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Abstract
Aim: The current project involves developing an RP-HPLC method for simultaneous quantification of Candesartan Cilexetil and 
Pioglitazone based on analytical quality by design (AQbD).

Materials and methods: When analysed in the Design Expert application, the critical method parameters were systematically re-
fined using Central Composite Design and contours were derived for significant variables. A contour plot has been used to discover 
the technique operable design region that governs response variation, which is then empirically tested.

Results: Successful chromatographic separation of title analytes was achieved on kromasil C18 (150 × 4.6 mm, 5 µm) column at 
30 °C with mobile phase comprising 60% 20 Mm Potassium dihydrogen orthophosphate and 40% acetonitrile (v/v), isocratic elution 
pattern, 0.9 mL/min flow rate, and UV detection at 220 nm. The linear model for Candesartan Cilexetil was from 4 to 24 µg/ mL and 
Pioglitazone at 7.5–45 µg/ mL, respectively.

Conclusion: The method met all the ICH Q2 (R1) validation criteria. The current approach aided for analysing simultaneous drugs 
can be expanded into quantifying drugs in biological matrix predominance with maximum recovery.
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Introduction

Both hypertension and diabetes have become much more 
inevitable around the world, furthermore, the population 
of adults with hypertension and diabetes is projected to 
increase from 972 million in 2000 to 1.56 billion in 2025, 
and from 171 million in 2000 to 366 million in 2030 (Wild 

et al. 2004; Kearney et al. 2005; Kaku et al. 2011). Because 
hypertension is usually associated with type 2 diabe-
tes (Shriraam et al. 2021; Wang et al. 2021) in the same 
patients, many hypertensive patients are treated with a 
combination of antihypertensive and anti-diabetic medi-
cations. In hypertension, the combination of pioglitazone 
with Candesartan Cilexetil has a more favourable effect 
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on hypertensive cardiovascular damage (Nakamura et al. 
2008; Nesti et al. 2021). It is estimated that between 60 and 
65% of people who have diabetes also have hypertension, 
making it the most common comorbidity seen in diabetic 
patients (Jahan Sathi et al. 2022). Both hypertension and 
diabetes are independent risk factors for cardiovascular 
disease; however, when they occur together, the chance of 
the initial complaints of cardiovascular disease is signifi-
cantly increased. As much as twofold increase in the rela-
tive risk of cardiovascular/renal issues is detected among 
hypertension individuals (Charoensri et al. 2021), and the 
presence of diabetes doubles the prevalence rate. (Contre-
ras et al. 2000) Insulin resistance also plays an integral part 
in both hypertension and type 2 diabetes mellitus. (Arima 
et al. 2002; Reaven 2003; Chaud et al. 2013)

Candesartan Cilexetil is a selective angiotensin II an-
tagonist. This is most widely used to treat all grades of 
hypertension (Dobrian et al. 2004; Gleiter et al. 2004). 
Chemical name is [1RS]-1-[cyclohexyloxycarbonyloxy]
ethyl-2-ethoxy-1-{[2’-[1H-tetrazol-5-yl]biphenyl-4-yl]
methyl}-1H-benzo[d]imidazole-7-carboxylate. White 
crystals or white crystalline powder constitute white im-
idazole derivatives. It is quite impossible for Candesartan 
Cilexetil to dissolve in water and its solubility in methanol 
is just on the periphery. It melts around 163 °C (Williams 
2006) and pKa is 5.6 (Gleiter et al. 2004; Williams 2013). 
Pioglitazone is a type 2 diabetes medication that is taken 
orally. After being injected, pioglitazone lessens insulin re-
sistance in the liver, thus causes a rise in insulin-dependent 
glucose clearance and a fall in hepatic glucose generation 
(Hofmann et al. 1992; Kletzien et al. 1992). The chemi-
cal name is (5RS)-5-{4-[2-(5-Ethylpyridin-2-l)ethoxy]
benzyl}thiazolidine-2,4-dione monohydrochloride. It is a 
solid crystalline powder that is white or almost white in 
colour. In water, it’s practically insoluble, but it’s soluble in 
methanol. Melting point is around 193–194 °C (Williams 
2013). The pKa is around 6. Fig. 1 illustrates the structures.

A detailed analysis of the literature found that a 
UV-Visible spectrophotometric method for simultaneous 
estimation of the above mentioned two drugs is available 
(Ware and Pekamwar 2021), along with determination 
of candesartan with pioglitazone and other drugs (Mirza 
2018) Also a single method is reported for simultaneous 
estimation of drugs in human plasma by LC/MS. (Kumari 
Karra et al. 2012) Hence, an effort is undertaken to de-
sign and validate an analytical approach for simultaneous 

estimation of Candesartan Cilexetil and pioglitazone by 
HPLC. The suggested chromatographic method is relia-
ble because it also uses AQbD methodology to design the 
chromatographic separation. The present investigation is 
designed and developed for simultaneous determination 
of Candesartan Cilexetil and Pioglitazone in bulk and in 
a bilayer tablet.

Method development incorporating QbD

Beyond the standard robust testing, method validation 
according to the ICH criteria does not give much reliabil-
ity in terms of mitigating method variability. (Sandhu et 
al. 2016) In recent times, pharmaceutical companies are 
adopting QbD in analytics for trouble free compilation 
with FDA and ICH guidelines. (Peraman et al. 2015a) 
AQbD delves into the scientific understanding of tech-
nique factors and their interconnections, resulting in a re-
gion that is both robust and cost-effective. When an AQbD 
methodology is used in the development stage, an analyt-
ical method’s flexibility is granted without the need for re-
validation or regulatory assessment. (Vogt and Kord 2011; 
Peraman et al. 2015b; Das and Maity 2017) As a result, 
using Quality by Design concepts towards the construc-
tion of analytical methods has become rather prevalent 
in order to achieve high robustness and superior method 
performance. (Monks et al. 2012) In recent times, many 
analytical methods for single drug estimation (Alruwaili 
2021; Babar and Padwal 2021; Jena et al. 2021; Patel et al. 
2021; Srujani et al. 2021; Wadhwa et al. 2021) and simul-
taneous quantification (Gundala et al. 2019; Babar et al. 
2021; Saurabh Chaudhari et al. 2022) have been devel-
oped using AQbD method. Analytical quality by design 
refers to the systematic and scientific creation and opti-
mization of analytical procedures. (Palakurthi et al. 2020) 
The AQbD approach allows a scientific and risk assessed 
understanding of the major causes of variability, then the 
identification of CMPs through risk assessment and fac-
tor screening studies to identify the significant variables 
that have a massive effect on analytical performance, and 
then optimization of those variables through appropriate 
experimental designs to broaden method performance. 
(Rozet et al. 2012) Quality by design is well emphasized 
in the design and manufacture of pharmaceutical drug 
substance and drug product processes, as specified in ICH 
Q8, Q9, and Q11 (Palakurthi et al. 2020).

