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ABSTRACT
Background and Aims: In this study, simple, accurate and precise spectrophotometric methods were  developed for the de-
termination of five 3-hydroxy-3-methylglutaryl-coenzyme-A (HMG-CoA) reductase inhibitors in pure and pharmaceutical 
dosage forms. 
Methods: In the developed methods, atorvastatin fluvastatin, pitavastatin, rosuvastatin and simvastatin were used in this 
class of drugs called statins. The methods were based on the charge-transfer reaction of n-electron donor drugs with 
π-acceptor 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ). All variables such as temperature, time, reaction medium, 
amount of reagent were examined for optimal formation of complexes to be given by the drugs with DDQ and optimal condi-
tions were determined. 
Results: The linearity ranges for atorvastatin, fluvastatin, pitavastatin, rosuvastatin and simvastatin were found to be 0.5-50, 
1-6, 2.5-50, 5-25 and 5-50 µg/mL, respectively. 
Conclusion: The proposed methods were successfully applied to both the pure and the pharmaceutical dosage forms.

Keywords: HMG-CoA reductase inhibitors, spectrophotometric determination, charge-transfer reaction, DDQ, pharmaceutical 
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INTRODUCTION

3-Hydroxy-3-methylglutaryl-coenzyme-A (HMG-CoA) reductase inhibitors, called statins, are the most effective drugs used to 
prevent hypercholesterolemia and related diseases. Statins show therapeutic effects by competitively inhibiting HMG-CoA re-
ductase, an enzyme that catalyzes the conversion of HMG-CoA to mevalonate, an early rate limiting step in cholesterol biosynthe-
sis in the body. These agents are highly effective in reducing total cholesterol and  low-density lipoprotein levels in several forms 
of hypercholesterolemia (Tobert, 2003; Jones et al., 2003; Caslake et al., 2003; Antal et al., 2017). 

Regarding the statins that form part of this study, simvastatin is a semi-synthetic product, while the others are fully synthetic 
compounds (Sweetman, 2005; Antal et al., 2017). 

Atorvastatin calcium (AT) (3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcarbamoyl)-5-propan-2-ylpyrrol-1-yl]-3,5-dihydroxy-
heptanoic acid, calcium salt, Fluvastatin sodium (FL) (E,3R,5S)-7-[3-(4-fluorophenyl)-1-propan-2-ylindol-2-yl]-3,5-dihydroxyhept-6-
enoic acid monosodium salt,  Pitavastatin calcium (PT) (E,3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-
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hept-6-enoic acid monocalcium salt, Rosuvastatin calcium 
(RS) (E,3R,5S)-7-[4-(4-fluorophenyl)-2-[methyl(methylsulfonyl)
amino]-6-propan-2-ylpyrimidin-5-yl]-3,5-dihydroxyhept-6-eno-
ic acid calcium salt and Simvastatin (SM) [(1S,3R,7S,8S,8aR)-
8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3,7-dimethyl-
1,2,3,7,8,8a-hexahydronaphthalen-1-yl]-2,2-dimethylbutanoate 
(Figure 1) are the most commonly used statins in the treatment 
of hyperlipidemia (Lennernas & Fager, 1997; Terata et al., 2003; 
Sweetman, 2005; Antal et al., 2017). Several analytical methods 
such as spectrophotometric (Wang & Asgharnejad, 2000; Erk, 
2002; Krishna & Sankar, 2007; Stanisz & Rafa, 2008; Saminathan, 
Sankar, Anandakumar, & Vetrichelvan, 2009; Gupta, Mishra, & 
Shah, 2009; Ashour, Bahbouh, & Khateeb, 2010; Moussa, Mo-
hammed, & Youssef, 2010; Kokilambigai, Seetharaman, & Lak-
shmi, 2017), high performance liquid  chromatographic (HPLC) 
(Carlucci, Mazzeo, Biordi, & Bologna, 1992; Ochiai, Uchiyama, 
Imagaki, Hata, & Kamei, 1997; Vuletic, Cindric, & Kouznjak, 2005; 
Sankar, Babu, Kumar, & Krishna, 2007; Gomes et al., 2009; Kaila, 
Ambasana, Thakkar, Saravaia, & Shah, 2010; Abdallah, 2011; Ku-
mar, Nisha, Nirmal, Sonali, & Bagyalakshmi, 2011; Kokilambigai 
et al., 2017), HPTLC (Yadav et al., 2005; Sane, Kamat, Menon, In-
amdar, & Mote, 2007) and electroanalytical techniques (Antal et 
al., 2017) have been used  for the determination of these drugs, 
either simultaneously or alone, both as bulk drugs and as for-
mulations (Figure 1). 

