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ABSTRACT

Two approaches to develop an analytical method are “one factor a time (OFAT)” and “analytical quality by design (AQbD)”.
In OFAT approach, only one parameter can be optimized at a time this have chances of method failure. Our aims is to give
insight to the analytical method development and validation by AQbD approach. The present review discusses usefulness
of AQbD tools in the high performance liquid chromatography (HPLC) method development, method optimization and
validation. HPLC method development by using AQbD tools involves establishment of general analytical target profile (ATP)
for analytical procedure, selection of critical quality attributes and risk assessment of the developed chromatographic method.
This review gives information of various parameters of method validation like specificity, linearity, accuracy, precision, limit
of detection (LoD), and limit of quantitation (LoQ), robustness and sensitivity as per International Council for Harmonization

(ICH), United States Pharmacopoeia (USP) guidelines, and Food and Drug Administration (FDA).
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INTRODUCTION

High pressure/performance liquid chromatography (HPPLC)
is a form of column chromatography; used significantly in
analytical chemistry.? It is widely used for qualitative and
quantitative analysis of the components in a mixture, analysis
of drugs and pharmaceutical products, and determining the
stability of pharmaceutical products.®* The basic components
of a HPLC system are a column, required for holding packing
material called stationary phase, a high-pressure pump needed
for the movement of mobile phase through the column at a
specified flow rate and a detector that detects the compound
of interest and shows the retention time.*>

In the year 1980, HPLC methods were used initially in
the assay of bulk drug materials (USP, 1980) but nowadays,
among the chromatographic techniques, HPLC is the highly
used technique and approximately 80% industries over the
world are using the HPLC method for analysis of drugs and
drug products. Now, almost every pharmacopoeia is trying to
change the monographs of Drugs and Drug products as per
HPLC technique from titration.®

HPLC Method Development
Selection criteria for new method development.”

*  Methods are developed for new products.

e A suitable analytical method for a drug is not found
in the literature because of patent-related policies and
regulations.

* Analytical procedure may not be available for a drug
formulation due to the presence of excipients that may
cause interference.

e Analytical procedure may not be available for the
quantitative analysis of the drug in biological fluids.

* The existing analytical procedures are expensive due to
the use of costly reagents and solvents.

* The existing procedure may include massive extrac-
tion and separation procedures, which may not be
dependable.

e Alternate method for existing (Non-Pharmacopoeial)
products is to lower the expense and time and for improving
precision and robustness.

For the replacement of existing method with proposed method

comparative laboratory data including pros and cons are made

available.

The objective of the HPLC method is the separation
and quantification of main active drug, reaction impurities,
synthetic intermediates and degradent present.'?
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ANALYTICAL QUALITY BY DESIGN (AQbD)
APPROACH FOR METHOD DEVELOPMENT AND
VALIDATION

These are developed at each stage of the product life
considering the designated purpose and utility.'"!?

The OFAT depends upon trial and error, where one
parameter alone is optimized for the expected response while
others remains constant, developing a narrow robust behavior
of the method towards the industrial variables employed in
method development phase.'* Hence the design of analytical
method i.e., OFAT development has ample chances of method
failure and always needs revalidation step.™*

Another approach is AQbD. According to ICH guidelines,
QbD is a “A systematic approach to development that begins
with predefined objectives and emphasizes product and process
understanding and process control, based on sound science and
quality risk management” (Table 1)."°

Design of experiment (DoE) is a component of AQbD,
and it shows the relationship among the input variables
that eventually influence the method response and results.
AQbD approach is a preferred and recommended planning
to be followed in analytical method development to achieve
regulatory flexibility and decrease Out of specification (OOS),
Out of term (OOT) and Out of control (OOC) results.!>141¢

AQDbD has different mechanisms during its life cycle
such as ATP, CQA, risk assessment, method optimization
and development with DoE, method operable design region
(MODR), control strategy and risk assessment, AQbD method
validation and continuous method monitoring (Figure 1).!4'8

Method Design

Choosing or developing an ideal analytical method is the
primary step in method lifecycle.”® During an appropriate
analysis method many elements must be considered. Method
design by AQbD approach involves space generation,
defining ATP, experimental design screening and establishing
CQA’s (Figure 1 and Table 1).*-

Establish CQA's

To enhance the method performance, one needs to identify the
Critical Quality Attributes for a particular method. To identify
these parameters a deep knowledge of the method is required.
This can be acquired by an extensive literature survey or by
referring to found retrospective data of the analyte. CQA’s
are divided into three types, i.e., analyte parameters related,
instrument-related parameters and parameters related to
operation conditions. CQA’s for chromatographic analysis are

Target analyte selection (APl and impurities)

A4
Technique selection (HPLC, GC, HPTLC and lon exchange)

A 4

Method optimization (assay, impurity profile, residual solvent)

Figure 1: General ATP for Analytical Procedure.!>1922

sampling, sample preparation, standards, reagents, column
chemistry, mobile phase composition, pH, mobile phase
flow rate, column temperature, detector and its selection
etc. Responses for the above parameters would be resolution

retention time, tailing factor detection limit and robustness
2325
etc.

