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Three simple and sensitive spectrophotometric methods are described for the determination of simvastatin (SMT) in bulk
drug and in tablets. The methods are based on the oxidation of SMT by ameasured excess of cerium (1V) in acid medium
followed by determination of unreacted cerium (1V) by reacting with afixed amount of methyl orange (method A), indigo
carmine (method B) or meta-cresol purple (method C) and measuring the absorbance at 510, 610 or 540 nm. In al the
methods, the amount of cerium (1V) reacted correspondsto the amount of SMT. The experimental conditions for the assay
has been optimized. In al the methods, the absorbance is found to increase linearly with the concentration of SMT at the
respective wavelengths. Beer's law is obeyed over the ranges 0.6-6, 2.5-25 and 2.5-25 g mL ™ for method A, method B
and method C, respectively and the respective molar absorptivity values are 4.7 X 10%, 6.3 X 10° and 9.1 X 10° L mol™
cm™. The limits of detection and quantification are reported for all the methods. The performance of the methods was
validated according to the present ICH guidelines. The methods gave similar results in terms of precision and accuracy.
The repeatability and intermediate precision, expressed by the RSD was better than 4%. The accuracy of the methods
expressed asrelative error was satisfactory. The proposed methods were applied to the analysis of tablet form of SMT and
the results tallied well with the label claim. No interference was observed from the concomitant substances normally
added to tablets. The results were statistically compared with those of aliterature method by applying the Student’s t-test
and F-test. The accuracy and validity of the methods were further ascertained by performing recovery studies via spike

method.
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I ntroduction

Simvastatin (SMT), chemically known as (1S, 2S, 8S,
8aR)-1,2,6,8,8a-hexahydro-1-(2-((2R, 4R)-terahyro-4-
hydroxy-6-oxo-2H-pyran-2-yl)-2,6-dimethyl napthal en-
8-yl 2,2-dimethylbutanoate (Fig 1), belongsto the group
of cholesterol lowering lactones known as statins which
in 2007, have been identified as being the most widely
prescribed drugs in the world. Statins lower cholesterol
by inhibiting the synthesis of mevalonic acid, whichisa
key precursor in cholesterol synthesis. SMT, a lipid
lowering agent that is derived synthetically from a
fermentation product of Aspergillus terreus has been
found to lessen both normal and elevated LDL-C
concentrations. The drug is officially listed in the 2004
United States Pharmacopoeia and the official method of
its determination is high-performance liquid
chromatography [1]. Various other methods such as UV-
spectrophotometry [2-7], HPLC [7-12], HPTLC [13],
miscellar electrokinetic chromatography [*4 and
voltammetry [15] have been reported for the assay of
SMT in pharmaceuticals. It is apparent, that so far, no
visible spectrophotometric method has been reported for
the quantitative determination of SMT in
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Fig. 1. Structure of simvastatin

pharmaceuticals. The present paper describes the
development and validation of three visible
spectrophotometric methods using cerium (1V) in acid
medium asthe oxidizing agent and methyl orange, indigo
carmine and meta-cresol purple, as spectrophotometric
agents. The methods were found to possess adequate
accuracy and precision, sensitivity and selectivity to
determine SMT in tablets.

*Corresponding author-E-mail: basavaiahk@yahoo.co.in; Fax: +91-821-242163
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Experimental Procedure
Apparatus

All absorbance measurementswere made on a Systronics
model 106 digital spectrophotometer (Ahmedabad,
India) provided with 1-cm matched quartz cells.

Reagents and Materials

All chemicals were of analytical reagent grade and
distilled water used to prepare solutions.

Cerium (1V) sulphate (480, 500 and 750 pg mL1):
A stock standard solution equivalent to 0.05 M cerium
(1V) sulphate was prepared by dissolving 5.05 g of the
chemical (LOBA Chemie, Mumbai, India; assay 99.9
%) in 7 mL of conc. H,SO, and diluting to 250 mL with
water ina250 mL standard flask, mixed well and filtered
using a Whatman No 42 filter paper, and standardised
[16]. The stock solution was then diluted appropriately
with 0.5mol L*H,SO, to obtain working concentrations
of 480, 500 and 750 pg mL-*in cerium (IV) sulphate for
method A, method B and method C, respectively.

