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DEVELOPMENT OF THE SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF ATORVASTATIN IN TABLETS BY USING BROMOTHYMOL BLUE

Nataliia Shulyak, Svitlana Protsyk, Tetyana Kucher, Liubomyr Kryskiw, Olha Poliak,
Nadiya Zarivna, Liliya Logoyda

The aim of the work was to develop a simple, economic, fast, reliable, and eco-friendly spectrophotometric
method for the determination of atorvastatin in tablets based on the reaction with bromothymol blue (BTB).
Material and methods. A double—beam Shimadzu UV-Visible spectrophotometer, with spectral bandwidth of 1 nm
wavelength accuracy £0.5 nm, Model —UV 1800 (Japan), Software UV-Probe 2.62 was used to measure absor-
bance of the resulting solution. Pharmacopeial standard sample of atorvastatin calcium and BTB were provided
by Sigma-Aldrich (298 %, HPLC). The used dosage forms of atorvastatin: tablets Atorvastatin 10 mg and 20 mg.
Results and discussion. The method of spectrophotometric determination of the quantitative content of atorvas-
tatin calcium based on its reaction with BTB in ethyl acetate medium has been developed. The stoichiometric
ratios of the reactive components as 1:1 were obtained by the methods of continuous changes and the saturation
method. Linearity regression equation was y=0.0017x+0.0496 and the obtained correlation coefficient was
R?=0.9993. The linear relationship was found between absorbance at Amax and concentration of medicine in
the range 15.48—154.80 ug/mL. The LOD and LOQ values were calculated to be 4.85 ug/mL and 14.71 pg/mL
respectively. Spectrophotometric method for the determination of atorvastatin in tablets using BTB was devel-
oped in accordance with GAC principles.

Conclusions. A simple, economic, fast, reliable and eco-friendly spectrophotometric method was developed
for the determination of atorvastatin calcium in tablets based on the reaction with BTB and validated ac-
cording to the standardized validation procedure by the standard method. It was proved that according to
such validation characteristics as linearity, precision, accuracy, and robustness the proposed method met the
requirements of SPhU
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1. Introduction

Statins are a class of cholesterol-lowering medi-
cines that inhibit the enzyme 3-hydroxy-3-methyl-glu-
taryl-coenzyme A-reductase and are commonly used
to prevent or treat cardiovascular disease [1]. (3R,5R)-
7-[2-(4-Fluorophenyl-5-isopropyl-3-phenyl-4-(phe-
nyl-carbamoyl)-1H-pyrrol-1-yl]-3,5-dihydroxyhepta-
noic acid calcium salt (atorvastatin) belongs to a group
of medicines called 3-hydroxy-3-methylglutaryl- co-
enzyme A (HMG CoA) reductase inhibitors, or “sta-
tins”. There is no monograph on the substance atorvas-
tatin calcium in the State Pharmacopoeia of Ukraine
(SPhU). European Pharmacopoeia (EP) [2] has a mono-
graph on the atorvastatin calcium substance. EP regu-
lates identification of atorvastatin calcium with the
implementation of absorption spectrophotometry in
the infrared region, determination of enantiomeric
purity and reactions to the detection of the cation Ca*',
quantitative determination — liquid chromatogra-

phy (LC). To quantify atorvastatin calcium, LC method
is presented, which involves the use of octacedylsilyl
column 0.25 mx4.6 mm, gradient elution, and mobile
phase A — tetrahydrofuran, acetonitrile, 3.9 g/l ammo-
nium acetate solution pH 5.0 (12:21:67), mobile
phase B — tetrahydrofuran, 3.9 g/l ammonium acetate
solution pH 5.0, acetonitrile (12:27:61). The disadvan-
tages of the proposed pharmacopoeial method include
the long-time of chromatography (85-90 min) and the
use of a significant volume of the mobile phase per
chromatography. Several analytical methods, includ-
ing spectrophotometric methods [3—12] and chromato-
graphic methods [13-25] have already been reported
for its determination, either alone or in combination
with other medicines. Ukrainian scientists have deve-
loped a spectrophotometric method for the determina-
tion of atorvastatin calcium in tablets by reaction with
bromocresol purple at a wavelength of 399 nm in ace-
tone [3]. However, the methods of analysis described
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in the scientific literature often have limited applica-
tion due to not always sufficient sensitivity, specificity,
pH dependence, the need for heating, complexity, du-
rability, use of expensive instruments and toxic rea-
gents (Table 1) [3—11]. There were two published ana-
lytical methods for determining of atorvastatin calci-
um either alone [12] and in combination with lisino-
pril [13], which were developed by our scientific
group. Both are chromatographic methods, which re-
quire expensive equipment (liquid chromatograph,
columns). For the needs of routine pharmaceutical
analysis with less sophisticated equipment and bud-
gets, spectrophotometric methods of analysis are un-
doubtedly preferred. There is, therefore, a need for a
simple, fast, reliable and eco-friendly spectrophoto-
metric methods for the determination of atorvastatin
in tablets for routine pharmaceutical analysis with less
sophisticated equipment and budgets.

