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An easy and economical spectrophotometric method has been developed for the determination of atorvastatin 
from tablet formulation. This method is based on the formation of a blue-colored charge transfer complex of 
Atorvastatin with quinalizarin in methanol medium. The blue colored complex gives maximum absorbance at 
573 nm. In order to develop the quantitative analysis method of atorvastatin, several parameters such as the 
type of solvent, the effect of reagent concentration, and the reaction time and temperature on absorbance of 
complex were investigated. It was determined that the optimum Quinz solution (0.5x10-³ M) was 3mL and the 
optimum temperature of the reaction was room temperature. Beer’s law range of proposed method is found 
10-100 µg.mL-1. LOD and LOQ of the proposed method were found as 1.49 µg.mL-1 and 4.98 µg.mL-1, respectively. 
As a result, this proposed method can be used in the quantitative analysis of atorvastatin in tablet formulations. 
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Introduction 
 

Atorvastatin (ATV) is a member of the statins class 
[1,2]. In addition, it is prevent heart disease, 
including heart attacks and strokes [3]. There are three 
different salt forms of Atorvastatin: Atorvastatin Calcium, 
Atorvastatin Lactone and Atorvastatin Sodium [4]. The 
molecular formula of Atorvastatin Calcium is 
[C33H35FN2O5]2.Ca.3H2O with molecular weight 1209.4 
grams/mol. It dissolves in methanol and is slightly soluble 
in ethanol [5].  

 

 

Figure 1. Chemical structure of ATV 

 
Atorvastatin is a synthetic HMG-CoA reductase 

inhibitor that lowers plasma cholesterol levels and 
triglyceride levels [6]. Many different techniques have 
been used for the determination of atorvastatin. These 
techniques are; HPLC with electrospray tandem mass 
spectrometry [7-9], extractive spectrophotometry [10], 
LC-MS [11-16], HPTLC [17], and GC [18] for the 
determination of the amount of ATV in several samples. 

The charge transfer complex (CTC) is formed as a result 
of the interaction between an electron acceptor and an 
electron donor. The formation of CTC is often 
characterized by broad-band absorbance peaks in visible 
spectrophotometry, however, this spectrum differs from 
that of both the acceptor and donor moleculars [19-22]. 

Charge transfer interactions, which were first 
discovered by Benessi Hildebrend(1949), were developed 
and their importance increased over time with the 
explanations of valence bonds and molecular orbitals. 
These non-covalent interactions are hydrophobic, 
electrostatic, hydrogen bond interactions. These 
interactions are the basic steps in molecular recognition in 
the field of biology and chemistry [23]. Charge transfer 
interactions are also important from a pharmacological 
perspective. The activity of pharmacological compounds 
can be determined [24]. These interactions can also be 
used in protein-ligand recognition and drug design [25]. 

Quinalizarin (1,2,5,8-tetrahydroxyanthraquinone) is a 
chromogenic reagent and one of the 
tetrahydroxyanthraquinone isomers derived by replacing 
four hydrogen atoms with four hydroxyl (OH) groups. It is 
used in the pigment and dye industry and is used as an 
indicator, being orange in neutral/acidic medium, blue in 
slightly basic medium and purple in strongly basic medium 
[26-30]. 

http://xxx.cumhuriyet.edu.tr/
https://orcid.org/0000-0001-7774-7266
https://www.nhs.uk/conditions/heart-attack/
https://www.nhs.uk/conditions/stroke/
http://www.crainsnewyork.com/article/20111228/HEALTH_CARE/111229902
https://orcid.org/0009-0000-5822-1699
https://orcid.org/0009-0006-6494-3085
https://orcid.org/0000-0002-4435-4826
https://orcid.org/0000-0002-2861-5504
https://orcid.org/0000-0001-6571-6032
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Figure 2. Chemical structure of Quinalizarin 

 
The aim of this study was developed a simple, rapid, 

economic, validated spectrophotometric method for the 
determination of ATV in pharmaceutical formulation. The 
method depends on the reaction between the ATV (π-
acceptor group) and quinalizarin (donor group) in the 
methanol to yield charge transfer complex that is 
measured at 573nm. In order to optimize the method, 
parameters such as solvent type, quinalizarin 
concentration, reaction time and temperature were 
examined. Once the optimum conditions were 
determined, the method was validated. Then, the 
resulting charge transfer complex was characterized. 