Methyl orange (50 pug mL™1): A stock solution
equivaent to 500 pug mL methyl orange was prepared
by dissolving 58.8 mg of dye (S.d fine chem., Mumbai,
India, 85% dye content) in water and diluting to 100 mL
in a volumetric flask; and filtered using glass wool. It
was diluted 10-fold to get 50 pg mL* dye solution.

Indigo carmine (200 pg mL1): A stock solution
containing 1000 pg mL-* indigo carmine was prepared
by dissolving 108 mg of dye (Loba chemie, Mumbai,
India, 93% dye content) in water and diluting to the mark
in a 100 mL volumetric flask, and filtered. The filtrate
was diluted with water to get a working concentration
of 200 pg mL* dye.

Meta cresol purple (80 pg mL2): Eighty mg of the
dye (S.d fine chem., Mumbai, India) was accurately
weighed and dissolved in 2 mL of 0.1 N NaOH and
diluted to volumewith water ina100 mL calibrated flask.
The stock solution was diluted to get a working
concentration of 80 pg mL*dye solution.

Hydrochloric acid: Required volume of concentrated
acid (Merck, Mumbai, India, sp.gr. 1.18) wasdiluted with
water to get 5M for method A and method C, and 1M
acid for method B.

Acetic acid: Concentrated acetic acid (Merck,
Mumbai, India, sp.gr.1.05) wasdiluted appropriately with
water to get 3:2 acid.

Standard drug solution: Pure SMT was gifted by
Jubiliant Organosis, Nanjangud, India, and was used as
received. A stock standard solution equivalent to 400 pg
mLt SMT was prepared by dissolving accurately
weighed 100 mg of pure drug in 150 mL of concentrated
acetic acid, followed by dilution to 250 mL with water

in a volumetric flask. This stock solution was diluted
with 3:2 acetic acid to get working concentration of 30
ug mL* for method A, and 100 pg mL* for method B
and method C.

Procedures
Method A

Different aliquots (0.2,0.5,0.75.... 2.0 mL) of 30 pg
mL -1 SMT solution were accurately buretted into aseries
of 10 mL calibrated flasks and the total volume was
adjusted to 3.0 mL by adding 3:2 acetic acid. To each
flask were added 2 mL of 5M HCIl and 1 mL of 480 pg
mL-! cerium (1V) sulphate solution. The content was
mixed and the flasks were let stand for 10 min with
occasional shaking. Then, 1 mL of 50 pg mL"* methyl
orangewas added to each flask by means of micro burette
and again the flasks were let stand for 5 min, and finally
diluted to the mark with water and mixed well. The
absorbance of each solution was measured at 510 nm
against a reagent blank.

Method B

Varying aliquots(0.25,0.5,1.0...2.5mL) of SMT solution
(100 pg mL 1) were accurately measured into a series of
10 mL calibrated flasks by means of micro burette and
the total volume was brought to 3 mL by adding 3:2
acetic acid. To each flask were added 1 mL each of 1M
HCI and 500 pg mL* cerium(1V) sulphate solution. The
content was mixed, and the flasks were kept aside for 20
min with occasional shaking. Lastly, 1 mL of 200 ug
mL"* indigo carmine solution was added to each flask
and let stand for 2 min before diluting up to the mark
with water. The absorbance of each solution was
measured at 610 nm against reagent blank.

Method C

Varying aliquots (0.25,0.5,1.0...2.5 mL) of 100 pg
mL"1 SMT were accurately measured into a series of 10
mL calibrated flasks and the total volume was brought
to 3 mL by adding 3:2 acetic acid. To each flask, 1 mL
of 5M HCI and 1 mL of 750 pg mL* cerium (1V)
sulphate were added in succession. The content mixed
and shaken occasionally for 15 min before adding 1 mL
of 80 pug mL* meta cresol purple; and let stand for 10
min followed by dilution to the mark with water. The
absorbance was measured at 540 nm against reagent
blank.

