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Three spectrophotometric methods are described for the determination of simvastatin (SMT) in bulk drug and in tablets
using bromate-bromide as the brominating reagent. The methods are based on the bromination of SMT by a measured
excess of bromine in acid medium, and the unreacted bromine was caused to brominate fluorescein, phenol red and
rosaniline; and the intensity coloured bromo products was measured at 520 nm (method A), 590 nm (method B) and 570
nm (method C), respectively. In all the methods, the amount of bromate reacted corresponds to the amount of SMT. A
linear decrease in absorbance with concentration of SMT was observed in all the three methods, and the Beer’s law was
obeyed over the concentration ranges 0.5-5, 0.6-6 and 1-10 pgmL-! SMT for method A, method B and method C,
respectively. The apparent molar absorptivities were calculated to be 6.3x10%, 7.9x10* and 5.1x10* L mol"! cm™! for
method A, method B and method C, respectively. The methods were successfully applied for the determination of SMT in
tablet form with percent found in the range 94.85-104.7 and with standard deviation of 0.8-2.6. The validity of the
methods was further ascertained by performing recovery experiment via standard-addition method. The common excipients
and additives did not interfere in the determination. The results obtained by the proposed methods were statistically

compared by means of Student’s t-test and the variance ratio F-test.
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1. Introduction

Cholesterol lowering statin drugs are more frequently
prescribed agents for reducing morbidity and
mortality related to coronary heart disease.
Simvastatin (SMT) an analog of lovastatin, is the
lactone form of 2,2-dimethylbutanoic acid (1S, 3R,
78, 85, 8aR)-1,2,3,7,8,8a-hexahydro-3,7-dimethyl-8-
[2-[(2R,4R)-tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl] ethyl]-1-naphthalenyl ester which lowers the
plasma cholesterol by inhibiting 3-hydroxy-3-methy]
glutaryl- CoA reductase. SMT is widely used in the
treatment of hypercholesterolemia (elevated
cholesterol levels). Recently, it was reported that it
is also effective in reducing lethality in coronary heart
disease. SMT is a synthetic derivative of a
fermentation product of Asperigilins terreus.

*Author for Correspondence: E-mail: basavaiahk@yahoo.co.in

SMT is official in United States Pharmacopoeia
[1]. A survey of literature reveals that SMT has been
estimated in plasma by HPLC with UV-detection [2-
7], HPLC with fluorescence detection [8] and HPLC
with MS detection [9-16], and in serum by UV-
spectrophotometry [17] and voltammetry [18]. The
drug in pharmaceuticals has been assayed by UV-
spectrophotometry [19-23], HPLC [24-27] and
voltammetry [18].

Although visible spectrophotometry is a rapid
technique often with low detection limits, has not
been applied to the determination of SMT. More
recently, use of visible spectrophotometric method
for the determination of SMT in pharmaceuticals was
also reported by our research group [28, 29]. The
purpose of this study was to develop and validate
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sensitive and cost effective methods for the
determination of SMT in bulk drug and in tablets by
visible spectrophotometry. The developed methods
utilize bromate-bromide mixture in acid medium as
the brominating agent and three dyes, viz.,
fluorescein, phenol red and rosaniline as auxiliary
agents. The methods proved to be very sensitive, and
accurate and precise for the determination of SMT
in pharmaceuticals. One of the major advantages of
the proposed methods to that of [28, 29] is that the
methods have wider range of detection.

2. Experimental
Apparatus

A systronics model 106 digital spectrophotometer
(India) provided with 1-cm matched quartz cells were
used for absorbance measurements.

3. Materials and Reagents

All chemicals used were of analytical reagent grade
and distilled water was used throughout the study. A
stock standard solution of 400 pg mL~' SMT was
prepared by dissolving 40 mg of pure SMT (Jubiliant
organosysis, India) in 3:2 acetic acid (Merck,
Mumbai, India) and diluting to 100 mL with the same
acid. It was diluted to 50, 30 and 40 ug mL™! with
3:2 acetic acid for use in method A, method B and
method C, respectively.

A stock standard solution of KBrO,-KBr
equivalent to 1000 ug mL™! KBrO, was prepared by
dissolving accurately weighed 100 mg KBrO,
(Sarabai M. Chemicals, India) and 1 g KBr (S.d fine
Chem. Ltd., India) in water in a 100 mL calibrated
flask. It was diluted with water to obtain working
concentrations of 20, 80 and 50 pg mL~! for method
A, method B and method C, repectively.

