ScienceRise: Pharmaceutical Science

Ne 4(50)2024

UDC 615.073/.074:543.422.3:615.272.4:615.453.6:502.171/.172

DOI: 10.15587/2519-4852.2024.310564

FULL GREEN ASSAY OF ROSUVASTATIN UTILIZING SULPHOPHTALEIN DYES:
APPLICATION TO TABLET ANALYSIS

Liudmyla Halka, Tetyana Kucher, Liubomyr Kryskiw, Marjan Piponski, Mariana Horyn,
Olha Poliak, Nadiya Zarivna, Liliya Logoyda

The aim of the work was to develop a «green» and extraction-free spectrophotometric procedure for the assay of
rosuvastatin in tablets. The present work describes three new spectrophotometric procedures (A, B and C) that can
be utilized for routine quality control of rosuvastatin in laboratories.

Materials and methods. Analytical instrumentation: Shimadzu UV-1800 double beam UV-vis spectrophotometer
(Japan) with attached UV-Probe ver. 2.62 software, RAD WAG AS 200/C precise analytical balance (Poland). Ro-
suvastatin calcium (purity>98 % (HPLC)) was bought from Sigma-Aldrich Chemicals Co. (St. Louis, MO, USA).

Rosuvastatin 10 mg tablets were acquired from a nearby drugstore. All solvents used in this study, including meth-

anol, ethanol, chloroform, acetonitrile and ethyl acetate, were produced by Honeywell and had a purity of 99.9 %.

BCG, BCP and BTB were acquired from Sigma-Aldrich Chemicals Co. (USA, St. Louis). All chemicals utilized in

the experiment were of analytical purity.

Results and discussion. New simple «greeny and extraction-free spectrophotometric procedures for assay of rosuvas-

tatin in tablets involve the formation of ion-pair complexes with sulphophtalein dyes (BCG (Method A), BCP (Method
B), BTB (Method C)) have been developed. The absorbances of the coloured reaction products were registered at
405 nm (Method A) and 400 nm (Methods B, C). The concentration was linearly proportional to absorbance values

in the range of 2.51-20.08 ug/mL (method A), 2.50-24.90 ug/mL (method B) and 2.51-12.56 ug/mL (method C).

Estimation of LOD and LOQ parameters were obtained as 0.67 ug/mL and 2.23 ug/mL (method A), 0.39 ug/mL and
1.32 ug/mL (method B), 0.30 ug/mL and 1.01 ug/mL (method C). The stoichiometric ratio of the reactive components

of rosuvastatin — BCG, BCP, and BTB corresponded 1: 1. The %RSD values of intra-day and inter-day were obtained
less than <1.5 %, which showed excellent repeatability and RE % data was <3 %. The effect on the environment of
the proposed spectrophotometric procedures and their compliance with the GAC principles were endorsed by the

output of AGREE, GAPI, and AES metrics tools. The values of these three «green» metrics show that the proposed
spectrophotometric procedures had a low environmental impact compared with the reported ones.

Conclusions. The developed fast, simple and cost-effective methods A, B, and C can be used for routine analysis

of rosuvastatin in tablets
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1. Introduction ple reported assays include spectrophotometry [5—18]

Rosuvastatin is a semisynthetic compound that be-
longs to the lipid-lowering class of statins. Such a class is
commonly used to reduce low-density lipoprotein cholester-
ol levels. They are extremely effective in decreasing athero-
sclerosis. Atherosclerosis is defined as one of the leading
causes of worldwide death. On the other hand, statins man-
age the risk of cardiovascular diseases. Prescribing statins is
a general practice after cardiovascular events. In addition,
statins are the first line of hypercholesterolemia therapy.
Rosuvastatin is known as (E)-(3R,5S)-7-{4-(4-fluoro-
phenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]-
pyrimidin-5-yl}-3,5-dihydroxyhept-6-enoic acid calci-
um (2:1) [1, 2] (Fig. 1).

In order to assure the quality of rosuvastatin in
bulk and formulation, alone or in combination with other
drugs, a variety of methods have been used [3, 4]. Multi-

and other analytical methods. Nevertheless, most of
them have disadvantages, such as difficulty in perfor-
mance, and are sophisticated and time-consuming. How-
ever, the spectrophotometric method is one of the envi-
ronmentally focused analytical methods, widespread in
various fields of application. According to the last liter-
ature data, few spectrophotometric procedures are pre-
sented and generally include extraction or dilution of the
drug by subsequent registration of absorbance in the UV
region, which leads to a lack of specificity and can be
influenced by some UV-absorbing medicines, degrada-
tion compounds, flavours, dyes etc. [5-9]. According to
the literature survey, it was summarized that reported
spectrophotometric procedures associated with numer-
ous drawbacks, such as exaction, using toxic and expen-
sive solvents, the addition of buffer for pH control, being
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harmful to nature, small concentration range and selec-
tivity, as indicated in Table 1 [10—16].

