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Abstract

New, accurate, sensitive and reliable kinetic spectrophotometric method for the assay of atorvastatin calcium
(AVS) in pure form and pharmaceutical formulations has been developed. The method involves the oxidative
coupling reaction of AVS with 3-methyl-2-benzothiazolinone hydrazone hydrochloride monohydrate (MBTH) in the
presence of Ce(IV) in an acidic medium to form colored product with lambdamax at 566 nm. The reaction is followed
spectrophotometrically by measuring the increase in absorbance at 566 nm as a function of time. The initial rate and
fixed time methods were adopted for constructing the calibration curves. The linearity range was found to be 2.0-20.0
pg/mL for initial rate and fixed time methods. The limit of detection for initial rate and fixed time methods is 0.093
and 0.064 pg/mL, respectively. Molar absorptivity for the method was found to be 3.36x10* L/ mol cm. Statistical
treatment of the experimental results indicates that the methods are precise and accurate. Both methods have been
applied successfully for the estimation of pravastatin sodium in commercial dosage forms with no interference from
the excipients. The results are compared with the pharmacopoeial method.
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Introduction

Statins are commonly used to treat several forms of
hypercholesterolemia. They have potent cholesterol-lowering effects
and they could reduce morbidity and mortality associated with
coronary heart disease significantly, as proved by many clinical trials.
Atorvastatin calcium {[R-(R, R*)]-2-(4-flurophenyl)-p,5-dihydroxy-
5(1-methylethyl)-3-phenyl-4-[phenylamino)carbonyl]-1H-pyrrole-
1-heptanoic acid, calcium salt (2:1) trihydrate} is the most commonly
occurring drug in commercially available pharmaceutical formulations
used for the clinical treatment of hypercholesterolemia [1]. Several
methods have been described for the quantitative determination of
atorvastatin by high-performance liquid chromatography (HPLC)
in different pharmaceutical preparations, either alone [2-7] or
with other active ingredients [8-16]. HPTLC [17], electrochemical
[18,19], capillary electrophoresis [20] and spectrofluorimetric [21]
methods have been developed for the analysis of atorvastatin from its
individual and combined formulations with other active ingredients in
pharmaceutical preparations and plasma. Various spectrophotometric
methods have been reported for the determination of atorvastatin
[8,14,22-26] from its individual and combined formulations with
other active ingredients. The official procedures in pharmaceutical
preparations utilize non-aqueous titration method [27].

Kinetic methods have certain advantages in pharmaceutical analysis
regarding selectivity and elimination of additive interferences, which
affect direct spectrophotometeric methods. The literature is still poor
in analytical assay methods based on kinetics for the determination of
atorvastatin in dosage forms. Some specific advantages that the kinetic
methods possess are as follows [28]:

- Simple and fast methods because some experimental steps
such as filtration, extraction, etc. are avoided prior to absorbance
measurements.

- High selectivity since they involve the measurement of the
absorbance as a function of reaction time instead of measuring the
concrete absorbance value.

- Other active compounds present in the commercial dosage forms
may not interfere if they are resisting the chemical reaction conditions
established for the proposed kinetic method.

- Colored and/or turbid sample background may possibly not
interfere with the determination process.

Therefore, there is a need for another kinetic approach to
estimate the drug in commercial dosage forms. The objective of the
present study was to develop a precise, accurate and validated kinetic
spectrophotometric method by the application of oxidative coupling
reaction for the estimation of AVS in bulk and pharmaceutical
formulations.

Materials and Methods

Apparatus

A TJasco V-530 UV-VIS spectrophotometer (Japan) with 1 cm
quartz cells was used for all absorbance measurements under the
following operating conditions: scan speed medium (400 nm/min),
scan range 400-800 nm and slit width 2 nm. Spectra were automatically
obtained by Jasco system software. A digimed pH meter (model T-901)
with combined glass pH electrode and a Thornton sonicator (model
T-14) were also used.

Chemicals

Atorvastatin calcium (AVS), (C,H,,FN,0,),Ca.3H,0, 1209.42 g/
mol, was supplied by CADILA Healthcare Limited (India). Its purity
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was found to be 99.5% according to the official method [27]. All other
chemicals and reagents used were of analytical grade and all solutions
were prepared with double distilled water.