Procedurefor Tablets

Twenty tabletswere weighed accurately and ground into
afine powder. Powder equivalent to 50 mg of SMT was
weighed accurately and transferred into a 100 mL
volumetric flask, 60 mL of 3:2 acetic acid added and
content shaken for 15-20 min and diluted to volumewith
the same acid and mixed well; and filtered using a
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Whatman No. 42 filter paper. First 10 mL portion of
filtrate was discarded and a suitable aliquot of the
subsequent portion was subjected to analysis by method
A, method B, or by method C, after appropriate dilution
with 3:2 acetic acid.

Method Development

The methods are based on the oxidation of SMT by
known excess of cerium (1V) in hydrochloric acid
medium and subsequent determination of unreacted
cerium (1V) by reacting with methyl orange, indigo
carmine or meta-cresol purple and measuring the
resulting absorbance at 510, 610 or 540 nm. In al the
methods, the absorbance increased linearly with an
increasing concentration of SMT, the observation which
served as the basis of quantitation of the drug.

SMT, when added in increasing concentration to a
fixed concentration of cerium (1V), consumed the latter
and there occurred aconcomitant fall initsconcentration.
When a fixed concentration of either dye was added to
decreasing concentrations of cerium (1V), aconcomitant
increase in the concentration of dye resulted. This was
observed as a proportional increase in the absorbance at
therespective,  withincreasing concentration of SMT
(Fig-2).

Preliminary experiments were performed to
determine the maximum concentration of each dye
spectrophotometrically; and these were found to be 5,
20 and 8 pg mL* for methyl orange, indigo carmine and
meta-cresol purple, respectively. The cerium (1V)
sulphate concentration required to bleach the dyes
completely in acid medium was al so determined and they
were found to be 480 pug mL* for methyl orange, 500 g
mL* for indigo carmine and 750 pg mL* for meta-cresol
purple. Hence, different concentrations of SMT were
reacted with 1.0 mL each of 480, 500 and 750 pg mL™*
cerium(1V) sulphatein method A, method B and method
C, respectively before determining the residual
cerium(1V) sulphate as described under the respective
procedures.

Hydrochloric acid was the ideal medium for the
oxidation reaction aswell asthe determination of residual
cerium(lV) by using any of the studied dyes. For method
A, 2mL of 5M HCl inatotal volume of 6 mL wasfound
optimum for the oxidation of SMT by cerium (V)
sulphate which was complete in 10 min. For method B
and C, 1 mL each of 1M and 5M HCI in atotal volume
of 5 mL was found optimum for the oxidation of SMT
by cerium (1V) sulphate which was complete in 20 min
and 15 min respectively. Further at this acid
concentration, the time required to bleach the dyes was
5 min for methyl orange, 2 min for indigo carmine and
10 min for meta cresopl purple. At lower acid

0.8
0.7 A
0.6 -
0.5 1 >
0.4 1 \\‘\Q;Q(\O6
0.3 1

0.2 1
0.1 1

Absorbance

0 1 2 3 4 5 6 7
Concentration of drug(pg mL-1)

0.5
0.4 1
0.3

©
0.2 1 \]\‘3"‘(\06

Absorbance

0.1 1

0 5 10 15 20 25 30
Concentration of drug (ug mL-1)
0.6

0.5 1
0.4

(\C
03 - \\I\e’i‘\o

0.2 1
0.1 1

Absorbance

0 5 10 15 20 25 30
Concentration of drug (ug mL-1)

Fig.2. Beer’slaw curves for method A, method B and method C

concentrations, the bleaching took a longer time. The
measured color in al the three methods was stable for
severa hours even in the presence of reaction product.