The application of sulphophthalein dyes in phar-
maceutical analysis is promising. In the last 30 years, a
number of such spectrophotometric methods have been
developed, but the principles of «green chemistry» were
not taken into consideration during their develop-
ment [13]. Our scientific group has developed a spectro-
photometric procedure for the assay of rosuvastatin in
tablets using a reaction with BPB [16]. Ramadan A. et al.
have developed a spectrophotometric method for rosu-
vastatin determination in raw material and dosage form
by reaction with BCG, but they used extraction with

of «green chemistry». However, the reported spectropho-
tometric procedures with dyes as reagents lack modern,
sustainable environmental principles. Consequently, the
development and validation of new environmentally sus-
tainable methods and the moderation of previously devel-
oped procedures for the spectrophotometric determina-
tion of rosuvastatin in drugs is a prominent goal that will
be performed during this research.

The aim of this study was to develop a «green»
and extraction-free spectrophotometric procedure for the
assay of rosuvastatin in tablets. The present work de-
scribes three new spectrophotometric procedures (A, B
and C) that can be utilized for routine quality control in

chloroform, which does not correspond to the principles laboratories.
Table 1
Performance comparison of the previously reported and proposed spectrophotometric methods
No Utilized reagents Principle Linearity Comments Reference
a) safranin O; . . . a) 5.0-25.0 pg mL"!
b) methylene blue at pH The formation of ion association (3.60x10* L mole” cm™); | Require close pH control
1 . . complexes was measured at p . [10]
9.8 with further extraction 530 nm and 655 nm. respectivel b) 2.5-12.5 pg mL and extraction
in CHCI, - TESP Y1 (6.54x10* L mole! cm')
Todine in acetonitn'leo(at Tl}e formation of the triiodide 2.408-48.154 g mL" It requirfss. heating for 1
2 | atemperature of 50 °C (I ) complex was measured at . .~ . | hour, and itis an expensive | [11]
3 (4.97x10* L mole! cm™)
1 hour) 291 and 360 nm solvent
The production of a charge . .
3 | Quinalizarin in DMSO | transfer complex was observed 6.0-15.0 mg L Rqulre usIng DMSO0, [12]
wide linear range
at 579 nm
Bromocresol green The production of an ion-pair 0.482-24.077 pg/mL . .
4 (BCQG) in chloroform |complex was observed at 416 nm| (1.92x10* L mole™! cm™) Require extraction [13]
safranin in chloroform . . . .
The production of an ion-pair 5 Require close pH control
> | and phosph7atze buffer pH complex was observed at 518 nm 325 pg/mL and extraction [14]
a) chloralinic acid in a)l-3 ng/mL
X 4 -1 -1).
a.lce.tone., . a) oxidation (Amax 530 nm); (0.8345x10° L mole”” cm; Require using organic
b) picric acid in . b) 0.25-1.25 pg/mL .
6 ) b) salt formation (Amax 440 nm); S SO solvents, narrow linear [15]
chloroform; ¢) oxidation (Amax 410 nm) (1.91<10°L mole™ oml; range
¢) potassium permanganate ¢) 0.25-1.25 pg/mL &
(stand for 20 min) (2.3x10°L mole! cm™)
Bromophenol blue (BPB)| The production of an ion-pair 7.99-23.97 pmol/L . .
7 in acetonitrile complex was observed at 595 nm. (1.55x10* L mole™! cm™) Require expensive solvent [16]
a) bromocresol green a) the production of an ion-pair a) 2.51-20.08 pg/mL E’;?;Eiggi;’ ilvli%};ly
(BCG) in ethyl acetate; |complex was observed at 405 nm; | (3.54x10*L mole! cm™); concentration ranees
3 b) bromocresol purpe b) the formation of an ion-pair b) 2.50-24.90 ng/mL without heatin ai d ? Present
(BCP) in acetonitrile; |complex was observed at 400 nm;| (3.41x10*L mole™! cm™); H-correctin fni tar methods
¢) bromothymol blue ¢) the formation of an ion-pair ¢) 2.51-12.56 pg/mL s tz reaction a%d « ree}rll»
(BTB) in ethyl acetate | complex was observed at 400 nm | (3.47x10*L mole! cm™) p solvents &

Fig. 1. Chemical structure of rosuvastatin calcium salt
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2. Planning of the research

The methodology of investigation of development
and validation of the spectrophotometric procedures for
the determination of rosuvastatin in tablets includes:

1. Evaluation of the scientific sources.

2. Analysis of the SPhU and Ph. Eur. Monographs.

3. Selection of reaction conditions between rosu-
vastatin and BCG, BCP, BTB (choice optimal wave-
length, solvent, concentration reagent, detection of stoi-
chiometric indexes).