When using a QbD strategy, it is vital that sufficient con-
sideration be paid to the method’s intended usage so that 
method’s objectives are articulated. The Analytical Target 
Profile is reflected by all this. In order to meet the ATP’s 
standards, an acceptable technique and procedure condi-
tions must be chosen. An exercise oriented towards under-
standing the method can be done based on a risk assessment 
(i.e., the method complexity and the possibility for robust-
ness and ruggedness issues) to have a better understanding 
of the impact that key input factors may have on the meth-
od’s operational qualities. As a result, a set of operational 
method variables can be identified. Experimentation can 
thus establish a functional relationship between method 

Figure 1. Structures of (a) Candesartan Cilexetil; (b) Pioglitazone.
(a) (b)
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input variables and method performance attributes. In-
sights obtained during the method’s creation and early im-
plementation is fed into risk assessment using tools like the 
Fishbone diagram that may be used to pick out the factors 
need to be studied and which need to be regulated. (Jadhav 
and Tambe 2013) Critical Quality Attributes (CQAs) are 
measurable chromatogram attributes that must be within 
a certain limit (or) range to ensure the method’s targeted 
quality. CQAs are used in chromatographic techniques 
as resolution, theoretical plate number, tailing, and ana-
lytical peak’s retention time. Critical Method Parameters 
are variables identified through a procedure called quality 
risk assessment that do have an impact on Critical Quality 
Attributes. Following this, based on developmental infor-
mation and experiments, critical method attributes of this 
experiment are designated as flow rate, mobile phase ratio, 
and column temperature.

Materials and methods
Chemicals

Candesartan Cilexetil and Pioglitazone were obtained 
as gift samples from Madras Pharmaceuticals, Chennai, 
Tamil Nadu. Dosage form to be analysed claims 8 mg of 
Candesartan Cilexetil and 15 mg Pioglitazone per tablet. 
Ortho phosphoric acid, Potassium dihydrogen ortho-
phosphate, sodium chloride, hydrochloric acid, hydrogen 
peroxide, acetonitrile (HPLC grade) were purchased from 
sigma-Aldrich, Chennai, India.

Instrumentation and chromatographic 
conditions

The technique was devised using Agilent technologies 
1220 infinity II HPLC system fitted with Kromasil C18 
(150 × 4.6  mm, 5 µm) column. Digital pH meter (MP 
-1PLUS) was used for pH measurements and Professional 
Ultra-Sonicator (ANTECH, GT SONIC) was employed to 
degas the mobile phase and filtered through 0.45 µm Mil-
lipore filter attached to a vacuum pump. Chromatograph-
ic separation was achieved using C 18 column and mobile 
phase consisting of Buffer and acetonitrile at 60:40 v/v ra-
tios. 20 mM Potassium dihydrogen orthophosphate is used 
as buffer with pH 3.5 adjusted with ortho phosphoric acid. 
The method development was performed in HPLC at iso-
cratic system. 10 µL was the injection volume with a flow 
rate of 0.9 mL /min. UV detection was set at 220 nm for 
elution. The % organic phase, flow rate, and column tem-
perature were optimized using Central Composite Design 
through Design Expert Trail version 11 Stat-Ease, U.S.A.

Preparing standard solution

8 mg of Candesartan Cilexetil, 15 mg of pioglitazone work-
ing standards were weighed and added to 50 mL dry volu-
metric flasks and are then diluted with diluent and sonicat-
ed. The flask was vigorously shaken before being filled with 

diluent solution to the desired volume. To obtain the need-
ed standards, 1 mL of each of the two stock solutions was 
placed in a 10 mL volumetric flask and diluted to 10 mL.

Sample preparation

10 tablets each containing 8 mg of Candesartan Cilexetil 
and 15 mg of pioglitazone was weighed, powdered and 
quantity equivalent to label claim, transferred to a 100 mL 
volumetric flask and dissolved with diluent. The solution 
was filtered and 2 mL of each of the filtrate i.e., 16 µg/m 
L of Candesartan Cilexetil and 30 µg/m L of Pioglitazone 
was diluted to 10 mL with diluent and analysed.

Selection of wavelength

UV spectra of Candesartan Cilexetil and pioglitazone 
were acquired using a UV-VIS spectrophotometer in or-
der to identify the analytical wavelength. Both stock solu-
tions were scanned against a blank in the UV region be-
tween 200 and 400 nm.

Method development with QbD assis-
tance

Analytical target profile
To begin with, Analytical Target Profiles were used to ex-
plicitly describe the objectives. HPLC should be able to 
separate the two drugs in an appropriate timescale by sep-
arating them simultaneously. The key aim for improving 
the chromatogram’s quality in terms of retention times, 
resolution, and theoretical plates were to initially tune the 
chromatographic conditions, and then to successfully im-
plement the devised method for determining Candesar-
tan Cilexetil and Pioglitazone in tablet dosage form.

Risk assessment – Evaluation of potential 
dangers
Numerous aspects of HPLC, including the column design 
and the mobile phase, can have an impact on separation 
quality. The results of a method can be affected by a va-
riety of other variables, including the temperature of the 
column, the detection conditions, the sample composi-
tion, and the injection volume. Hence fishbone diagram 
in Fig. 2 was constructed to determine the most critical 
method attributes (CAA) which is a systematic risk anal-
ysis. In this pictorial representation, all the aspects that 
affect the analytical quality were presented, and those that 
are crucial to quality were selected for future investigation.

Conducting experimental design
Initial method development trials were undertaken to de-
termine the proper ranges of method variables following 
a risk analysis. DOE approach was employed to optimize 
these method variables, and a Central Composite Study 
design was used for this objective. This design includes 
centre points and axial points in addition to a full factorial 
design which contributes to sequential experimentation, 
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estimating quadratic or higher order trends. Central 
Composite Design contributes to the reproducibility and 
validity of experimental designs. The primary indepen-
dent factors of the HPLC method were chosen as percent-
age of organic phase, mobile phase flow rate, and column 
temperature, as well as the response variables tailing fac-
tor, resolution, and number of theoretical plates. The fol-
lowing Table 1 lists the experimental variables.