As a result of our article, scanning studies, the spectrophoto-
metric determination of these five statins based on the charge 
transfer reaction with 2,3-dichloro-5,6-dicyanobenzoquinone 
(DDQ) are not available.

When we consider other analytical methods used in drug 
active substance analysis, spectrophotometric methods are 
advantageous because of the need for a simple and cheap 
device and a fast measurement capacity. The accuracy and 
precision of the methods are also well suited for the identifica-
tion of drugs in both pure and dosage forms. With this informa-
tion, we aimed to develop spectrophotometric determination 
of five statins using DDQ reagent. DDQ has been intensively 
used as the reagent for visible-spectrophotometric methods 
of a number of n-electron donor drugs (Foster, 1969; Melby & 
Patai, 1970; Rao, Bhat, & Dwivedi, 1972; Kovar, Mayer, & Auter-
hoff, 1981; Kovar & Abdel-Hamid, 1984; Hussein, Mohamed, & 
Abdel-Alim, 1989; Saleh, 1998; Abdellatef, 1998; Abdel-Gawad, 
Issa, Fahmy, & Hussein, 1998; Saleh, Askal, Darwish, & El-Shorba-
gi, 2003). In these methods, the blue-purple colored DDQ.- radi-
cal anion formed by the interaction of the drug substances in 
the appropriate solvent with the reagent was measured in the 
visible region. 

MATERIALS AND METHODS

Apparatus
In this study, measurements were made using a Shimadzu UV-
160 A spectrophotometer.  A 1 cm glass cell was  used for the 
measurements.

Reagents and solutions
AT and its pharmaceutical dosage form, Ator film tablet® (20 
mg of per tablets) were provided by Sanovel pharmaceuticals 

Figure 1. Chemical structure of statins, (A): AT, (B): FL, (C): PT, 
(D): RS, (E): SM.
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(Istanbul, Turkey). FL and its pharmaceutical dosage form, Les-
col capsul® (40 mg of per capsul) were obtained from Novartis 
pharmaceuticals (Istanbul, Turkey). PT and its pharmaceutical 
dosage form, Livalo film tablet® (2 mg of per tablets) were 
provided by Kowa pharmaceuticals (Japan). RS and its phar-
maceutical dosage form, Crestor film tablet®, (20 mg of per 
tablets) were obtained from  Astra Zeneca pharmaceuticals (Is-
tanbul, Turkey). SM and its pharmaceutical dosage form, Zocor 
film tablet® (20 mg of per tablets) were obtained from Nobel 
pharmaceuticals (Istanbul, Turkey). DDQ was purchased from 
Merck (Darmstadt, Germany).  In this study, analytical-reagent 
grade chemicals and solvents were used. 

Stock solutions were prepared separately as follows:  2.0 mg/
mL RS and 1.0 mg/mL SM solutions (equivalent to the same 
milligram of drug base) were prepared by dissolving in ace-
tonitrile. 1.0 mg/mL FL solution (equivalent to the same mil-
ligram of drug base) was prepared by dissolving in a metha-
nol-acetonitrile mixture (1: 9). 2.0 mg/mL. AT and PT solutions 
(equivalent to the same milligram of drug base) were prepared 
using dimethylsulfoxide as solvent.

