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Abstract : An developing paradigm called Analytical Quality by Design (AQbD) incorporates concepts of Quality by Design (QbD) into 

creation of analytical techniques and their lifecycle management. By proactively addressing possible causes of variability and putting in place 

strong control mechanisms, this methodical approach seeks to guarantee the quality, dependability, and robustness of analytical procedures. 

AQbD keeps a solid stress on the evaluation of risk, experimental design, multivariate optimization, and a comprehensive grasp of important 

method parameters. 

This review paper seeks to give analytical professionals the information and resources they need to create and maintain superior analytical 

techniques that satisfy contemporary regulatory requirements and enhance the general quality and safety of pharmaceutical products by 

offering a thorough grasp of AQbD principles and practices. 
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I. INTRODUCTION 

1. INTRODUCTION TO ANALYTICAL QUALITY BY DESIGN 

Analytical techniques are essential in the pharmaceutical sector for guaranteeing the efficacy, safety, and quality of 

medication items during the course of their lifetime. Accurate and consistent data collection requires robust and dependable 

analytical processes at every stage, from testing raw materials to releasing the finished product and monitoring stability. 

However, trial-and-error procedures and one-factor-at-a-time optimization tactics have been often used in traditional 

analytical method development practices. These methods may not be able to identify and manage important sources of 

variability, resulting in suboptimal methods that lack robustness and reliability. [1] 
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Fig 2 : A QbD tools and Life cycle 

2. AIM OF STUDY : ANALYTICAL QUALITY BY DESIGN 

It makes dependable, effective analytical techniques that guarantee constant product quality is the goal of research into 

Analytical Quality by Design (AQbD). AQbD specifically concentrates on : 

• Risk-Based Approach: Recognizing and reducing risks during the development of a method. 

• Compliance with  regulations: according to standards  like ICH Q8, Q9,  and Q10. 

Creating place  for  method  performance  called as"optimizing  method parameters." 

• Increasing Efficiency: lowering the number of trial-and-error methods used in method development. 

3. Method Development Using AQbD 

• Experimental Design: Optimizing method parameters with the use of statistical tools . 

 

• Validation and Control Strategy: Using methodical validation to guarantee method robustness. 
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Fig 3. METHODS OF AQBD 

 

4. ATP (Analytical Target Profile) : 

These technique prerequisite characteristics, like specific analyte, investigative method class and good features is part of 

ATP identification. In order to anticipate the technique needs and investigative complexities, a primary risk evaluation 

would be conducted.: 

(a) Selecting  an  approach  (HPLC,  chiral  HPLC,  GC,  HPTLC,  Ion  Chromatography,  etc.), 

 

(b) Choosing the needs of the method (remaining solvents, adulteration profile/test). [4] Illustrations. Figure 4 shows a 

synthetic pathway model with ATP impurities. HPLC/UPLC and HPTLC have taken this synthesis pathway into 

consideration for the development of analytical methods. 
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Fig. 4 : Analytical QBD relation with development of synthetic methods 

 

5. CQA (Critical Quality Attributes) and Initial Risk Evaluation 

I. CQA (Critical Quality Attributes): Technique specifications and attributes are integral features of CQA for investigative 

procedures. Each investigative technique has a different CQA. Mobile phase buffer, pH, diluent, column selection, organic 

modifier, and elution techniques are HPLC (UV or RID) CQA. Gas flow, injection temperature, temperature of the oven 

and program, diluent, strength are the CQA GC procedures. HPTLC technique TLC plate, mobile phase, injection volume 

and concentration, time taken to develop plate ,chemical needed to develop colour, testing techniques are all considered 

CQA. The DS and impurity nature can specify CQA [10] 

II. Risk Assessment: A science-based procedure employed for managing quality risk, risk assessment may determine the 

technique criticalities (ATP) and product qualities. From the very beginning of technique elaboration to ongoing method 

monitoring, assessing the risk may be carried out. The AQbD plan includes determining risk sooner in the designing 

procedures and implementing preventive techniques and managing plans. [9] 

6. DoE: Design of Experiments (optimizing and designing the method) 

Doe may used for validate, improve complex techniques variables established on numerical data importance once the caliber 

and significant investigative technique alterations are established using introductory evaluation of risk. An amalgamation 

of chosen numerous technique alterations and their responses (important technique parameters) or per unit operation can 

be used to identify it. This method offers a great way to detect a small number of situations created by a little quantity of 

trials. In order to identify the important technique variables and proper optimal ranges for technique variables where a 

resilient region for the significant technique features might be setup, statistical tool assessments of the data are then crucial. 

