplitude of the first derivative peak of (AT/AM) is measured
at 294.0 nm.  A calibration graph relating the peak amplitude at
294.0 nm to the corresponding concentrations in �g/ml of AT is
constructed.

2.4.3.2. For ratio subtraction. A calibration curve is constructed
relating the absorbance of zero order spectra of AT at 246.6 nm to
the corresponding concentrations and the regression equation is
computed.

A calibration curve is constructed relating the absorbance of zero
order spectra of AM at 359.4 nm,  where AT shows no interference,
to the corresponding concentrations and the regression equation is
computed.

2.4.3.3. For mean centering. The scanned spectra of AM are divided
by the spectrum of 32 �g/ml AT and the obtained ratio spectra
are smoothed with ��  = 16 nm and then mean centered. The same
is applied to AT spectra as they are divided by the spectrum of
40 �g/ml AM and are then mean centered. The calibration curves
for both AM and AT are constructed by plotting the mean centered
values at 357.4 nm and 287.2 nm for AM and AT, respectively, versus
the corresponding concentration.

2.4.4. Application of the 1DD, ratio subtraction and mean
centering methods for the determination of AM and AT in
Aliquots equivalent to 80.0, 160.0, 240.0, 80.0, 80.0, 160.0 and
240.0 �g of AM are transferred from its standard working solu-
tion (80 �g/ml) into a series of 10-ml measuring flasks. Aliquots

 calcium trihydrate (MW  = 1209.42).
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used for the prediction of AT and AM concentrations, respectively,
in bulk powder as well as in laboratory prepared mixtures.

The absorption spectra of AM are divided by the absorption spec-
trum of 32 �g/ml AT and smoothed (Fig. 4), and the absorption
ig. 3. Zero order absorption spectrum of 20 �g/ml AM (—) and 20 �g/ml AT (- - -)
sing methanol as blank.

quivalent to 80.0, 80.0, 80.0, 160.0, 240.0, 240.0 and 160.0 �g of
T using its standard working solution (80 �g/ml) are added to

he same series of flasks, completed to volume with methanol and
ixed well.

.4.5. Application of the 1DD, ratio subtraction and mean
entering methods for the determination of AM and AT in Caduet®

ablets
Ten tablets of both Caduet® 5(AM)/10(AT) mg,

0(AM)/10(AT) mg  are accurately weighed and finely powdered.
or Caduet® 5(AM)/10(AT) mg,  an amount of the powder equiv-
lent to 1 mg  AM and 2 mg  AT; For Caduet® 10(AM)/10(AT) mg,
n amount of the powder equivalent to 2 mg  of both AM and AT,
s weighed, dissolved in methanol by shaking in ultrasonic bath
or about 30 min. The solutions are filtered and transferred quan-
itatively into two separate 100-ml volumetric flask. The volume
s then completed to the mark with methanol. Then necessary
ilutions are made to reach concentrations of linear range.

. Results and discussion

AM is co-formulated with AT in Caduet® tablets. It has wide
pplication in the treatment of hypertension and hypercholestero-
aemia. The aim of this work is to develop simple and accurate

ethods for the simultaneous determination of AM and AT in
ablets. Molecular absorption spectroscopy has been extensively
sed for the determination of drugs in pharmaceutical prepara-
ions with a view to the development of analytical methods. The
se of this technique for pharmaceutical analyses has the inher-
nt constraint that most active drugs absorb in the UV region and
xhibit strongly overlapped spectra that impede their simultane-
us determination. The zero-order absorption spectra (D0) of AM
nd AT showed overlapping, Fig. 3, which allow the analysis of AM
n presence of AT at 359.4 nm,  but prevent the analysis of AT in
resence of AM.