Formulations

The following commercial formulations were subjected to the
analytical procedures:

1. Atoraz tablets (Razi Labs, Syria) labeled to contain 20 mg
atorvastatin /tablet.

2. Low-lip tablets (Al Fares, Syria) labeled to contain 10 mg
atorvastatin /tablet.

3. Atorvast tablets (Even Zuher, Syria) labeled to contain 40 mg
atorvastatin/tablet.

4. Atorvatin tablets (Alpha, Syria) labeled to contain 20 mg
atorvastatin/tablet.

5. Atorvex tablets (Asia, Syria) labeled to contain 80 mg
atorvastatin/tablet.

6. Lipolysin tablets (Oubari Pharma, Syria) labeled to contain 20
mg atorvastatin/tablet.

Solutions

Stock standard solution of 0.5 mg/mL was prepared by dissolving
the appropriate weight of AVS in 100 mL volumetric flask, 5 mL of
methanol was added, the volume was then diluted to the mark with
distilled water. 1x10?* M 3-methyl-2-benzothiazolinone hydrazone
hydrochloride monohydrate (MBTH) (Fluka) solution was prepared
with double distilled water and 1% Ce(SO,), (Merck) solution was
prepared with sulfuric acid (0.368 M) medium. Freshly prepared
solutions were always used.

General procedures

Initial rate method: Aliquots of standard AVS solution (0.1-1.0
mL, 0.5 mg/mL) were transferred into a series of 25 mL calibrated
volumetric flasks. Then 1.0 mL of MBTH solution was added and
kept aside for 3 min. After that, 1.0 mL of Ce(SO,), solution was
added. The volume was made up to the mark with distilled water.
After mixing, the contents of each flask were immediately transferred
to the spectrophotometric cell and the increase in absorbance was
recorded at 566 nm as a function of time between 0-20 min against
reagent blank treated similarly. The initial rate of the reaction (v) at
different concentrations was obtained from the slope of the tangent to
the absorbance-time curve. The calibration curve was constructed by
plotting the logarithm of the initial rate (log v) vs. the logarithm of the
molar concentration of the AVS (log C). The amount of the drug was
obtained either from the calibration graphs or the regression equation.

Fixed time method: Aliquots of standard AVS solution (0.1 -1.0
mL, 0.5 mg/mL) were transferred into a series of 25 mL calibrated
volumetric flasks. Then 1.0 mL of MBTH solution was added and kept
aside for 3 min. After that, 1.0 mL of Ce(SO,), solution was added. The
volume was made up to the mark with distilled water. After mixing, the
absorbance was measured after 800 sec at 566 nm against reagent blank
treated similarly. The calibration curve was constructed by plotting the
absorbance against the final concentration of the drug. The amount of
the drug in each sample was computed either from calibration curve or
regression equation.

Procedures for formulations

Twenty tablets containing AVS were weighed and pulverized.

An amount of the powder equivalent to 25 mg of the cited drug was
dissolved in a 25 mL of methanol and mixed for about 5 min and then
filtered through Whatman filter paper number 40. The methanol was
evaporated to about 5 mL. The remaining portion of solution was
diluted in a 50 mL volumetric flask to the volume with double distilled
water to achieve a concentration of 0.5 mg/mL. The general procedure
was then followed in the concentration ranges mentioned above.

Results and Discussion

Absorption spectra

Atorvastatin reacts with (MBTH) in the presence of Ce(SO,), in
an acidic medium to form pink colored oxidative coupling product
that can be measured at 566 nm. Under the experimental conditions
the pure drug showed a negligible absorbance at the corresponding
maximum (Figure 1). Under the reaction conditions, on oxidation,
MBTH loses two electrons and one proton forming an electrophilic
intermediate, which is the active coupling species. The coupling of the
oxidized form of the drug with electrophilic intermediate of MBTH
results in the formation of intensely colored product [26]. The reaction
mechanism for the method is shown in scheme 1.
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Figure 1: Absorption spectra of (a) AVS-MBTH-Ce(SO,), system against
reagent blank (b) vs. distilled water. C, ;=20 pg/mL+1 mL of 102 M MBTH+1
mL of 1% Ce(SO,),.
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Scheme 1: Structures of AVS and its reaction product with MBTH.
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Optimization of reaction conditions