Analytical Parameters

A linear relation is found between absorbance and
concentration within the Beer'slaw range givenin Table
1. The calibration graphs are described by the equation:

Y=a+bX

(whereY = absorbance, a= intercept, b = slopeand X =
concentration in pug mL1) obtained by the method of least
squares. Correlation coefficients, intercepts and slopes
for the calibration data are summarized in Table 1.
Sensitivity parameters such as apparent molar
absorptivity and sandell sensitivity values, the limits of
detection and quantification are also presented in Table
1 and speak of the excellent sensitivity of the proposed
methods.
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Table 1. Regression and analytical parameters

Parameter Method A Method B Method C
Ao M 510 610 540
Beer's law limits, mg mLt 0.6-6.0 25-25.0 2. 5-:25.0
Molar absorptivity, L mol* cm™ 4.0X 10 4 6.32X 103 6.3 X 10°
Sandell sensitivity, pug cm? 0.0104 0.066 0.066
Limit of detection, mg mL* 0.06 0.36 0.35
Limit of quantification, mg mL"* 0.17 1.09 1.07
Regression equation, Y*

Intercept (a) 0.0109 0.008 0.0080
Slope (b) 0.1074 0.0142 0.00027
Correlation coefficient, (r) 0.997 0.998 0.998

S, 0.0178 0.061 0.0062
S, 0.0036 0.0045 0.0003

Y* = at+bX, where Y is the absorbance and X concentration in mg mL* S= Standard deviation of intercept. S= Standard deviation of slope.

M ethod Validation

Assay precision and accuracy: The precision of the
methods was calculated in terms of intermediate
precision (intra-day and inter-day) [17]. Three different
concentrationsof SMT wereanalysed in seven replicates
during the same day (intra-day precision) and five
consecutive days (inter-day precision). The RSD (%)
values of intra-day and inter-day studies showed that the
precision was good (Table 2). The accuracy of an
analytical method expresses the closeness between the
reference value and the found value [17-19]. Accuracy
was evaluated as percentage relative error between the
measured concentrations and taken concentrations for
SMT (Bias %). The results obtained are compiled in
Table 2 and show that the accuracy is good. In order to
check the interference from the excipients, a synthetic
mixture consisting of 20 mg sodium alginate, 30 mg
magnesium stearate, 20 mg lactose, 20 mg acacia, 50
mg talc and 30 mg starch besides 20 mg of SMT was
prepared and analysed after extraction into acetic acid
as described under analysis of tablets. The percent
recoveriesof SMT were 98.56 + 1.68, 102.6 + 1.46 and
99.75 + 1.92 for method A, method B and method C,
respectively. These results further confirm the accuracy
aswell as precision of the proposed methods.

Table 2. Intra-day and inter-day precision and accuracy

Application to Analysisin Tablets

The proposed methods were applied to determine SMT
in two brands of tablets with three different doses. The
resultswere compared with those of theliterature method
[6] which consisted of measurement of absorbance of
the tablet extract at 240 nm in methanolic medium.
Statistical analysis of the results using Student’s t-test
for accuracy and F-test for precision revealed no
significant difference between the proposed methods and
the literature method at the 95 % confidence level with
respect to accuracy and precision (Table 3).

Recovery Study

Theaccuracy and validity of the proposed methodswere
further ascertained by performing recovery studies. Pre-
analysed tablet powder was spiked with pure SMT at
three concentration levels (50,100 and 150% of that in
tablet powder) and the total was found by the proposed
methods. In all cases, the added SMT recovery
percentage values ranged between 97.36 and 105.3 %
with relative standard deviation < 3%. Theresults of this
study given in Table 4 indicated that the recovery was
good, and that the co formulated substances did not
interfere in the determination.