 

Material and Methods 
 

Instrumentations 
All the absorption spectral measurements were made 

by using UV-1800 UV/Visible Scanning 
Spectrophotometer (Shimadzu Ltd) equipped with 1 cm 
matched quartz cells.  

 

Materials and Reagents 
All solvents (methanol, ethanol, acetonitrile, 

chloroform, acetone) used in this work were of HPLC 
grade. 

The powder used as the atorvastatin reference 
standard was supplied by Abdi İbrahim Drug Comp.- 
Turkey. According to the manufacturer's method, its 
purity was 92.39 %. The Cholvast tablets used (Biofarma 
product, Turkey), pharmaceutical dosage form of 
Atorvastatin 10 mg per tablet, were purchased from 
commercial source with label content. Sigma Aldrich 
brand Quinalizarin, (1,2,5,8-tetrahydroxy-anthraquinone, 
Quin) was used without purification. 

 

Stock Solutions 
Atorvastatin stock solution was prepared as 500 

µg/mL by dissolving in Methanol. Standard ATV solutions 
to be used in the analysis were prepared by diluting this 
stock solution. 

5. 10-4 molL-1 stock solution of quinalizarin, daily, was 
prepared in 100 mL of methanol.  

 

Determining the Calibration Range of Proposed 
Method 

Standard working solutions in the range of 10-100 
µg/mL were prepared in 10 mL volumetric flasks, then 3 
mL (0.5 x 10-3 M) Quin solution was added to the flasks. 
The mixture was then shaken well and made up to a final 
volume of 10 mL with methanol. The flasks were shaken 
at room temperature for 30 minutes, after which the 

absorbance of all solutions was measured at 573 nm 
against a blank of reagent solutions containing Quin. A 
linear regression plot was plotted using absorbance data 
versus atorvastatin concentration. 

 

Test Procedure for Tablets 
The colvast tablet formulation containing 10 mg of ATV 

was purchased from a local pharmacy. 10 tablets were 
independently weighed (average 152 mg per tablet), then 
10 tablets were ground into a glass mortar. A portion of 
the powder sample equivalent to 10 mg of atorvastatin 
was transferred to a 50 mL beaker. 20 mL of methanol was 
added to the beaker and the mixture was shaken. The 
solution was then kept in an ultrasonic bath for 10 
minutes. This solution was filtered, then the solution was 
transferred into a flask and the volume was made up to 50 
mL with methanol. Solutions containing ATV at 
concentrations within the working range were prepared in 
10 mL flask and the recommended method was applied to 
these solutions. The contents of the tablets were 
determined from the absorbance of the solutions with the 
help of the calibration equation. The developed process 
for the analysis of atorvastatin from the pharmaceutical 
formulation (Cholvast tablets) was applied. 

 

Results and Discussions 
 

The Effect of the Solvent Nature 

The study of the effect of the solvent is the first 
parameter to be examined. It plays a role in increasing the 
interaction of the solvent reagent with the drug. It is also 
important in the stability of the CTC formed [31]. As can 
be seen in Table 1, the most sensitive result was obtained 
with methanol. It was decided to use methanol as a 
solvent in our other studies, probably because of its high 
capacity to form hydrogen bonds with the quinalizarin 
[32-34]. 