Therefore, the aim of research was to develop a
simple, economic, fast, reliable, and eco-friendly spec-
trophotometric method for the determination of ator-
vastatin in tablets based on the reaction with bromothy-
mol blue (BTB).

2. Planning of the research

Methodology of the research of development of
simple, economic, fast, reliable and eco-friendly spec-
trophotometric method for the determination of ator-
vastatin in tablets based on the reaction with BTB in-
cludes:

1. Study of the recommendations of the State
Phar-macopoeia of Ukraine (SPhU) and EP, analysis of
data from scientific literature.

2. The study of the conditions for reaction atorvas-
tatin and BTB (choice of solvent, optimal wavelength and
time, detection of stoichiometric coefficients) and its
optimization for further use in the development of spec-
trophotometric methods.

3. The application of the proposed spectrophoto-
metric method for the determination of atorvastatin by
using BTB to the analysis of tablets.

4. Validation of the spectrophotometric method for
determination of atorvastatin in tablets (specificity, line-
arity and range of application, accuracy, precision, ro-
bustness).

5. Study of the greenness profile assessment of the
developed method (analytical GREEnness, eco-scale).

Table 1
Comparison of the proposed and the existing spectrophotometric methods
No. Drug Reagent Medium |Amax, nm Concentration | LOD/LOQ, Reference
range pg/mL
1.4-
1 Tablets Bromcresol Purple | Acetone 399 2.0 mg/100 mL - [3]
. . Acidic
p-dimethylamino- . . LOD-5.7,
2 | Bulk and dosage form benzaldehyde (sulphurlc 540 20-160 pg/mL LOQ - 19 [4]
acid)
Pharmaceutical formu-| Pararosaniline . LOD -0.31,
3 lation Hydrochloride Basic 47 I8 ng/ml 66003 5]
Acidic
4 | Pure formand tablets | SUOPROS uihiic | 414 | 30-100 pefmt - [6]
pho-Vanillin .
acid)
Pure and 291 and |0.5586-11.173 | LOD — 0.056
5 pharmaceutical Todine Acetonitrile ’ ’ 7 [7]
. 360 pg/ml LOQ-0.17
formulations
6 API Formulation - Methanol 244 - - [8]
Tablet dosage form
7 in the presents of - Methanol 246 1-10 pg/ml - [9]
fenofibrate
Combined tablet
dosage form in the 256— LOD -0.5,
8 presents of amlodipine a Methanol 238.5 5-50 pg/mL LOQ-0.5 (10]
besylate
Tablet dosage form
9 in the presence of - Methanol 297 5-30 pg/ml - [11]
telmisartan
Proposed method.
Simple, fast, ecofriendly
10 Tablets Bromothymol blue Ethyl ace- 420 15.48-154.80 LOD —4.85, and no heating step. Use
tate LOQ - 14.71 .
of single reagent and no
extraction step involved
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3. Materials and methods

Objects of study, solvents and equipment.

A double—beam Shimadzu UV-Visible spectropho-
tometer, with spectral bandwidth of 1 nm wavelength
accuracy +0.5 nm, Model — UV 1800 (Japan), Software
UV-Probe 2.62, and a pair of 1 cm matched quartz cells,
was used to measure absorbance of the resulting solution.
Designed in accordance with the governing Japanese and
European Pharmacopoeia, the new UV-1800 UV-VIS
spectrophotometer achieves a resolution of 1 nm, the
highest in its class, in a compact design.

