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ABSTRACT
Aim/Background: When combined with simvastatin, candesartan is a more potent 
antihypertensive medication than statins by itself. Therefore, to estimate Candesartan 
and Simvastatin concurrently in the mixture, a quick, economical and straightforward 
analytical method is needed. In order to evaluate candesartan and simvastatin using UV  
spectrophotometry, the current study set out to create and statistically validate an estimating 
approach utilizing simultaneous estimation, the first order derivative method and the Q ratio 
method. Materials and Methods: All the methods were validated by following the ICH Q2 
(R1) guidelines. Phosphate buffer of pH 7 was selected as a solvent because Simvastatin and 
Candesartan were soluble in it and provided stable absorbance with it. For simvastatin and 
candesartan, the wavelengths chosen were 239 nm and 250 nm, respectively. The accuracy, 
precision, robustness, linearity, limit of detection and limit of quantification of the suggested 
approach were all validated. ONE way ANOVA was applied Results: Simvastatin and candesartan 
concentrations varied from 2-10 µg/mL and 1-5 µg/mL, respectively, demonstrating a linear 
approach with a correlation coefficient (R2) of 0.999. All three methods were used to analyse the 
synthetic mixture and the percentage mean assay for simvastatin and candesartan was 100±2%. 
The statistical validation of the method revealed a lower percentage RSD, demonstrating its 
precision, accuracy and robustness. Conclusion: For the simultaneous estimation of candesartan 
and simvastatin, all of the approaches were found to be accurate, simple, precise and repeatable. 
Candesartan and simvastatin in pharmaceutical dose forms can be quantified using these new 
analytical techniques.

Keywords: Analytical method validation, Candesartan, First order derivative method, Q-ratio 
method, Simultaneous equation method, Simvastatin, UV-visible spectroscopy.

INTRODUCTION

Hypertension is one of the major rising problems in today’s 
world. According to WHO nearly 1.28 billon adults aged from 
30-79 are suffering from this disease. Nearly 46% of adults are 
unaware of hypertension. Hypertension is a condition where 
blood pressure is 140/90 mmHg or higher.1 Rise in cholesterol 
level is another serious problem that can cause number of health 
issues. Cholesterol can also increase in blood pressure that 
can result in hypertension. During the early and rate-limiting 

stage of cholesterol production, HMG-CoA reductase 
catalyses the conversion of HMG CoA to mevalonate. Statins, 
a class of pharmaceuticals that lower cholesterol and are the 
most often prescribed and effective medications for treating 
hypercholesterolemia and lowering the morbidity and mortality 
linked to coronary heart disease.2 Simvastatin (SIM) is [(2R,4R)-
8-~2-[(1S,3R,7S,8S and 8aR)][ethyl}-4-hydroxy-6-oxotetrahydro
-2H-pyran-2-yl] Figure 1(a) illustrates -3,7-dimethyl 1,2,3,7,8,8 
a hexahydro naphthalen-1-yl 2,2-dimethylbutanoate1. It has a 
molecular weight of 418.566 g/mol and the formula C25H38O.3 
Chemically, it is derived from lovastatin; however, the structure is 
different because the ester side chain has an extra methyl group. 
Simvastatin is a lipophilic statin that is mostly metabolized by 
CYP450 3A4 and has a brief half-life. Simvastatin decreases LDL 
cholesterol by 25-50% at doses ranging from 5-80 mg. Over a 
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five-year period, simvastatin has been demonstrated to lower 
overall mortality by up to 30% and the risk of cardiovascular disease 
by 35%.4 Angiotensin II receptor antagonist of the AT1 subtype, 
Candesartan (CAN), is selective in nature. It is a non-peptide 
with the chemical formula (±). 2-ethoxy-1-hydroxyethyl-1- 
[benzyl p-(o-1H-tetrazol-5-ylphenyl)] cyclohexyl carbonate, 
-7-benzimidazolecarboxylate (ester) (Figure 1(b)).5 With a 
molecular weight of 610.7 g/mol and an intrinsic solubility of 
0.0595 mg/L, candesartan cilexetil is a BCS class II medication 
(low solubility, high permeability). It acts as a weak acid (pka1: 
3.50 and pka2: 5.85). When the pH ranges from 1.2 to 6.8, the dose 
number is greater than 1.6 Different approaches were reported for 
the assessment of Simvastatin in human plasma by LCMS/MS 
along with their pharmacokinetic study,7-12 in combination with 
other drugs.13-15 Estimation of candesartan were also reported 
along with other drugs in human plasma by LCMS/MS.16-19 
Determination and stability of simvastatin along with other statin 
or with other anti-hypertensive agents by HPLC in different 
formulations were reported.20-25 Estimation of candesartan or salt 
of candesartan or combination along with other drugs including 
their stability and impurity profiling by RP-HPLC in dosage 
form.26-31 Several spectroscopic techniques were found for the 
estimation of candesartan32-34 and simvastatin35-39 single or in 
combination with other drugs40-42 during the literature survey.