Analysing the results of the experiments 
and optimizing the method
Design expert Software was used to conduct a systematic 
statistical analysis of the experiment’s findings. Numerical 
and graphical optimization followed the specification of 
variable constraints. Each response parameter was exam-
ined individually, and a design space was developed using 
statistical techniques including anticipated versus actual 
graphs, ANOVA (Analysis of Variance), lack of fit predic-
tion equations and contour plots.

Validating the analytical method

Linearity

Six samples 0.25, 0.5, 0.75,1, 0.25, 0.5 mL were withdrawn 
to 10 mL volumetric flasks from binary standard solution 
and makeup to final volume with diluent until the final 
concentrations of Candesartan Cilexetil and pioglitazone 
were in the range of 4–24 µg/ mL and 7.5–45 µg/ mL, re-
spectively. At each concentration level a 10 µl volume was 
injected and a linearity curve was generated by annotating 
the peak area against the drug concentration. Using a plot 
peak area vs. analyte concentration, the method’s linearity 
was validated. This was replicated for six times.

Accuracy
Working standard solutions were analysed by HPLC using 
chromatographic conditions which were optimized at 50, 

100, and 150% concentrations. At each level, the samples 
were made in triplicate, and the % recovery of the drug was 
determined by measuring the chromatogram’s peak area.

Precision
The developed method’s precision was evaluated by cal-
culating the % RSD of within-day and in various days. 
Samples were triplicated thrice on the same day and also 
on three different days. The peak area of both drugs was 
calculated, as well as the % RSD.

Specificity
The purpose of the specificity testing was to show that 
the principal analyte peaks could be distinguished from 
placebo, biological matrix, and all related peaks. To en-
sure that there was no interference from the sample ma-
trix, a placebo solution was also injected into the column. 
Experimentation with forced degradation of Candesartan 
Cilexetil and Pioglitazone confirmed the specificity of the 
devised analytical approach for these two drugs.

Limits of quantification
Limit of detection was established using the equation: 
LOD = 3.3 σ/S, and limit of quantitation with the help of 
equation: LOQ = 10 σ/S, where, σ is standard deviation of 
the responses where S represents slope of calibration curve.

System suitability
The method’s efficiency was evaluated by running a sys-
tem suitability test on chromatograms obtained by load-
ing standard binary solution into HPLC three times. For 
three successive injections, system fit characteristics such 
as theoretical plates, tailing factor, retention time, resolu-
tion, analyte peak area were assessed.

Robustness of the method
The method’s ruggedness was evaluated by deliberately 
altering the chromatographic conditions like % organic 
phase, flow rate and temperature of the column by slightly 
increasing or decreasing them.

Forced degradation studies
Dosage forms were subjected to various stress factors to 
check for degradants in accordance with the ICH Q1A 
(R2) guidelines resulting in drug degradation.

Figure 2. Fish bone diagram.

Table 1. Levels of selected independent variables.

Variables Level
Selected variables low High

A : Flow rate (mL/min) 0.80 1.00
B: % Organic phase 35.00 45.00
C: Temperature (°C) 27.00 33.00
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Results and discussion
Because of the numerous variables that influence method 
results, applying QbD paradigm to analytical methods 
is relatable. These factors include instrument settings, 
sample properties, procedures and model selection. The 
present focus is on AQbD, which enables the develop-
ment of robust analytical techniques. It also aids in iden-
tifying, reducing, and controlling potential risks. For 
quantification of Candesartan Cilexetil and Pioglitazone 
simultaneously in sample matrix using HPLC, this work 
utilized the AQbD approach. Retention time of the an-
alytes, resolution, and theoretical plate count were rec-
ognized as CQA. The fishbone diagram was created to 
better comprehend the factors that affect the quality of an 
analysis. As a result, the three CMA parameters chosen 
were % of organic phase, flow rate of mobile phase, and 
column temperature.

Selecting solvents and detection wave-
length

Selecting the right solvents was a major hurdle for meth-
od development. The mobile phase is generally alluded to 
as the lifeline of the HPLC system. It is critical in trans-
porting the analyte through the separation column and 
subsequently to the detector for identifying the separated 
components. Mobile phase is almost never a single sol-
vent. It entails mixing water with organic solvents, aque-
ous buffers with polar solvents, or organic solvent mix-
tures at desired quantities. It is important to use different 
solvent mixtures in order to achieve desired polarity in the 
mobile phase for completely solubilize the sample, as well 
as to control interaction between analyte and stationary 
phase to attain the ideal degree of separation for separat-
ed components in the quickest possible time. Majority of 
RP-HPLC are performed with buffered aqueous solutions, 
such as a polar mobile phase, or with other polar solvents, 
such as methanol or acetonitrile. Polarity governs the se-
quence of solute elution in HPLC. More polar solutes elute 
first in RP-HPLC. Both the drugs were soluble in a bunch 
of solvents majorly used for reverse phase liquid chroma-
tography such as acetone, dimethyl sulfoxide, acetonitrile, 
ethanol, and methanol and insoluble in water. Methanol 
and water are used in combination as a mobile phase ap-
plied in the initial trail of method development studies. 
Here, Candesartan Cilexetil was not eluted. Also, when 
pH of mobile phase was not adjusted, peak tailing and 
peak broadening occurred. Hence, in order to increase 
the retention of both the compounds onto the stationary 
phase, the amount of organic content in mobile phase was 
adjusted and water is substituted with phosphate buffer. 
Ortho phosphoric acid was used to deliver the pH to 3.5. 
Temperature affects the solubility of compounds in the 
mobile phase in HPLC. The retention time decreases as 
the column temperature goes up. Each 1 °C increase in 
temperature reduces retention time by 1–2%. The chro-
matographic separation process becomes faster and more 
efficient as the column temperature rises. As a result, 

column was kept at 30 °C throughout the study to avoid 
any disruptions with elution.

Candesartan Cilexetil showed maximum absorbance at 
222 nm and Pioglitazone at 253 nm. An isosbestic point 
at 220 nm was observed which was taken as the detection 
wavelength. Also, the run was extended for 10 minutes to 
confirm that all traces of components had been removed 
and the column had been re-equilibrated. A chromato-
gram created over 7 minutes can be shown in Fig. 3, which 
displays the peak concentrations of both Pioglitazone and 
Candesartan Cilexetil.

