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ABSTRACT 
The research demonstrates how Quality by Design concepts and principles as prescribed by ICH guidelines can 
be used to formulate and evaluate Reverse Phase High Performance Liquid Chromatographic (RP- HPLC) 
method for Azelnidipine and Metoprolol. Factorial design approach was used with an integration of key RP-
HPLC parameters of flow rate pH and percentage of acetonitrile. Optimal analysis conditions were determined 
through Design Expert software (Version 10.0), employing a Hypersil ODS C18 column (5.0 μ, 25 cm × 4.6 mm), 
Acetonitrile: Using a flow rate of 0.8 ml/min and buffer (70:30 v/v) pH 4.0, 20µg/mL. Conditions available 
allowed for good resolution between Metoprolol and Azelnidipine retention times of 4.55 and 14.16 respectively, 
and favorable system suitability parameters were obtained. At 228 nm, the linearity of the developed method was 
good in the ranges of 2-12 µg/ml for Azelnidipine and 12.5-75 µg/ml for Metoprolol. The optimized method was 
validated according to ICH guidelines on analytical method validation. Finally, it was shown to ultimately 
discriminate Azelnidipine from Metoprolol from the binary case, providing an efficient method for 
pharmaceutical analysis. 
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INTRODUCTION  
Recently, Quality by Design (QbD) principles have been exploited for the development of analytical techniques 
due to the need for a significant level of accuracy provided by QbD guidelines defined by ICH. And particularly 
when reducing method variability [1,2]. This can be due to anything from different polarity solvents and buffer 
mixtures to being very careful about chromatographic parameters such as the composition of the mobile phase, 
flow rate, injection volume, pH, etc. [3]. A QbD approach first allows a scientific and risk-based understanding 
of the key causes of fluctuation. Then, through risk assessment and factor examination, studies attempt to identify 
Critical method parameters by examining factors and study. Using suitable experiment designs, these parameters 
are optimized [4,5]. One such vasodilator that gradually decreases the patients' blood pressure is azelnidipine 
(AZL). Unlike other drugs within its class, AZL does not induce vasodilation-induced reflex tachycardia. This is 
probably because it slowly drops blood pressure [6]. It also prevents the entry of transmembrane Ca2 into smooth 
muscle cell walls through voltage dependent smooth muscle channels. L type, T type, N type, P/Q type and R 
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type Ca2+ channels exist which all differ in the way they function. L-type 6 Ca2+ channels [7]. If you normally 
contract smooth muscle with calcium, then it will lead to hypertension. Calcium channels stopped working, which 
means vascular smooth muscle relaxes and blood pressure comes down because the vascular smooth muscles 
don’t contract [8]. A beta-1 selective blocker, metoprolol (MET), is available in tartrate and succinate derivatives 
and is manufactured for extended or immediate-release formulations. The limited systemic bioavailability of its 
succinate derivative enables the creation of these formulations [9]. Inhibition of beta-1-adrenergic receptor (beta-
1-adrenoceptor) in cardiac cells with specific action on beta-2 receptor, but not on the inherent sympathomimetic 
and membrane stabilizing activity, gives negative chronotropic and chronotropic activity that decreases blood 
flow without intrinsic sympathomimetic effects [5]. A beta-1-adrenergic receptor is one of the MET inhibitors 
[10]. This combination of MET succinate, a beta blocker, and AZL, a new dihydropyridine calcium channel 
antagonist, was approved by CDSCO for Phase III clinical investigation in April 2021. This combination is used 
in stage 2 hypertension when it is treated [11]. All the data generated and analyzed for this study paper was 
included [12]. 
MATERIALS AND METHODS  
Instruments and chemicals 
The samples were processed using the SHIMADZU (Series 2010) HPLC apparatus equipped with a UV-VIS 
detector with binary gradient operation capability. LC solution software was used to process and integrate data 
acquired in chromatographic analysis. In the process a HYPERSIL ODS C18 column (250 mm x 4.6 mm i.d.) 
was employed. Material quantities were determined using a Mettler Toledo weighing scale with a sensitivity of 
0.1 mg and pH adjustments with the Labman LMPH 10 pH meter. Complimentary samples of the active 
pharmaceutical ingredients were supplied by Alembic Pharmaceutical Pvt. Ltd., Vadodara, Gujarat, India and 
Sunij Pharma Pvt. Ltd., Vatva, Ahmedabad, Gujarat, India. Various chemicals such as O-phosphoric acid, water, 
Acetonitrile, KH2PO4 buffer were purchased from Merck Life Sciences Private Limited (Mumbai, India) all 
meeting standards of HPLC quality.      
Factor screening studies 
Following an initial literature review, specific critical method parameters (CMPs) such as flow rate, proportion 
of the Organic phase, and pH were selected for exploration of factors. Finally, these parameters were transformed 
into a matrix to explore how each works collectively to impact critical method attributes (CMAs), such as 
