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ABSTRACT
Background: Cinacalcet HCl is used to treat hyperthyroidism and hypercalcisim. QbD approach 
used to assess risk and develop cleaning method for Cinacalcet HCl. The Method Operable 
Design Region (MODR) was obtained by CCD concluded from surface and contour plot Analytical 
Target Profile defined with 15 variables verified for quality. Materials and Methods: The contour 
diagram displays the anticipated and optimized data, which includes the composition of the 
eluent phase consisting of potassium dihydrogen ortho Phosphate buffer with a pH of 3.5 and 
acetonitrile (CH3CN) in a ratio of 20:80 v/v. The flow rate was set at 1 mL/min for a duration of 10 
min. The analysis was performed using a Kinetex C18 column at a temperature of 25ºC, and the 
wavelength chosen for detection was 279 nm. Results: After injecting swabbed samples from SS 
plate(10*10 cm), sharp and resolved peak of CIN at 2.8 min of retention was observed by a typical 
recuperation rate of 92.4% (±2.1%, n=3).The set method had a LOQ of 0.740 µg mL-1 and a LOD of 
0.244 µg mL-1.The measured linearity of the calibration curve ranges from 0.25 to 12.5 gmL-1, with 
a r2 of 0.999. All validation parameter findings fell within the permitted range. % RSD of system 
suitability 0.03%, inter-day and intra-day precision % RSD value 1.07 and 0.95%, respectively, 
and accuracy (0.059-0.189%). Conclusion: QbD approach is applied effectively to optimize HPLC 
method for Cinacalcet estimation in formulation and API manufacturing.

Keywords:   Cinacalcet, Central Composite Design, Modr, Cleaning Method,  Analytical Target 
Profile, Method Validation , Qbd.

INTRODUCTION

Cinacalcet plays a role as a calcimimetic and a P450 inhibitor1 and 
improves the sensitivity of calcium receptors on parathyroid cells 
to reduce parathyroid hormone levels and hence decrease serum 
calcium levels. It also has a role in Hypercalcemia and Kidney 
Disease (CKD) in persons with parathyroid cancer.2 Cinacalcet 
HCl has the chemical formula C22H22F3N.HCl and a molecular 
weight of 357.41 g/mol as a freebase and 393.87 g/mol as a salt of 
HCl.3 It is a white to off-white, crystalline solid that is somewhat 

soluble in water, methanol, and 59% ethanol. Cinacalcet HCl has 
a Pka value of 8.72 (Strongest Base: 10.3) and a melting point 
between 175 and 177 ºC.4 Validating cleaning method is a process 
used to show that a cleaning method successfully removes 
impurities or residues from surfaces or equipment.5 It guarantees 
that the cleaning technique can reliably and consistently achieve 
the specified level of cleanliness.6 Quality by Design (QbD) in 
analytical method development focuses on ensuring the quality 
of pharmaceutical products through systematic planning and risk 
management. A key step in this approach is the identification of 
Critical Method Parameters (CMPs), which directly influence the 
quality of data generated. Once identified, CMPs are optimized 
using Design of Experiments (DOE) to study their impact 
on method performance and to establish method robustness. 
Alongside optimization, a control strategy is formulated, which 
defines acceptance criteria such as accuracy, precision, linearity, 
and range, ensuring the method consistently meets desired 

Received: 21-05-2026;  
Revised: 04-06-2026;  
Accepted: 19-08-2026.

Correspondence:
Mrs. Swetha Sri Remidicherla
Department of Pharmaceutical Analysis, 
TRR College of Pharmacy, Meerpet, 
Telangana, INDIA.
Email: sweety.rss@gmail.com



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4 (Suppl), Oct-Dec, 2026 S1697