1, 2 and 3 mg/mL.  DDQ solution was prepared in acetonitrile 
(for RS, FL and SM) and in dimethylsulfoxide (DMSO) (for AT and 
PT). These solutions were freshly prepared every day.

Choice of solvent 
During the selection of the most suitable solvent in the reac-
tions and measurements, different solvents such as acetone, 
acetonitrile, chloroform, 1,4-dioxane, DMSO, ethanol, metha-
nol and methylene chloride were tested. As a result of solvent 
selection studies, the most suitable solvents were  determined 
to be acetonitrile for fluvastatin, rosuvastatin and simvastatin 
and DMSO for atorvastatin and pitavastatin.

Reagent concentration 
The effect of DDQ concentration (%, w / v) on the efficiency of 
the reaction was investigated. Therefore, a constant concentra-
tion of statin was selected and various concentrations (%, w / 
v) of DDQ solution were added thereto. Measurements were 
made at the end of the same waiting period.

Reaction time and temperature
In order to find the optimum reaction temperature, the reac-
tions were carried out at room temperature, 50, 60, 70 and 80 
°C and the absorbance values were read.

Similarly, in order to find the optimal reaction time, the reac-
tions were determined by monitoring the absorbance values 
for 10, 20 and 30 minutes at the temperature at which the 
highest absorbance was obtained for each substance.

Stoichiometry of the reaction 
The molar ratios of drug-DDQ for each statin were examined 
according to Job’s continuous variation method (Job, 1928).

General procedure
Appropriate volumes of stock solutions or drug solutions were 
taken up in a 5 mL volumetric flask, 1 mL of DDQ solution was 
added and the volume was adjusted to the volume with ace-
tonitrile or DMSO. The reaction mixtures were allowed to stand 

for 20 min at 70°C for SM, 30 min at 80°C for FL, 20 min at 80°C 
for RS, 20 min at 90 for AT and PT.  Then the absorbance of 
the formed complexes was  measured at 459 nm (for FL, RS 
and SM) and 469 nm (for AT and PT) against reagent blank ob-
tained in a similar way .

Assay 
Ten capsules or tablets were weighed separately and the av-
erage capsule/tablet weight was calculated. The tablets or 
capsule contents were powdered using a mortar. The amount 
of powder, equivalent to one tablet weight per drug, was ac-
curately weighed and transferred to a 100 mL volumetric flask. 
Then the appropriate amount of acetonitrile for RS and SM, 
acetonitrile-methanol mixture (9: 1) for FL or DMSO for AT and 
PT was transferred to the flask. The mixtures were shaken me-
chanically for five minutes and sonicated in an ultrasonic bath 
for 30 min. Then they were filled  to the volume with the above 
solvents and filtered through a filter. A suitable portion of the 
filtrate was determined as defined in the General Procedure.

Method validation
Validation studies were planned according to the International 
Conference on Harmonization guidelines (ICH, 2005).

The selectivity of the method was performed with a mixture of 
common tablet excipients such as cellulose, glucose, lactose, 
starch, talc, magnesium stearate, titanium dioxide etc. 

The calibration graph was created in accordance with Beer’s 
laws with absorbance values (5 determinations per level) mea-
sured at 5 concentration levels of each statin.

The limits of quantitation (LOQ) and limits of detection (LOD) 
were calculated using  the following formulas: 

LOQ = 10SDa / b 

LOD = 3SDa / b

(SDa is the standard deviation of the intercept and b is the 
slope) 

The interday and intraday precision were studied by analysis 
of standards for same day and five different days (each n=5).  

The accuracy of the proposed method was determined by 
standard addition method. Three different concentrations of 
standard statin solutions were added over different amounts 
of sample solutions and these mixtures were analysed. The re-
covery percentage of the standard added to the test samples 
was calculated using  the following formula:

Recovery % = [(Ct-Cu ) / Ca ] x 100

Where Ct is the total concentration of the analyte; Cu is the con-
centration of the analyte present in the formulation; and Ca is 
the concentration of the analyte added to the formulation. 