retention duration, resolution, and peak tailing [13-15]. The framework detailing critical method parameters and 
their assigned levels that impact the CMAs is shown in table no.1.  
Preparation of Standard Solution  
To prepare the standard solution, accurately weighed amount of AZL (8 mg) and MET (50 mg) was taken into 
the volumetric flask (10 ml) and volume of the flask was raised to 10 ml with acetonitrile to give stock solutions 
containing 800 µg/ml of AZL and 5000 µg/ml of MET. From this solution, take out 10 ml & makeup to 100 ml 
with the mobile phase & finally, from this solution, take 1 ml & volume adjust with 10 ml with the mobile phase 
to give the final solution containing 8+50 µg/ml of AZL and MET [16]. 
Experimental design for Method development 
To determine the analytical wavelength for method development, a solution containing 8 µg/ml of AZL and 50 
µg/mL of MET underwent individual scanning between 200-400 nm. It's not only the identification of Critical 
Method Parameters (CMPs) that holds importance; rather, it's the combined effect of all CMPs observed during 
chromatographic separation. A three-factorial design was employed to investigate the combined impact of each 
CMP on the aforementioned Critical Method Attributes (CMAs). Design Expert 10.0 was utilized to formulate 
the three-factorial design for the study, generating a 27 trial runs, as detailed in Table 2. All experimental runs 
assessing CMAs (retention duration, resolution, and peak tailing) utilized a standard concentration of 8 
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microgram per ml of AZL and 50 microgram per ml of MET [17]. 
Optimizing And analyzing data 
Using Design Expert, data was analyzed and optimized using multiple linear regression analysis (MLRA) and a 
quadratic design model. The polynomial equation was built using model coefficients with a statistically 
significant P Value of 0.05. Finally, a variety of metrics, including lack of fit analysis, projected error sum of 
squares, and coefficient of correlation, were used to assess the model's applicability for application. Response 
surface analysis was performed on the 2D-contour and 3D-response surface plots in order to identify the factor-
response relationship and any interaction effect(s). The ideal chromatographic condition was achieved by 
maximizing both attractiveness and numerical functions [18]. 
Simulation of desired conditions to chromatographic output 
The Design Expert software's desired data was used to replicate the circumstances and perform a chromatography 
on a solution containing 8 µg/mL of AZL and 50 µg/mL of MET. After obtaining the chromatogram, the system 
suitability parameters were verified three times, and the mean real values were compared with the expected values 
[19]. 
Validation of Optimized method 
The enhanced methodology was verified adhering to the ICH Q2R2 guideline. By injecting five different doses 
of AZL (ranging from 2-12 µg/ml) and MET (ranging from 12.5-75 µg/ml), a standard calibration curve was 
constructed for the linearity. There was a linear calibration curve between peak area and drug concentration. To 
verify the linearity, linear regression analysis was performed. The method's repeatability was confirmed by 
injecting a 100% concentration of AZL (8 µg/mL) and MET (50 µg/mL) six times in total, while keeping an eye 
on the relative standard deviation (RSD). We used statistical methods to determine LOD and LOQ.  The mixture 
including the whole range was analyzed three times for intraday precision, and the same concentration 
(AZL+MET = 2+2.5, 8+50, and 12+75 µg/mL) was also analysed on different days for interday precision 
monitoring. To assess the accuracy of the approach, RSD was tracked [20]. The method's accuracy was evaluated 
by tampering a placebo with standard. The desired concentration was 8+50 µg/mL for AZL + MET. At 50, 100, 
and 150% of the targeted concentration, the placebo was spiked. For the aforementioned category, which includes 
Directly Compressible Lactose (100 mg), magnesium stearate (2 mg) and talc (2 mg), the placebo composition 
was chosen based on its broad use. Lactose served as an immediately compressible material. Talc serves as a 
lubricant, and magnesium stearate was utilized as a gliding agent. The percentage recovery was tracked while 
three replicates at each concentration were examined [21]. 
Quantification of AZL and MET  from Synthetic Mixture 
The previously stated 104 mg placebo, 8 mg AZL, and 50 mg MET made up the proposed active binary mixture. 
The components were diluted in 10 milliliters of acetonitrile to yield a mixture that contained, respectively, 800 
µg/ml of AZL and 5000 µg/ml of MET. A Whatman filter disk measuring 0.45 m was used to filter the solution 
previously reported. The filtrate was diluted to 10 mL with mobile phase, yielding a solution containing 8 µg/ml 
of AZL and 50 µg/ml of MET .To find the percentage assay, the mixture was tested in triplicate [22]. 
RESULTS AND DISCUSSION  
Effect of Independent variables on responses  
Dose and absorptivity were varied, and the only constant was the analytical wavelength, which was chosen after 
much consideration based on large variations in dose. As the chromatoogram's AZL and MET signals were 