Repudi, et al.: QbD-Driven HPLC Method for Cinacalcet Residue Analysis

specifications. The Analytical QbD (AQbD) concept extends these 
principles to analytical techniques, providing risk-based, life-cycle 
oriented, and regulatory-flexible development. Literature supports 
AQbD as a valuable tool for robust Analytics, with applications in 
separation, impurity profiling, and chiral analysis of Cinacalcet. 
For instance, Reddy et al. developed a stability-indicating 
RP-UPLC method for Cinacalcet impurities using an Acquity 
BEH Shield RP18 column, while Yang et al. demonstrated chiral 
separation of Cinacalcet and its intermediates via HPLC. Overall, 
applying QbD principles helps identify and manage variability, 
delivering precise, reliable, and regulatory-compliant analytical 
methods. Figure 1 illustrates the key steps required to fulfill 
AQbD requirements and establish an Analytical Target Profile 
(ATP) for cleaning method development. A literature survey 
revealed that only a limited number of analytical techniques 
have been reported for Cinacalcet estimation, primarily UV 
spectroscopy,7-13 HPLC,14-28 and LC-MS.29-49

MATERIALS AND METHODS

Dr Reddy's supplied the reference standard for Cinacalcet HCl. 
The tablet dosage form of Cinacalcet HCl is PTH 30 tablet by Intas 
pharmaceuticals. Potassium dihydrogen ortho Phosphate, ortho 
phosphoric acid were acquired from SD Fine Chemical Tech. 
Methanol of HPLC grade from Rankem chemicals. Acetonitrile 
HPLC grade from Finar chemicals. A Waters HPLC system 
(Waters 1525, For HPLC analysis, a binary pump, and UV-visible 
detector 2487 were utilized. Separation was accomplished 
in an analytical C18 Kinetex column with internal diameter 
measurements of (100×4.6×5) µm (internal diameter). Double 
Beam UV-visible spectrophotometer (Lab India UV-3200), 
cyclomixer (CM 101) made by Remi Equipment’s, swabs 
(polypropylene sticks) by Hi-media Lab, stainless steel plate (10× 
10 ×2 mm) thickness, Analytical balances Make by Shimadzu, 
sonicator by Soltec (2200MH).

Using QbD for Optimization

Experiments with different factor interactions on dependent 
variables were designed using QbD. Two variables-the 
composition of the mobile phase and the pH of the buffer-were 
considered independent in the design of the CCD investigation as 
in Table 1, while retention time, tailing factor, and resolution were 
considered dependent response factors. In order to optimize the 
independent factors and assess the dependent variables, eleven 
runs were conducted.

Sample preparation

Preparation of standard stock solution: 5 mg of Cinacalcet 
HCl was weighed and placed in a 5 mL volumetric flask. It 
was then diluted with acetonitrile up to the mark, (1000 µg/
mL) (stock solution 1). 1 mL of this solution was made to the 
10 mL graduation with acetonitrile (100 µg/mL) (stock solution 
2). Further serial dilutions were made from stock solution 2 to 
obtain concentrations of 1, 1.25, 2, 2.5, 5, 10, 15, 20, 25, 30, 50, 
75, and 100 µg/mL.

Buffer preparation

After precisely measuring 3.4 g of potassium dihydrogen 
phosphate, the substance was carefully transferred to a 500 mL 
volumetric flask. Then, using ortho phosphoric acid, the pH 
was adjusted to 3.5. Similarly, the solution was changed to the 
requisite pH levels of 3, 3.25, and 3.5. After passing the solution 
through a 0.45 membrane filter, it was sonicated for 10 min to 
remove any remaining particles.

Mobile Phase Preparation

Acetonitrile of HPLC grade is taken in a chromatographic bottle 
and sonicated for 10 min, The prepared Buffer and Acetonitrile 
was taken in a required ratio and together used as a mobile phase. 
After experimenting with different ratios, the mixture of buffer 
and acetonitrile (20:80 v/v, pH 3.5) was selected as the mobile 
phase. A sharper peak with less tailing was produced by this 
composition, which held better than higher buffer fractions.