.1. 1DD

Salinas et al. [37] designed a spectrophotometric method, which
s based on the derivation of the ratio-spectra for resolving binary

ixtures. The main advantage of the ratio-spectra derivative spec-
rophotometry is the chance of doing easy measurements in

orrespondence of peaks so it permits the use of the wavelength
f highest value of analytical signals (a maximum or a minimum)
38–40]. Moreover, the presence of a lot of maxima and minima
s another advantage by the fact that these wavelengths give an
Fig. 4. Smoothed ratio spectra of AM (4–40 �g/ml) using 32 �g/ml of AT as a divisor
and  methanol as blank.

opportunity for the determination of active compounds in the pres-
ence of other compounds and excipients which possibly interfere
the assay. In this method the absorption spectrum of the mixture
(absorbance at each wavelength) is divided by the absorption spec-
trum of a standard solution of one of the components, and the first
derivative of the ratio spectrum is obtained. The concentration of
the other component is then determined from a calibration graph.

The main parameters that affect the shape of the ratio spectra
which are wavelength, scanning speed, the concentration of the
standard solution used as a divisor, the wavelength increment over
which the derivative is obtained (��) and the smoothing function
are carefully tested. The ratio spectra presented in Figs. 4 and 5, and
the first derivative of the ratio spectra presented in Figs. 6 and 7,
may  provide a good proof for this understanding. The effect of
wavelength scanning speed is studied. It is found that at high speed
noisy spectra are obtained while at low scanning speed, the noise
is decreased but a longer time is needed for the measurements, so
medium scanning speed is chosen to perform measurements. Effect
of divisor concentration is also tested, different concentrations of
divisor are used (40, 20, 4 �g/ml and normalized spectrum) of AM
and (32, 20, 8 �g/ml and normalized spectrum) of AT and the divi-
sor concentrations 40 and 32 �g/ml of AM and AT, respectively, are
found the best regarding average recovery percent when they are
Fig. 5. Ratio spectra of AT (8–32 �g/ml) using 40 �g/ml of AM as a divisor and
methanol as blank.
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ig. 6. First derivative of smoothed ratio spectra of AM (4–40 �g/ml) using 32 �g/ml
f  AT as a divisor and methanol as blank.

pectra of AT are divided by the absorption spectrum of 40 �g/ml
M (Fig. 5), for determination of AM and AT, respectively. These
ave the best compromise in terms of sensitivity, repeatability and
ignal to noise ratio. The choice of wavelength for the measure-
ent was carefully studied. For determination of AM,  by measuring

t 341.0 and 373.8 nm good linearity was observed but the recov-
ry percent at 341.0 nm was better, which may  be attributed to
ts higher signal to noise ratio. Measuring the amplitude between
41.0 and 373.8 nm did not show significant improvement in the
ecovery percent. For determination of AT, by measuring at 273,
82 and 294 nm good linearity was observed but the recovery per-
ent at 294.0 nm was the best, which may  be attributed to its higher
ignal to noise ratio. Measuring the amplitude between 282.0 and
94.0 nm did not show significant improvement in the recovery
ercent. The peak amplitudes of the first derivative of ratio spectra
re then recorded at 341.0 nm for AM and at 294.0 nm for AT. Good
inearity is obtained in the concentration range of 3.0–40.0 �g/ml
nd 8.0–32.0 �g/ml for both AM and AT, respectively, Figs. 6 and 7.
he linear regression equations are found to be:

= 2.6258C + 0.5300 r = 0.9994
AM

AT = 0.5061C + 0.0208 r = 0.9995

ig. 7. First derivative of ratio spectra of AT (8–32 �g/ml) using 40 �g/ml of AM as
 divisor and methanol as blank.
Fig. 8. Ratio spectra of laboratory prepared mixtures of AM (Y) and AT (X) using
40  �g/ml of AM (Y′) as a divisor and methanol as a blank.

where C is the concentration of AM and AT in �g/ml, P is the peak
amplitude of the first derivative of the ratio spectrum curve and r
is the correlation coefficient.