Method SMT taken Intra-day? Inter-day®
(Mg mL™Y) SMT found? Precision® Accuracy® SMT found? Precision® Accuracy®
(Hg/mL) (Hg/mL)
3.0 2.95 34 1.78 2.94 271 2.15
A 45 4.56 2.6 142 4.62 1.85 2.74
6.0 5.93 16 1.24 5.81 3.27 3.16
10.0 10.24 28 2.36 10.36 4.16 3.58
B 15.0 14.71 33 192 14.57 359 2.86
20.0 19.57 24 217 19.46 2.98 2.68
10.0 10.28 31 2.75 10.34 3.26 342
C 15.0 15.28 2.7 1.86 15.46 2.58 3.05
20.0 19.61 2.6 1.93 19.33 3.42 334

a Mean + standard error, b. Relative standard deviation (%), c. Bias %: (found-taken/taken) x 100, d. n = 7, e n =5
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Table 3. Results of assay of tablets and statistical evaluation
Tablet brand Nominal amount Found (% of nomina amount + SD)
name’™ mg Literature method Method A Method B Method C
Simvofix? 20 98.67 = 1.35 9756 = 1.72 99.06 + 1.95 98.86 + 1.52
t= 1.13 t= 0.37 t= 0.21
F=1.62 F= 2.08 F= 127
40 101.6 + 1.63 100.8 + 2.14 102.3 + 1.87 100.1 + 2.34
t= 0.66 t= 0.63 t=1.18
F= 172 F= 132 F= 2.06
ZostaP 10 102.3 + 142 101.7 £ 261 1029 + 245 101.1 + 1.64
t=0.45 t=0.47 t=1.24
F= 3.38 F= 2.98 F= 133
20 99.65 + 1.28 1003 £ 1.75 98.36 + 2.15 100.8 + 2.31
t= 0.68 t=1.15 t= 0.97
F= 1.87 F= 2.82 F= 3.26
"Mean value of five determinations
“Marketed by: a. Bal Pharma (Servetus); b. USV (Corvette).
Tabulated t-value at the 95% confidence level is 2.77; Tabulated F-value at the 95% confidence level is 6.39.
Table 4. Results of recovery experiments by standard addition method
Formulation Method A Method B Method C
studied SMT Pure Totad  Pure SMT  SMT in Pure SMT Tota Pure SMT SMT in Pure SMT Total Pure SMT
in tablet, SMT found, recovered*, tablet, added, found recovered*,  tablet,  added, found, recovered*,
ug mLt added, ug percent ug mLt pug mLt oug percent ug mLt pug mLt ug percent
mg mLt mLt + SD mLt + SD mLt + SD
Zosta, 201 1.00 3.04 1034 = 1.75 7.85 4.00 11.74 97.36 £ 2.35 8.06 4.10 1210 101.1 * 1.52
20 mg 2.01 2.00 4.04 101.7+2.63  7.87 8.00 15.86 99.88 + 2.16 8.06 8.00 16.21 1026 + 2.44
201 3.00 517 105.2 £ 2.76 7.87 12.00 19.65 98.14 + 256 8.06 12.00 20.33 1023 = 2.44
Simvofix, 202 10 306 1035+ 214 818  4.00 1240 1053 + 166 801  4.00 12.06 101.3 * 2.63
40 mg 202 20 404 1011 + 165 818 800 1653 1032 + 246 801 800 1631 103.7 + 2.58
2.02 30 5.15 104.3 £1.96 8.18 12.00 2049 1026 £ 2.24 8.01 12.00 20.20 101.6 = 2.31
*Mean value of three determination
Conclusions Department of Education, Central Tibetan

Thisisafirst report on the determination of simvastatin
by visible spectrophotometry. All the three methods
developed are simple, rapid and cost-effective. The
methods are free from stringent experimental conditions
and are characterized by long dynamic linear ranges of
response and high sensitivity. The colored species are
stable for long duration and are independent of any
experimental variables which perhaps accountsfor high
precision of results. Another significant advantageisthat
the absorbanceismeasured at longer wavel engthswhere
theinterference from co-formulated substancesisfar less
compared to shorter wavelengths. The methods could
be put to use in industrial quality control laboratories
for routine analysis.
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