sufficient at 228 nm (Figure 2), this analytical wavelength was chosen.  
The noted reactions following the route implementation of the factorial design methodology are presented in 
Table 3. We made the following findings after statistically processing the replies in Design Expert software. The 
model's performance was tested by comparing Adj R^2 with Pred R^2; for all responses, the difference between 
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the two should be less than 0.2. Another phrase noted in the history of Adeq Precision is that all responses should 
have a ratio greater than 4. We identified Response 1 as having model terms A, B, C, and A2 that are important 
for modeling. The Adeq Precision of 10.513 indicated a high signal. The presented design was used to explore 
the design space indicated as the Surface and counterplot (Figure 3). The polynomial equation represented MET 
= +4.20 + 0.090* A - 0.13*B - 0.26*C - 0.21*A2 (Reduced model, as AB, AC, BC, B2, and C2 are nonsignificant 
terms). It was shown that A, B, C, and B2 were significant model terms for response 2 (Rt of AZL). The Adeq 
Precision value of 32.717 indicated a sufficient signal. The surface and counterplot of this same model are 
stressed in Figure 4. The polynomial problem model act as a reduced model of RT AZL = Rt of AZL = +13.67 -
0.096 * A -0.25 * B -0.38 * C -0.12 * B2. Response 3 (Tf of MET) was found to have significant model terms 
A, B, and C. The Adeq Precision value of 25.189 proved to be a sufficient signal. In Figure 5, a highlighted 
surface and counterplot of the same model are shown. The form of the reduced equation of the polynomial 
equation that the TF MET = +1.37 + 0.032 * A + 0.064 * B + 0.033 * C is significant, and the TF of AZL was 
significant response 4 (Tf of AZL). The Adeq precision value of 22.164 was a sufficient signal. The surface and 
counterplot of the same model in Figure 6 are emphasized. The assumed reduction model would be TF AZL = 
+1.25 +0.091A +0.10B +0.094C -0.063AB. Model terms A and B were essential for Response 5 and terms A, B, 
and C were essential for Response 5. The Adeq Precision value of 24.943 indicated a sufficient signal—figure 7 
concentrates on emphasizing surface and counterplots of the same model. The value for the resolution to the 
polynomial equation is just +13.79 -0.34 * A -0.49 * B -0.41 * C. Based on the aforementioned data, a desirability 
surface plot (Figure 8) was created which indicated the generality of requested conditions under which the best 
response is expected for the dependent variables. We anticipated 72.7 volumes of ACN, 0.8 millilitres per minute 
of flow, and a pH of 3.5. The data on this sheet showed that 0.683 indicated desire for the given condition — this 
tells us something about the concept of perfect fit. Under the conditions suggested, the design expert program 
was anticipated to give the optimal response. Subjects replicating the software obtained circumstances showed 
perfect separation with the conditions (Figure 9). Table 4 shows that the precited values are exactly matched with 
the real values in the responses. Under these circumstances, all of the system suitability metrics fall within the 
ranges shown in Table 5.  
Method Validation  
The developed method had linear correlation R2 values for AZL (2–12 µg/ml) and MET (12.5-75 µg/ml) were 
0.9992 and 0.9992, respectively. concentration ranges (Figure 10). With the percentage recovery falling between 
98 and102, this showed that all of the responses fell within the necessary acceptable range and that there was a 
good degree of resemblance between the observed and predicted data for the accuracy studies at the 50, 100, and 
150% levels. After performing testing for repeatability and Intermediate Precision the percentage RSD values 
were found to be less than 2%. The technique validation parameters are outlined in Table 6. 
Quantification from Binary Mixture 
The amount found for AZL was 7.79 + 0.07 µg/ml (99.63 + 0.82 %w/w), and for MET, it was 49.64 + 0.32 µg/ml 
(99.29 + 0.64 %w/w) when the newly developed and validated procedure was applied to a mixture containing 8 
µg/ml of AZL and 50 µg/ml of MET. No interference from the placebo components was observed. 
CONCLUSION  
A reliable and strong RP-HPLC method for AZL and MET was successfully built with a desirability of 0.842, 
indicating the best achievable separation, using Design Expert 10 software. Acetonitrile: It was also mentioned 
that under 20µg/mL Buffer (70:30 v/v), pH 4.0 and 0.8 ml/min flow rate. When run in the expected circumstances 
every response was exactly in line with the expected values. Finally, the application of this technique was 
validated for AZL and MET measurement of the binary combination with assayed percentage of 99.63 and 
99.29%, respectively, following ICH Q2R2 compliance. The QbD technique was found, according to the 
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outcome of risk assessment and method development experience, to show remarkable linearity, accuracy, 
precision, Since this new combination lacks any HPLC technique to determine, the determination is robust.  
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List of tables 
Table 1. Factorial design variables 