3.2. Ratio subtraction

The ratio subtraction technique [41] starts by scanning zero
order spectra of the prepared standard solutions of AT in methanol,
then the linearity is checked between absorbance at the selected
wavelength 246.6 nm and the corresponding concentration of AT.
The method depends on that, when a mixture of AT (X) and AM
(Y) where the spectrum of (Y) is more extended (Fig. 3), the
determination of (X) could be done by scanning the zero order
absorption spectra of the laboratory-prepared mixtures (AM and
AT), dividing them by carefully chosen concentration (40 �g/ml) of
standard AM (Y′ = divisor) producing a new ratio spectra that rep-
resent (X/Y′) + constant as shown in Fig. 8, then subtraction of the
absorbance values of these constants (Y/Y′) in plateau as shown in
Fig. 9, followed by multiplication of the obtained spectra by (Y′)
the divisor as shown in Fig. 10.  Finally, the original spectra of (X)
could be obtained which are used for direct determination of AT
at 246.6 nm and calculation of the concentration from the corre-
sponding regression equation.

A linear correlation is obtained between the absorbance and

the corresponding concentration of AT at 246.6 nm. The regression
equation is

PAT = 0.0384C + 0.0012 r = 0.9995

Fig. 9. Ratio spectra of laboratory prepared mixtures of AM (Y) and AT (X) using
40  �g/ml of AM (Y′) as a divisor and methanol as a blank after subtraction of the
constant.
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Table  1
Determination of AM and AT in laboratory prepared mixtures by the proposed spectrophotometric methods.

Concentration (�g/ml) 1DD method Ratio subtraction method Mean centering method

Recovery%a Recovery%a Recovery%a Recovery%a

AM AT AM AT AM AT AM AT

8 8 100.13 100.02 100.86 99.99 99.62 99.98
16  8 100.20 100.06 100.12 100.02 100.66 100.02
24 8 99.64  100.10 100.86 100.02 100.87 100.04
8 16 99.04  98.91 98.86 98.49 101.04 98.51
8 24  98.58 99.36 100.80 99.17 99.31 99.10
16  24 101.25 101.75 99.89 101.54 99.77 101.47
24  16 99.26 101.52 101.63 102.30 100.97 99.66
Mean 99.73 100.25 100.43 100.22 100.32 99.83
S.D. 0.888 1.046 0.893 1.311 0.727 0.923
RSD% 0.890 1.043 

a Average of four determinations.

Fig. 10. The zero order absorption spectra of AT obtained by the proposed ratio sub-
t
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raction method for the analysis of laboratory prepared mixtures after multiplication
y the divisor (Y′).

here C is the concentration of AT in �g/ml, P is the peak amplitude
f the zero order spectrum of AT at 246.6 nm,  and r is the correlation
oefficient.

On the other hand for determination of AM alone a calibration
urve is constructed relating the absorbance of zero order spectra
f AM at � 359.4 nm,  where AT shows no absorbance (Fig. 3), to
he corresponding concentrations and the regression equation is
omputed.
AM = 0.0110C + 0.0026 r = 0.9995

ig. 11. Mean centered ratio spectra of AM (4–40 �g/ml) using 32 �g/ml of AT as a
ivisor and methanol as blank.
0.889 1.308 0.725 0.925

where C is the concentration of AM in �g/ml, P is the peak ampli-
tude of the zero order spectrum of AM at 359.4 nm, and r is the
correlation coefficient.

3.3. Mean centering

For further improvement of the selectivity to resolve the over-
lap present between AM and AT, a simple method is applied; this
method is based on the mean centering [42,43] of ratio spectra.
It eliminates the derivative step and therefore the signal-to-noise
ratio is enhanced [42,43].

To explain the mean centering expression, let us consider a three
dimensional vector [44].