Perform Risk Assessment

Critical method parameters are evaluated and their risk on
method performance is estimated. Risk analysis can be done by
using various risk assessment tools such as Fishbone diagram
and failure mode effect analysis (FMEA’s).2® Risk matrices
are used to evaluate parameter risk with respect to relevant
attributes (e.g., accuracy, precision, resolution, tailing).>> To
perform risk assessment study of the proposed analytical
methods a deep understanding of physicochemical properties
of analyte is needed.!>*’

Generate Design Space

As per ICH guidelines, design space or method operable
design region (MODR) is defined as “the multidimensional
combination and interaction of input variables (material
attributes) and process parameters that have been demonstrated
to assure quality”. The chromatographic method involves all
parameters and their interactions evaluated by some statistical
design.?®? This design combines varied ranges of mobile
phase combination, pH, columns, flow rate etc., providing
expected outcomes.'>?*2430 The optimized method parameters
are found around this region. MODR ensures a robust and
rugged area around the method conditions. The results of
various trials for initial optimization must be noted and the
best suitable combination is statistically evaluated.!>3%!

Using Design of Experiment for Method Screening and
Optimization

* Design of Experiment

The Design of Experiment (DoE) approach was recently
employed to develop and optimize the analytical methods.*
Implementation of DoE approach provides a risk-based
understanding of the analytical procedure and major pointers
influencing the feasibility of the analytical method. Based
on the Design of Experiment principles, it helps understand
the plausible risk (s) and association interaction (s) among
the method variables. DoE can be employed as multivariate
optimization stratagem (Figure 2).30-32-34

* Critical Factors as Independent Variables and their
Selection

Factors affecting the chromatographic analytical method
can be considered operational or environmental factors.
Operational factors are decided based on the operating
procedure adopted during chromatographic analysis, but

Choice of Perform Regression
Statistical Experiment in > analysis for
design random order choosing

Figure 2: Showing steps involved in DoE as Multivariate Optimization
Stratagem
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the environmental factors are not necessarily mentioned

clearly in the analytical procedure. The selected factors can

be quantitative (continuous), qualitative (discrete) or mixed
factors. Qualitative and/or quantitative factors influencing
the end results of the analysis are called critical factors or

independent variables. 303637

» Categorical Variables: or qualitative variables are those
variables that cannot be measured numerically. eg. type
of columns eg. C8, C18, phenyl and cyano columns.>*3*

»  Continuous Variables: These are also called as quantitative
variables. These variables can be measured, e.g. type of
buffers, nature of buffers, pH, temperature and buffer
concentration. These variables can be controlled.**®
Design of experiment approach for method optimization

has various advantages such as factors and interactions

assessment with maximum efficiency, conclusions applied
to various conditions and maximum use of the data for
calculating main effects and interactions. Most common
experimental designs applied to chromatographic techniques
are full factorial, fractional factorial, Plackett- Burman and
Box- Behnken design.!3-34?

Control Strategy Design/Life Cycle Management

Control strategy is a planned controls, derived through analyte
nature and MODR understanding. The method control strategy
is based on the complete statistical data sourced during the
DoE and MODR stages. This strategy can resolve the method
parameters with inconsistency (e.g., reagent grade, instrument
brand or type and column type).*-43

AQbD Method Validation

Method validation for all kinds of API manufacturing
changes without revalidation. The AQbD tools define the
required ICH validation elements statements on interactions,
measurement uncertainty, control strategy and continuous
improvement,!34443

Continuous Method Monitoring and Continual Improvement

CMM is the last step in AQbD life cycle, and a continuous
process to learn during design space development and
implementation. It consists of results of risk assessments, pre-
concieved assumptions, statistical design considerations, and

Preparation of sample based on sample
information and aim of analvsis

.

Selection of HPLC method, column,
chromatographic conditions and

A4

Method optimization

|

Validation

Figure 3: An illustrative image showing steps involved in method
development 3.1 understanding physicochemical properties of drug
molecule

a link connecting the design space, MODR, control strategy,
CQA and ATP. After method validation, method may help in
routine purpose and continuous method performance may be
observed. CMM permits the analyst to recognize and address
any out-of-trend performance,*®* by themselves (Table 1).

STEPS INVOLVED IN METHOD DEVELOPMENT?

Physicochemical properties of drug molecule play very
significant role in method development. These properties
help an analyst to decide the solvent and mobile phase
composition.>® For method development following properties
of drug molecule are taken into consideration (Figure 3).

