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ABSTRACT:
Two simple sensitive and cost effective spectrophotometric methods are described for the determination of
atorvastatin calcium and ezetimibe in bulk and pharmaceutical formulations. The method is based on the
oxidation of 2, 4- dinitrophenylhydrazine and coupling of the oxidized product with drugs to give intensely
colored chromogen. Under the proposed optimum condition, Beer’s law was obeyed at the concentration range
of 4-12µg ml-1 and 4-10µgml-1 for Atorvastatin and Ezetimibe respectively. The results of tablet analysis were
found to be 101.25% and100.3%. No interference was observed from common pharmaceutical adjuvants. The
method was validated according to ICH guidelines by performing linearity, accuracy, and precision, limits of
quantization, Detection and selectivity.
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INTRODUCTION:
Atorvastatin calcium (Figure 1), is [R-(R*, R*)]-2-(4-fluorophenyl)-β,δ-dihydroxy-5-(1-methyl ethyl)-3phenyl-4-[(phenylamino)carbonyl]-1Hpyrrole-1-heptanoic acid, calcium salt (2:1) trihydrate. The empirical
formula of atorvastatin calcium is (C33H34 FN2O5)2Ca•3H2O . Atorvastatin calcium is an inhibitor of 3-hydroxy3 methyl glutarylcoenzyme A (HMG-CoA) reductase. This enzyme catalyzes the conversion of HMG-CoA to
mevalonate, an early and rate-limiting step in cholesterol biosynthesis

1-2

. The typical dose of Atorvastatin

calcium is 10-80 mg per day and it reduces 40-60% LDL3.
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Figure 1: Chemical Structure of Atorvastatin Calcium
A few methods based on HPLC4-5, GC-MS6, LC-MS7, HPLC – Electrospray tendem mass spectrometry8 and
HPTLC9 were reported earlier for the determination of Atorvastatin calcium individually and in combination
with other drugs.
Ezetimibe (Figure 2), (1-(4-flurophenyl)-3(R)-[3(S)-(4-flurophenyl) –3-hydroxy propyl] –4(S) (4 –
hydroxyphenyl) azetidin- 2- one), prevents transport of cholesterol through the intestinal wall by selectively
blocking the absorption of cholesterol from dietary and billiary sources. This reduces the overall delivery of
cholesterol to the liver, thereby promoting the synthesis of LDL receptors and a subsequent reduction in serum
LDL-C10-11.