The development of the color product depends on the reaction
conditions and was optimized as follows. The effect of various
parameters such as volume of MBTH and Ce(SO,),, addition of
buffer solutions, waiting time, order of addition of reagents and the
stability of colored oxidative coupling product were studied at room
temperature. The applicability of MBTH in combination with various
oxidizing agents such as FeCl3, KIO,, NalO,, Ce(SO 4)2, K,Cr,0, and
KMnO, were examined. Ce(SO,), was found to be optimal to form
colored oxidative coupling product (AVS-MBTH) and enhanced the
final color. Addition of KCI-HCI or Britton buffer solutions effected
negativity on the formation of the colored oxidative coupling product.
Addition of drug, MBTH and Ce(SO,), in that order gave maximum
absorbance. The laboratory temperature (25 + 5°C) was found to be
optimal for all the experiments. The influence of the reaction time was
investigated in the range of 0-20 min. The experimental results show
that the final color was achieved with 8 min and the color product was
stable for at least 1200 min up to 50°C and was measured at 566 nm.

The most important factor affecting on the formation of pink
product was the concentration of MBTH and Ce(SO,),. Figure 2 show
that a volume of 1.0 mL of 0.01 M MBTH solution gave maximum
sensitivity. Increasing the volume of MBTH leads to decrease in the
absorbance; this may be due to the high background absorbance of
the reagent. Also, 1.0 mL of 1% Ce(SO,), was found to be optimal for
maximum color development, since the absorbance was found to be
maxima at the mentioned volume (Figure 2).

Quantitation methods

Because the intensity of the color increased with time (Figure 3), this
was used as the basis for a useful kinetic method for the determination
of atorvastatin. The initial rate, rate constant, variable time (fixed
concentration or fixed absorbance) and fixed time methods [29,30]
were tested and the most suitable analytical methods were chosen
regarding the applicability, sensitivity, the values of the intercept and
correlation coefficient (R?).

Initial rate method: The initial rate of reaction would follow a
pseudo order rate constant and obeyed the following rate equation:

v=AA/At=k'C"

Where v is the reaction rate, A is the absorbance, t is the measuring
time, k' is the pseudo order rate constant, C is the concentration of
the drug mol/L and n is the order of the reaction. A calibration curve
was constructed by plotting the logarithm of the initial rate of reaction
(log v) versus logarithm of drug concentration (log C) which showed
a linear relationship over the concentration range of 2 - 20 ug/mL
(Figure 4). The logarithmic form of the above equation is written as
follows:

Log v =log AA/At=logk + nlog C
Log v =log AA/At = 1.3291 + 0.9557 log [AVS] (R* = 0.9926)

Thus, k = 21.335 1/S, and the reaction is the first order (n = 0.9557)
with respect to AVS concentration. The limit of detection (LOD) and
limit of quantification (LOQ) for initial rate method were determined
and were found to be 0.093 and 2.0 pg/mL, respectively.

Rate constant method: Graphs of log absorbance versus time for
AVS concentration in the range of 2 - 20 pg/mL (1.65x10°° to 1.65x10°
M) were plotted and all appeared to be rectilinear. Pseudo order rate
constant (k) corresponding to different AVS concentrations were
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Figure 2: Effect of concentration of MBTH in the presence of 1.0 mL of
1% Ce(S0,), and concentration of Ce(SO,), in the presence of 1.0 mL of
102 M MBTH on the formation of colored oxidative coupling product AVS
(20 pg/mL) — MBTH — Ce(SO,),.
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Figure 3: Absorbance-time curve for the reaction of AVS with MBTH; C, .=
2-20 pg/mL.

logC (M)
-6.0 -5.8 -58 -5.4 -5.2 -5.0 -4.8
; T t T + T + T + T t T } 3.2

1ag
1265
1383
1 o
lao8

y = 0.9557x + 1.3291
R*=0.9926

1 -42
1 -4.4

+ 48
Figure 4: Calibration plot of logarithm rate of the reaction against logarithm

molar concentration of AVS for initial rate method.

calculated from the slopes multiplied by -2.303 and are presented in
table 1. Regression of C versus k' gave the following equation:

K =47.52 C - 164.9 (R* = 0.9014)
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Variable time method: Reaction rate data were recorded for
different AVS concentrations in the range 2 - 20 ug/mL. A preselected
value of the absorbance 0.30 was fixed and the time was measured in
the seconds (Table 2). The reciprocal of time (1/t) versus the initial
concentration of AVS was plotted and the following equation of
calibration graph was obtained:

1/t=1175C - 0.016 (R* = 0.9473)

The range of AVS concentrations giving the most satisfactory
results was limited 12-20 ug/mL (9.92x10 to 1.65x10° M) (Table 2).