In the present study estimation of simvastatin and candesartan 
were performed by UV-VIS spectroscopy since other analytical 
methods like HPLC, LC-MS/MS, etc are costly, tedious and 
require more solvent resources. In contrast UV-vis method is 
cost effective, simple and rapid. Moreover, in this study three 
different methods (1st derivative, Simultaneous Estimation 
Method and Q Value/ Absorbance ratio Method) were utilized 
for the estimation of simvastatin and candesartan in combination 
as no reported study were found upon literature survey that uses 
these approaches. The studied methods were sensitive, robust 
and rugged and inter-related to each other. Furthermore, we 
have tried to provide a comparative study among all the three 
methods and utilise the approaches for further future researches. 
Even statistical analysis was also performed to find out the level 
of significance among these three methods.

MATERIALS AND METHODS

Chemicals and reagents

Simvastatin and Candesartan cilexetil were collected as gift  
sample from Abott Healthcare Pvt Ltd. Sodium dihydrogen 
phosphate was purchased from Qualichems, Gujarat, Vadodara. 
The solvent used for the dilution was double distilled water 
prepared in the DM plant with in the campus of Birbhum 
Pharmacy School, Birbhum.

Equipment

UV-probe software was loaded onto a computer connected to 
a double beam UV-visible spectrophotometer (SHIMADZU 
1900i). A pair of quartz cuvettes with 1cm width was utilized for 
analysis. Weighing of the samples was carried out in a Mettler 
balance. Whatman filter paper no.41 was utilized for study.

Method Development
Preparation of standard stock solution

Both Candesartan and Simvastatin is BCS class II drug having 
low aqueous solubility that’s why phosphate buffer of pH 7 was 
used as solvent. Accurately 25 mg of both pure drugs (SIM and 
CAN) were weighed and transferred in 25 mL of each volumetric 
flask. To the volumetric flask 15 mL of the Phosphate buffer of 
pH 7 was added and sonicated for 10min to dissolve the drug 
completely. Once the drugs have been fully dissolved, add the 
phosphate buffer to get the volume up to 25 mL, which will yield 
a 1000 μg/mL concentration. This was marked as standard stock 
solution. From this stock solution suitable dilutions were made 
to attend a concentration ranging from 1-15 µg/mL for both SIM 
and CAN as working standard for all the methods.

Method I: Simultaneous equation method

Suitable dilutions were made from the stock solutions of both the 
drugs and scanned in UV against the blank from 400-200 nm. The 
λmax of both the drugs were recorded (239 and 250 nm) for SIM and 
CAN. Simultaneous estimation of both the drugs was performed 
taking overlay spectra of both the drugs in zero order. Isosbestic 
point (218.5 µg/mL) was also noted from the overlay spectra of 
both the drugs. Simultaneous estimation was performed taking 
simultaneous equation in consideration. The absorbance was 
noted for SIM and CAN at different concentrations. For SIM (2-10 
µg/mL) and CAN (1-5 µg/mL) at varying concentration levels, 
the calibration curve was presented having absorbance on the 
Y-axis and concentration on the X-axis. The absorptivity (A1%, 
1cm) of both the drug at different wavelengths was calculated. 
In the simultaneous equation, absorbance and absorptivity were 
calculated and substituted to obtain the concentration.17