Factors Factors level 
-1 0 +1 

Amount of ACN (X1) 60% 70% 80% 
pH (X2) 3.5 4 4.5 
Flow rate (X3) 0.8 1 1.2 

Table 2. Executing three factorial design (coded values) 
 Actual Value Coded Value 

Run 
Factor 1 
Proportion of 
Acetonitrile  

Factor 2  
Flow rate 

Factor 3  
pH of mobile 
phase 

Factor 
1 

Factor 
2 

Factor 
3 

1 80 1.2 3.5 1 1 -1 

2 80 1.2 4 1 1 0 
3 80 1.2 4.5 1 1 1 

4 80 1 3.5 1 0 -1 
5 80 1 4 1 0 0 

6 80 1 4.5 1 0 1 
7 80 0.8 3.5 1 -1 -1 

8 80 0.8 4 1 -1 0 
9 80 0.8 4.5 1 -1 1 
10 70 1.2 3.5 0 1 -1 

11 70 1.2 4 0 1 0 
12 70 1.2 4.5 0 1 1 
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13 70 1 3.5 0 0 -1 
14 70 1 4 0 0 0 

15 70 1 4.5 0 0       1 
16 70 0.8 3.5 0 -1 -1 

17 70 0.8 4 0 -1 0 
18 70 0.8 4.5 0 -1 1 

19 60 1.2 3.5 -1 1 -1 
20 60 1.2 4 -1 1 0 

21 60 1.2 4.5 -1 1 1 
22 60 1 3.5 -1 0 -1 

23 60 1 4 -1 0 0 
24 60 1 4.5 -1 0 1 

25 60 0.8 3.5 -1 -1 -1 
26 60 0.8 4 -1 -1 0 
27 60 0.8 4.5 -1 -1 1 

 
Table 3. Matrixes of factorial experimental design with responses 

Ru
n 

Factor A 
Proportio
n of 
Organic 
Phase 

Facto
r B 
Flow 
rate 

Facto
r C 
pH of 
mobil
e 
phase 

R1 
(Rt of 
MET
) 

R2 
(Rt of 
AZL) 

R3 
(Tf of 
MET
) 

R4 
(Tf 
of 
AZL
) 

R5 
(Resolutio
n) 

1 80 1.2 3.5 4.018 13.50
3 

1.437 1.28
3 

12.901 

2 80 1.2 4 3.826 13.12
2 

1.493 1.39
1 

12.566 

3 80 1.2 4.5 3.518 12.71
8 

1.512 1.48
7 

12.102 

4 80 1 3.5 4.309 13.90
2 

1.342 1.24
3 

13.921 

5 80 1 4 4.016 13.51
6 

1.391 1.28
6 

13.653 

6 80 1 4.5 4.002 13.01
7 

1.408 1.43
1 

13.310 

7 80 0.8 3.5 4.387 13.94
3 

1.321 1.22
2 

14.512 

8 80 0.8 4 4.154 13.68
4 

1.386 1.26
9 

14.098 

9 80 0.8 4.5 3.921 13.25
8 

1.401 1.31
7 

13.612 

10 70 1.2 3.5 4.285 13.70 1.412 1.20 13.973 
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6 7 
11 70 1.2 4 3.981 13.43