Figure 1:  Steps in Analytical QbD. 
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Cleaning method
Direct surface sampling (swab method)

The most common sampling method involves swabbing a 
surface methodically with a probe, also known as a "swab," SS 
plate(stainless steel plate) was taken and gently wiped with 
chosen solvent (Acetonitrile), then pipetted out 1 mL of solvent 
and spread drop wise on SS plate, dried the SS plate by using hair 
dryer, then with the help of rinsed swab stick (swab stick was 
placed in a solvent and sonicated for 5 min) collect the sample 
left on SS plate by horizontal, vertical and diagonal strikes then 
enclose the swab in test tube with solvent selected and mix in 
cyclomixer for 4 min and made up the solution up to 10 mL with 
Acetonitrile and measure its RT and absorbance, consider this as 
blank, now repeat the same with different concentrations (2, 4, 5, 
6, 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100) ppm, the same is 
applied on the manufacturing equipment to detect the traces left 
from the previous batch production.

RESULTS

Optimization

Experimental design optimization can develop a mathematical 
model to identify ideal chromatographic parameters is 
exemplified in Table 2.

Retention time

Utilizing three independent factors and a significant analytical 
model (p-values <0.0500), CCD was able to optimize the retention 
duration effectively in Figures 2a and 2b. Due to the fact that the 

signal-to-noise ratio of 28.846 suggests that there is adequate 
signal, the model can be utilized to navigate the design space.

Tailing factor

Utilizing CCD surface response and ANOVA for the linear 
model, the tailing factor was optimized. The model was 
significant (p-values <0.0500) and the signal-to-noise ratio of 
39.082 indicates an adequate signal. This model can be used to 
navigate the design space as in Figures 2c and 2d.

Resolution

Optimization of resolution for the simplified quadratic model in 
Figures 2e and 2f was accomplished by the utilization of CCD 
surface response and ANOVA. With p-values less than 0.0500 
and a signal-to-noise ratio of 25.246, the model was determined 
to be statistically significant, indicating that the signal is enough.

System suitability

The study's findings regarding the optimal operating variables 
for Cinacalcet swab sample separation are displayed in Figure 2g. 
Numerical values displayed in Table 3 details on the compatibility 
of HPLC system with the method developed, considering standard 
deviation as 348.600 for 6 injections of CIN, its calculated relative 
% obtained as 0.30.

Linearity

Beginning with a lower concentration as depicted in Table 3, 
swabbed sample of Cinacalcet was proved for the operating 
parameters that are selective, by CCD which is projected in 

Run Order S Coded Factor Level

FA FB
1 8 65 3.5
2 6 80 3.25
3 7 65 3
4 2 80 3
5 4 80 3.5
6 10 65 3.25
7 9 65 3.25
8 1 50 3
9 3 50 3.5
10 5 50 3.25
11 11 65 3.25

Effects of component levels
Value set Lower (−1) Middle (0) Higher (+1)
FA: Acetontrile 50 65 80
FB: Buffer PH 3 3.25 3.5

S- standard; FA- factor A; FB-factor B.

Table 1:  Matrix Design according to Central Composite Design (CCD) for Cinacalcet HCl. 
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Figure 3a, where its corresponding overlain is Figured in Figure 
3b. Tested five concentrations has showed good results.

Precision

Having considering lower concentration, Cinacalcet counterpart 
was eluted at 2.871 min and 2.865 min respectively for Intra-day 
as well as Inter-day. Mean response for the same  was down 
through the limit, seen as 1.07% and 0.95%.

Accuracy 

Specified concentration was swabbed, Cinacalcet attained mean 
% recovery getting through the limits. Its % relative standard 
deviation was acquired as 0.090, 0.189, 0.059 respectively at each 
spike level.

Robustness

Our HPLC approach for Cinacalcet at 2.5 µg/mL was tested for 
reliability under normal analytical fluctuations by intentionally 
varying critical chromatographic parameters. By carefully 
measuring the reference standard and then diluting it with the 
mobile phase to attain the target concentration, a Cinacalcet 
standard solution was produced. For the chromatographic 
settings, a YMC Triart C18 column (250 × 4.6 mm, 5 µm), a 
mobile phase of 10 mM ammonium bicarbonate and acetonitrile 
in a 65:35 v/v ratio, 1.0 mL/min flow rate, detection at 279 nm, 
and 30ºC column temperature was used. The robustness of the 
method was tested under various conditions, including as flow 
rate (±0.1 mL/min), mobile phase composition (60:40 and 70:30), 
wavelength shifts (278 nm and 280 nm), and column temperature 
(±5ºC). For each condition, 2.5 µg/mL solution was injected six 
times.