Method II: 1º derivative method

Following an effective sequential dilution of the stock solution, 
the working solution of SIM and CAN was scanned in the 200-400 
nm range against blank solvent. The zero order spectra (Figure 2) 
of both the above drugs were recorded and overlain. First order 
(1º) derivative of both SIM and CAN were generated from the 
UV-Prove software and overlain for analysis. Estimation of both 
drugs in the synthetic mixture was performed after selecting 
the zero-crossing point of SIM (251.5 nm) and CAN (263 nm) 
of both the drugs from the overlain of 1st derivative spectra. It 
should be noted that no interference of one drug with the other 
drug should be there. The above standard stock solution was 
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diluted to prepare the concentration ranging from 1-15 μg/mL 
for SIM and CAN in phosphate buffer (pH 7).43

Method III: Absorption ratio method

In the absorbance ratio method, the analysis of the drugs was 
carried out based on the absorbance of the wavelength. Two 
wavelengths were selected out of which one point is the isosbestic 
point and another is the λmax of any one among the two. From the 
overlain spectra isosbestic point (218.5 nm) and λmax of SIM (239 
nm) were selected for the formation of Q absorbance equation. 
The absorptivity values were calculated for SIM are 0.0302 (ax1), 
0.0487 (ax2) and for CAN are 0.06 (ay1), 0.0374 (ay2) at 218.5 nm 
and 239 nm, respectively.

CSIM=(QM - QY)×A1/(QX-QY)×ax1,

CCAN=(QM - QX)×A1/(QY-QX)×ax2,

Where,

CSIM=concentration of simvastatin,

CCAN=concentration of candesartan,

A1=absorbance of drug at 218.5 nm,

QM=absorbance of sample at 218.5 nm/absorbance of sample at 
239 nm,

QX=ax1/ax2

QY=ay1/ay2

ax1=absorptivity of Simvastatin at 218.5 nm,

ay1=absorptivity of Candesartan at 218.5 nm,

ax2=absorptivity of Simvastatin at 239 nm,

ay2=absorptivity of Candesartan at 239 nm.

Method validation

ICH Q2 (R1) guideline was followed for the validation of 
the developed method. Linearity, Specificity, Robustness, 
Ruggedness, Limit of Detection (LOD), Limit of Quantitation 
(LOQ), Precision and Assay were calculated as the validation 
parameters.44,45

Linearity

The linearity was established for the proposed method for CAN 
and SIM in the range of 1-5 µg/mL and 2-10 µg/mL respectively. 
The calibration curve was plotted for CAN and SIM taking 
concentration on X-axis and absorbance on Y-axis and was 
evaluated by the least-squares method in Microsoft Excel® for 
three different methods. The coefficient of determination (r2) was 
also determined for three different methods.

Limit of Detection and Limit of Quantitation

The LOD and LOQ was calculated from the calibration curve 
using the given formula:

LOD=3.3×σ/s

LOQ=10×σ/s

Where σ denotes standard error of y-intercept of regression line 
and s denotes the slope of the calibration curve.

Precision

Repeatability, intraday precision and interday precision were 
used to measure the method's precision for the three distinct 
approaches. The repeatability study was carried out as replicate 
analysis of the middle concentration, intraday was considered 
within the day at morning, afternoon and evening whereas 
interday precision was considered for three consecutive days. 
Percentage recoveries were calculated using the recorded 
absorbance for each reading and the straight-line equation 
obtained from linearity studies. Further the average percentage 
recoveries were calculated and the results were expressed in % 
RSD.

Specificity

The specificity of the method was measured by analysing the 
standard along with an excipient (magnesium stearate) to find 
out if any interference of the excipient is there with the standard 
or not. To carryout specificity each 10 mg of the both the standard 
drug were spiked with magnesium stearate at 5 mg (50%), 10 mg 
(100%) and 15 mg (150%) was analysed and % recovery was 
determined.