Figure 2: Chemical Structure of Ezetimibe
A few analytical procedures were also proposed for the determination of ezetimibe in dosage forms12 in human
serum, urine and feces13. A few analytical procedures were also proposed for the determination of atorvastatin
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and ezetimibe both in combinations also in pure and pharmaceutical dosage forms in RP-HPLC14,
densitometric15. Some methods are developed using 2,4-DNP 16.
Although there are several methods developed on atorvastatin and ezetimibe in pure and pharmaceutical dosage
forms no method was developed with 2,4-DNP.
EXPERIMENTAL
Apparatus
A Shimadzu UV-visible spectrophotometer model 1800 with 1 cm matched quartz cell was used for the
absorbance measurements. Systonics electronic balance was used for weighing the samples.
Chemicals and Reagents
Analytical reagent grade chemicals and double distilled water were used throughout the experiment. Standard
atorvastatin and ezetimibe pure samples were obtained from Biocon pharmaceuticals, India and the formulation
was purchased from the local market.
2, 4-dinitrophenyl hydrazine (2, 4 DNP) 0.08 %( w/v)
0.08 g of 2, 4 DNP was accurately weighed transferred into a 100 ml calibrated flask, dissolved in 10ml
distilled water, and make up the volume up to the mark with distilled water to obtain a solution of 0.08% (w/v).
The solution was freshly prepared and protected from light during the use.
10 N Sodium hydroxide solution
40 g of sodium hydroxide is accurately weighed and transferred into a 100.0ml volumetric flask and made up to
the mark with distilled water.
Potassium iodate 4% (w/v)
4 g of potassium iodate is accurately weighed and transferred into a 100.0 ml volumetric flask and made up to
the mark with distilled water.
Standard solutions:
The standard solutions of atorvastatin calcium and ezetimibe (1000 µg ml-1) were prepared by dissolving
100mg of drug in 100ml of methanol. Working solutions of the drug were prepared by dilution of the stock
solution. The marketed tablet form of atorvastatin calcium and ezetimibe used in the determination was LipvasIJPT | Dec-2010 | Vol. 2 | Issue No.4 | 1046-1056
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10 and Ezedoc10 with a labelled strength of 10 mg and 10mg which were manufactured by Cipla
Pharmaceuticals Limited, Parwanoo, H.P, India and Lopin Ltd, Mumbai, India.
Selection of Analytical Wavelengths for atorvastatin calcium and ezetimibe.
A 1.5 ml quantity of 0.08% 2, 4 DNP solution, 1.5 ml of 4 % potassium iodate and 1ml of 10N sodium
hydroxide were added into two test tubes and 0.7 ml of atorvastatin calcium and 0.8 ml ezetimibe stock
solutions were added. The immediate coloured complex was formed. The solutions were made up to 10ml with
water. The absorption spectrums of the complex were determined against blank solution and the wavelengths of
maximum absorption (λmax) of the products of the reactions were noted.
Effect of Reagent Concentration.
The effect of varying the concentration of 2, 4 DNP was carried out using reagent concentrations of 0.05, 0.01,
0.02, 0.03, 0.04 ...0.08% in 10N NaOH and 4 % potassium iodate. After mixing 1.5 ml of each reagent
concentration with the drug solutions of atorvstatin calcium and ezetimibe and made up to 10 ml with water, the
absorbance readings of the complex formed were made at 479 nm and 457 nm on the UV-visible
spectrophotometer.
Optimization Studies.
Effect of 2, 4 DNP Concentration
The studying of 2, 4-DNP concentrations revealed that the reaction was dependent on 2, 4 DNP reagent. The
absorbance of the reaction solution increased as the 2, 4-DNP concentration increased, and the highest
absorption intensity was attained at 2, 4-DNP concentration of 0.08 % (w/v). Higher 2, 4-DNP concentrations
up to 1.5 % had no effect on the absorption values. Further experiments were carried out using 0.08 %.
Preparation of calibration curve.
Standard solutions of atorvastatin calcium and ezetimibe in methanol, having final concentrations in the range
of 4-12 µg ml-1 and 4-10 µg ml-1, were transferred into a series of 10 ml volumetric flasks, to these solutions
1.5 ml of 0.08% 2, 4 DNP, 1.5 ml of 4% potassium iodate and 1 ml of 10N sodium hydroxide was added. The
mixture was then gently shaken until the appearance of colour chromogen. The contents were diluted up to 10
ml with distilled water. The absorbance of each solution was measured at 479 nm and 457 nm respectively
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against the reagent blank prepared in the same manner, without the analyte and the calibration curves
(figure1,2) and absorption spectra(figure3,4) are represented respectively.
Figure-1: Calibration graph of Atorvastatin.

Figure-2: Calibration graph of Ezetimibe.
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Figure-3: Absorption Spectra of Atorvastatin.

Figure-4: Absorption spectra of Ezetimibe.

Analysis of commercial pharmaceutical preparations.
Tablets
An appropriate amount of atorvastatin calcium and ezetimibe were dissolved in methanol so as to prepare 1000
µg ml-1 solution. An aliquot of this solution was diluted with methanol to obtain concentrations of 7 µg ml-1 and
8 µg ml-1 respectively. To that solution 1.5 ml of 0.08% 2, 4 DNP, 1.5 ml of 4 % potassium iodate and 1 ml of
10N sodium hydroxide is added. The mixture was then gently shaken until the appearance of colour
chromogen. The contents were diluted up to 10 ml with distilled water.
General procedure:
Several standard solutions of atorvastatin calcium and ezetimibe were taken in individual standard flasks. To
each standard flask, 1.5 ml of 0.08% 2, 4 DNP, 1.5 ml of 4 % potassium iodate and 1 ml of 10N sodium
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hydroxide was added. The mixtures were then shaken until the appearance of colour chromogen. The
absorbance was measured at λ max at 479 nm and 457 nm for atorvastatin calcium and ezetimibe respectively
against a blank similarly prepared by omitting the drug solution with water. The concentration of atorvastatin
calcium and ezetimibe in each standard flask was obtained by interpolating the corresponding absorbance value
from Beer’s plot of standard atorvastatin calcium and ezetimibe solutions.
Quantification
The limits of the Beer’s law, the molar absorptivity and the Sandell’s sensitivity values were evaluated.
Regression analyses of the Beer’s law plots at their respective λmax values revealed a good correlation. Graphs
of absorbance versus concentration showed zero intercept, and are described by the regression equation, Y = bX
+ c (where Y is the absorbance of a 1 cm layer, b is the slope, c is the intercept and X is the concentration of the
drug in µgml-1) obtained by the least-squares method. The results are summarized in Table 1.
Table 1. Optical characteristics.

Values
S.No

Parameter
Atorvastatin

Ezetimibe
457nm

1.

λmax/ nm

479nm

2.

Beers law limits (µg/ml)

4.0-12.0

4.0-10.0

3.

Molar absorptivity (1 /mol/cm)

558.65 x 10

409.43 x 103

4.