4. Development and validation of the spectropho-
tometric procedures for the determination of rosuvastatin
in tablets.

5. Study of the greenness of the developed methods
by analytical GREEnness, GAPI, and AES metric tools.

3. Materials and methods

Objects of study, solvents and equipment.

Analytical instrumentation: Shimadzu UV-1800
double beam UV-VIS spectrophotometer (Japan) with
attached UV-Probe ver. 2.62 software, RAD WAG AS
200/C precise analytical balance (Poland). Rosuvastatin
calcium (purity>98 % (HPLC)) was bought from Sig-
ma-Aldrich Chemicals Co. (St. Louis, MO, USA). Rosu-
vastatin 10 mg tablets were acquired from a nearby
drugstore. All solvents used in this study, including
methanol, ethanol, chloroform, acetonitrile and ethyl ac-
etate, were produced by Honeywell and had a purity
0f 99.9 %. BCG, BCP and BTB were acquired from Sig-
ma-Aldrich Chemicals Co. (USA, St. Louis). All chemi-
cals utilized in the experiment were of analytical purity.

Proposed procedure for the determination of rosu-
vastatin calcium salt with BCG.

Twenty tablets of rosuvastatin calcium salt were
thoroughly crushed and weighed. An accurate amount of
the powdered tablets corresponding to 25.10 mg of rosu-
vastatin calcium salt was transferred into a 50.00 mL
measuring flask containing 35 mL of ethyl acetate. The
mixture underwent ultrasound treatment for 30 minutes
to get it ready. The volume was filled to the mark with
the needed solvent, stirred thoroughly and filtered using
a Whatman No. 42 filtering paper. Aliquot 0.20 mL was
transferred to a 10.00 mL measuring flask containing
0.8 mL of 5.1x10* M BCG, and the volume was made up
to the mark by adding ethyl acetate. The absorbance of
the resulting mixture was recorded at 405 nm against a
reference solution prepared in the same way without add-
ing the analyte.

Proposed procedure for the determination of rosu-
vastatin calcium salt with BCP.

Twenty tablets of rosuvastatin calcium salt were
thoroughly crushed and weighed. An accurate amount of
the powdered tablets corresponding to 10.00 mg of rosu-
vastatin calcium salt was transferred into a 100.00 mL
measuring flask containing 80 mL of acetonitrile. The
mixture underwent ultrasound treatment for 30 minutes
to get it ready. The volume was filled to the mark with
the needed solvent, stirred thoroughly and filtered using
a Whatman No. 42 filtering paper. Aliquot 1.00 mL was
transferred to a 10.00 mL measuring flask containing

0.5 mL of 1.0x10° M BCP, and the volume was made up
to the mark by adding acetonitrile. The absorbance of the
resulting mixture was recorded at 400 nm against a ref-
erence solution prepared in the same way without adding
the analyte.

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

Twenty tablets of rosuvastatin calcium salt were
thoroughly crushed and weighed. An accurate amount of
the powdered tablets corresponding to 16.00 mg of CRS
rosuvastatin calcium salt (or equivalent in tablets) was
transferred into a 50.00 mL measuring flask containing
35 mL of ethyl acetate. The mixture was shaken and then
adjusted to the mark with the same solvent. The mixture
underwent ultrasound treatment for 30 minutes to get it
ready. The volume was filled to the mark with the needed
solvent, stirred thoroughly and filtered using a Whatman
No. 42 filtering paper. Aliquot 1.50 mL was transferred
to a 10.00 mL measuring flask containing 0.5 mL of
1.0x10°* M BTB, and the volume was made up to the mark
by adding ethyl acetate. The absorbance of the resulting
mixture was recorded at 400 nm against a reference solu-
tion prepared in the same way without adding the analyte.

Proposed procedure for preparing BCG solution.

A 5.1x10* M of BCG were prepared in a 50.00 mL
measuring flask by dissolving 17.9 mg of BCG in 40 mL
of ethyl acetate and adjusting to the mark with the same
solvent.

Proposed procedure for preparing BCP solution.

A 1.0x10° M of BCP were prepared in a 25.00 mL
measuring flask by dissolving 13.8 mg of BCP in 20 mL
of acetonitrile and adjusting to the mark with the same
solvent.

Proposed procedure for preparing BTB solution.

A 5.0x10* M of BTB were prepared in a 50.00 mL
measuring flask by dissolving 16.0 mg of BTB in 20 mL
of ethyl acetate and adjusting to the mark with the same
solvent.