Other used instruments: Analytical Balance RAD
WAG AS 200/C, IKA orbital shaker KS4000i.

All the chemicals were used of analytical rea-
gent grade.

Pharmacopeial standard sample (CRS) of atorvas-
tatin calcium and BTB were provided by Sigma-Aldrich
(=98 %, HPLC).

The used dosage forms of atorvastatin: tablets
Atorvastatin 10 mg and 20 mg.

Proposed procedure for the determination of ator-
vastatin calcium with BTB.

7.74 mg of CRS atorvastatin calcium was trans-
ferred into a 50.00 mL volumetric flask with 35 mL ethyl
acetate. The mixture was shaken and diluted to volume
with ethyl acetate. Aliquot 1.00 mL was added to 1.0 mL
of 1.28x10~* M ethyl acetate solution of BTB. The volume
10.00 mL was made up to the mark by adding ethyl ace-
tate. The absorbance of the resulting solution was mea-
sured measured against the blank solution (a solution
containing all components except the analyte) at a
wavelength of 420 nm.

Procedure for tablets for the determination of ator-
vastatin calcium with BTB.

Twenty tablets were accurately weighed and pow-
dered. A quantity of powder containing 7.74 mg of ator-
vastatin calcium was transferred into a 50.00 mL volu-
metric flask with 35 mL ethyl acetate. The mixture was

shaken for 15 min, diluted to volume with ethyl acetate
and then filtered using 0.2 pm Nylon filter membrane.
Aliquot 1.00 mL was added to 1.0 mL of 1.28x10* M
ethyl acetate solution of BTB. The volume 10.00 mL
was made up to the mark by adding ethyl acetate. The
absorbance of the resulting solution was measured
against the blank solution (a solution containing all
components except the analyte) at a wavelength of
420 nm.

Procedure of preparation of compensating solution.

3.12 mg of BTB was transferred into a 50.00 mL
volumetric flask with 35 mL ethyl acetate, diluted to
volume with ethyl acetate and mixed.

4. Research results

4. 1. Selection of reaction conditions

A number of works were devoted to the develop-
ment of methods of analysis using sulfophthalein dyes,
which we took for consideration in planning our re-
search [14—19]. Various approaches were reported, includ-
ing extraction-spectrophotometric methods [14], forma-
tion of ionic associative complexes with sulfonephthalein
dyes in organic solvents [14—17], approaches in which or-
ganic solvents were not used [18, 19]. The main purpose of
this study was to obtain non-extraction complexes, as they
have several advantages in the development of analytical
methods for determining API in medicine. We tested var-
ious sulfophthalein dyes to obtain a non-extractive binary
complex between atorvastatin calcium and an ionic associ-
ate dye. Atorvastatin forms ion-pair complexes selectively
with dyes, as evidenced by the formation of a coloured
complex with BTB with A max at 420 nm. The formed
ionic associates are sparingly soluble in water, but in opti-
mized experimental conditions are freely soluble and do
not require extraction with organic solvents, which was
our main goal in developing the analytical method. The
spectra of absorbance of the reaction product of atorvasta-
tin calcium with BTB are presented in Fig. 1.

——BTB EthOAc vs EthOAc

0.5 r
0.4

0,3

Abs.

0,2

0,1

,

——— ATC-BTB EthOAc vs EthOAc
_——ATC-BTB EthOAc vs BTB

.,

400

A, nm

Fig. 1. Absorbance spectra of the reaction product of atorvastatin calcium from BTB against ethyl acetate (grey), against
BTB (blue) and BTB against ethyl acetate (red)
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Before starting development a spectrophotomet-
ric method for the determination of atorvastatin calci-
um by reaction with BTB, we optimized the conditions
in order to form a color complex of ionic associates with
maximum stability and sensitivity. Among the organic
solvents studied (Fig. 2), the order of blank absorbance
for all the dyes was: chloroform>ethyl acetate>acetoni-
trile>methanol>ethanol. Given the principles of «green»
analytical chemistry (GAC), we did not take into ac-
count chloroform and ethyl acetate was chosen for fur-
ther investigation.

0,4

0,3

AA

0,2

0,1

obtained solution was measured under optimal condi-
tions for 45 min. It was found that the tested solutions
are stable for 45 minutes (Fig. 3). This fact is one of
the advantages of the future developed method, as it
does not require pH adjustment and the addition of
buffer solutions, which would complicate sample
preparation.