Correlation coefficient (R)

0.998

0.999

-2

3

5.

Sandell’s sensitivity(ng cm )

0.0152

0.0232

6.

Regression equation (y)

y = 0.066x + 0.002

y = 0.082x - 0.005

7.

Slope, b

0.066

0.082

8.

Intercept, c

0.002

0.005

9.

Relative standard deviation%

0.265

0.388

10. Limit of detection (µg/ml)

0.14

0.06

11. Limit of quantification(µg/ml)

0.44

0.23
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Validation of the method
The validity of the method for the assay of atorvastatin calcium and ezetimibe were examined by determining
the precision and accuracy. This was determined by analyzing six replicates of the drug within the Beer’s law
limits. The low values of the relative standard deviation (R.S.D.) indicate good precision of the methods. To
study the accuracy of the methods, recovery studies were carried out by the standard calibration curve method.
For this, known quantities of pure atorvastatin calcium and ezetimibe were mixed with definite amounts of preanalyzed formulations and the mixtures were analyzed as before. The total amount of the drug was then
determined and the amount of the added drug was calculated by difference. The results are given in Table 2, 3.
The average percent recoveries obtained were quantitative indicating good accuracy of the methods.
Table 2: Results of recovery study by standard addition method for Atorvastatin.

S.no

Standard

Sample

Atorvasta

Atorvastati at 479nm

Atorvastati

ry

tin (µg)

(µg)

n

std

Absorbance Amount of

from

std.graph

Recove %
of Recovery

(mg)

1

4

4

0.523

7.9

3.9

97.5%

2

6

4

0.646

9.9

5.9

98.3%

3

8

4

0.803

12.1

8.1

101.25%

Table 3: Results of recovery study by standard addition method for Ezetimibe.

S.no

Standard

Sample

Absorbance

Amount

Ezetimibe

Ezetimibe

at 457nm

Ezetimibe

ry

(µg)

(µg)

from

std

std.graph

(mg)

of

Recove

%

of Recovery

1

2

2

0.407

3.98

1.98

99.0%

2

3

2

0.624

6.01

3.01

100.3%

3

4

2

0.826

7.90

3.9

97.5%
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Precision
The precision of the proposed methods was ascertained by actual determination of six replicates of fixed
concentration of the drug within the Beer’s range and finding out the absorbance by the proposed method in all
the three drugs. The results are given in Table 4.
Table 4: Evaluation of accuracy and precision
Drug

Atorvastatin

S.no

Amount

%

Avera

Claim

found*

Purity*

ge

(mg)

(mg)
9.85

98.5

2

9.90

99.0

3

9.82

98.2

9.96

99.6

5

9.79

97.9

6

9.87

98.7

1

9.90

99.0

2

9.94

99.4

9.96

99.6

4

9.80

98.0

5

9.83

98.3

6

9.93

99.3

3

10

10

S.D

%R.S.D

98.65

0.6

0.61

98.9

0.6431

0.65

(%)

1

4

Ezetimibe

Label

SD. Standard deviation; RSD.relative standard deviation.
Accuracy
To determine the accuracy of the proposed method, recovery studies were carried out by adding different
amounts of bulk samples of atorvastatin calcium and ezetimibe within the linearity range were taken and added
to the pre-analyzed formulation.
Ruggedness
To ascertain the ruggedness of the methods, six replicate determinations at different concentration levels of the
drugs were carried out. The intra-day RSD values were less than 1%. The values of between-day RSD for
different concentrations of drugs obtained from the determinations and indicate that the proposed method has
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reasonable ruggedness. The within-day RSD values were less than 1%. The values of inter-day RSD for
different concentrations of drugs obtained from the determinations and indicate that the proposed method has
reasonable ruggedness.
Results and discussion:
Spectral characteristic
The absorption spectra of the reaction product of oxidized 2, 4 DNP with drugs show maximum absorption
(λmax) at 479 nm and 457 nm for of atorvastatin calcium and ezetimibe respectively. The blank solution had
negligible absorbance at the λmax in which the drugs were analysed. The thus formed color was stable for more
than two hours.
Reaction sequence and stoichiometric relationship
The 2, 4 DNP is oxidized by potassium iodate to give diazonium cation that reacts with drugs by electrophilic
substitution at the phenolic ring to give deep colored chromogens. The proposed reaction sequence for
atorvastatin calcium and ezetimibe .
CONCLUSION
The reagents utilized in the proposed methods are cheap, readily available and the procedures do not involve
any critical reaction conditions or tedious sample preparation. Moreover, the methods are free from interference
by common additives and excipients. The wide applicability of the new procedures for routine quality control
was well established by the assay of atorvastatin calcium and ezetimibe in pure form and in pharmaceutical
preparations.
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