Y =
[

5
1
3

]

We  center or mean center (MC) this column by subtracting the
mean of three numbers

Calling : y′ =
[

3
3
3

]

[ ] [ ] [ ]
Fig. 12. Mean centered ratio spectra of AT (8–32 �g/ml) using 40 �g/ml of AM as a
divisor and methanol as blank.
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Table 2
Determination of AM and AT in Caduet® tablets by the proposed spectrophotometric methods and the reported HPLC method [30] and application of standard addition technique.

Product Reported HPLC method Taken (�g/ml) Added (�g/ml) Standard addition

1DD Method Ratio subtraction method Mean centering method

Found (�g/ml) Recovery% a Found (�g/ml) Recovery% a Found (�g/ml) Recovery% a

Caduet® 5/10 AM 100.73 ± 0.973 6 4 4.070 101.75 4.098 102.45 4.071 101.78
6 5.975  99.58 5.945 99.08 5.997 99.95
8 8.141  101.76 8.130 101.63 8.018 100.23

Mean 101.03 101.05 100.65
SD 1.255  1.755 0.984

RSD% 1.242 1.736 0.978
AT 99.68 ±  1.181 12 8 7.874 98.43 8.204 102.55 7.894 98.68

12 12.215  101.79 12.013 100.11 12.105 100.88
16 15.798  98.74 15.989 99.93 16.089 100.56

Mean 99.65 100.86 100.04
SD 1.860  1.463 1.189

RSD%  1.867 1.451 1.188
Caduet® 10/10 AM 100.12 ± 0.986 12 8 8.054 100.68 8.091 101.14 8.062 100.78

12 12.275  102.29 12.315 102.63 12.239 101.99
16  16.189 101.18 16.129 100.81 16.091 100.57

Mean 101.38 101.52 101.11
SD 0.827  0.969 0.769

RSD% 0.816 0.954 0.760
AT  99.04 ± 0.886 12 8 8.164 102.05 8.238 102.98 8.170 102.12

12 12.072  100.60 12.211 101.76 12.244 102.03
16 16.016  100.10 16.158 100.99 16.097 100.61

Mean 100.92 101.91 101.59
SD 1.013  1.002 0.850

RSD% 1.004 0.983 0.837

a Average of four determinations.
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Table  3
Statistical comparison for the results obtained by the proposed spectrophotometric methods and the reported method [30] a for the analysis of AM and AT in Caduet® tablets.

Value 1DD method Ratio subtraction method Mean centering method Reported HPLC method

AM AT AM AT AM AT AM AT

Meanb 101.21 100.29 101.29 101.39 100.88 100.81 101.04 100.60
SD  0.969 1.506 1.296 1.260 0.829 1.253 0.836 1.172
RSD%  0.958 1.502 1.279 1.243 0.822 1.243 0.828 1.165
N 6 6 6 6  6 6 6 6
Variance 0.940 2.268 1.679 1.588 0.699 1.570 0.699 1.374
Student’s t testc 0.328 (2.228) 0.404 (2.228) 0.405 (2.228) 1.120 (2.228) 0.316 (2.228) 0.305 (2.228) – –
F  Valuec 1.344 (5.050) 1.651 (5.050) 2.401 (5.050) 1.156 (5.050) 1.018 (5.050) 1.142 (5.050) – –

a Perfectsil® Target ODS-3 column using a mobile phase consisting of acetonitrile – 0.025 M NaH2PO4 buffer (pH 4.5) (55:45, v/v) at a flow rate of 1 ml/min and UV detection
a

® 5(A
F at (P
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t  237 nm.
b Mean of recovery for AM and AT in the three different concentrations in Caduet
c The values in the parenthesis are the corresponding theoretical values of t and 

Consider a mixture of two compounds x and y. If there is no
nteraction among the compounds and Beer’s law is obeyed for each
ompound, it can be written as follows:

m = ˛xCx + ˛yCy (1)

here Am is the vector of the absorbance of the mixture, ˛x and ˛y

re the molar absorptivity vectors of x and y; and Cx and Cy are the
oncentrations of x and y, respectively.