The robustness of the recommended method was evaluated 
by examining the effect of small changes in reaction condi-
tions such as reaction time (5±0.5 min) and additional reagent 
volume (1.0±0.05 mL).
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The proposed methods were examined by determining statins 
in drug dosage forms for applicability of the methods.

RESULTS AND DISCUSSION

AT FL, PT, RS and SM are the drugs most commonly used to 
prevent hypercholesterolemia and related diseases. , A  current 
rise  in cardiovascular disease has increased the need for these 
drugs and has led many pharmaceutical companies to add 
statins to their products. This has also increased the need for  
simple, accurate and precise methods for the determination 
of these substances.

Since statins are very popular drugs,  there have been many 
studies to date on their analysis in pharmaceutical preparations. 
However, visible spectrophotometric determination of these 
drugs in pharmaceutical preparations based on charge transfer 
reaction with DDQ has not yet been published. Therefore, vis-
ible spectrophotometric analyses using DDQ reagent were de-
veloped for the determination of these drugs in pharmaceutical 
preparations. The developed methods are based on the forma-
tion of ion pair complexes of these p-acceptor drugs with DDQ, 
the n-electron donor. For many years, π –acceptors have been  
known to produce charge transfer complexes and radical anions 
with various electron donors (Foster, 1969; Melby & Patai, 1970; 
Rao et al., 1972; Kovar et al., 1981; Kovar & Abdel-Hamid, 1984; 
Hussein et al., 1989; Saleh, 1998; Abdellatef, 1998; Abdel-Gawad 
et al., 1998; Saleh et al., 2003; Antal et al., 2017).  

Blue chromogens were obtained from the reaction of statins 
with DDQ in acetonitrile or DMSO. Those obtained in aceto-
nitrile or DMSO from these chromagens showed maximum 
absorption at 459 and 469 nm, respectively (Figure 2).

In order to determine the optimum conditions, the effect of 
different parameters on chromogens was examined.     

Choice of solvent 
In solvent selection studies, a number of solvents were  tested 
as mentioned above in the experimental section. The most 
suitable solvent was found to be acetonitrile for FL, RS and SM, 
and  DMSO for AT and PT. 

Reagent concentration 
In the reagent quantification experiments, various concentra-
tions of the DDQ solution (by volume) were studied by adding 
to a constant statin concentration. 1.0 mg/mL (w/v) DDQ solu-
tion was found to be sufficient for the quantitative determi-
nation of PT, 2.0 mg/mL (w/v) DDQ solution was found to be 
sufficient for the quantitative determination of SM and RS; 3.0 
mg/mL (w/v) DDQ solution was found to be sufficient for the 
quantitative determination of FL. 

Reaction time and temperature
The optimum reaction temperature and time was determined 
for each drug by following the absorbance values at 50, 60, 
70, 80 and 90 °C, at 10, 20 and 30 minutes. The reaction tem-
perature and time appropriate for each substance are shown 
in  Table 1 ( below).

Stoichiometry of the reaction 
Using the equimolar drug and DDQ solution, the reaction stoi-
chiometry was examined separately  for each drug. The mole 
ratios (drug/reagent) were found 1:1 for SM and for PT (one 
molecule of reacts with one molecule of DDQ), 5:1 for RS and 
AT (five molecules of reacts with one molecule of DDQ) and 1:2 
for FL (one molecule of FL with two molecules of DDQ).

Method validation
In method validation studies, there was no interaction from 
the additions and excipients, e.g. lactose, glucose, fructose, 
magnesium stearate and starch.

Linear relationships between the absorbance and the concen-
tration were found to be in the ranges of 0.5-50,, 1-6, 2.5-50, 
5-25, 5-50 µg/mL for AT, FL, PT, RS and SM, respectively. The 
regression equation parameters of the developed methods are 
shown in Table 2.