 
Table 1. Effect of the solvent(N=3) 

Solvents Absorbance±SD 

Methanol 0.512±0.007 
Acetonitrile 0.265±0.021 

Ethanol 0.192±0.073 
Acetone 0.251±0.025 

Chloroform 0.064±0.008 

 
Effect of Quin Concentration 
Since the maximum formation of the complex from the 

analyte depends on the amount of reagent in the solution and 
the associated equilibrium, it is an important parameter to 
examine the concentration of the reagent in the solution(32-
34). Studies were conducted by taking the concentration of 
ATV as 75 µg/mL. 0.5-5mL of Quin solution (0.5x10-³ M) was 
added to these ATV solutions and completed with methanol to 
10 mL. The absorbance of ATV-Quin CTC was measured. 
Looking at the results in Figure 1, it was seen that the addition 
of 3 mL of the reagent solution (0.5x10‾³ M) was sufficient to 
bring the color exactly to the desired intensity. 
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Figure 3. The effect of  reagent volume 

 
In Figure 3., a remarkable increase in absorbance 

continues up to 3 mL, while the amount of reagent added 
after this point increases the absorbance slightly and after 
remains constant. 

 

Effect of the Reaction Time and Temperature 

The optimum reaction time was determined by 
constantly monitoring the absorbance of the solution 
consisting of 75 µg/mL ATV and 0.5x10-3 M Quin reagent 
at different temperatures and at the optimum 
wavelength. As seen in Figure 4., it was observed that the 
absorbance of CTC decreased in the range of 30-60 °C over 
30 min. The absorbance was measured every 30 minutes 
from the starting point of the experiment, the decrease in 
absorbance values continued, and the experiment was 
terminated here because the decrease in absorbance 
continued after 150 minutes. It was observed that the 
absorbance of colored CTC was both most stable and 
maximum at 25±2 °C(laboratory temperature). 
Subsequent experiments were carried out at 25±2 
°C(laboratory temperature) 

 

 

Figure 4. The effect of  reaction time and temperature 

 

Stoichiometry of the Charge Transfer Complex 
Job's method was used to determine the 

stoichiometry of ATV-Quinalizarin CTC. Solutions of the 
studied atorvastatin drug and quinalizarin reagent were 
prepared in equal concentrations[35]. While changing the 
concentration ratio of ATV and Quin, the absorbances of 

the mixtures, at the optimum wavelength, were measured 
for each point of the experiment against the prepared 
blank solution (Figure 5). The molar ratio (ATV:Quin) that 
provides the best absorbance in the reaction; was 0,7.  

 

 

Figure 5. The Stochiometry of CTC  

 
Quin in methanol showed a maximum absorption 

band at 490 nm, while a solution of atorvastatin in 
methanol showed no absorbance in the 400-700 nm 
range. The CTC obtained by mixing the two solutions 
formed a new characteristic band at 573 nm. 

 

Validation of Proposed Method 
The linear regression equation was obtained by using 

the International Harmonization Conference resolutions 
method [36]. In the concentration range indicated for 
atorvastatin, the method showed that the correlation 
coefficient was linear. As a result of the linear correlation 
analysis of the data, the following equation was found. 

According to the International Harmonization 
Conference resolutions  method, the process of 
determining the lowest measurable concentration was 
calculated as “Detection limit and Detection limit” [36]. As 
seen in Table 2, LOD and LOQ of the proposed method 
were found as 1.49 µg/mL and 4.98 µg/mL, respectively. 

 
Table 2. Optimum conditions and analytical parameters 

Parameters Values 

λmaks, (nm) 

Working range (µg/mL) 

Correlation coefficient (r2) 

Regression equation 

Slope 

Interception 

LOD (µg/mL ) 

LOQ (µg/mL ) 

Molar Absorptivity L.mol-1.cm-1 

573 

10-100 

0.9964 

y=0.0097x+0.0646 

0.0097 

0.0646 

1.49 

4.98 

6.05x103 

 

The Accuracy of the proposed method 
The accuracy of the proposed method was tested by 

recovery % and t test. As seen in Table 3, the percentage 
of the relative standard deviation (%RSD) value was less 
than 1% for the method, indicating that the precision 
values for the developed method were good [36]. The 
accuracy of the proposed method was calculated with a 
percent relative error (RE%) of less than 1% and the value 
indicates the accuracy of the proposed method [36]. 
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Table 3. The accuracy of the proposed method for ATV 

Taken 
Conc.  