4. Results

4. 1. Selection of reaction conditions

Sulphophtalein dyes as reagents have attracted con-
siderable attention from scientists in the analysis of phar-
maceuticals due to their ability to react with substances of
a basic nature. The advantage of such reactions is their
simplicity, expressivity and greenness if advanced ap-
proaches are used. Taking into account our research team’s
expertise in developing and validating analytical methods
for API routine pharmaceutical control, we previously de-
veloped a spectrophotometric method for determining ro-
suvastatin in tablets using a reaction with BPB in acetoni-
trile medium, which is a costly solvent. Rosuvastatin
calcium in ethyl acetate nor acetonitrile doesn’t absorb
within the visible region, but when either of three
dyes (BCG, BCP, or BTB) is added, colour is quickly de-
veloped, with absorbance maxima of about 405 nm (BCG)
and 400 nm (BCP and BTB) (Fig. 2).

Sulphophtalein dyes, including BCG, BCP, and
BTB are present in solution in two kinds of hydrogenated
forms: monoanionic, in which the proton is broken off
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from the sulfogroup, and dianionic, when another hy- 0.18

drogen breaks off from one of the phenolic hydroxylic 0.16

groups. The monoanionic form of BCG, BCP and 0.14

BTB absorbs in an aqueous solution at about 400— 0.12

405 nm, and the dianionic form at about 600 nm. Ro- 0.1

suvastatin becomes protonated and produces an ion < (08

pair when combined with the dye [13]. Adding rosu- 0.06

vastatin calcium to the sulfophthalein dye solution in- 0.04

creases the absorption band of the monoionized dye 0.02 .

form (Amax=400—-405 nm) (Fig. 2) while decreasing 0 =

the absorbance band of the doubly ionized form. The EtOH MetOH ACN CHCI3 EtAc
solvatochromic effect of organic solvents causes these Solvents

forms to shift in position. Therefore, 400 nm was cho-
sen as the determination wavelength with BCG in
ethyl acetate and 405 nm — with BCP in acetonitrile
and BTB in ethyl acetate.

0.67
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0.17

400 450
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Fig. 2. Absorbance spectra of rosuvastatin
(1.50x10°M)— BCG (4.10%10°M in ethyl
acetate) (1) (method A), rosuvastatin
(1.24x10°M)— BCP (5.00x10 M in acetonitrile) (2)
(method B), rosuvastatin (7.53x10°M)— BTB
(5.56x10”° M in ethyl acetate) (3) (method C)
complexes against the appropriate reagent blanks

Abs.

Certain organic solvents, including methanol,
ethanol, chloroform, methylene chloride, ethyl acetate
and acetonitrile, were tested for their capability to pro-
duce ion pairs from drug and dye mixtures. Chloroform
and methylene chloride are toxic solvents. However, we
tested them for theoretical purposes. As already noted
above, Syrian scientists used chloroform as a solvent in
their work [13]. Effects of solvents on the formation of
rosuvastatin-BCG, rosuvastatin-BCP, and rosuvasta-
tin-BTB complexes are presented in Fig. 3-5.

In the case of the formation of rosuvasta-
tin-BCG (Fig. 3) and rosuvastatin-BTB complex-
es (Fig. 5), the optimal solvent is ethyl acetate, while in
the case of the formation of rosuvastatin-BCP com-
plex (Fig. 4) is methylene chloride, however, we chose
acetonitrile for the generation of the rosuvastatin-BCP
complex due to its environmental safety.

The effect of reagent concentration on the intensity
of colour formation was studied by tracking the absor-
bance of solutions containing a constant concentration of
rosuvastatin and different amounts of BCG, BCP, and
BTB. Maximum absorbance was achieved at concentra-
tions of 5.1x10* M BCG, BTB and 1.0x10° M BCP.

Fig. 3. Solvents impact on the generation of rosuvastatin-BCG

complex (C =1.49x10°M)

MBCG

0.4
0.3

0.2

EtOH MetOH EtAc ACN CHCI3 MetCl

Solvents

Fig. 4. Solvents impact on the generation of rosuvastatin-BCP

complex (C,, ....=2.00x10° M)

M BCP

0.12

0.1
0.08
0.06

0IIII

0.04
0.02
EtOH MetOH MethCl CHCI3 ACN EtAc
Solvents

-0.02

Fig. 5. Solvents impact on the generation of rosuvastatin-BTB

complex (C,, . .=1.03x10°M)

M BTB

The effect of dye volume on the intensity of colour
formation was studied by tracking the absorbance of solu-
tions containing a constant concentration of rosuvastatin
and different volumes of BCG, BCP, and BTB. It was de-
termined that 0.8 mL of BCG and 0.5 mL of BCP and BTB
were needed in order to achieve the highest absorbance.