Identifying analytical target profile and 
risk assessment

The definition of the Analytical Target Profile is a critical 
component of the AQbD paradigm. It provides the sum of 
all performance criteria needed to effectively characterize 
what a technique must analyze. Determining Pioglitazone 
and Candesartan Cilexetil simultaneously as API and in a 
tablet dosage form is the target and the liquid chromato-
graphic assay method is the target method. A RP-HPLC 
with UV detection is selected as the analytical method. The 
% organic phase, flow rate of mobile phase and column 
temperature were chosen as the Critical Method Attributes.

Retention times of Pioglitazone and Candesartan 
Cilexetil, resolution, number of plates for Pioglitazone 
and Candesartan Cilexetil were chosen as Critical Meth-
od Parameters which were found to have effects on the 
chosen Critical Method Attributes. Thus, risk assessment 
was based on the fishbone diagram. Temperature of the 
column plays an important role on the analytical method 
and hence was chosen as essential parameter. The HPLC 
equipment and column require a specific flow rate. The 
analyte may not have enough time to interact with the 
stationary phase if the flow rate is higher than normal. A 
high flow rate reduces retention times, whereas lowering 
the flow rate increases resolution. This change is caused 
by the flow rate’s effect on the number of column plates, 
not by the relative peak spacing. Hence, flow rate was se-
lected as a factor for the study. Quantity of organic phase 
plays a tremendous role in analyte retention in RP-HPLC. 
This is purely based on the polarity of the mobile phase 
and analytes to be separated. As the stationary phase is 
non-polar in a reverse phase chromatography, polar of the 
mobile phase has to be set carefully in order to elute the 
analytes from the column. Thus, this was also considered 
as an important factor which impacts the retention times 
and number of theoretical plates of an analyte.

Figure 3. Chromatogram showing peaks of Pioglitazone and 
Candesartan Cilexetil.
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Method development and optimization 
of the proposed method

Narrowing down of essential parameters through risk assess-
ment identified risk factors. These were 0.9 mL/min flow rate, 
40% organic phase and column temperature of 30 °C. Finally, 
the optimized mobile phase was 60% volume of 20  Mm Po-
tassium dihydrogen orthophosphate and 40% of acetonitrile. 
Here Design of Experiment was incorporated and a flow rate 
of 0.8–1.0 mL/min, 35–45% organic phase and a column 
temperature of 27–33 °C were set as parameters. Retention 
times of Pioglitazone and Candesartan Cilexetil, resolution, 
number of plates for Pioglitazone and Candesartan Cilexetil 
were observed and optimized as factors. The critical method 
parameters were optimized using a Central Composite ex-
perimental design with three independent variables. Design 
Expert software was used to simulate the experimental con-
ditions and runs were obtained. The chromatograms from 
all 20 trials were analysed for retention time, resolution, and 
count of theoretical plates for peaks of both Candesartan 
Cilexetil and Pioglitazone. The model prediction equations 
were estimated and ANOVA was used to statistically analyse 
the obtained results. Table 2 displays the ANOVA findings 
for all factors for the quadratic response surface model.

The prediction equations for all the responses are 
as follows:

 ¾ For RT1 : +2.505-0.276A-0.103B-0.211 C-0.126AB-
0.115AC- 0.312BC +0.126 A2-0.381B2-0.291C2

 ¾ For RT2: +3.656-0.415A+0.231 B- 0.154 C-0.236 AB-
0.117 AC-0.126 BC+ 0.143 A2 +0.176 B2+0.243 C2

 ¾ For RS : +8.171-0.164 A+0.903 B-0.255 C- 0.012 AB-
0.137 AC-0.121 BC- 0.191 A2-0.126 B2-0.179 C2

 ¾ For TP1 : +7648.47-29.792A-457.889B+89.448C-
53.5AB-195.25AC+61.75 BC-148.087 A2-786.074 
B2-322.742 C2

 ¾ For TP2 : +9014.95-93.446 A-579.562 
B+86.735C-68.125 AB-265.125 AC+43.125 BC-
117.601 A2-841.502 B2-355.542 C2.

The co-efficient and statistical results have been tabu-
lated below.

The DOE model was found to be statistically signifi-
cant (P value < 0.0001) for predicting all responses using 
ANOVA. The statistical significance of the model can be 
inferred from its F-values. The F-value for the lack of fit for 
all components indicates that the lack of fit is insignificant 
in contrast to the pure error. This is clearly a nice fit for 
the model. The regression coefficients show that the vari-
ables chosen for the study had a considerable influence on 
the replies. The interaction terms show how the responses 
alter when variables are simultaneously changed. Using 
contour plots, we were able to better understand the rela-
tionship between variables through Fig. 4.

Defining design space

The design space or control space defined as the meth-
od operable design (MODR) is established by the specific 
CMA combinations. Fig. 5 displays the contour or desir-
ability plots for various combinations of CMAs for the op-
timized method.

In this design space, the selected point or a desirabil-
ity region is a combination of mobile phase consisting 
of acetonitrile in organic phase (40%) at 30 °C column 
temperature with 0.9 mL/min flow rate. At this point, 
the predicted experimental conditions were RT1 at 
2.562, RT2 at 3.635, RS at 3.521, TP1 at 6697 and TP2 
at 7613. The predicted experimental conditions were 
confirmed experimentally with RT1 at 2.462, RT2 at 
3.598, RS at 3.529, TP1 at 6458 and TP2 at 7365.The 
design space depicts this method operable zone where 

Table 2. ANOVA results and statistical parameters of the optimized method for Pioglitazone and Candesartan Cilexetil.