(µg/mL) 

Found 
Conca.  

(µg/mL) 

±SD RSD 
% 

REb 
% 

Recovery 
% 

20 20,13 0,092 0,46 0.63 100.63 
60 60,39 0,121 0,20 0.65 100.65 

100 99,27 0,111 0,11 0.73 99.27 
a Meaning of 10 different values detected.  b RE – Relative error; SD – 
Standard deviation; RSD – Relative standard deviation  

 
The proposed method was used for the detection of 

atorvastatin in pharmaceutical dosage forms and the 
results are shown in Table 4. Statistical value at 95% 
confidence level was obtained from the t-test. The fact 
that the recovery value is high and the tb value is greater 
than the tc value shows that the proposed method is 
reliable and accurate [36]. 

 
Table 4.  t-test for pharmaceutical preparation of ATV 

Commercial Brand  Found Calculated ±SD 

 
Cholvast 

10 mg (ATV) 
 

 10,01 ± 0,108 

Ho:=10mg,   v=n-1=4 

Ho:≠10mg   α=0,05 

tb = 2,132 
tc= 2,017 

 

Recovery % = % 101 
 

b: Theoretical t value to 95% 
confidence level 
c: Calculated average value of five 
determinations. 

Precision 
After the optimum experimental conditions were 

determined, the test was carried out for the stability of 
the CTC formed against time. For this, a complex was 
formed at 3 different concentrations, and the absorbance 
values in the morning, noon and evening for 3 days are 
shown in Table 5. As a result of the experiment, it was 
observed that the decreasing trend in intraday and 
interday absorbance values continued at all different 
concentrations. So, it is thought that the structure of the 
CTC is caused by the deterioration over time. 

 
Table 5. The intra-day  and inter-day of the proposed method 

for ATV (N=3) 

Taken 
Conc. 

(µg/mL) 

Found Conc.(µg/mL) 
Intra-day ±SD Found Conc. 

(µg/mL) 
Inter-day±SD 

Day-1 Day-2 Day-3 

20 20.21±0.84 19.22±1.02 18.36±0.67 19.26±0.93 

60 60.90±0.79 60.49±1.23 56.57±0.91 59.32±2.39 

100 99.53±1.2 96.09±1.42 95.40±1.51 97.01±2.21 

 
Robustness 
The robustness of the proposed method was 

evaluated the effect of small changes in the parameters 
reaction time (30 ± 5 min), volume of added reagent (3.0 
± 0.1 mL). As seen in Table 6, none of the small changes in 
these parameters significantly affected the determination 
of atorvastatin. 

Table 6.  The effect of small change in Quin volume and 
reaction temperature on absorbance of CTC. 

Changed  
parameters 

 Recovery 
% 

±SD RSD% 

Quin Volume (mL) 
3,0 + 0.1 99.8 0.02 0.28 

3,0 – 0.1 99,9 0.11 0.19 

Reaction Time (°C) 
30 + 5 99.6 0.22 0.482 

30 − 5 100.4 0.18 0.524 

 

Conclusions 
 
The original goal of this research was to demonstrate 

the formation of charge transfer (π-π) complex between 
the important Quin, a π-electron rich aromatic molecule, 
and an electron deficient aromatic acceptor molecule 
(ATV). So, the proposed method is based on the easily 
formed CTC between the atorvastatin and quinalizarin in 
methanol. The formation of complex was substantiated by 
UV-visible spectroscopy. In addition, this research has 
shown that the concept of π-π complex formation is a 
viable method for the development of ATV and other 
drugs. The linear working range, detection and 
quantification limits of the method were found to be 10-
100 µg/mL, 1.49 µg/mL and 4.98 µg/mL, respectively. This 
easy, economical method based on CTC reaction can be 
easily applied for analysis of atorvastatin drug from 
pharmaceutical formulations.  
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