At 25+2 °C, the interactions between rosuvastatin
and the studied sulphophthalein dyes (BCG, BCP and
BTB) were immediate. The colour solutions’ absorbanc-
es were steady for 10 min before gradually decreasing.
Although the reaction was rapid, readings in the follow-
ing investigations were performed after 5 min to achieve
greater measurement precision than measurements taken
immediately after combining rosuvastatin with sulph-
ophthalein dyes.
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The stability of the ion-pair complexes generated by
rosuvastatin with BCG, BCP or BTB was studied. Despite
the fact that the ion pairs were formed immediately, steady
absorbance values were measured after at least 5.0 min of
remaining at a constant temperature (25+2) °C and re-
maining stable for twenty-four hours.

The molar ratio approach (saturation method) and
Job’s method of continuous variation were used to deter-
mine the composition of rosuvastatin:dye complexes.

Using varying volume ratios, in Job’s method we
combined 5.00x10* M solutions of dye and 5.00x10* M
rosuvastatin calcium, so that the total volume of
each mixture was the same as well. The analysis
of the reacting components’ stoichiometric ra-
tios using Job’s approach for continuous changes
is shown in Fig. 6.

By using the saturation approach, one is
able to determine how much absorbance de-
pends on the concentration of a specific reaction
mixture component while maintaining a con-
stant amount of the other component and in-
versely. The component whose concentration

./ r

06 r

05 r

04 +

03 r

02

Table 2 displays the optimal parameters for the
spectrophotometric measurement of rosuvastatin calci-
um via the ion-pair formation of complexes utilizing
BCG, BCP and BTB. We have determined the parame-
ters for using spectrophotometric procedures to deter-
mine the content of rosuvastatin in tablets and estimat-
ed the reaction’s sensitivity factors. The molar
absorptivity of the previously developed method was
1.55x10* L mole™ cm™!, while the proposed methods have
3.54x10* L mole™ cm™ (method A), 3.41x10* L mole™! cm'
(method B) and 3.47x10* L mole™! cm™ (method C).

—e—BCG
—a—BCP
BTB

has been varied has a stoichiometric coefficient

0.1-0.9 0,2-0,8 0.3-0.7 0.4-0.6 0.5-0.5 0.6-0.4 0.7-0.3 0.8-0.2 0.9-0.1

equal to the inflexion point on the saturation
curve (Fig. 7). The stoichiometric coefficients of
the reaction mixture components between rosu-
vastatin calcium and dye (BCG, BCP and BTB)
are equal to 1:1, as demonstrated in Fig. 7.

1 -
0.8

0.6 r

Abs.

04 r

02 r

V1\V2

Fig. 6. Rosuvastatin:BCG complex continuous variation
method at A=405 nm, rosuvastatin:BCP complex at A=400 nm,

rosuvastatin:BTB complex at A=400 nm
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Fig. 7. Molar ratio method of rosuvastatin:BCG complex at A=405 nm (a), rosuvastatin:BCP complex at A=400 nm (b),

rosuvastatin:BTB complex at A=400 nm (¢) (C,,

MBCP

5.13x10*M, C 1.02x10*M, C,, ...=5.13x10* M)

M BTB
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Table 2

The optimal parameters for rosuvastatin calcium
spectrophotometric analysis via complex formation
using BCG, BCP and BTB

4. 2. 2. Accuracy and Precision

The intra-day and inter-day precision and accura-
cy outcomes resulting from the recommended methods
are summarized in Table 4. The RE % data was less

Operating modes than 3 %, and the intra-day and inter-day RSD values
Conditions Method A | Method B | Method C were determined to be less than 1.5 %, indicating the
BCG BCP BTB methods’ applicability to routine control. The above high
Temperature of 5515 recovery, along with low error values, §howed I.ligh pre-
solution, °C cision for all three described rosuvastatin quantification
Solvent Ethyl Acetonitrile | Ethy acetate p.rocedures. The results of the research proved the preci-
acetate sion and accuracy of the recommended procedures.
Reagent 5.1x10% | 1.0x10° | 5.1x10% Table 4
concentration, mol/l . .
Assessment of the methods’ intra-day and inter-day accuracy
Reaction time, min 5 and precision
Stability, h 24 Intra-day accuracy and| Inter-day accuracy
Amax of Meth-| Concentra- precision (n=7) and precision (n=7)
complex, nm 405 400 400 od |tion, pg/mL Rec?;/- %RSD | %RE Recc();/- %RSD|%RE
P ery, 7o ery, 7o
Mil?;jlb:?rf;.vllty’ 3.54x10* | 3.41x10% | 3.47x10° 500 [100.11] 0.92 [1.89] 99.92 | 1.12 [ 1.59
Sandell 003 003 003 1\;13- 1254 | 99.95 | 0.87 [1.22] 99.46 | 0.95 | 1.71
sensitivity, ug cm ’ ’ : 20.08 101.43 | 1.02 |1.31]100.67 | 1.34 | 1.94
Working C, mol/l 5.0x10* 1.0x10* 5.0x10* Meth. 4.00 100.86 | 1.28 |1.93 [101.62 | 0.69 |1.25
odB 14.45 101.38 | 1.47 [1.78 | 99.64 | 1.19 |1.93
4. 2. Determination of validation characteristics 24.90 9905 | 0.95 1136110006 1.34 |140
Proposed methods have been validated to meet | pfotp- i 100.07 | 0.68 |1.10] 99.95 | 1.27 | 0.98
the requirements specified by the International Confer- | o4 C 8.28 100.94 | 092 |127]100.12 | 1.28 |1.39
ence on Harmonization (ICH) [19]. 1256 | 9938 | 0.79 [1.07 [100.84 | 1.08 [0.92