CMA RT1 RT2 RS TP1 TP2 
co-efficients p- value F value p- value F value p- value F value p- value F value p- value F value
Numerical coefficient < 0.0001 1168.90 < 0.0001 772.39 < 0.0001 34.31 < 0.0001 57.28 < 0.0001 71.60
A < 0.0001 10408.10 < 0.0001 5131.40 0.0150 8.59 0.0050 4.751 0.0057 4.60
B 0.0181 2.06 < 0.0001 1587.35 < 0.0001 259.71 < 0.0001 112.22 < 0.0001 176.94
C 0.0377 8.528 < 0.0001 86.76 0.0011 20.71 0.00153 4.28 0.00745 3.96
AB 0.0114 2.98 0.0007 23.33 0.8680 2.991 0.00036 0.8974 0.0025 1.43
AC 0.0143 2.52 0.0049 50.26 0.0901 3.52 0.0062 11.95 0.0009 21.69
BC 0.0608 2.796 0.0063 11.87 0.0086 2.691 0.0029 1.20 0.00466 5.739
A2 < 0.0001 97.12 < 0.0001 59.12 0.0012 2.80 0.0055 12.39 0.00197 7.69
B2 0.0414 7.242 < 0.0001 60.09 0.0427 5.38 < 0.0001 349.00 < 0.0001 393.63
C2 0.0414 7.242 0.0958 9.212 0.0081 10.83 < 0.0001 58.83 < 0.0001 70.27
Fit statistics
R2 0.9991 0.9986 0.9686 0.9810 0.9847
Adjusted R2 0.9982 0.9973 0.9404 0.9638 0.9710
Predicted R2 0.9933 0.9889 0.7654 0.8466 0.8796
Std.Dev. 0.0100 0.0214 0.2073 159.74 161.01
Mean 2.52 3.72 7.90 6790.20 8117.25
C.V.% 0.3980 0.5770 2.62 2.35 1.98
Lack of Fit
P 0.5733 0.6500 0.9966 0.2510 0.2709
F 1.72 1.95 0.64 1.56 1.67

Where: A – Flow rate (mL/min); B – % Organic phase; C – Temperature in °C.
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alterations will have no effect on the analysis quality. 
Design space is an essential component of QbD. It was 
established by creating a plot by overlaying plots of in-
dependent variables with their ranges to meet the re-
quired response while keeping one variable constant. 
The yellow color in this plot denotes the region when 
all response variable requirements are met and no re-
validation is necessary.

Validation of the analytical method

The validation parameters such as accuracy, precision, 
linearity and robustness of the optimized method were 

evaluated at a selected working point. The linearity equa-
tion is determined and co-efficients are shown in Table 3 
analysed from Fig. 7.

The r2 values derived by linear regression analysis were 
0.9999 and 0.9997 respectively for Pioglitazone and Can-
desartan Cilexetil demonstrating the linearity between 
peak area and the drug concentration. The calculated 
LOD, LOQ values mentioned in Table 3 assured that the 
technique is sufficiently sensitive. Through accuracy and 
precision investigation, % recoveries ranged from 98 to 
99 for Pioglitazone and from 98 to 100 for Candesartan 
Cilexetil. Precision in terms of % RSD were < 1% as men-
tioned in Table 4.

Figure 4. 3-D contour plots for dependent variables in developing the optimized model. a) indicates interaction of flow rate and 
organic phase b) indicates interaction of flow rate and temperature c) indicates interaction of organic phase and temperature.
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The percentage recovery of both drugs when 
tested simultaneously was found to be within limits. 
Both Pioglitazone and Candesartan Cilexetil had 
percentage recoveries that were statistically acceptable. 
It was also revealed that the drug peaks did not interfere 
with one another. As a result, the approach can be 
said to be specific to the two drugs in combination. 

The method‘s ruggedness/robustness was evaluated by 
purposefully modifying chromatographic parameters 
like % mobile phase, flow rate, and column temperature. 

RT1 RT2 RS TP1 TP2 

i 

     

ii 

     

iii 

     

Figure 5. Contour plots for optimized method for simultaneous estimation of Pioglitazone and candesartan Cilexetil: i) Interaction 
between flow rate and organic phase. ii) Interaction between flow rate and temperature. iii) Interaction between organic phase 
and temperature.

Figure 6. Overlay plots for: i) Interaction of flow rate and organic phase. ii) Interaction of flow rate and temperature. iii) Interaction 
of organic phase and temperature.

i ii iii 

 
  

Table 3. Linearity data obtained for Pioglitazone and Cande-
sartan Cilexetil.

Parameter Pioglitazone Candesartan Cilexetil 
Linearity range(µg/mL) 7.5–45 4–24
Slope 71142 36342
Intercept 1941.9 6687.2
Co-efficient of determination(R2) 0.9999 0.9997
LOD(µg/mL) 0.71 0.51
LOQ(µg/mL) 0.51 1.56

* n = 6.

Figure 7. Linearity overlay chromatogram for Pioglitazone and 
Candesartan Cilexetil.
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Changes in experimental conditions by increasing and 
decreasing the flow rate by 0.1 m L/ min, by expanding 
and diminishing the temperature of the column by 5 
degrees and by altering the organic phase by 5% had little 
effect on chromatogram quality parameters as retention 
time, resolution, and theoretical number of plates as 
mentioned in Table 4. % RSD was found to be within 
limits. As a result, the proposed method can be used for 
simultaneous, quantitative analysis for the combination of 
Pioglitazone and Candesartan Cilexetil.

Application of the proposed approach 
to the prepared formulation

The outcomes of the Candesartan Cilexetil and piogli-
tazone assays were compared to the labelled quantities. 
The chromatogram obtained for analysis of the pre-
pared formulation, which shows that there are no addi-
tional peaks, indicating that the formulation excipients 
employed in the tablet do not interact. Candesartan 
Cilexetil and pioglitazone were found to have a % assay 
of 100.04% and 99.50%, respectively. These values were 
within the % limit.

Results for stability studies

Sample chromatograms were exposed to a variety of 
forced degradation conditions. To induce the stress 
conditions, 0.1M HCL, 0.1M NaOH, H2O2, UV light 
and high temperatures were used. The solutions under-
went stress conditions from 6–7 hrs. This showed an 
additional peak along with analytes depicted in Fig. 8 
at the end of stress duration. However, chromatograms 
in neutral circumstances did not exhibit distinct peaks 
for the degradation products. When exposed to acidic 
deterioration, both Candesartan Cilexetil and Pioglita-

Table 4. Accuracy, Precision studies of Pioglitazone and 
Candesartan Cilexetil.

Accuracy* (% recovery) Precision* 
(% RSD)

Robustness* 
(% RSD of peak area)

Inter day Intra day Inter 
day

Intra 
day

Factor + -

a) Accuracy, Precision studies of Pioglitazone
15 µg/ mL 98.82 ±0.12 99.89±0.78 0.413 0.395 A (±0.1 mL/min) 0.610 0.483 
30 µg/ mL 99.71 ±0.34 98.97±0.64 0.621 0.578 B (± 5 °C) 0.521 0.767
45 µg/ mL 99.07 ±0.19 99.22±0.81 0.892 0.644 C (± 5%) 0.837 0.818
b) Accuracy, Precision studies of Candesartan Cilexetil
8 µg/ mL 99.66 ±0.41 99.48±0.92 0.537 0.598 A (±0.1 mL/min) 0.459 0.537
16 µg/ mL 98.51 ±0.37 100.99±0.16 0.761 0.873 B (± 5 °C) 0.564 0.943
24 µg/ mL 98.19 ±0.73 99.81±0.26 0.286 0.492 C (± 5%) 0.446 0.667

* n = 3; Where: A indicates Flow rate; B indicates column temperature; C indicates 
% Organic phase.