A 0.03% fluorescein sodium was prepared by
dissolving 30 mg of fluorescein sodium (BDH
Chemicals Ltd., England) in 100 mL of water. Phenol
red (0.01%) was prepared by dissolving 10 mg of
phenol red (S.d fine Chem. Ltd, India) in 2 mL of 0.1
M NaOH and diluted to 100 mL with water. A 0.03%
rosaniline hydrochloride was prepared by dissolving
30 mg of rosaniline hydrochloride (S.d fine Chem.

Ltd, India) in 100 mL of 2 M H,SO,.

Buffer solution of pH 4.6 was prepared by
dissolving 17 g of sodium acetate trihydrate in water
and mixing it with 7.5 mL of glacial acetic acid before
completing to 250 mL with water. The pH was
adjusted with a pH meter using dilute acetic acid and
sodium acetate solutions

1 M HCI, 0.5 M H,SO,, 5 and 10 M NaOH
were prepared in the usual manner.

4. Procedures
(a) Method A

Different aliquots (0.0-1.0 mL) of standard 50
ugmL~! SMT were accurately measured and
transferred into a series of 10 mL calibrated flasks.
To each flask was added 1 mL 1 M HCI and the
volume adjusted to 3 mL with 3:2 acetic acid (acetic
acid: water, 3:2 v/v) followed by the addition of 1
mL of bromate-bromide (20 ugmL™" in KBrO,). The
flasks were stoppered, content mixed and kept aside
for 10 min; then 1 ml of 0.03% sodium fluorescein
was added and the volume was made upto 7 mL with
water. Finally, 2.0 mL of 10 M NaOH was added and
made upto 10 mL with water. All the flasks were
allowed to cool before measuring the absorbance at
520 nm against water blank.

(b) Method B

Aliquots of standard 30 ug mL~! SMT (0.0-2.0 mL)
were accurately measured and transferred into a series
of 10 mL calibrated flasks. To each flask was added
I mL of 0.5 M H,SO, and made up to 3 mL by 3:2
acetic acid followed by the addition of 1 mL of
bromate-bromide (80 ug mL™") solution. The flasks
were stoppered, content mixed and kept aside for 10
min with occasional swirling. Then, 1 mL of 0.01%
phenol red was added. After 5 min, 2.5 mL of 5 M
NaOH was added and made up to 10 mL with pH 4.6
buffer. Absorbance was measured at 590 nm against
water blank.

(c) Method C

Aliquots of (0-2.5 mL) of standard 40 ug mL~! SMT
were transferred accurately into a series of 10 mL
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calibrated flasks. To each flask was added 1 mL of 8
M H,SO, and the volume diluted to 4 mL using 3:2
acetic acid. One mL of bromate-bromide (50 ug
mL"in KBrO,) was added, the flasks were stoppered,
content mixed and kept aside for 10 min with
occasional swirling. The 1 mL of 0.03% rosaniline
hydrochloride was added, and after 5 min, 2 mL of 8
M H,SO, was added, followed by 2.0 mL of tert-
butanol. The absorbance of each solution was
measured at 570 nm against water blank.

(d) Procedure for Tablets

Tablets containing SMT were purchased from local
commercial sources for investigation. Twenty tablets
were weighed accurately and finely powdered. An
amount of the powder equivalent to 40 mg of SMT
was weighed into a 100 mL calibrated flask, 60 mL
of 3:2 acetic acid added and the content shaken for
15-20 min; diluted to the mark with same acid and
mixed well, and filtered using a Whatman no. 42 filter
paper. The filtrate was appropriately diluted with 3:2
acetic acid before analysis by the three methods.

5. Results and Discussion

In situ generated bromine (BrO;™ - Br™ in acid
medium) has been used in the past for the sensitive
spectrophotometric assay of several pharmaceutical
substances [30-35]. These methods are based on
either bleaching action of bromine on some dyes or
its oxidizing action on iron (II) followed by
complexation of the resulting iron (IIT) with
thiocyanate or tiron. The methods entail the addition
of a measured excess of bromate-bromide mixture in
acid medium to SMT, and after the bromination of
SMT was ensured to be complete, unused bromine
was then used to brominate fluorescein, phenol red
and rosaniline, yielding coloured products having a
A, at 520, 590 and 570 nm, respectively. The
amount of bromate (in situ bromine) reacted
corresponded to the amount of SMT which formed
the basis of assay. The probable reaction scheme is
presented in Fig. 1.