LOD values of the methods were calculated to be 1.13, 0.33, 
1.84, 1.61 and 0.27 µg/mL; and additionally, LOQ values of the 
methods were calculated to be 3.77, 1.10, 6.14, 5.37 and 0.90 
µg/mL for AT, FL, RS, PT and SM, respectively. 

Table 1. The results of optimum temperature and time 

Statins Optimum Temperature Optimum Time

SM 70 °C 20 min

FL 80 °C 30 min

RS 80 °C 20 min

AT 90 °C 20 min

PT 90 °C 20 min

Figure 2. Absorption spectrum of charger transfer complex 
between drugs and DDQ reagent a: PT; 20 μg mL-1, b: AT; 40 μg 
mL-1, c: FL; 2.5 μg mL-1, d: RS; 10 μg mL-1, e: SM; 10 μg mL-1, 
f: reagent blank.
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In the precision study, the RSD values were found te be 0.14-

1.69% for intra-day precision and 0.25-1.88% for inter-day pre-

cision. The obtained results indicate good repeatability and 

reproducibility as outlined in Table 3. 

Accuracy studies were conducted  using the standard 

addition method and the obtained results are  shown in 

Table 4. The average recovery percentage obtained was 

between 99.7-101.7%, which showed good accuracy of 

the methods.

In studies on the robustness of the proposed methods, small 
changes in the procedure variables such as reaction time 
(5±0.5 minutes), and added reagent volume (1.0±0.05 mL) 
were examined and it was found that the methods were not 
affected by these changes.

The proposed methods were applied to the quantification of 
the pharmaceutical preparations of these drugs and the results 
obtained are shown in Table 5. The results obtained by the 
methods were satisfactorily accurate and precise with excel-
lent % recovery and RSD values.

Table 2. The results of validation parameters for proposed methods. 

Parameter
Statins

AT FL RS PT SM

Linearity rangea (mg mL-1) 0.5-50.0 1.0-6.0 5.0-25.0 2.5-50.0 5.0-50.0

Regression equation* A=0.0106C-
0.192

A=0.1264C-
0.0341

A=0.0423C-
0.0586

A=0.0132C-
0.1941

A=0.0191C-
0.0141

Slope ± SD 0.0106± 0.0012 0.1264± 0.0026 0.0423±0.002 0.0132±0.0043 0.0191±0.0002

Intercept ± SD -0.192± 0.0059 -0.0341± 0.0078 -0.0586±0.005 -0.1941± 0.0055 -0.0141±0.0012

Correlation coefficient, r 0.9993 0.9998 0.9992 0.9985 0.9998

LOD (mg mL-1) 1.13 0.33 1.84 1.61 0.27

LOQ (mg mL-1) 3.77 1.10 6.14 5.37 0.90

aAverage of six determinations
bn=6 correspond to replicate analysis for each level
*Results of six different days
*A = a + bC   (where C is the concentration of drug in mg mL-1, A is the absorbance at λmax).

Table 3. The results of precision studies by obtained with proposed method.

Statins Amount taken
(mg mL-1)

Intraday
RSDa (%)

Interday
RSDa (%)

AT 2.5 1.60 1.88

10.0 1.69 1.83

30.0 1.26 1.40

FL 1.0 1.11 1.42

3.0 1.05 1.28

6.0 0.43 0.64

RS 5.0 0.85 1.54

10.0 0.25 0.74

25.0 0.33 0.58

PT 2.5 1.13 1.33

25.0 0.14 0.33

50.0 0.20 0.25

SM 5.0 0.89 1.59

25.0 0.36 0.40

50.0 0.34 0.47

aRelative standard deviation
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The obtained results were statistically compared by the stu-
dent’s t-test (for accuracy) and the variance ratio F-test (for 
precision) with the results obtained by the official methods 
for AT (USP, 2009), FL (USP, 2007) and SM (USP, 2007), reference  
methods for RS (Gomes et al., 2009) and PT (Kumar et al., 2011). 