4. 2. 1. Linear Range and Sensitivity

Model mixtures were used to evaluate the linear-
ity within the method’s applicability range. These re-
sults were statistically analyzed using the least squares
approach in compliance with ICH guidelines. The ab-
sorbance and concentration of rosuvastatin were shown
to be linearly correlated in the following ranges: 2.51—
20.08 pg/mL (method A), 2.50-24.90 ug/mL (meth-
od B), and 2.51-12.56 pg/mL (method C). The regres-
sion parameters are displayed in Table 3.

Out of the three suggested approaches, the BCP
and BTB methods are the most sensitive, as seen by the
low LOD and LOQ values in methods B and C. Within
the analytical methods’ range of application, the linearity
parameters satisfied the criteria established by ICH.

Table 3
Analytical parameters for the spectrophotometric
determination of rosuvastatin calcium via complex
formation with BCG, BCP and BTB

Value for | Value for | Value for
Analytical parameters | method A | method B | method C
BCG BCP BTB
Linearity range, pg/mL|2.51-20.08 | 2.50-24.90 | 2.51-12.56
Intercept (a) 0.0075 —0.0212 0.0071
Slope (b) 0.0345 0.0398 0.0341
Correlation coefficient | 0.9990 0.9994 0.9989
S.D. of slope (Sb) 0.0017 0.0008 0.00097
S.D. of intercept (Sa) 0.0214 0.0118 0.0079
LOD, ng/mL 0.6695 0.3947 0.3033
LOQ, pg/mL 22315 1.3156 1.0109

Note: RSD — Relative standard deviation; RE — Relative error.

4. 2. 3. Specificity

The proposed spectrophotometric procedures for the
determination of rosuvastatin in tablets demonstrate speci-
ficity for two main reasons. Firstly, excipients do not inter-
fere with sulfophthalein dyes, as confirmed by conducting
measurements within the visible spectrum range. Secondly,
the use of organic solvents in dissolving and preparing tablet
samples ensures that only rosuvastatin dissolves, while the
excipients remain undissolved due to their solubility in wa-
ter but not in acetonitrile or ethyl acetate.

4. 2. 4. Robustness and Ruggedness

The robustness of the proposed spectrophotomet-
ric methods, which refers to how minor variations in the
methods’ variables impact their analytical performance,
was thoroughly examined. These variables included the
concentrations of BCG, BCP, and BTB, as well as reac-
tion times, each adjusted by 10 % from their optimal
values. It was observed that these adjustments had no
significant effect on the method’s efficacy. The recovery
values fell within the range of 98.9 % to 101.5 %, with
relative standard deviation (RSD) values ranging from
0.5 % to 1.4 %. These findings validate the suitability of
the three proposed spectrophotometric methods for the
routine analysis of rosuvastatin. Furthermore, the rug-
gedness of the methods was evaluated in terms of day-to-
day reproducibility. The RSD values obtained did not
surpass 1.5 %, indicating that the proposed spectrophoto-
metric methods exhibit ruggedness, ensuring consistent
and reliable performance over time.
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4. 2. 5. Application to tablet analysis

The suitability of the proposed spectrophotometric
procedures for quantifying rosuvastatin in tablet formula-
tions was assessed based on the satisfactory validation out-
comes outlined earlier. These methods were employed to
evaluate rosuvastatin concentrations in tablet samples
across various predetermined levels (as detailed in Table 5).

Applying the recommended spectrophotometric procedures for
estimating the content of rosuvastatin in tablets using reactions with
BCG, BCP, and BTB (method A, method B and method C)

techniques entailed miniaturizing analytical procedures in
accordance with the «green analytical chemistry» (GAC)
tenets, which include elimination of extraction, utilizing
lower amounts of sample and reagent, and minimization of
waste. For the calculation of the greenness of the proposed
methods, three effective metric tools were applied: Ana-
lytical Eco-Scale (AES), Green Analytical Procedure In-
dex (GAPI) and Analytical Greenness Metric
Approach (AGREE). These resources offer a
thorough review of environmental-friendly ana-
lytical techniques, and their evaluation criteria
and outcomes are available in modern scientific