For each method, a calibration curve was
prepared by plotting the measured absorbance values

versus concentration of SMT. The concentration of
the unknown was read from the calibration graph or
computed from the regression equation derived using
the absorbance-concentration data.

When a fixed concentration of in situ generated
bromine was reacted with increasing concentrations
of STM in acid medium, there occurred concomitant
fall in the concentration of bromine. Decreasing
concentrations of bromine on being used to brominate
a fixed concentration of fluorescein, phenol red or
rosaniline resulted in decreasing absorbance values
at the respective A as shown in Fig. 2.

6. Method Development

The reaction of bromine with fluorescein at pH 5.5-
5.6 to give pink derivative, eosin [36], phenol red to
form a violet product [37,38] at pH 4.6-4.7, and with
rosaniline [39,40] to yield a purple tetrabromo
derivative in acid medium was used for the indirect
assay of SMT. Since the drug solution was prepared
in 3:2 acetic acid; and HCI and H,SO, medium was
found necessary to cause the reaction between SMT
and bromine in method A and method B, respectively,
2.5 mL of 8 M NaOH in method A and 2.5 mL of 5M
NaOH were used in a total volume of 10 mL to
maintain a pH of 5.5-5.6 in method A and 4.6-4.7 in
method B. The pH adjustment was essential since
the bromination of fluorescein [36] and phenol red
[37, 38] is reported to be critically dependent on the
pH of the reaction mixture. Under the acidic
conditions described, the reaction between SMT and
in situ bromine took 10 min in all the three methods,
and the bromination of the dyes was found to be
complete in 5-10 min. In method A and method B,
acid concentration was not varied since higher
concentrations would require large quantities of base
to raise the pH to optimum levels required for
bromination of dyes. A high acid concentration (~3
M) has been found necessary to suppress the colour
of the rosaniline in method C. Hence, 3 mL of 8 M
H,SO, in addition to 3 mL of 3:2 acetic acid was
used in the assay. In method C, addition of tert-butanol
is necessary since the product bromorosaniline was
insoluble in acid aqueous medium.
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2BrO;™ + 10Br” + 12H" —— 6Br, + 3H,0

—_—3
+6Br; + 6HBr + Unreacted Br,

Method A
Br Br
HQ o o) HO o o
+ Unreacted Br, =——————> .. I Br
COOH COOH
Fluorescein Eosin, Pink color
Method B Absorption maximum = 520 nm

Phenol red Violet color
Absorption maximum = 590 nm

Method C
NH, Br, NH,
O CHS ) O CHG
+ Unreacted Br, ——>
H.N \ H.N \ Br
HCl HC1
Purple color
Rosaniline HCI NH Absorption maximum = 570 nm NH
Fig. 1: Probable reaction scheme
7. Method Validation guidelines of International Conference on

Hormonisation (ICH) [41]. The linearity of the
methods for SMT was demonstrated over the
The validation of the methods was based on the concentration ranges given in Table 1. Calibration

(a) Linearity
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Fig. 2: Beer’s law curves

curves were obtained by plotting the absorbance
values versus the SMT concentration. The
concentration of the unknown was calculated using
the linear regression analysis from the equation: y =
b + mx, where y is the absorbance, b the y-axis
intercept of the calibration curve, m the slope of the
calibration curve, and x is the concentration of SMT
in ug mL~!. In all the three methods, Beer’s law was
obeyed in the inverse manner. The linear regression
equations, slopes and intercepts, and their standard
deviations, correlation coefficients and the linearity
ranges are presented in Table 1.

(b) Sensitivity

The molar absorbtivity and Sandel sensitivity values
for each method were calculated, and the procedure
using phenol red dye (method B) was found to be
more sensitive than the other two methods. The
detection limit (LOD) for the proposed methods was
calculated using the equation:

LOD= 3.3S
R

where, S is the standard deviation of seven replicate
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Table 1: Regression and quantitative parameters

Parameter Method A Method B Method C
A AT 520 590 570
Colour stability, min 30 90 60
Beer’s law limits, pg ml~! 0.5-5.0 0.6-6 1.0-10
Molar absorptivity, 1 mol~' cm™! 6.3 x10* 7.9 x10* 5.1 x10*
Sandell sensitivity*, ug cm 0.0066 0.0053 0.0082
Limit of detection, pug ml~! 0.06 0.06 0.11
Limit of quantification, pg ml™! 0.19 0.20 0.34
Regression equation, Y**
Intercept (a) 0.6550 0.9500 0.7970
Slope (b) -0.1224 -0.1220 -0.0605
Correlation coefficient, () -0.9947 -0.9912 -0.9969
Standard deviation of intercept (S,) 0.323 0.053 0.109
Variance (+ tSa) 0.104 0.003 0.019
0.288 0.008 0.053
Standard deviation of slope (+ tSb) 0.081 0.011 0.013
0.224 0.030 0.036

“The sensitivity parameter in pg cm= SMT corresponding to an absorbance of 0.001 measured in a cuvette of cross-sectional area 1 cm? and L = lcm.