If Eq. (1) is divided by ˛y corresponding to the spectrum of a stan-
ard solution of y in binary mixture, the ratio spectrum is obtained

n the form of Eq. (2) (for possibility of dividing operation, the zero
alues of ˛y should not be used as a divisor):

 = Am

˛y
= ˛xCx

˛y
+ Cy (2)

If Eq. (2) is mean centered (MC), since the mean centering of a
onstant (Cy) is zero, Eq. (3) would be obtained:

C(B) = MC

[
˛xCx

˛y

]
(3)

Eq. (3) represents the mathematical foundation of bi-
omponent analysis that permits the determination of concentra-
ion of each of the active compounds in the solution (x in this
quation) without interfering from the other compound of the
inary system (y in these equations). Eq. (3) shows that there is a

inear relation between the amount of MC(B) and the concentration
f x in the solution.

A calibration curve could be constructed by plotting MC(B)
gainst concentration of x in the standard solutions of x or in the

tandard binary mixtures. For more sensitivity the amount of MC(B)
orresponding to maximum or minimum wavelength should be
easured. Calibration graphs for y could also be constructed as

escribed for x.

able 4
ssay validation sheet of the proposed spectrophotometric methods for the determinatio

Parameter 1DD method Rati

AM AT AM 

Accuracy (mean ± SD) 99.94 ± 1.746 99.69 ± 1.390 100.
Precision

Repeatabilitya 99.87 ± 1.134 100.27 ± 1.132 99.3
Intermediate precisionb 99.72 ± 0.961 100.72 ± 0.964 99.4

Robustness 100.24 ± 0.858 101.04 ± 0.925 100.
Linearity

Slope  2.6258 0.5061 0.01
Intercept 0.5300 0.0208 0.00
Correlation coefficient, r 0.9994 0.9995 0.99
Range  3–40 �g/ml 8–32 �g/ml 3–40

a The intraday (n = 3), average of three concentrations (12, 16, and 20 �g/ml) for AM an
b The interday (n = 3), average of three concentrations (12, 16, and 20 �g/ml) for AM an
M)/10(AT) mg,  10(AM)/10(AT) mg.
 = 0.05).

Mean centering method is applied to quantitatively determine
both AM and AT in their laboratory prepared mixtures and in
their pharmaceutical preparations. The absorption spectra of AM
are divided by the absorption spectrum of 32 �g/ml AT and the
absorption spectra of AT are divided by the absorption spectrum
of 40 �g/ml AM for determination of AM and AT, respectively
(Figs. 4 and 5). The obtained ratio spectra are mean centered and
the concentrations of AM and AT are determined by measuring the
amplitude at 357.4 and 287.2 nm,  respectively (Figs. 11 and 12). The
linear regression equations are found to be:

MCNAM = 4.6640C + 1.0217 r = 0.9995

MCNAT = 0.6385C + 0.0136 r = 0.9996

where C is the concentration of AM and AT in �g/ml, MCN  is the
peak amplitude of the mean centered ratio spectrum curve and r is
the correlation coefficient.

The selectivity of the proposed procedures is assessed by the
analysis of laboratory prepared mixtures containing different ratios
of the two  drugs, where satisfactory results are obtained over the
calibration ranges as shown in Table 1. The proposed procedures
are also applied for the determination of AM and AT in Caduet®

tablets. The validity of the proposed procedures is further assessed
by applying the standard addition technique. The results obtained
are shown in Table 2. Results obtained by the proposed procedures
for the determination of pure samples of AM and AT are statistically
compared to those obtained by the reported HPLC method [30].
In the reported method separation was  achieved on a Perfectsil®
Target ODS-3, 5 �m,  250 mm  × 4.6 mm i.d. column using a mobile
phase consisting of acetonitrile – 0.025 M NaH2PO4 buffer (pH
4.5) (55:45, v/v) at a flow rate of 1 ml/min and UV detection at
237 nm.  The results showed no significant differences between the

n of AM and AT.