It was observed that the values of t- and F-tests obtained at 
95% confidence level did not exceed the theoretical table val-
ue and there was no significant difference between the meth-
ods compared (Table 6).

CONCLUSION

This study aimed to develop validated  spectrophotometric 
methods, which are also fast, simple and economical, to anal-
yse AT, FL, RS, PT and SM in pharmaceutical preparations. The 
methods developed are based on the charge transfer reaction 
of these drugs with DDQ reagent.

The sensitivity of the proposed methods is almost the same 
(Gupta et al., 2009; Moussa et al., 2010; Kokilambigai et al., 
2017), or more sensitive, when compared with  some pre-
viously published methods (Erk, 2002; Stanisz & Rafa, 2008; 
Saminathan et al., 2009; Ashour et al., 2010; Kokilambigai et 
al., 2017). Additionally, the proposed methods are faster than 
some previously published methods (Saminathan et al., 2009; 
Ashour et al., 2010; Kokilambigai et al., 2017).

Furthermore, the proposed methods are cheaper than 
the HPLC techniques (Carlucci et al., 1992; Ochiai et al., 
1997; Vuletic et al., 2005; Sankar et al., 2007; Gomes et al., 

Table 5. The results analysis of drugs in tablets. 

Statins Meana ± S.Db Recovery (%) RSD (%)

AT1 19.69 ±0.49 99.45 2.52

FL2 39.97±0.4 100.279 1.000

RS3 19.902±0.0482 99.40 0.2420

PT4 1.97±0.05 99.25 2.56

SM5 20.002±0.62 99.91 3.1

1Ator tablet®, containing 20 mg of AT per tablets
2Lescol tablet®, containing 40 mg of FL per tablets
3Crestor tablet®, containing 20 mg of RS per tablets
4Livalo tablet®, containing 2 mg of PT per tablets
5Zocor tablet®, containing 20 mg of SM per tablets
aSix independent analyses.
bStandard deviation

Table 4. The results of recovery studies  obtained with standard addition method.

Statins
Amount taken

(mg mL-1)
Amount
added

(mg mL-1)

Total amount
founda

(mg mL-1)
(Mean± S.Db)

Recovery
(%)

RSD
(%)

AT1 10.0 10 19.984±0.402 99.7 1.84

20 30.09±0.558 100.5 1.63

30 39.73±0.698 101.2 1.80

FL2 1.0 1.0 2.022±0.013 101.1 0.65

2.0 3.036±0.027 100.9 0.91

4.0 5.094±0.017 101.7 0.30

RS3 5.0 2.5 7.54±0.041 100.6 0.43

5.0 10.11±0.039 100.8 0.54

15 20.44±0.227 101.2 0.42

PT4 10.0 2.5 12.53±0.032 100.3        0.26

15 25.13±0.083 100.4 0.24

35 45.16±0.075 100.3 0.14

SM5 10.0 5.0 15.12±0.054 100.6 0.42

15.0 25.24±0.108 100.8 0.53

35.0 45.19±0.111 100.5 0.19

1Ator tablet®, containing 20 mg of AT per tablets
2 Lescol tablet®, containing 40 mg of FL per tablets
3 Crestor tablet®, containing 20 mg of RS per tablets
4 Livalo tablet®, containing 2 mg of PT per tablets
5 Zocor tablet®, containing 20 mg of SM per tablets
aSix independent analyses.
bStandard deviation
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2009; Kaila et al., 2010; Abdallah, 2011; Kumar et al., 2011; 
Kokilambigai et al., 2017).

The methods described can safely be used to determine 
statins in pharmaceutical formulations without intervention 
from excipients and can easily be applied in quality control 
laboratories for routine analysis of these drugs in raw materials 
and pharmaceutical formulations.
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