Fixed time method: At preselected fixed time, the absorbance
of pink colored solution containing varying amounts of AVS was
measured at 25°C and 566 nm. Calibration graphs were constructed
by plotting the absorbance against the initial concentration of AVS at
fixed time 200, 400, 600, 800 and 1000 sec. The regression equations,
correlation coefficients and linear ranges are given in table 3.
Correlation coeflicient, intercept and slope values for the calibration
data calculated using the least squares method [31].

Itis clear that, the slope increases with time and the most acceptable
values of the correlation coeflicient, linear range and the intercept
were obtained for a fixed time of 800 sec. Therefore, the fixed time
of 800 sec was utilized for the assay of AVS concentration. The limit
of detection (LOD) and limit of quantification (LOQ) for fixed time
(800 sec) method were determined and were found to be 0.064 and 2.0
pg/mL, respectively. For more accurate analysis, Ringbom optimum
concentration range was calculated to be 4.2-15.7 pg/mL. Table 4
shows the values of molar absorptivity, Sandell's sensitivity and some
analytical characteristics for fixed time (800 sec) method.

Stoichiometric relationship

The composition of colored oxidative coupling product was
determined by Job’s method of continuous variation and mole-ratio
method [32], for fixed time (800 sec) method. It is apparent from the
data that a molar ratio of 1:1 and 1:2 AVS to MBTH.

Asaresult, the most acceptable values of the correlation coefficients
were obtained for an initial rate and fixed time (800 sec) methods.
Thus, they were used for the determination of AVS in pure form and
pharmaceutical formulations.

Analytical methods validation

The accuracy and precision of the proposed methods were carried
out by six determinations at five different concentrations. Percentage
relative standard deviation (RSD%) as precision and percentage relative
error (Er%) as accuracy of the suggested methods was calculated.
Table 5 shows the values of relative standard deviations for different
concentrations of AVS determined from the calibration curves. These
results of accuracy and precision show that the proposed methods
have good repeatability and reproducibility. The proposed methods
were found to be selective for the estimation of AVS in the presence
of various tablet excipients. For this purpose, a powder blend using
typical tablet excipients was prepared along with the drug and then
analyzed. The recoveries were not affected by the excipients and the
excipients blend did not show any absorption in the range of analysis.

Application to the pharmaceutical dosage forms

The proposed procedure was applied to determine atorvastatin in
its pharmaceutical formulations. The results obtained were compared
statistically by the student’s t-test (for accuracy) and the variance ratio
F-test (for precision) with those obtained by the reference method [27]

on samples of the same batch (Table 6). Mean values were obtained
with a Student’s t- and F-tests at 95% confidence limit for five degrees
of freedom [31]. The results showed comparable accuracy (t-test) and
precision (F-test), since the calculated values of t- and F-tests were less
than the theoretical data indicating no significant difference between
the methods compared. The proposed method has the advantages of
being virtually free from interferences by excipients such as glucose,
lactose, and starch or from common degradation products (Tables 5
and 6).

Conclusion

The developed kinetic spectrophotometric method for the
determination of atorvastatin was sensitive, accurate and precise
and hence can be used for the routine analysis of AVS in bulk and
pharmaceutical formulations with a limit of detection of 0.064 ug/mL.
MBTH was used as a reagent in acidic medium. The sample recoveries
from all formulations were in good agreement with their respective
label claims, which suggested non-interference of formulations
excipients in the estimation. The developed method is more speed and

[AVS] (M) k (1/S)
1.65%x10° 0
3.30x10 -1.44x10°°
6.61x10° -1.32x103
9.92x10¢ -1.31x103
1.32x10% -0.94x103
1.65%x10° -0.85x107%

Table 1: Values of rate constant K'.

[AVS] (M) 1t (S)
9.92 x 10 0.00215
1.32 x 10% 0.00562
1.65 x 10% 0.01389

Table 2: Values of reciprocal time taken at fixed absorbance for the different rates
of variable concentration of AVS at MBTH constant concentration.