Table 5

Method Concentration | Labeled Claim (%+RSD) [Label Claim (%+RSD):| papers [20-22]. . .
level, ug/mL | Dosage form (tablets) 1 |Dosage form (tablets) 2 The outcomes of the first metric tool analy-
5.00 99.84+1.09 101.78+1.88 sis, AES, are shown in Table 6 and contain all three
Method 12.54 100.37+1.39 101.63+1.12 analyzed reagents annexed to the same reagent
A 20.08 99.69+0.95 100.70+0.78 category, operating conditions, and procedures.
- Mean 99.97+1.14 101.37+1.26 As can be mentioned, penalty points (PP)
4.00 99.28+1.67 99.28+1.11 associated with the amount of reagents and sol-
Method 14.45 100.50+0.92 100.24+0.94 vent were 3. Considering the potentially harmful
B 24.90 101.12+0.86 100.85+1.07 effects of the reagents and solvents utilized in
- Mean 100.30+1.15 100.12+1.04 each procedure, the intermediate summary of PP
4.00 101.27+1.02 99.08+0.94 was 6. Instrument energy consumption parame-
Method 8.28 99.49+1.85 101.43+1.07 ters and occupational exposures satisfied GAC
C 12.56 99.10+1.19 100.39+1.53 requirements and did not give any PP. The inter-
- Mean 99.95+1.35 100.30+1.18 mediate summaries of 5 and 3 PP, respectively,

Note: “n — average of 3 determinations.

The findings revealed label claim percentages with
mean values of 99.97+1.14 % (Method A), 100.30£1.15 %
(Method B), and 99.95+1.35 % (Method C) for dosage
form 1, and 101.37+1.26 % (Method A), 100.12£1.04 %
(Method B), and 100.30+
+1.18 % (Method C) for
dosage form 2. These re-
sults demonstrate notably
high label claim percentag-

indicate the parameters of waste generation and

treatment. The whole PP for each method was 17,
and the analyses’ corresponding environmental scale
scores were 83 (100—17). This high score demonstrated the
suggested approaches’ excellent result of greenness in
compliance with metric requirements.

Table 6

Analytical Eco-Scale for determining the greenness of the recommended
spectrophotometric procedures for the assay of rosuvastatin through its interaction with
BCG (Method A), BCP (Method B) and BTB (Method C)

es, underscoring the effec- |Eco-scale score parameters Penalty Points (PPs)
tive applicability of the P Method A Method B Method C
proposed  spectrophoto- Amount of solvent/reagent — mLf(mL( ) e mLf(mL( ) — mLf(mL( )

. Cr Cr — Cr
metr.lc methods for the Solvent: sample) (2)g p sample) (2)g p sample) (2)g P
P r?CIS.e and accurate det.er— Reagent: <1 mL Reagent: <1 mL Reagent: <10 mL
mlnatlor.l of rosuvastatin Reagent: (mL (g) per sample) (1) |(mL (g) per sample) (1) | (mL (g) per sample) (1)
content in tablets. Hazard of solvent/reagent - - -

Solvent: 3 3 3
4.3. Greenness lev- Reagent: 3 3 3
els of the proposed spec- Instrument: energy used
trophotometric methods (0.1 kWh per sample) 0 0 0
According to the Occupational hazards - - -
current trends in environ- | The analytical process is 0 o o
mental protection, the ap- hermetic
proaches of «green» chem- | Emission of vapors and 0 0 0
istry are widely used and gases to the air
demanded. Nowadays, sci- Waste - - -
entists have applied a num- Production (>10 mL (g) per (>10 mL (g) per (>10 mL (g) per
ber of techniques and ap- sample) (5) sample) (5) sample) (5)
proaches for calculating Treatment 3 3 3
the «greenness» of exist- | (1o treatment involved)
ing, developed and newly Total PPs 17 17 17
created procedures. These Eco-Scale score 83 83 83
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The outcomes of the GAPI tool for 15 criteria are
illustrated in Fig. 8. Three of the fifteen parameters — pa-
rameters 2, 14, and 15 — were colored red in the picto-
grams. Due to the incorrect handling of the waste tests,
these parameters acquired the color red. The difference
between the methods was in parameter 9 (amount of re-
agents and solvents). Other parameters that complied
with guidelines and the green processes’ requirements
were coloured green and yellow.

a b

Fig. 8. GAPI pictograms for determination of the
greenness of the analyzed procedures: a —A; b—B, C

The obtained pictograms using the AGREE tool
are shown in Fig. 9. Parameter 7 is more or less marked
in red in all methods, which shows significant waste.
Parameter 10 (type of reagents) is marked in yellow co-
lour. All other parameters are green. The overall score is
0.78, which confirms the green analysis. A comparison of
the three environmentally friendly tools’ outputs attested
to the greenness of the suggested spectrophotometric
methods and their adherence to the GAC principles.