Figure 1:  Chemical structure of (a) Simvastatin and (b) Candesartan.
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Robustness

The robustness of the method was performed by varying the 
temperature and the pH of the solvent. Two different temperatures 
were taken into consideration i.e. room temperature and 18ºC 
along with two different solvents phosphate buffer pH 7 and 
phosphate buffer pH 7.2. The % recovery and % RSD for both the 
drugs were calculated.

Ruggedness

The ruggedness of the method was evaluated taking two different 
analysts and the result was reflected as % recovery and % RSD.

Assay

The synthetic mixture was prepared in the ratio 1:2 for CAN: 
SIM. The CAN and SIM were taken in the ratio of 10 mg and 
20 mg respectively. Both the drugs were effectively mixed and 
poured into a 100 mL volumetric flask. Phosphate buffer (pH 7) 
was poured up to 50 mL and sonicated till all the particles were 
effectively dissolved. Once dissolved the volume was made up to 
100 mL. Serial dilutions were made to achieve a concentration 
ratio of 5 µg/mL and 10 µg/mL for CAN and SIM respectively. 
The synthetic mixture was analysed and quantified with the help 
of the three different methods and % recovery was calculated.

Statistical Analysis

Validation parameter output of all the methods were compared 
using ONE way ANOVA (Analysis of variance). All calculations 
for the One-way ANOVA were carried out using GraphPad Prism 
10, ver. 8.0.1.46 The test was performed concerning repeatability, 
precision, robustness, ruggedness and assay. The result was 

considered significant if the result lies within 95% confidence 
interval (i.e. p<0.05).

RESULTS

Determination of λmax, isosbestic point and zero 
crossing point
Both the drugs SIM and CAN was scanned in UV from 400-200 
nm and the absorbance maxima of SIM (239 nm) and CAN (250 
nm) were recorded for simultaneous equation method (Figure 2). 
The zero-crossing point was noted for the 1º derivative method 
(Figure 3) and the isosbestic point was noted from the spectra 
given in Figure 4.

Calibration Curve
The calibration curve was plotted for all the three methods 
using concentration on x-axis and absorbance on y-axis. For 
the simultaneous estimation method (method I), the calibration 
curve was plotted in two different wavelengths i.e. 239 nm for 
SIM and 250 nm for CAN. Correlation coefficient R2 obtained 
for both the calibration curves were 0.9995 and 0.9956 for SIM 
and CAN respectively. In method II i.e. 1st order derivative, 
calibration curve was plotted in two different wavelengths having 
zero crossing point i.e. 251.5 nm for SIM and 263 nm for CAN. 
A straight line was obtained having a correlation coefficient 
R2 of 0.9981 and 0.9972 for SIM and CAN respectively. Lastly 
in method III, calibration curve was plotted in two different 
wavelengths taking isosbestic point (218.5 nm) and λmax of SIM 
i.e. 239 nm in Q ratio method. The correlation coefficient (R2) 
obtained for the straight-line calibration curve were 0.9991 and 
0.9995 at isosbestic point and for SIM respectively. Calibration 

Figure 2:  (A) UV spectra of Simvastatin (B) UV spectra of Candesartan.
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curve of candesartan and simvastatin at different wavelength was 
shown in Figure 5.

Validation
Linearity

Linear calibration curve was obtained after plotting graph with 
concentration in x axis and absorbance in y axis. The coefficient 
of determination (R2) was found to be in limits as per ICH 
guidelines for all three methods and the data are summarized in 
Table 1. This shows an excellent correlation of the linearity for all 
the three methods mentioned above.

Limit of detection and limit of quantitation

LOD of Simvastatin was 0.27 μg/mL, 0.52 μg/mL and 0.27 μg/
mL, respectively and its LOQ was 0.80 μg/mL, 1.57 μg/mL and 
0.80 μg/mL, respectively, as determined by the three techniques.

LOD of Candesartan using the three methods was 0.40 μg/mL, 
0.32 μg/mL and 0.18 μg/mL respectively and LOQ of Candesartan 
using the three methods were 1.20 μg/mL, 0.96 μg/mL and 0.53 
μg/mL respectively (Table 1).

Precision

The precision of all the above method was recorded for 
repeatability, intraday and interday. The result was expressed in 
%RSD (Relative Standard Deviation). The %RSD was found to be 
<2 for all the method (Table 2). The results were within the limit 
of ICH guideline.