Ruggedness

Various settings were used to test the HPLC method for Cinacalcet 
at a concentration of 2.5 µg/mL. These settings included different 
analysts, columns, and days. The standard solution of Cinacalcet, 
with a concentration of 2.5 µg/mL, was prepared using the 
previously published method and mobile phase. Under the same 
chromatographic conditions, Analyst 2 utilized Luna C18 on Day 
2 instead of the primary column (e.g., Kinetex C18) employed 
on Day 1. For each condition, three injections of the prepared 
standard solution were administered. Theoretical plates, peak 
area, tailing factor, retention time, and peak time were all recorded 
for comparison. Consistency and reliability in regular lab settings 
were proven by confirming ruggedness when retention time and 
area %RSD stayed below acceptable values (≤2%) across analysts, 
columns, and days.

LOD and LOQ

Applying the formula, detectable and quantifiable amount of 
Cinacalcet gained is 0.244 µg/mL and 0.740 µg/mL respectively.

DISCUSSION

Optimization

The findings from an investigation into the best way to separate 
Cinacalcet swabs utilized operational variables. The independent 
variables of moving phase component are flow rate and acetonitrile 
concentration, and the dependent variables are the tailing factor 
and retention time. The F-test for linear model table shows that 
the model is statistically significant (p<0.0001), indicating that the 
independent variables have a significant effect on the dependent 
variables. F-value for acetonitrile is much higher than the F-value 
for buffer, indicating that acetonitrile has a greater effect on the 
dependent variables. Relationships between independent and 

F- 1 F- 2 R-1 R-2 R- 3

Std Run A:
Acetonitrile (%)

B: Buffer
pH

Retention time
(Min)

Tailing
Factor

Resolution

8 1 65 3.5 4.6 1 2
6 2 80 3.25 2.4 0.7 2.8
7 3 65 3 3.1 1.3 1.7
2 4 80 3 2 0.9 2.2
4 5 80 3.5 2.8 0.4 3.4
10 6 65 3.25 3.5 1.1 1.9
9 7 65 3.25 3.5 1.1 1.9
1 8 50 3 5.1 2 1.4
3 9 50 3.5 5.7 1.5 1.7
5 10 50 3.25 5.4 1.8 1.5
11 11 65 3.25 3.5 1.1 1.9

F- factor; R-response.

Table 2:  Analyzing experimental findings and choosing the final method conditions.
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dependent variables are shown by the response layer plots. Tailing 
factor decreases as the acetonitrile concentration increases. The 
retention time increases as the acetonitrile concentration increases 
and as the flow rate decreases. The optimal chromatographic 
conditions are acetonitrile concentration app 79.65% and buffer 
pH 3.5. These conditions result in a tailing factor of 0.418838 and 
a retention time of 2.8 min.

System Suitability and Precision
Table 3 showcases the results for system accuracy and 
appropriateness. With a retention period of 2.871 min intra-day 
and 2.865 min inter-day, the approach demonstrated remarkable 
repeatability. With mean areas of 56,391.30 and 63,634.65, 
respectively, there was very little change in peak area from one 
day to the next. With an average of 602.1 theoretical plate counts, 
the column efficiency was good, and the tailing factor was below 
1.2, proving that the peaks were symmetrical. Both the retention 
time and area %RSDs were well within acceptable precision 
standards, at 0.30% and 0.95%, respectively.

Linearity
The method's linearity can be seen in Table 3 from 2.5 to 12.5 
µg/mL. With a linear increase in peak areas from 48,157 to 
328,756, the method's robust linear response and dependable 
quantification over the tested range were confirmed by a constant 
retention time of 2.876 min for all concentrations. This method 
has apparent advantages over HPLC methods, which take 5.7 
min but have less sensitive linearity ranges, and LC-MS methods, 
which require more complicated equipment. Shorter retention 
time and wider linearity range improve sample throughput and 
analysis.