Fig. 9. AGREE pictograms for determination of the
greenness of the analyzed procedures: a —A; b—B; ¢c—C

4. 4. Matching the analyzed methods’ greenness
levels with the reported methods

The levels of greenness of the analyzed spectro-
photometric methods were compared with the levels of
greenness of existing spectrophotometric meth-
ods [13, 16]. The GAPI and AGREE tools were utilized
for conducting comparisons, and Fig. 10 shows the picto-
grams prepared for the described methods using these
approaches. The greenness levels for the reported proce-
dures specified by the GAPI tool were determined to be
lower than the analyzed ones [13]. There were red param-
eters 1, 5, 6, 7, 14, and 15 (corresponding to the amount
of reagent and solvent, the use of chloroform and ex-
traction, and the amount of waste, respectively), and the
result of the method [16] was similar (method was also
developed by our scientific group). The AGREE tool
gave a score of 0.57 for the method [13], which is unsatis-
factory due to the use of chloroform and extraction, and

0.77 for the method [16], which is a good score due to the
lack of extraction and the use of acetonitrile as a solvent.

Fig. 10. Comparison of the reported methods’ greenness
according to the AGREE (right) and GAPI (left) metric
tools: a —[13]; b —[16]

Therefore, it can be concluded that the conducted
research significantly expands the bank of simple and
«green» spectrophotometric methods, which are devel-
oped in accordance with the modern methodology of
pharmaceutical analysis and can be an alternative to
chromatographic methods.

5. Discussion of research results

We focused on selecting sulphophtalein dyes for the
development of «green» spectrophotometric procedures for
determining rosuvastatin in tablets, aiming for suitability in
routine quality control laboratories during the method de-
velopment process. The three suggested spectrophotometric
procedures required the application of sulphophtalein
dyes (BCG, BCP, and BTB) in various «green» solvents.
The absorbances of the coloured reaction products were
registered at 405 nm (method A) and 400 nm (methods B, C).
All three spectrophotometric methods have been validated
in compliance with ICH guidelines. The concentration is
linearly proportional to absorbance values in the range of
2.51-20.08 pg/mL (method A), 2.50-24.90 pg/mL (meth-
od B) and 2.51-12.56 pg/mL (method C). Estimation of
LOD and LOQ parameters were obtained as 0.67 pg/mL
and 2.23 pg/mL (Method A), 0.39 pg/mL and 1.32 pg/mL
(Method B) 0.30 pg/mL and 1.01 ug/mL (Method C). The
stoichiometric ratio of the reactive components of rosuvas-
tatin — BCG, BCP, and BTB corresponds 1:1. The %RSD
values of intra-day and inter-day were obtained less
than <1.5 %, which showed excellent repeatability and
RE % data was <3 %.

Chemists find the spectrophotometric procedures
easy to use, making them suitable for a wide range of
applications, including regular pharmaceutical analysis
and labs lacking sophisticated equipment. Furthermore,
the suggested procedures are rapid, cost-effective, and
«green». The suggested spectrophotometric methods’ po-
tential environmental impact using greenness
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tools (AGREE, GAPI, and AES) was evaluated. In com-
parison to the reported procedure, the analyzed spectro-
photometric procedure has a lower ecological impact
based on the greenness assessment criteria. Compared to
the methods described in the literature [13, 16], the pro-
posed methods are simpler, do not require extraction, are
more environmentally friendly and more cost-effective.

Practical Relevance. The content of rosuvastatin
in its tablets can be determined using the proposed spec-
trophotometric procedures.

Study limitations. The proposed analytical meth-
od can not be used to determine rosuvastatin in the pres-
ence of other antihypertensive and metabolic APIs in
medicines.

Prospects for further research. The next stage of
research is planned to develop and validate the spectro-
photometric method for the determination of rosuvasta-
tin in tablets based on the reaction with other dyes.

6. Conclusions

Three spectrophotometric methods (A, B, C) for
the determination of rosuvastatin in tablets have been
developed. Stoichiometric ratios of reactive components
(rosuvastatin — BCG, BCP, BTB) correspond 1:1. All
three spectrophotometric methods have been validated in
compliance with ICH guidelines. The concentration is
linearly proportional to absorbance values in the range of
2.51-20.08 pg/mL (method A), 2.50-24.90 pg/mL (meth-

od B) and 2.51-12.56 pg/mL (method C). Estimation of
LOD and LOQ parameters were obtained as 0.67 pg/mL
and 2.23 pg/mL (method A), 0.39 pg/mL and 1.32 pg/mL
(method B) 0.30 pg/mL and 1.01 pg/mL (Method C). In
summary, the developed fast, simple and cost-effective
methods can be used for routine analysis of rosuvastatin
in tablets.
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