Robustness

The robustness of all the methods was performed taking variation 
of temperature and solvent system. The results were expressed 
in %RSD (Relative standard deviation). The % RSD of all the 
method was found to be <2 (Table 3). The results were within the 
limit of ICH guideline.

Ruggedness

The ruggedness of all the methods was performed taking two 
different analysts and the results were expressed in the form of 
%RSD. The %RSD of all the method was found to be <2 (Table 3). 
The results were within the limit of ICH guideline.

Specificity

The specificity of the method was observed taking magnesium 
stearate as an excipient and recording any interference of the 
excipient on recovery of the drug. The recovery of the drug for all 
the three methods was found to be 98-100, 100-102 and 99-101. 
The result of the recovery was well into the limit according to the 
ICH guidelines.

Assay

The assay was performed taking synthetic mixture of CAN and 
SIM in 1:2 ratio. The assay was performed for all the three methods 
and the recovery of Simvastatin and Candesartan were recorded 
in Table 4. The recovery was well into the limit of 100±2 %. This 
shows that all the methods developed were effectively applied and 
quantified the amount of Simvastatin and Candesartan.

Statistical Analysis

One-way ANOVA was used to compare the outcomes of the 
simultaneous estimate approach, first order derivative method 
and Q ratio method for the estimation of Simvastatin and 
Candesartan. The findings demonstrated that there was no 
statistically significant difference between the values, with the 
computed ANOVA test values being higher than the tabulated 
ones (with a probability of 0.05). The results are presented in Table 
5. This indicates that there is no significant difference between the 
results of all the three methods

Figure 3:  Overlay of first order derivative spectra of Simvastatin and Candesartan.
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Method I Method II Method III

Parameters SIM CAN SIM CAN SIM Isobestic 
point

Linearity-range (μg/mL) 2-10 1-5 2-10 1-5 2-10 1-5
Slope 0.0466 0.0347 0.004 0.001 0.0272 0.0466
Intercept 0.0172 0.0149 0.0006 0.0011 0.0292 0.0172
Correlation coefficient 0.9995 0.9956 0.9981 0.9972 0.9991 0.9995
LOD (μg/mL) 0.27 0.40 0.52 0.32 0.27 0.18
LOQ (μg/mL) 0.80 1.20 1.57 0.96 0.80 0.53

Table 1:  Linearity and range data of candesartan and simvastatin.

Method I Method II Method III

% Recovery % RSD % Recovery % RSD % Recovery % RSD

Repeatability (n=6)
SIM 100.3 0.37 100.4 1.98 Isosbestic point 99.2 0.46
CAN 101.9 0.84 101.7 1.80 SIM 100.3 0.37

Intraday (n=3)
SIM 100.5 0.21 101.3 0.41 Isosbestic point 99.6 0.36
CAN 102.2 0.54 100.8 0.83 SIM 100.1 0.36

Interday (n=3)
SIM 100.5 0.21 101.4 0.24 Isosbestic point 100.5 0.35
CAN 101.3 0.55 101.1 1.90 SIM 99.8 0.55

Table 2:  Repeatability, intraday and interday precision data of candesartan and simvastatin.

Method I Method II Method III

% Recovery % RSD % Recovery % RSD % Recovery % RSD

Robustness
SIM 99.5 0.86 100.5 1.09 Isobestic point 99.3 0.59
CAN 101.5 0.5 99.2 1.68 SIM 100.8 0.29

Ruggedness
SIM 101.3 0.24 100.3 0.70 Isobestic point 100.8 0.42
CAN 101.0 0.54 100.2 0.16 SIM 100.6 0.37

Table 3:  Robustness and ruggedness result for candesartan and simvastatin.