Figure 8. chromatograms of analytes subjected to varying levels of forced degradation: A) acidic degradation, B) alkali degradation, 
C) neutral, D) thermal degradation, E) peroxide degradation, F) UV-light degradation.
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zone degraded significantly more than under any other 
stress state. Summary of degradation studies was re-
ported in Table 5.

Conclusion

This study outlines the development of a systematic RP- 
HPLC approach for simultaneous quantification of Can-
desartan Cilexetil and Pioglitazone in API and tablet for-
mulation. AQbD was incorporated to develop an accurate 

and reliable method which can be used without any re-
validation. An optimized method was constructed within 
the design space and by statistical analysis; effect of the 
optimized method on various parameters was studied. 
When experimented, in the optimized method, the chro-
matographic peaks of both drugs were segregated with 
good resolution. At the confirmation location, according 
to the validation report, the proposed analytical method 
has good linearity, accuracy, precision and robustness.

Author contributions

All authors contributed to the study conception and de-
sign. All authors read and approved the final manuscript.

Acknowledgements

The authors are thankful to SRM College of Pharmacy, 
SRMIST, Kattankulathur, Chennai, Tamil Nadu for pro-
viding necessary facilities to carry out this work.

References
Alruwaili NK (2021) Analytical quality by design approach of re-

verse-phase high-performance liquid chromatography of atorvasta-
tin: Method development, optimization, validation, and the stabili-
ty-indicated method. International Journal of Analytical Chemistry 
2021: 1–12. https://doi.org/10.1155/2021/8833900

Arima H, Kiyohara Y, Kato I, Tanizaki Y, Kubo M, Iwamoto H, Tanaka 
K, Abe I, Fujishima M (2002) Alcohol reduces insulin–hypertension 
relationship in a general population The Hisayama study. Journal 
of Clinical Epidemiology 55(9): 863–869. https://doi.org/10.1016/
S0895-4356(02)00441-9

Babar SA, Padwal SL (2021) View of Qbd approach to analytical meth-
od development and its validation for estimation of lenvatinib in 
bulk and pharmaceutical formulation. International Journal of 
Applied Pharmaceutics 13: 183–188. https://doi.org/10.22159/
ijap.2021v13i5.41786

Babar SA, Padwal SL, Bachute MT (2021) Qbd based RP-HPLC meth-
od development and validation for simultaneous estimation of am-
lodipine besylate and lisinopril dihydrate in bulk and pharmaceutical 
dosage form. Journal of Pharmaceutical Research International 33: 
143–164. https://doi.org/10.9734/jpri/2021/v33i43A32474

Charoensri S, Kritmetapak K, Tangpattanasiri T, Pongchaiyakul C 
(2021) The impact of new-onset diabetes mellitus and hypertension 
on all-cause mortality in an apparently healthy population: a ten-year 
follow-up study. Journal of Diabetes Research 2021: 1–7. https://doi.
org/10.1155/2021/3964013

Chaud MV, Lima AC, Vila MMDC, Paganelli MO, Paula FC, Pedreiro LN, 
Gremião MPD (2013) Development and evaluation of praziquantel sol-
id dispersions in sodium starch glycolate. Tropical Journal of Pharma-
ceutical Research 12(2): 163–168. https://doi.org/10.4314/tjpr.v12i2.5

Chaudhari S, Tatiya ASAU, Abdul Rahman B (2022) Quality by design 
(Qbd) approach to develop stability-indicating Rp-Hplc method de-
velopment for pioglitazone and glimepiride. International Journal of 

Pharmaceutical Sciences and Research 13: 2029–2038. https://doi.
org/http://dx.doi.org/10.13040/IJPSR.0975-8232.13(5).2029-38

Contreras F, Rivera M, Vasquez J, de la Parte MA, Velasco M (2000) 
Diabetes and hypertension physiopathology and therapeutics. 
Journal of Human Hypertension 14(Suppl 1): S26–S31. https://doi.
org/10.1038/sj.jhh.1000983

Das Dr P, Maity A (2017) Analytical quality by design (AQbD) : A new 
horizon for robust analytics in pharmaceutical process and automa-
tion. International Journal of Pharmaceutics and Drug Analysis 5: 
324–337.

Dobrian AD, Schriver SD, Khraibi AA, Prewitt RL (2004) Pioglitazone 
prevents hypertension and reduces oxidative stress in diet-induced 
obesity. Hypertension 43(1): 48–56. https://doi.org/10.1161/01.
HYP.0000103629.01745.59

Gleiter CH, Jägle C, Gresser U, Mörike K (2004) Candesartan. 
Cardiovascular Drug Reviews 22(4): 263–284. https://doi.
org/10.1111/j.1527-3466.2004.tb00146.x

Gundala A, Kvsrg P, Koganti B (2019) Application of quality by de-
sign approach in RP-HPLC method development for simultaneous 
estimation of saxagliptin and dapagliflozin in tablet dosage form. 
Brazilian Journal of Pharmaceutical Sciences 55: e18129. https://doi.
org/10.1590/s2175-97902019000218129

Hofmann CA, Edwards CW, Hillman RM, Colca JR (1992) Treatment of 
insulin-resistant mice with the oral antidiabetic agent pioglitazone: 
Evaluation of liver GLUT2 and phosphoenolpyruvate carboxykinase 
expression. Endocrinology 130: 735–740. https://doi.org/10.1210/
endo.130.2.1733721

Jadhav ML, Tambe SR (2013) Implementation of QbD approach to 
the analytical method development and validation for the es-
timation of propafenone hydrochloride in tablet dosage form. 
Chromatography Research International 2013: 1–9. https://doi.
org/10.1155/2013/676501

Table 5. Drug decomposition of Pioglitazone and Candesartan 
Cilexetil due to forced degradation studies.