The study of the influence of the BTB concen-
tration on the absorbance at 420 nm at a constant con-
centration of atorvastatin showed that at the concen-
trations of BTB above 1.28x10~* M, the dependence

levels off. The concentration of BTB was
1.28%10~* M was chosen as optimal.
Stoichiometric coefficients between ator-
vastatin and BTB were determined by the method
of continuous changes (or Job's method) and by
the method of saturation (by the method of molar
ratios) [3, 15]. Job's method is based on deter-
mining the ratios of isomolar concentrations of
reactants, which corresponds to the maximum
yield of compounds formed because of the reac-
tion. To do this, prepare solutions of BTB and
atorvastatin calcium of the same molar concen-
tration (1.28x10* M) and mixed them in the
antibate ratio (1/4 to 4/1), while the total volume
of the solution remains unchanged. The reaction

) I m
CHCI3 EtOAc
Solvents

Fig. 2. Effect of solvents on the formation of Atorvastatin-BTB

complex

The next and important step in the development
of spectrophotometric method was the study of the
stability of the analyzed solutions over time. If the
solutions are unstable, it is necessary to use certain
analytical techniques to stabilize them (eg, pH adjust-
ment). To study the stability, the absorbance of the

0.27
0.268
0.266
0.264
0.262

0.26
0.258
0.256
0.254
0.252

0.25

AA

CH3CN CH30H C2H50H

was carried out according to the proposed method.
The graph of the dependence of the amount of
absorbance on the ratio of the volumes of the
components of the isomolar series is presented
on Fig. 4. The method of molar ratios determines
the dependence of the absorbance on the concen-
tration of one of the components of the reaction
mixture at a constant concentration of the other com-
ponent and vice versa. The inflection point on the
saturation curve is equal to the stoichiometric coeffi-
cient of the component whose concentration varied
(Fig. 5). As could be seen from Fig. 4, 5, the obtained
stoichiometric coefficients of the reacting components

15 30 45
Time, min

Fig. 3. Graph of dependence of absorbance of the product of the reaction of atorvastatin calcium with BTB on time
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of the reaction of the interaction of atorvastatin calci-
um with BTB agree with each other and are 1:1. The
results obtained from both method were in agreement
with the probable mechanism for the formation of ion—
pair complex of atorvastatin with BTB (Fig. 6).

028 r
026 I
024
022 F
02 f
0,18
0,16
0,14
0,12 F
0.1 ' ' ' ' ' '

4-1 3-1 2-1 1-1 1-2 1-3 1-4
V1-V2

Fig. 4. Graph of the dependence of the amount of
absorbance on the composition of the isomolar solution
(Job's method): V1 — 1.28x10~* M atorvastatin calcium

solution; V2 — 1.28x10* M solution BTB) at 420 nm

In order to establish the analytical sensitivity of
the reaction of atorvastatin calcium with BTB, the sen-
sitivity of the reaction was calculated. The molar ab-

sorption (g) was 2.03x10%, the specific absorption (a)
was 1.68x107, the Sendel coefficient (Ws) was 0.09 re-
spectively.

05 r
04
03
<
<
02
—— BTB const =
0,1 r === ATC const =
0 1 1 1 J
0 0,5 1 1,5 2

Valiquot, ml

Fig. 5. Saturation curves: atorvastatin calcium solution
at a constant concentration of reagent
(1.00 mL of 1.28%10* M solution), BTB solution at a
constant concentration of atorvastatin calcium
(1.00 mL of 1.28x10* M solution)

4. 2. Determination of validation characteristics

The developed analytical method was validated
in accordance with the requirements of SPhU [20] for
the following indicators: specificity, linearity, range of
application, accuracy, precision and robustness.

RSO;5” + H
(anionic form)

HO

CH, HO

OH

BTB RSO3;H
(Lactoid form) (quinoid ring)
o]
HO
OH
+ H'
Protonated ATS +  RSO;” ——

Protonated ATS

[ATS + RSO5]

1:1 Ion-pair complex

Where R is,

CH,

Fig. 6. The probable mechanism for the formation of ion—pair complex of atorvastatin with BTB
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4 .2. 1. Specificity

To confirm the specificity of the spectrophoto-
metric method of determining atorvastatin in tablets by
reaction with BTB, a solution of excipients (“placebo”™)
was prepared. The influence of impurities on the results
of the quantitative determination of atorvastatin calci-
um was not studied, since during the performance of
this work, industrially produced medicines were used
that did not contain an unacceptable amount of impuri-
ties, as evidenced by the quality certificates of the
manufacturers. The results of studying the specificity
of the analytical method are presented in the Table 2.