[11] 

1. Describe the profile of the analytical target (ATP). Clearly state goals of the procedure, such as sensitivity, accuracy, and 

precision. 2. Pick Certain Elements and Reactions Select the performance metrics (such as resolution, tailing factor, and 

retention  duration)  and  technique  parameters  (such  as  pH,  the  solvent  ratio,  and  the  flow  rate). 

 

3. Select an Experiment Design o Plackett-Burman, fractional factorial screening design Optimization Design: Box-Behnken 

Design (BBD), Central Composite Design (CCD), and Full Factorial 

4. Conduct the Tests Compile data by following the experimental matrix. 

5. Examine the Data Model linkages and determine ideal conditions using statistical software. 
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6. Explain MODR Determine range of parameters at which the performance of the approach is acceptable. 

7. Confirm and Confirm Verify the method's dependability and compliance with design space regulations. 

 

7. MODR: 

A multifacted arena established on technique aspects and settings is established using the method operable design region 

(MODR); MODR can offer appropriate technique performance. Valid technique controls like system correctness, RRT, 

and RRF are also established using it. be used to determine 

Any combination of parameter choices within this space can be employed without affecting method performance or 

necessitating revalidation since MODR offers a scientifically justifiable range within which the analytical technique is 

resilient, dependable, and adaptable. MODR is supported by regulatory bodies like the FDA and ICH as a component of a 

risk-based, lifecycle-driven strategy to the designing of investigative techniques, particularly outlined in ICH Q14 and ICH 

Q8(R2). 

 

 

 

8. Control Strategy and Assessment of risk : 

A control plan or strategy is a prearranged collection of controls which are based on the nature of the analyte and knowledge 

of MODR. The full statistical data gathered throughout the DoE and MODR steps, as previously mentioned, maybe be 

employed to design a technique control strategy. Analyte and technique interrelations may be made by this statistical 

experiment based dataset. 

characteristics for fulfilling ATP requirements. Inconsistencies of the process parameters (such as reagent grade, instrument 

products or class, and column type) will be fixed by the control strategy. When contrasting the AQbD procedure to the 

traditional strategy, the technique control plan does not seem to differ much. However, to ensure a more robust connection 

between the technique’s goal and outcome, technique controls are set up established on CQA, DoE, and MODR experiment 

based dataset. [14] The control technique in AQbD is centered on controlling Critical Method Parameters (CMPs) in order 

to reliably attain the method's Critical Quality Attributes (CQAs). Its foundation is the experimental data and information 

produced during the method's development, particularly from risk assessment and Design of Experiments (DoE). 

 

9. CONCLUSION : 

With its systematic and scientific approach to guaranteeing method efficiency and dependability, AQbD represents a 

paradigm shift in the development of analytical methods. 

Adoption can result in cost-effective method development, regulatory compliance, and better pharmaceutical quality. 

Quality by Design (QbD) represents a transformative approach in the pharmaceutical field, shifting the focus from end- 

product testing to building quality into every stage of drug development and manufacturing. By emphasizing a thorough 

understanding of processes, risk assessment, and control strategies, QbD enhances product consistency, safety, and efficacy. 

It aligns regulatory expectations with scientific and technological advancements, promoting a more proactive and efficient 

framework for pharmaceutical innovation. Ultimately, QbD not only improves compliance and reduces costs but also 

ensures that patients receive high-quality medicines that meet their therapeutic needs reliably and safely. 
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