“Y = a+bX, where, Y is the absorbance and X concentration in pg ml~'. + tSa= confidence limit for intercept, + tSb = confidence limit for slope.

determinations under the same conditions as for the
sample in the absence of the analyte and R is the
slope of the calibration graph. The quantification limit
(LOQ) defined as

10S
LOQ=—
=R

was calculated for each method and these values are
also compiled in Table 1.

(c) Precision and Accuracy

Intra-assay precision was calculated within a single
run as the coefficient of variation (CV) for seven
determinations at three concentration levels, and
intra-assay accuracy was determined by calculating

the estimated concentrations as the percentage of
nominal concentrations. Inter-assay precision and
accuracy were assessed by assaying three
concentrations of pure SMT on five separate
occasions. These data are compiled in Table 2 and
show that the proposed methods have good
repeatability and reproducibility.

(d) Robustness and Ruggedness

For the evaluation of method robustness, some
parameters such as amounts of acids and dyes, and
reaction time were slightly varied, and the capacity
of the methods was found to remain unaffected by
small deliberate variations. In method A and method
B, variations in acid quantities required similar
variations in base quantities to maintain the optimum
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Table 2. Intra-day and Inter-day precision and accuracy evaluation

Method SMT Intra-day (n=7) Inter-day (n=5)
Taken pg ml-!
Accuracy® Precision® Accuracy® Precision®
Method A 1.00 -2.42 1.50 1.13 3.50
2.00 2.60 2.10 1.58 4.10
3.00 3.20 2.40 4.20 2.80
Method B 1.50 1.50 1.80 3.60 3.20
3.00 -1.36 2.20 5.80 3.60
4.50 -2.28 1.20 1.30 3.10
Method C 2.50 -0.60 0.70 -1.74 2.70
5.00 1.48 1.50 -2.25 3.60
7.50 -2.30 2.30 -3.82 4.00

a. Bias %:; b. found - taken
x 100

taken

pH values. Method ruggedness was expressed as CV
of the same procedure applied by three analysts and
using different instruments on different days. The
results showed no statistical difference between
different analysts and instruments suggesting that the
developed methods are rugged. The results of this
study are presented in Table 3.

Table 3: Method robustness and ruggedness

(e) Effect of Interferences

To assess the usefulness of the methods, the effect of
inactive ingredients which often accompany SMT in
tablets was studied. To accomplish this, synthetic
mixture with composition: SMT (20 mg); talc (150
mg); starch (100 mg); lactose (10 mg); NaCl (50 mg);

Method SMT taken pg ml! Robustness (% RSD) Ruggedness (%RSD)
Volume Qf Reaction time, Inter Inter
acid, ml” min™* instruments n=3  analysts n=4
Method A 1.0 0.70 0.12 2.8 1.2
2.0 1.20 0.58 1.6 1.8
3.0 0.61 0.42 3.6 2.8
Method B 1.5 0.44 1.12 1.5 1.5
3.0 2.10 1.25 2.1 1.9
4.5 2.01 0.45 1.8 1.7
Method C 2.5 1.11 1.20 2.6 1.6
5.0 0.19 1.02 1.3 1.8
7.5 0.51 0.78 3.1 2.1

*Method A= 0.9, 1.0 and 1.1 ml of 1M HCI; Method B= 0.9, 1.0 and 1.1 ml of 0.5M H,SO,; Method C= 0.9, 1.0 and 1.1 ml of 8M H,SO,
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titanium dioxide (20 mg); calcium gluconate (20 mg);
potassium dihydrogen orthophosphate (30 mg);
sodium alginate (50 mg) and magnesium stearate (50
mg), was prepared, mixed and ground into a fine
powder. It was transferred quantitatively into a 100
mL volumetric flask to which 60 mL of 3:2 acetic
acid was added. The content was shaken thoroughly
for about 20 min, diluted to mark with the same acetic
acid and mixed well, and filtered using a Whatman
No. 42 filter paper. A convenient aliquot of the extract
was subjected to analysis using the recommended
procedures after appropriate dilution. The percent
recovery of SMT was found to be 96.58+2.1,
103.5+1.6 and 98.78+1.2 by method A, method B
and method C, respectively, suggesting that there was
no interference from the excipient substances. This
showed a high selectivity of the methods for the
determination of SMT in the tablet form.