Selection of Chromatographic Conditions

During initial method development, a set of initial conditions
(detector, column, mobile phase) is selected to obtain the
sample’s first “scouting” chromatogram. Next step is to
decide on developing either an isocratic or a gradient method.
Column chemistry and column physics play a significant role
concerning analyte during the development of the method
(Figure 4).

For selecting chromatographic conditions, the first step
is determining the analyte’s polarity. This sets the basis for
choosing the right solvent of either less or more polarity than
analyte of under-determination. The stationary phase greatly
affects capacity factor, selectivity, efficiency and elution.*¢->

Non Polar Moderately Polar Polar

C18<C8<C6 Phenyl<Amino Cyano<Silica

Several types of matrices for stationary phase are used
like silica, alumina and polymers. Out of this silica is used
most commonly.®’
Selection of Column
The column selection depends on five fundamental parameters:
hydrophobicity, stearic activity, ion exchange, silanolol activity,
carbon load and hydrogen bonding. 362
Column Physics

Chromatographic column parameters such as column bed
dimensions, particle size, surface area and pore size, bonding
type, base material, particle shape and end-capping need to

.
Nature of
analyte

Physicochemical
properties of
drug molecule

Figure 4: Physicochemical properties of the drug affecting HPLC
method Development
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Table 1: Validation Parameters Recommended by FDA, USP and ICH4678-7°

Necessary Validation Parameters ICH Guidelines ~ USP 23 Recommendation

Selectivity (Specificity): It is defined as the ability to Yes Yes No interference

differentiate and quantify analyte in other components’

presence.

Linearity: A linearity study for analytical technique verifies Yes Yes Correlation coefficient (%) >0.998

the response which is linearly proportional to the analyte

concentration in the range of sample solutions. It is determined

by a series of 5-6 injections of 5 or more standards whose

concentration range 80-120% of the expected concentration

[80,81].

Range: It is the interval amid the upper and lower Yes Yes Assay of drug/Finished product: 80-

concentration values of drug active compounds [80,81]. 120% of test conc.
For content uniformity: 70-130% of test
concentration.
For dissolution testing: = 20% over
specified range
For impurity: From reporting level to
120% of specification

Accuracy: The closeness of agreement between a measured Yes Yes Recovery 98- 102% with 50, 100, 150%

quantity value and a true quantity value [80,81,82,84].

LOQ: The lowest amount of analyte in a sample which can be  Yes Only for Determination of signal- to- noise (S/N)

quantitatively determined with suitable precision and accuracy. quantitative ratio (10:1)

LOQ=100/s studies S/N> 10

s = Slope of calibration curve

o = S.D. of response [83,85, 86]

LOD: It is the lowest amount of analyte in a sample that can Yes For limited test LOD can be based on a signal- to- noise

be detected but not necessarily quantitiated as an exact value. only (S/N) RATIO (3:1)

LOD =33 o0/s S/N>2or3

s = Slope of calibration curve

o = S.D. of response [83,85,87]

Precision: The degree of an agreement between a series of Yes Yes The repeatability criteria for an analytical

measurements obtained from multiple sampling of the same Not assay method will be 1% (RSD). A

homogenous samples under the prescribed conditions. It precision criteria for an assay method is

depends not only on the distribution of random errors and does that the intermediate precision will be

not relate to the true value. Precision usually expressed as 2.0%. However for any impurity or trace

standard or relative standard deviation of the replicate analysis. amount assay, this precision will be 5.0%.

Precision may be considered at three levels: Repeatability, A precision criterion for an assay method

intermediate precision and reproducibility [88,89,90] is the reproducibility will be 2.0%. For
an impurity or trace amount assay, this
precision parameter can be 10.0%.

Robustness: The reproducibility of experimental results Recommended Yes RSD <2%

when the method is performed under actual used conditions.

This includes different laboratories, instruments and analysts,

sources of reagents, chemicals, solvents and different elapsed

assay times and so on. These experiments and results are

similar within reproducibility [91].

Ruggedness: It is the value below which the absolute Recommended Yes RSD< 2%

difference between two single tests results obtained by the

same method on investigated test compound under different

conditions such as different analyst, different equipments,

different laboratories etc. [92].