Conc. (µg/mL) % Purity

Method I Method II Method III
CAN SIM CAN SIM CAN SIM CAN SIM
5 10 100.5 100.8 99.6 99.4 100.3 100.1
5 10 100.2 100.6 99.8 99.9 100.2 99.9
5 10 99.9 100.1 99.5 99.6 100.9 100.2
5 10 100.9 100.9 99.2 99.4 100.9 99.8
5 10 99.8 100.8 99.8 99.7 99.8 99.9
Mean 100.3 100.6 99.6 99.6 100.4 100.0

Table 4:  Results of the assay.
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DISCUSSION

Stock solution of CAN and SIM were prepared using phosphate 
buffer of pH 7 and working standards were prepared after further 
serial dilutions. The λmax for simvastatin and candesartan was 
determined from the individual UV spectra and found at 239 nm 
and 250 nm respectively. The isobestic point was determined at 
218.5 nm. ICH Q2(R1) guidelines were followed for the validation 
of the developed method and parameters like linearity, precision, 
robustness, ruggedness etc., were determined. Linearity was 
established within the concentration range of 1-5 µg/mL for 

Candesartan and 2-10 µg/mL for Simvastatin having correlation 
coefficient greater than 0.99 for all the methods. The percentage 
RSD determined for accuracy, precision and robustness was less 
than 2%. The findings of the % recoveries validate the method's 
accuracy. The LOD and LOQ study approach was used and it was 
found to be sensitive. It has been demonstrated that the suggested 
approach is accurate, precise, resilient and sensitive.

Assay of the synthetic mixture was performed using all the three 
methods and results are within limits as per ICH guidelines. All of 
the techniques were sufficiently sensitive to identify and quantify 
trace levels of candesartan and simvastatin in a sample. One way 

Method I Method II Method III p-value by One-way ANOVA

Average

Repeatability
CAN 101.9 101.7 99.2 0.0042
SIM 100.3 100.4 100.3 0.0001

Intraday precision
CAN 102.2 100.8 99.6 0.0098
SIM 100.5 101.3 100.1 0.01

Interday precision
CAN 101.3 101.1 100.5 0.04
SIM 100.5 101.4 99.8 0.0058

Robustness
CAN 101.5 99.2 99.3 0.0205
SIM 99.5 100.5 100.8 0.0002

Ruggedness
CAN 101.0 100.2 100.8 0.007
SIM 101.3 100.3 100.6 0.0001

Assay
CAN 100.3 99.6 100.4 0.0151
SIM 100.6 99.6 100.0 0.0001

Table 5:  Statistical Analysis of the simultaneous estimation, first order derivative method and Q ratio method

Figure 4:  Overlay spectra of Simvastatin and Candesartan showing isobestic point.
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ANOVA was applied to compare the results obtained from all the 
methods and for all the instance the p-value are greater than 0.05.

CONCLUSION

All of the variables together suggest that the Simultaneous 
Equation Method, First Derivative Method and Q-Ratio 
Method, are quick, easy, accurate and precise ways to estimate 
the simultaneous presence of simvastatin and candesartan in 
a mixture. Therefore, in routine quality control analysis, the 
proposed approach might be recommended for the simultaneous 
assessment of simvastatin and candesartan.
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SUMMARY

The goal of the current study was to develop and validate three 
UV-spectrophotometric techniques for the simultaneous 
measurement of candesartan and simvastatin in the mixture. 
The Simultaneous Equation Method was the initial approach, 
with λ1 (the λmax of Simvastatin) being 239 nm and λ2 (the λmax of 

Candesartan) being 250 nm. The second technique was the first 
order derivative method, which used two distinct wavelengths 
with zero crossing points-263 nm for candesartan and 251.5 
nm for simvastatin. The third approach, the Q-Absorbance 
ratio method, had λ1 (the isosbestic point) of 218.5 nm and 
λ2 (the simvastatin λmax) of 239 nm. According to ICH criteria, 
the methods were validated. R2 values were found to be about 
1. The techniques are sensitive enough to identify and measure 
trace levels of candesartan and simvastatin in the sample. The 
results showed that the methods were accurate (the percentage 
RSD was less than 2%). It was discovered that both approaches' 
recovery percentages fell between 98 and 101%. Therefore, it 
was determined that all three approaches were accurate, precise, 
quick, economical and easy to use. They may be applied to 
routine analysis for the simultaneous estimate of simvastatin and 
candesartan in the mixture.
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