Accuracy
At three different spike intensities, the accuracy data was offered 
in Table 3. Mean recoveries were 99.57%, 99.05%, and 99.69% 
at 50%, 100%, and 150%, respectively, with recovery rates 
ranging from 98.85% to 99.76%. Cinacalcet was consistently and 
truthfully recovered from the matrix with %RSD values that were 
noticeably low (≤0.189%).

Robustness
Sturdiness was the main topic of Table 3. Retention time (3.319 
min) and tailing factor (1.19 and 1.05, respectively) were slightly 
affected by switching fluid flow from 0.9 raising to 1.1 mL/min. 
Likewise, the method's resilience was confirmed when small 
wavelength adjustments (278 and 280 nm) and ±5% changes in 
the mobile phase composition resulted in acceptable fluctuations 
in retention time and area, without affecting the peak form.

Ruggedness
In Table 3, we see how two separate analysts and columns 
(Kinetex and Luna) performed over the course of two days when 
it came to toughness. There was little change in the mean peak 
areas (56,391.30 vs. 56,826.67), while the average retention time 
was steady at 2.871 min. Underscoring the method's repeatability 
under diverse settings, the %RSD for retention time was 0.031% 
and for peak area, it was 1.35%.

Assay of Cinacalcet by HPLC
The assay of Cinacalcet in the tablet formulation was determined 
using a validated HPLC method, yielding a result of 101.17% 
of the labeled claim. This value was derived by comparing the 
chromatographic area response of the sample (217311) to that 
of the standard (217470), and applying correction factors for 
standard weight (10.1 mg), sample weight (10.2 mg), API purity 
(99.9%), and tablet weight corresponding to label strength (152 
mg vs. 150 mg). The calculated percentage falls well within 
the acceptable Pharmacopoeial range of 98.0%-102.0%. The 
low variation between sample and standard responses, along 
with consistent dilution and weighing accuracy, confirms the 
integrity of the analytical procedure and the quality of the tested 
formulation.

Validation 
Parameter

Condition/Value

System 
Suitability”n”

Retention Time (RT): 2.884 min; Area: 
117232.34; Theoretical Plates: 6005-6907; 
Tailing Factor: 1.179-1.187

Precision 
(Intra-day)”n”

RT: 2.871 min; Apex Mean: 56391.30; %RSD 
(RT): 0.30; %RSD (Apex): 1.07

Precision 
(Inter-day)”n”

RT: 2.865 min; Apex Mean: 63634.65; %RSD 
(RT): 0.95; %RSD (Apex): 0.95

Linearity Concentration Range: 2.5-12.5 µg/mL; RT: 
constant at 2.876 min; R² (implied): close to 
1.000

Linearity 
(Area)

2.5 µg/mL: 48157; 5 µg/mL: 117504; 7.5 µg/
mL: 189850; 10 µg/mL: 262807; 12.5 µg/mL: 
328756

Accuracy (% 
Recovery)”n”

50%: 99.54-99.67% (Mean: 99.57; %RSD: 
0.090); 100%: Mean: 99.05 (%RSD: 0.189); 
150%: Mean: 99.69 (%RSD: 0.059)

Robustness - 
Flow Rate”n”

0.9 mL/min: RT=3.319, Apex=162729, 
TF=1.19; 1.1 mL/min: RT=2.741, 
Apex=148631, TF=1.05

Robustness - 
MP Comp.”n”

+5% MP: RT=2.850, Apex=108486, TF=1.1; 
-5% MP: RT=2.880, Area=120027, TF=1.08

Ruggedness 
- Day/
Column”n”

RT Mean (Day-1): 2.871; Apex Mean: 
56391.30; RT Mean (Day-2): 2.871; Apex 
Mean: 56826.67

Ruggedness 
- %RSD”n”

RT: 0.0008-0.007; Area: SD=602.1-768.8; 
%RSD: RT=0.031%, Area=1.07-1.35

TF: Tailing factor; SD: Standard deviation; RSD: % Relative standard Deviation; 
”n”=6; (n)=3.