Solution Stability [93] Not specified Recommended >24hor>12h

Sensitivity: It is the ability to assess unequivocally the analyte Recommended Not specified No interference

in the presence of components that may be expected to be
present. The specificity of a test method is determined by
comparing test results from an analysis of samples containing
impurities, degradation products, or placebo ingredients with
those obtained from an analysis of samples without impurities
[92,93]
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be considered while choosing a column (stationary phase) for
separation of assay, impurities, and degradation products.>"-¢*

Selection of Chromatographic Mode

The selection of isocratic or gradient mode depends on the
number of active components to be resolved. An initial gradient
run is performed to conclude the choice of isocratic or gradient,
and the ratio between total gradient time and the difference in
first and last gradient time components are noted. If calculated
ratio is < 0.25, isocratic mode is sufficient, whereas if ratio is
> (.25, gradient mode is beneficial #+%°

Optimization of Mobile Phase

»  Selection of Solvent (Methanol, Acetonitrile, THF): Choice
between methanol and acetonitrile may depend on the
analyte’s solubility and buffer used. THF is the least polar
among three solvents, responsible for large changes in
selectivity and compatible with low wavelength detection.
The mobile phase and gradient conditions’ selection relies
on ionogenic nature and the hydrophobicity of analyte.®%¢’

*  Buffer Selection: The selection of buffer helps in deciding
peak symmetries and peak separation. The correct choice
of buffer reduces the tailing factor for each peak separately.
The buffer strength from 0.05 to 0.20M. Buffer has a pKa
close to the expected pH because buffer controls pH best
at their pKa. Selecting a buffer with pKa value < 2 units
of the expected mobile phase is ideal.

» Effect of pH: pH helps to achieve chromatographic
separations as it controls elution properties through
ionization characteristics.
pH of buffer and mobile phase selection based on the pKa

of analyte or test mixture and structure of drug molecule pH.®®
If pKa of the compound is high, lower pH or acidic mobile

phase is choosen. For basic compounds high pH or basic mobile
phase is choosen. For neutral compounds neutral mobile phase
is selected.

When pH=pKa-2  The acid is 1% dissociated (mostly
unionized)

The acid is 50% dissociated (equal

amount of ionized and unionized)

The acid 99% dissociated (mostly
ionized)

When pH= pKa

When pH= pKa+2

When pH=pKa-2  The base is 99% dissociated (mostly
ionized)

The base is 50% dissociated (equal
amount of ionized and unionized)

When pH= pKa
When pH=pKa+2  The base is 1% dissociated (mostly
unionized)

The table explains about a direction to decide the pH of
the mobile phase based on the pKa value of the analyte. The
mobile phase pH should be 2 units above or below the pKa to
obtain optimum analyte neutralization.

»  Effect of Organic Modifier: The usual choice is between
acetonitrile and methanol (rarely THF) organic modifier
type in reverse phase HPLC. Gradient elution is used along

with complex multicomponent samples since possibly
all components eluted between K (retention factor) 1
to 10 using a single solvent strength under isocratic
conditions.®7

Column Temperature

The column temperature has unpredictable effects on
selectivity. Employing high temperature will reduce viscosity
and back pressure. It may help to operate at high flow rates, or to
use longer columns smaller particle sizes, reduce elution time
and improve method reproducibility.”” The target temperature
30 to 40 degrees is good for reproducibility.

Selection of Detector and Wavelength

After the chromatographic separation, the analyte of interest
is detected using suitable detectors. The choice of detector
depends on the sample and the purpose of analysis. Some
commercial detectors used in LC are UV-visible, fluorescence,
refractive index (RI), electrochemical, evaporating light
scattering (ELSD) and mass spectrometer.’'”’3

Developing the Approach of Analysis

In the development of Reverse phase- HPLC, the first step
involves the selection of various chromatographic parameters
as discussed above. Typical system suitability parameters are
retention time of more than 5 minutes, theoretical plates of
more than 2000, tailing factor of less than 2, resolution between
two peaks is more than 5, and %RSD of analyte peaks area
in standard chromatogram must be more than 2%. Detection
wavelength is usually an isobestic point in the simultaneous
estimation of two components.”

Sample Separation

The analytical procedure must specify the manufacturer, type
of filter and pore size of the filter media.”® The prepared sample
should be in aliquot relatively free from interferences that are
compatible with the HPLC method development and will not
damage the column.”

METHOD OPTIMIZATION

Firstly, primary control variables are optimized, such as
mobile phase, gradient flow rate, temperature, sample amount,
injection volume, diluents and solvent type. Then parameters
like column dimensions, column-packing particle size and
flow rate are optimized. ">

METHOD VALIDATION

Here the laboratory finds that the performance characteristics
meet the requirements for the desired analytical application. It
helps to prove that the method can give reproducible and worthy
results, employed by various operators with the same set of
equipments in varied laboratory conditions. The validation
results help to judge the quality, reliability and consistency.”’

CONCLUSION

Analytical method development by AQbD approach ensures
the development of a suitable method for desired purpose.
Analytical method development by AQbD approach provides
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regulatory flexibility and decreases OOS, OOT, and OOC
results. AQbD approach provides more understanding of
chromatographic parameters that can be monitored and
controlled during the life cycle. AQbD tools are ATP, CQA, risk
assessment, method optimization and development with DoE,
MODR, control strategy and risk assessment, AQbD method
validation and continuous method monitoring.
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