Time (sec) = Regression equation 22:::::;?\? Linear range (ug/mL)
200 A =0.023C - 0.032 0.9742 2-20
400 A =0.028C - 0.031 0.9895 2-20
600 A =0.029C - 0.025 0.9966 2-20
800 A =0.029C - 0.022 0.9998 2-20
1000 A =0.029C - 0.024 0.9969 2-20

A-absorbance; C-concentration

Table 3: Regression equations for AVS at fixed time and 25°C.

Parameters AVS

A, (NM) 566
Beer's law range (ug/mL) 2.0-20.0
Molar absorptivity (L/mol cm) 3.36x10*
Stability (min) 1200
Stoichiometric relationship, AVS:MBTH 11 1.2
Logarithmic formation constants 59 86
Optimum photometric range (ug/mL) 42-157
Detection limit (ug/mL) 0.064
Sandell's sensitivity (ug/cm? per 0.001 absorbance unit) 0.070
Regression equation? A =0.029C-0.022
Correlation coefficient, R? 0.9998

a A =mC + b, where C is the concentration in ug/mL and A is the absorbance

Table 4: Analytical characteristics of the fixed time (800 sec) method.
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Method AVS (ug/mt) Er% RSD (%) %Recovery * SD
Taken Found®
2.00 2.01 0.49 3.08 100.50 £+ 0.32
4.00 4.06 1.48 2.52 101.50 + 0.41
Initial rate 12.00 12.12 0.99 1.58 101.00 £ 0.36
16.00 16.14 0.86 0.92 100.87 £ 0.30
20.00 20.13 0.64 0.73 100.65 + 0.29
2.00 2.02 0.99 2.85 101.00 + 0.30
4.00 4.05 1.23 2.02 101.25+0.27
Fixed time 12.00 12.09 0.74 1.28 100.75 £ 0.33
16.00 16.08 0.50 0.85 100.50 £ 0.28
20.00 20.19 0.94 0.64 100.95 + 0.21
aAverage of six determinations.
Table 5: Accuracy and precision for the determination of AVS in bulk powder by the proposed initial rate and fixed time methods.
%Recovery? * SD
Sample Proposed methods .
— . . Official method
Initial rate Fixed time
Pure AVS 100.22 £ 0.14 100.31 £0.12
t-value 1.68 1.85 99.40 + 0.17
F-value 1.47 2.00
Atoraz tablets (20 mg AVS/tablet)
X+S.D.= 100.69 £ 0.17 100.86 + 0.24 100.03 £ 0.21
t-value® 1.72 1.07 1.85
F-value® 1.53 1.31
Low-lip tablets (10 mg AVS/tablet)
X+S.Dzs 100.17 £0.23 100.31 £0.29 99.94 + 0.25
t-value® 1.49 1.55 1.79
F-value® 1.18 1.34
Atorvast tablets (40 mg AVS/tablet)
X+S.D.a 101.07 £ 0.19 101.17 £0.23 100.93 £ 0.20
t-value® 1.79 1.49 1.27
F-value® 1.1 1. 1.
Atorvatin tablets (20 mg AVS/tablet)
X+S.D.z= 100.78 £ 0.21 101.06 £ 0.31 100.09 + 0.26
t-value® 2.05 1.98 1.83
F-value® 1. 2.40
Atorvex tablets (80 mg AVS/tablet)
X+S.D.a 101.21£0.24 100.58 + 0.21 100.98 + 0.26
t-value® 1.76 2.05 1.86
F-value® 1.17 1.53
Lipolysin tablets (20 mg AVS/tablet)
X+S.D.zs 100.04 £0.12 100.24 £ 0.17 100.11 £0.14
t-value® 1.28 0.96 1.35
F-value® 1.36 1.47

aFive independent analyses.
"Theoretical values for t and F-values at five degree of freedom and 95% confidence limit are (t=2.776) and (F=6.26).

Table 6: Application of the proposed method to the determination of AVS in tablet dosage form.

higher sensitivity as compared to sophisticated spectrophotometric
techniques and similar reported methods and has a wider range of
linearity. Moreover, the lower reagents consumption along with the
short analytical run time of 8 min leads to an environmentally friendly
spectrophotometric procedure, which makes it especially suitable for
routine quality control analysis work.
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