Degradation 
conditions

% Drug decomposed % Drug recovered
Pioglitazone Candesartan 

Cilexetil
Pioglitazone Candesartan 

Cilexetil
Acidic 4.16 5.09 95.84 94.91
Alkali 3.77 4.53 96.23 95.47
Neutral 0.35 0.24 99.65 99.76
Oxidative 2.99 2.06 97.01 97.94
UV light 1.94 1.46 98.06 98.54
Thermal 1.11 1.25 98.89 98.75

https://doi.org/10.1155/2021/8833900
https://doi.org/10.1016/S0895-4356(02)00441-9
https://doi.org/10.1016/S0895-4356(02)00441-9
https://doi.org/10.22159/ijap.2021v13i5.41786
https://doi.org/10.22159/ijap.2021v13i5.41786
https://doi.org/10.9734/jpri/2021/v33i43A32474
https://doi.org/10.1155/2021/3964013
https://doi.org/10.1155/2021/3964013
https://doi.org/10.4314/tjpr.v12i2.5
https://doi.org/http://dx.doi.org/10.13040/IJPSR.0975-8232.13(5).2029-38
https://doi.org/http://dx.doi.org/10.13040/IJPSR.0975-8232.13(5).2029-38
https://doi.org/10.1038/sj.jhh.1000983
https://doi.org/10.1038/sj.jhh.1000983
https://doi.org/10.1161/01.HYP.0000103629.01745.59
https://doi.org/10.1161/01.HYP.0000103629.01745.59
https://doi.org/10.1111/j.1527-3466.2004.tb00146.x
https://doi.org/10.1111/j.1527-3466.2004.tb00146.x
https://doi.org/10.1590/s2175-97902019000218129
https://doi.org/10.1590/s2175-97902019000218129
https://doi.org/10.1210/endo.130.2.1733721
https://doi.org/10.1210/endo.130.2.1733721
https://doi.org/10.1155/2013/676501
https://doi.org/10.1155/2013/676501


Pharmacia 70(1): 27–37 37

Jahan Sathi NI, Akhtarul Islam MI, Sabbir Ahmed MI, Mohammed 
Shariful Islam S (2022) Prevalence, trends and associated factors of 
hypertension and diabetes mellitus in Bangladesh: Evidence from 
BHDS 2011 and 2017–18. PLoS ONE 17(5): e0267243. https://doi.
org/10.1371/journal.pone.0267243

Jena BR, Panda SP, Kulandaivelu U, Alavala RR, Rao GSNK, Swain S, Pat-
tnaik G, Ghose D (2021) AQbD driven development of an RP-HPLC 
method for the quantitation of abiraterone acetate for its pharma-
ceutical formulations in the presence of degradants. Turkish Journal 
of Pharmaceutical Sciences 18(6): 718–729. https://doi.org/10.4274/
tjps.galenos.2021.74150

Kaku K, Enya K, Sugiura K, Totsuka N (2011) Efficacy and safety of com-
bination therapy with candesartan cilexetil and pioglitazone hydro-
chloride in patients with hypertension and type 2 diabetes mellitus. 
Current Medical Research and Opinion 27(3): 73–84. https://doi.org
/10.1185/03007995.2011.630386

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J (2005) 
Global burden of hypertension: Analysis of worldwide data. Lancet 
365(9455): 217–223. https://doi.org/10.1016/S0140-6736(05)17741-1

Kletzien RF, Foellmi LA, Harris PK, Wyse BM, Clarke SD (1992) Adipocyte 
fatty acid-binding protein: Regulation of gene expression in vivo and in 
vitro by an insulin-sensitizing agent. Molecular Pharmacology 42.

Kumari Karra V, Rao Pilli N, Kumar Inamadugu J, Seshagiri Rao JVLN 
(2012) Simultaneous determination of pioglitazone and candesar-
tan in human plasma by LC-MS/MS and its application to a human 
pharmacokinetic study. Journal of Pharmaceutical Analysis 2(3): 
167–173. https://doi.org/10.1016/j.jpha.2012.01.002

Mirza AZ (2018) HPLC-UV method for simultaneous determination of 
irbesartan, candesartan, gliquidone and pioglitazone in formulations 
and in human serum. Journal of Chinese Pharmaceutical Sciences 
27(4): 273–280. https://doi.org/10.5246/jcps.2018.04.028

Monks K, Molnár I, Rieger HJ, Bogáti B, Szabó E (2012) Quality by de-
sign: Multidimensional exploration of the design space in high per-
formance liquid chromatography method development for better 
robustness before validation. Journal of Chromatography A 1232: 
218–230. https://doi.org/10.1016/j.chroma.2011.12.041

Nakamura T, Yamamoto E, Kataoka K, Yamashita T, Tokutomi Y, Dong 
YF, Matsuba S, Ogawa H, Kim-Mitsuyama S (2008) Beneficial effects 
of pioglitazone on hypertensive cardiovascular injury are enhanced 
by combination with candesartan. Hypertension 51(2): 296–301. 
https://doi.org/10.1161/HYPERTENSIONAHA.107.099044

Nesti L, Tricò D, Mengozzi A, Natali A (2021) Rethinking pioglitazone 
as a cardioprotective agent: a new perspective on an overlooked drug. 
Cardiovascular Diabetology 20: 109. [1–17] https://doi.org/10.1186/
S12933-021-01294-7

Palakurthi AK, Dongala T, Katakam LNR (2020) QbD based develop-
ment of HPLC method for simultaneous quantification of Telmis-
artan and Hydrochlorothiazide impurities in tablets dosage form. 
Practical Laboratory Medicine 21: e00169. https://doi.org/10.1016/j.
plabm.2020.e00169

Patel KY, Dedania ZR, Dedania RR, Patel U (2021) QbD approach to 
HPLC method development and validation of ceftriaxone sodium. 
Future Journal of Pharmaceutical Sciences 7(1): 141. https://doi.
org/10.1186/s43094-021-00286-4

Peraman R, Bhadraya K, Reddy YP (2015a) Analytical quality by design: 
A tool for regulatory flexibility and robust analytics. Internation-
al Journal of Analytical Chemistry 2015: 868727. [1–9] https://doi.
org/10.1155/2015/868727

Peraman R, Bhadraya K, Reddy YP, Reddy CS, Lokesh T (2015b) 
Analytical quality by design approach in RP-HPLC method devel-
opment for the assay of etofenamate in dosage forms. Indian Journal 
of Pharmaceutical Sciences 77: 1–751. https://doi.org/10.4103/0250-
474X.174971