2 
1.471 1.37

1 
13.681 

12 70 1.2 4.5 3.764 12.91
8 

1.494 1.46
3 

13.412 

13 70 1 3.5 4.079 13.99
1 

1.306 1.18
1 

14.216 

14 70 1 4 4.188 13.64
2 

1.321 1.21
4 

13.987 

15 70 1 4.5 4.107 13.24
6 

1.384 1.42
6 

13.544 

16 70 0.8 3.5 4.516 14.18
1 

1.241 1.12
4 

14.634 

17 70 0.8 4 4.207 13.70
8 

1.293 1.19
3 

14.129 

18 70 0.8 4.5 4.112 13.26
6 

1.326 1.30
8 

13.703 

19 60 1.2 3.5 4.102 13.61
4 

1.371 1.18
4 

14.111 

20 60 1.2 4 3.714 13.31
7 

1.392 1.35
2 

13.726 

21 60 1.2 4.5 3.414 12.80
8 

1.408 1.40
2 

13.514 

22 60 1 3.5 4.124 14.01
4 

1.323 1.14
6 

14.614 

23 60 1 4 3.913 13.71
6 

1.354 1.16
2 

14.208 

24 60 1 4.5 3.564 13.40
2 

1.381 1.20
9 

13.686 

25 60 0.8 3.5 4.407 14.20
1 

1.276 0.81
7 

14.913 

26 60 0.8 4 4.199 13.81
4 

1.294 0.95
3 

14.555 

27 60 0.8 4.5 3.087 13.51
3 

1.308 1.05
8 

13.871 

Table 4 Comparison between Predicted and actual values of Dependent variables 

Factor Predicted Value Actual Value 

Retention time of MET 
(R1) 

4.53 4.55 

Retention time of AZL (R2) 14.10 14.16 
Tailing Factor of MET (R3) 1.28 1.29 
Tailing Factor of AZL (R4) 1.10 1.11 
Resolution (R5) 14.59 14.42 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 6 

www.healthinformaticsjournal.com 

Open Access 

476 

 

 

Desirability 0.683 

Table 5 System Suitability Parameters under optimized chromatographic conditions 

Parameter MET AZL 

Retention time (Rt) [min.] 14.12 ± 0.01 4.54 ± 0.01 
Tailing Factor 1.11 ± 0.01 1.28 ± 0.01 
Number of theoretical plates [plates/meter] 6936.33 ± 17.62 1155.33 ± 57.19 
Resolution [Rs] 14.46 ± 0.11 

(n=5 determinations) 
Table 6. HPLC Validation Summary for Quantification of Metoprolol and Azelnidipine 

Parameter Limit Result Inference 

MET AZL 

Linearity and Range R2 >0.999 0.9992 0.9992 Method is Linear 

Repeatability %RSD < 
2 

0.79 0.87 Method is Repeatable 

Inter-day precision %RSD < 
2 

0.77-1.10 0.72-1.13 Method is Precise 

Intraday precision %RSD < 
2 

1.11-1.47 0.84-1.22 Method is precise 

% Recovery 98-102% 99.39-99.41 98.78-
100.33 

Method is Accurate 

Assay - 99.29 99.63 - 
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Figure 1 Chemical structures of A. Azelnidipine and B. Metoprolol 

 
Figure 2 Overlain UV spectrum of AZL (8 µg/ml) and MET (50 µg/ml) 

 
Figure 3 Effect of Independent variable on Retention of MET 

 
Figure 4 Effect of Independent variable on Tailing factor of MET 
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Figure 5 Effect of Independent variable on Retention of AZL 

 
Figure 6 Effect of Independent variable on Tailing factor of AZL 

 
Figure 7 Effect of Independent variable on Resolution 
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                      Figure 8 Desirability Plot 

 
Figure 9 Chromatogram under Optimized Conditions 
, 
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                                           Figure 10 Chromatogram for linearity 
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