Table 3:  Thorough data table combining the outcomes for the validation 
parameters of the Cinacalcet HCl HPLC technique.
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(a) 

(g)

Figure 2: (a) A contour chart illustrating the effect of the independent variable on retention duration. (b) The impact of a standalone component on retention 
time as shown in three dimensions: the response region. (c) The influence that an independent component has on the contour plot of the tailing factor. (d) The 
influence of an independent component on the tailing factor in the three-dimensional response surface. (e)An independent component impact towards the 
Resolution -contour plot. (f ) An independent element's influence on the tailing value in a three-dimensional response surface. (g) Optimized QbD parameters.
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CONCLUSION

An AQbD approach was used to develop, optimize, and validate 
a method for estimating Cinacalcet in bulk and formulation. 
The method meets ICH requirements and is robust, linear, 
accurate, specific, sensitive, and precise. The criticality of each 
targeted parameter was determined, and risk-bearing parameters 
were carefully evaluated. The method was optimized, and the 
design space was established using a central composite design. 
To show how the mobile phase composition and the retention 
factor are related, design expert software was used to create 
contour plots and 3-D response surface graphs. For examining 
bulk and formulation quality control samples of Cinacalcet in 
the pharmaceutical industry, the developed method is suitable. 
On Analyzing CCD design obtained from QbD it is observed 
that the effect of buffer Ph is inversely proportional to the 
tailing factor and effect of buffer Ph and acetonitrile is directly 
proportional to the retention time and Resolution. The method's 
verified performance, speed, and robustness make it ideal for 
industrial Cinacalcet quality control, cleaning validation, and 
regulatory-compliant batch release.
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SUMMARY

A Cinacalcet HCl cleaning technique was created, optimized, 
and validated using Quality by Design (QbD). Method Operable 
Design Region (MODR) creation and risk assessment were part 
of Central Composite Design. The best High-Performance Liquid 
Chromatography (HPLC) method used a 20:80 v/v mobile phase 
of acetonitrile and potassium dihydrogen orthophosphate buffer 
(pH 3.5), a flow rate of 1 mL/min for 10 min, a Kinetex C18 
column at 25ºC, and detection at 279 nm. QbD parameters were 
modified for 11 runs: retention time, tailing factor, and resolution 
were dependent, while buffer pH and mobile phase composition 
were independent. CCD models showed statistical significance 
for optimizing retention time (p-values <0.0500, signal-to-noise 
ratio 28.846), tailing factor (p-values <0.0500, 39.082), and 
resolution (p-values <0.0500, 25.246). Try a buffer pH of 3.5 and 
acetonitrile concentration of 79.65% for optimum results. This 
yields 0.418838 tailing factor and 2.8 min retention. This method 
passed all validation tests. System suitability was indicated by 
a tailing factor <1.2, high column efficiency (602.1 theoretical 
plates), and a relative %RSD of 0.30% for 6 Cinacalcet injections. 
Using a constant retention period of 2.876 min, linearity ranged 
from 0.25 to 12.5 µg/mL with a r² of 0.999 Peak areas increased 
linearly from 48,157 to 328,756. Precision's %RSD was 0.95% 
between days and 1.07% within. Mean recoveries were 99.57%, 
99.05%, and 99.69% for 50%, 100%, and 150% spike intensities, 
while accuracy ranged from 0.059% to 0.189% %RSD. Robustness 
tests (57 and 77) showed acceptable changes in retention duration 
and area when varying flow rate (±0.1 mL/min), mobile phase 
composition (60:40 and 70:30), wavelength (278 and 280 nm), 
and column temperature (±5ºC). Retention length and peak area 

 (b)

Figure 3: (a) Operating parameters that are selective, as shown by CCD$ (b) Overlay chromatogram obtained for swabbed CIN$ Central Composite Design.
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had %RSDs of 0.031% and 1.35%, respectively, demonstrating 
ruggedness across analysts, columns, and days. These limits of 
detection were 0.244 and 0.740 µg mL-1, respectively. Cinacalcet 
tablets tested 101.17% of the advertised amount. Finding that 
buffer pH is directly proportional to retention time and resolution 
and inversely proportional to tailing factor, the study optimized 
the HPLC Cinacalcet quantification method utilizing QbD.
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