o subtraction method Mean centering method

AT AM AT

49 ± 1.742 99.89 ± 1.534 99.92 ± 1.730 99.46 ± 1.549

5 ± 1.406 100.23 ± 0.971 99.45 ± 1.053 100.26 ± 1.052
5 ± 1.052 100.32 ± 0.627 99.56 ± 0.274 100.35 ± 1.124
54 ± 1.024 100.96 ± 0.960 99.97 ± 0.761 100.06 ± 0.807

10 0.0044 4.6640 0.6381
26 0.0001 1.0217 0.0241
95 0.9997 0.9995 0.9997

 �g/ml 8–32 �g/ml 3–40 �g/ml 8–32 �g/ml

d AT repeated three times within the day.
d AT repeated three times in three successive days.



imica 

p
v

4

4

c
4
r
e

4

p
a
i
w
A
d
a
m
t
(
g

4

e
r

4

t
a
p

4

m
t
d

4

4

a
p
l

4

f
p
l

[
[
[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

H.W. Darwish et al. / Spectroch

roposed methods and the reported one as presented in Table 3. A
alidation sheet is also presented in Table 4.

. Method validation

Validation was done according to ICH recommendations [45].

.1. Linearity

The linearity of the methods was evaluated by analyzing 10 con-
entrations of AM and seven concentrations of AT ranging between
–40 �g/ml and 8–32 �g/ml, respectively. Each concentration was
epeated four times. The assay was performed according to the
xperimental conditions previously mentioned (Table 4).

.2. Accuracy

The accuracy of the results was checked by applying the pro-
osed methods for determination of different blind samples of AM
nd AT. The concentrations were obtained from the correspond-
ng regression equations. From which the percentage recoveries

ere calculated with mean percentage recovery shown in Table 4.
ccuracy of the methods was further assured by the use of the stan-
ard addition technique, it was performed by addition of known
mounts of pure AM and AT to known concentrations of the phar-
aceutical preparation the resulting mixtures were assayed, and

he results obtained were compared with the expected results
Table 2). The good recoveries of standard addition technique sug-
ested good accuracy of the proposed methods.

.3. Selectivity

Selectivity of the methods was achieved by the analysis of differ-
nt laboratory prepared mixtures of AM and AT within the linearity
ange. Satisfactory results were shown in Table 2.

.4. Range

The calibration range was established through considerations of
he practical range necessary according to adherence to Beer’s law
nd the concentration of AM and AT present in the pharmaceutical
reparations to give accurate precise and linear results (Table 4).

.5. Robustness

Three concentrations of AM and AT (12, 16, 20 �g/ml) were
ade using 79.3, 75, 70% mathanol and analyzed three times using

he proposed methods. The percentage recoveries and relative stan-
ard deviation were calculated (Table 4).

.6. Precision

.6.1. Repeatability
Three concentrations of AM and AT (12, 16, 20 �g/ml) were

nalyzed three times intra-daily using the proposed methods. The
ercentage recoveries and relative standard deviation were calcu-

ated (Table 4).

.6.2. Reproducibility (intermediate precision)

The previous procedures were repeated inter-daily on three dif-

erent days for the analysis of the three chosen concentrations. The
ercentage recoveries and relative standard deviation were calcu-

ated (Table 4).

[

[

[
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4.7. Stability

AM and AT working solution showed no spectrophotometric
changes for more than 3 weeks when stored at 4 ◦C, with AM cov-
ered by aluminium foil.

5. Conclusion

From the previous discussion, it could be concluded that the
proposed procedures are simple, do not require sophisticated tech-
niques or instruments. They are also sensitive and selective and can
be used for the routine analysis of Amlodipine and Atorvastatin
in their available dosage form. The methods are also suitable and
valid for application in laboratories lacking liquid chromatographic
instruments.
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