(f) Analysis of Tablets

The proposed methods were applied successfully to
the determination of SMT in three representative
brands of tablets of the seventeen different brands
currently available in the local market. The results
are summarized in Table 4. For all the brands/doses
examined, the methods gave results which were in
good agreement with the declared content. The results
obtained were statistically compared with those of
the reference method [1] by applying the Student’s t-
test for accuracy and the F-test for precision. As can
be seen from Table 4, at the 95% confidence level,
the calculated t- and F-values did not exceed the
tabulated values of 2.37 and 6.39, respectively,
indicating no significance difference between the
proposed methods and the reference HPLC method
in terms of accuracy and precision.

Table 4: Determination of simvastatin in tablets and statistical comparison

Tablet brand name™ Label claim (mg)

Found (Percent of label claim + SD)*

Reference method Method A Method B Method C
Statin® 10 98.40 = 1.1 99.81 + 1.60 9736 = 1.9 98.76 + 0.8
t=1.64 t=1.09 t=0.59
F=211 F=298 F=1.89
20 103.2 = 0.90 101.6 £ 1.5 102.1 £ 2.1 104.7 £ 1.0
t=2.10 t=1.16 t=248
F=278 F=540 F=0.81
Simvofix® 20 96.74 = 1.20 9542 +23 94.85+2.6 9734 +24
t=1.19 t=157 t=0.53
F=3.67 F=4.69 F=4.00
40 100.5 £ 0.85 1014 1.8 1023 +£1.9 101.9 £ 2.0
t=1.07 t=2.07 t=1.55
F=448 F=5.00 F=553
Simvax® 5.0 99.44 = 1.50 101.2 £2.6 102.06 = 2.5 1002 £ 1.9
t=1.36 t=2.07 t=0.71
F=3.00 F=278 F=1.60
10 104.3 £ 0.90 102.8 £ 1.7 103.6 £ 2.3 106.1 £ 1.7
t=1.82 t=0.69 t=2.19
F =3.57 F=6.53 F =3.57

*Average of five determinations; **Marked by: a. Unichem Laboratories Ltd., Mumbai 400 102, India; b. Bal Pharma Ltd., Bangalore 560 052, India;

¢. Micro Labs Ltd., Bangalore 560 001, India
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Table 5: Validity assessment by standard-addition method

Tablet Studied Method SMT in tablet Pure SMT Pure SMT Pure SMT
(ug ml1) added (ug ml™) recovered (ug ml™") recovered (Percent = SD”)

Statin (10 mg) Method A 1.996 1.0 0.997 99.74 £ 2.5
1.996 2.0 2.036 101.8 £2.3

1.996 3.0 3.009 100.3 = 3.1

Method B 1.947 1.0 0.986 98.64 + 2.2

1.947 2.0 2.010 100.5 = 1.6

1.947 3.0 3.051 101.7 £ 4.1

Method C 3.950 2.0 1.972 98.64 + 3.6

3.950 4.0 4.169 1042 = 1.8

3.950 6.0 6.156 102.6 = 2.5

Simvofix (40mg) Method A 2.028 1.0 1.032 103.2 + 2.6
2.028 2.0 2.016 100.8 = 3.1

2.028 3.0 3.045 101.5 +3.9

Method B 2.046 1.0 1.036 103.6 £ 2.5

2.046 2.0 1.970 98.5+32

2.046 3.0 3.039 101.3 + 1.8

Method C 4.076 2.0 2.072 103.6 £ 4.8

4.076 4.0 3.903 97.58 + 2.6

4.076 6.0 6.090 101.5 + 3.0

* Average of three determinations

The validity of the methods was confirmed by
recovery study. The results obtained are shown in
Table 5. As can be seen, recoveries of 97.58-104.2 %
were obtained with CV values in the range 2.5-4.8.

8. Conclusions

The proposed visible spectrophotometric methods are
suitable for the determination of SMT in pure form
and in tablet form. The methods are simple, accurate
and precise and are useful for the quality control and
routine analysis. However, method A and method B
require careful pH control for quantitative, and
accurate and precise results. Although the methods
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