Reaven GM (2003) Insulin resistance/compensatory hyperinsulinemia, 
essential hypertension, and cardiovascular disease. The Journal of 
Clinical Endocrinology & Metabolism 88: 2399–2403. https://doi.
org/10.1210/JC.2003-030087

Rozet E, Ziemons E, Marini RD, Boulanger B, Hubert P (2012) Quality 
by design compliant analytical method validation. Analytical Chem-
istry 84(1): 106–112. https://doi.org/10.1021/ac202664s

Sandhu PS, Beg S, Katare OP, Singh B (2016) QbD-driven development 
and validation of a HPLC method for estimation of tamoxifen citrate 
with improved performance. Journal of Chromatographic Science 
54(8): 1373–1384. https://doi.org/10.1093/chromsci/bmw090

Shriraam V, Mahadevan S, Arumugam P (2021) Prevalence and risk factors 
of diabetes, hypertension and other non-communicable diseases in a 
tribal population in South India. Indian Journal of Endocrinology and 
Metabolism 25(4): 313–319. https://doi.org/10.4103/ijem.ijem_298_21

Srujani CH, Amgoth KP, Nataraj KS, Roshini K (2021) Implementing 
quality by design approach in analytical RP-HPLC method devel-
opment and validation for the determination of fedratinib. Inter-
national Journal of Pharmaceutical Sciences and Drug Research 13: 
253–262. https://doi.org/10.25004/IJPSDR.2021.130303

Vogt FG, Kord AS (2011) Development of quality-by-design analyti-
cal methods. Journal of Pharmaceutical Sciences 100(3): 797–812. 
https://doi.org/10.1002/jps.22325

Wadhwa G, Krishna KV, Dubey SK, Taliyan R (2021) Development and 
validation of RP-HPLC method for quantification of repaglinide in 
mPEG-PCL polymeric nanoparticles: QbD-driven optimization, 
force degradation study, and assessment of in vitro release mathe-
matic modeling. Microchemical Journal 168: e106491. https://doi.
org/10.1016/j.microc.2021.106491

Wang Z, Yang T, Fu H (2021) Prevalence of diabetes and hypertension 
and their interaction effects on cardio-cerebrovascular diseases: A 
cross-sectional study. BMC Public Health 21(1): e1224. https://doi.
org/10.1186/s12889-021-11122-y

Ware Agasti L, Pekamwar SS (2021) Development and validation of bio-
analytical UV-spectrophotometric method for determination of can-
desartan and development and validation of UV-spectrophotometric 
method for determination of candesartan in bulk drug and formula-
tion. Asian Journal of Pharmaceutical Analysis 11: 79–83. https://doi.
org/10.52711/2231-5675.2021.00015

Wild S, Roglic G, Green A, Sicree R, King H (2004) Global Prevalence of 
Diabetes. Diabetes Care 27(5): 1047–1053. https://doi.org/10.2337/
diacare.27.5.1047

Williams M (2006) The Merck index: An Encyclopedia of Chemicals, 
Drugs, and Biologicals. 14th Edition Merck Inc., Whitehouse Sta-
tion/Rahway, New Jersey, October 2006. Cloth 0-911910-00X. $125. 
pp. 2564. Drug Development Research 67: 870–870. https://doi.
org/10.1002/DDR.20159

Williams M (2013) The Merck index: An encyclopedia of chemicals, 
drugs, and biologicals, 15th Edition Edited by M.J. O’Neil, Royal Soci-
ety of Chemistry, Cambridge, UK ISBN 9781849736701; 2708 pages. 
April 2013, $150 with 1-year free access to The Merck Index Online. 
Drug Development Research 74: 339–339. https://doi.org/10.1002/
DDR.21085

https://doi.org/10.1371/journal.pone.0267243
https://doi.org/10.1371/journal.pone.0267243
https://doi.org/10.4274/tjps.galenos.2021.74150
https://doi.org/10.4274/tjps.galenos.2021.74150
https://doi.org/10.1185/03007995.2011.630386
https://doi.org/10.1185/03007995.2011.630386
https://doi.org/10.1016/S0140-6736(05)17741-1
https://doi.org/10.1016/j.jpha.2012.01.002
https://doi.org/10.5246/jcps.2018.04.028
https://doi.org/10.1016/j.chroma.2011.12.041
https://doi.org/10.1161/HYPERTENSIONAHA.107.099044
https://doi.org/10.1186/S12933-021-01294-7
https://doi.org/10.1186/S12933-021-01294-7
https://doi.org/10.1016/j.plabm.2020.e00169
https://doi.org/10.1016/j.plabm.2020.e00169
https://doi.org/10.1186/s43094-021-00286-4
https://doi.org/10.1186/s43094-021-00286-4
https://doi.org/10.1155/2015/868727
https://doi.org/10.1155/2015/868727
https://doi.org/10.4103/0250-474X.174971
https://doi.org/10.4103/0250-474X.174971
https://doi.org/10.1210/JC.2003-030087
https://doi.org/10.1210/JC.2003-030087
https://doi.org/10.1021/ac202664s
https://doi.org/10.1093/chromsci/bmw090
https://doi.org/10.4103/ijem.ijem_298_21
https://doi.org/10.25004/IJPSDR.2021.130303
https://doi.org/10.1002/jps.22325
https://doi.org/10.1016/j.microc.2021.106491
https://doi.org/10.1016/j.microc.2021.106491
https://doi.org/10.1186/s12889-021-11122-y
https://doi.org/10.1186/s12889-021-11122-y
https://doi.org/10.52711/2231-5675.2021.00015
https://doi.org/10.52711/2231-5675.2021.00015
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1002/DDR.20159
https://doi.org/10.1002/DDR.20159
https://doi.org/10.1002/DDR.21085
https://doi.org/10.1002/DDR.21085

	Analytical quality by design-based RP-HPLC method for quantification of pioglitazone and candesartan cilexetil in bilayer tablet and its forced degradation studies
	Abstract
	Introduction
	Method development incorporating QbD

	Materials and methods
	Chemicals
	Instrumentation and chromatographic conditions
	Preparing standard solution
	Sample preparation
	Selection of wavelength
	Method development with QbD assistance
	Validating the analytical method

	Results and discussion
	Selecting solvents and detection wavelength
	Identifying analytical target profile and risk assessment
	Method development and optimization of the proposed method
	Defining design space
	Validation of the analytical method
	Application of the proposed approach to the prepared formulation
	Results for stability studies

	Conclusion
	Author contributions
	Acknowledgements
	References



