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Systematise your analytical research with quality-by-design- a preamble
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The application of Quality by Design (QbD) principles in analytical
research enhances the systematic and efficient development of robust
analytical methods. This approach integrates systematic experimental
design, risk assessment, and thorough understanding of critical method
parameters to ensure reliable and consistent results. By focusing on a
comprehensive understanding of the method's scientific and technical
aspects, QbD minimizes variability, mitigates potential sources of error,
and optimizes method performance. This abstract introduces the
significance of incorporating QbD into analytical research, highlighting its
role in elevating method reliability, reducing development time, and
enhancing the overall quality of analytical methods. The systematic
application of QbD principles promotes a holistic framework for method
development that fosters innovation, process understanding, and
continual improvement, ultimately leading to well-characterized
analytical procedures with predictable and desirable outcomes.
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In QbD, the product is understood first and
foremost, which is the key to a systematic
approach to product development.
Understanding how various inputs (e.g. process
parameters, materials) affect the final product
can allow us to identify the ranges within which
the final product's quality can be guaranteed
(active pharmaceutical ingredient or drug
product). Methodology of response surfaces
includes mathematical and statistical procedures
used to develop, improve, and optimize
procedures in which a response is controlled by a
number of factors. A process output is defined as
the result of the combined or individual effects of
each of the factors. Additionally, this RSM equates
factor and process output in addition to analyzing
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the effects of factors. Recently, FDA, ICH, and PCI
have been promoting this topic in product
development and we have also included it in the
development of analytical methods in our own
product development. [1]

Definition

ICH defines harmonization as: “QbD as a
systematic approach to drug development, which
begins with pre-defined objectives, and uses
science and risk management approaches to gain
product and process understanding and
ultimately process control”. ICH Q8 R2 & Q9.
[2,3,4]

By contrast, the term 'product development'
refers to the development of optimized and
validated  methods for estimating the
performance of drug candidates in their Samples
taken in vitro and in vivo, and the final dosage
form or environment. In the same manner,
'various inputs' can be translated into The
analytical method may be affected by the material,
the instrument, the environment, and other
factors. It is the process of developing analytical
methods according to an Analytical Quality-by-
Design methodology.

Steps to be followed

Here a description of Using Quality-by-Design as
a method for developing analytical methods is
applied can be read, along with the steps to be
followed, 1). Designs created using different
methods. 2). Risk factors need to be identified. 3).
The input parameters are framed at various
levels. 4). Optimization requires consideration of
critical responses. 5). An acceptable regression
model is calculated using statistics (factorial
analysis, polynomial analysis, first or higher
order analyses). 6). The development of a method
based on multiple criteria of factors and
responses that are deemed essential to achieving
a method objective. 7) Decision making based on
response surface function and derringer's
desirability factor. Finally, 8) validation as per
ICH guidelines.

QBD Analytical

Positive results have already been realized
through the widespread use of AQbD in the
pharmaceutical industry. The majority of the
analytical methods utilised one factor at a time
(OFAT), whereby one constraint is optimized

while the other is kept constant. As a result of this
routine, the method exhibits a narrow robust
behavior. Due to the high risk of method failure,
the typical strategy of developing analytical
methods (i.e, OFAT) requires revalidation
immediately after development. Based on the
surveying and evaluation of methods published
so far, AQbD has been applied in method
development to stress the organization of the
methodology's development by unassailable
decision-making. These AQbD methods also have
the added benefit of being robust and durable,
and can withstand the long-term use by analytical
laboratories with a lower chance of failure.
Through the development of complex methods
using advanced techniques (such as UPLC,
HPTLC-MS) and the application of AQbD, more
knowledge has been gained. It is only through the
support of pharma-industry and each
researcher's own interest that AQbD can flourish.
As multiple responses require optimizing, the
desirability function helps to do this. As a result,
encouragement for the implementation of
response surface methodologies along with
desirability functions helps analytical chemists
overcome all the challenges in producing quality
products that are effective and dependable. As a
result of manufacturing (formulation or batch
release). [5,6]

Application in Analytical Techniques

We can vary the conditions in AQbD too to find
the effects of certain factors, such as those in QbD.
As an example, in HPLC and LC MS/MS
techniques, it refers to parameters such as
retention time, peak area, and resolution as well
as mobile phase and instrument settings, while in
HPTLC techniques it refers to Retardation factor
(Rf), peak symmetry, and mobile phase distance.
Method performance plays a crucial role in
manufacturing refers to the quality of the product,
while in analysis, it refers to the validation of the
analytical process. AQbD's main benefit is that
once a design space is defined and statistically
validated, it can be run anywhere within that
space. In the case of AQbD, In this case, a
validated method can be used to determine the
factors affecting the success rate of the process
outcome for drug producers. [1]. Previously,
methods were not developed are released to all
laboratories for routine use, they are thoroughly
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evaluated for risk analysis, updated, optimized, and tested rigorously.[6, 7]

Table 1: Property difference of AQbD and conventional method development.

Parameter Conventional strategy AQbD

Approach Factual Systematic

Assurance of quality End testing Built into the method

Specifications Previous knowledge Analytical product profile

Regulatory Flexibility Fixed .cannot modify Flexible within operable Design
region.

Issues Out of trend / control No such issues.

Benefit Limited No Revalidation, robust

4 I

Ensures performance and quality of Strengthen the understanding and
results of an analytical method through analysis of Drug. Formulation,
risk assessment Metabolites

( Benefits of AQbD 1

! )

Reduces the variance in quality attributes L L .
No Revalidation within design space &

(No Out-Of-Trend & Out-Of- Easv method transfer
Specification) )

o J/

Figure 1: Benefits of AQbD
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