Table 2
The results of the study of the specificity of the
spectrophotometric method of determining atorvastatin
calcium in tablets by reaction with BTB

Absor- [Absorbance of | Absorbance
. Value
bance of | a solution of | ofthe com- . .
. .. . dnoise,| Criteria
placebo (A| impurities (A | pensating o
placebo) | impurities) |solution (Ast) ?
Not more
0.001 - 0.267 0.37 than 0.5 %

From the data presented in the Table 2, it follows
that the absorbance of excipients was insignificant (value
of dnoise was 0.37 %) and did not exceed the acceptance
criterion.

4. 2. 2. Linearity and range of application

Determination of linearity was performed over
the entire range of application of the method using mod-
el solutions. The obtained results were statistically pro-
cessed by the method of least squares in accordance
with the requirements of the SPhU. The linearity of the
analytical method was studied using the procedure de-
scribed in sample preparation. Aliquots of 0.2—-1 mL
were taken. The results of calculations of the linear re-
gression equation and analytical parameters are given
in Table 3.

Table 3
Numerical indicators of linear dependence and analytical
parameters (p=95 %; n=5)

Indicator Value Criteria Conclusion
0.0017+
b£(S) +(0.036) -
la|<Aa=
a*(S) i(z(;)?)gg?) =t(2.77)-S =| Corresponds
’ =0.0069
R 0.9993 >(0.9984 | Corresponds
LOD (pg/mL) 4.85 -
LOQ (ug/mL) 14.71 -
Beer’s law limits
15.48-154.80 -
(pg/mL)

The linear relationship was found between absor-
bance at Amax and concentration of medicine in the
range 15.48—-154.80 pg/mL.
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4. 2. 3. Accuracy and precision

To verify the accuracy and precision of the analyti-
cal method, mixtures with a well-known content of API
were prepared, which covered the range of application of
the method (with concentrations of 70—130 % of nominal).
The results of the calculations are given in Tables 4, 5.

Table 4
The results of the study of the precision of the method of
quantitative determination of atorvastatin calcium in tablets

Dosage | Z% Conclu-
form (n=9) Se. max Al A, sion
Ator- Corre-

vastatin | 100.07 0.15 1.60 0.35
20 mg sponds
Ator- Corre-

vastatin | 100.04 0.13 1.60 0.30

sponds
10 mg
Table 5

The results of the study of the correctness of the method of
quantitative determination of atorvastatin calcium in tablets

Dosage | Z% ) Conclu-
form | (r0y | S | A | 8 |032Mds| ToT
Ator- C
vastatin | 99.68 | 0.72 | 1.34 | 032 | 0.51 orre-
sponds
20 mg
Ator- Corre-
vastatin | 10023 | 026 | 0.48 | 023 | 0.51 orre
sponds
10 mg

According to the obtained results in Table 4, the
one-sided confidence interval A, did not exceed the max-
imum allowable uncertainty of the analysis max A ., so
the method was accurate at the level of convergence. Ac-
cording to the obtained results in Table 5, calculated crite-
ria of practical insignificance for dosage forms did not
exceed the maximum allowable uncertainty of the analysis.

4. 2. 4. Robustness

The study of robustness was carried out at the stage
of development of spectrophotometric method for deter-
mining atorvastatin calcium by reaction with BTC during
the establishment of optimal conditions of reaction (stabil-
ity of solutions over time, the amount of reagent added). It
was found that the analyzed solutions are stable for 45 min
(provided the cell was tightly closed during absorption
measurement) (Fig. 3), and fluctuations in the amount of
added reagent (BTC solution) (Table 6) within +10 % does
not significantly affect the absorbance.

Table 6
Determination of the robustness of the analytical method
Amount of BTB, mL % BTB AA
0.90 90.00 0.265
0.95 95.00 0.267
1.00 100.00 0.268
1.05 105.00 0.268
1.10 110.00 0.270
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4. 3. Assessment of the impact of analytical
methods on the environment
As mentioned above, the aim of our study was to
develop a non-extraction spectrophotometric method for
the determination of atorvastatin calcium in tablets, con-
sidering GAC principles [21, 22]. Assessment of the
“greenness” of the analytical methodology was performed
using the analytical eco-scale and the method AGREE
(Analytical GREEnness). The score of the analytical eco-
scale was 90 (Table 7). The results of the study of the
«greenness» of the analytical methodology using the
AGREE method are shown in Fig. 7.

Table 7
Analytical eco-scale for assessing the «greenness» of the
developed method
Parameters Penalty points
Reagents
BTB 1
Ethyl acetate 3
Energy 1
Waste 5
Total number of penalty points 10
Ball of analytical eco-scale 90
Conclusion Exellent «green» analysis

Fig. 7. Pictogram of analytical methodology using
AGREE method

5. Discussion of research results

Only one spectrophotometric method for determin-
ing atorvastatin by reaction with sulfonephthalein dye,
namely bromocresol purple, was described in the scientific
literature [3]. The cited article also used a sulfonephthalein
dye and an organic solvent. However, the molar absorptivity
was lower, the calibration range was unexpectedly narrow
from 14 to 20 mg/L, and the acetone used as a solvent was
not suitable, as it evaporates very easily, was toxic and there-
fore the method cannot correspond to GAC principles.

Sulfonephthalein dyes exist in solution mainly in
two protonated forms — monoprotonated, where the proton
is split off from the sulfogroup, and in the dianionic form,
where the second proton is split off from one of the pheno-
lic hydroxyls. For BTB, these forms absorb in aqueous
solution at 420 nm (monoanionic form) and at 590 nm
(dianionic form). In organic solvents, the position of these
bands is slightly shifted due to the solvatochromic effect.
We considered the possibility of applying the method of
differential spectrophotometry by reaction with BTB using
the maximum absorption of the reaction product at a wave-
length of 420 nm. Optimal spectrophotometric conditions
were established. The stoichiometric ratios of the reactive
components as 1:1 were obtained by the methods of contin-

uous changes and the saturation method. Linearity regres-
sion equation was y=0.0017x+0.0496 and the obtained
correlation coefficient was R*=0.9993. The linear relation-
ship was established between absorbance at Amax and con-
centration of medicine in the range 15.48—154.80 pg/mL.
The LOD and LOQ values were calculated to be 4.85 pg/mL
and 14.71 pg/mL respectively. The proposed method of
quantitative determination of atorvastatin calcium is char-
acterized by specificity, linearity, accuracy, precision, ro-
bustness. The results, presented in Table 7 and Fig. 7, indi-
cate that the spectrophotometric method for the
determination of atorvastatin in tablets using BTB was
developed in accordance with GAC principles.

Study limitations. The developed method cannot
be used to determine atorvastatin calcium in the presence
of other statins and antihypertensive medicines.

Prospects for further research. The article de-
scribes the main stages of spectrophotometric method
development of atorvastatin calcium in tablets based on
the reaction with BTB. The next stage of research is
planned to develop the spectrophotometric method for
determination of atorvastatin calcium in tablets based on
the reaction with BPB (bromophenol blue).

6. Conclusions

A simple, economic, fast, reliable, and eco-friendly
spectrophotometric method was developed for the deter-
mination of atorvastatin calcium in tablets based on the
reaction with BTB and validated according to the stand-
ardized validation procedure by the standard method.
Maximum absorbance was observed in a solution of chlo-
roform and ethyl acetate, while ethanol, methanol and
acetonitrile were unsuitable. Given the principles of GAC,
we did not consider chloroform and chose ethyl acetate as
optimal solvent. It was established that the optimal con-
centration of BTB was 1.28x10~* M. The stoichiometric
ratios of the reactive components as 1:1 were obtained.
The linear relationship was established between absorb-
ance at Amax and concentration of medicine in the range
15.48-154.80 pg/mL. The LOD and LOQ values were
calculated to be 4.85 pg/mL and 14.71 pg/mL respectively.
Proposed method does not require various elaboration
treatment and tedious extraction procedure required in
other traditional extractive spectrophotometric methods.
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