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I. INTRODUCTION

The reliability of an analytical finding's dependability
is extremely important in guiding the formulation of
scientist in the process of development stage and
impurity profile in the dissolution data and stability
study as well as regular analysis. The significance of
validation lies in generating consistent and reliable for
routine analysis as well as stability analysis. This is
particularly valid in relation to quality control and

accreditation, which are now concerns about growing

significance of analysis in dissolution and the
impurity profile in recent years. Therefore, this topic
should be broadly discussed on an international level
in order to arrive at an agreement regarding the
number of validation experiments and on acceptance
criteria for validation parameters of the analytical

methods!31-35,

NEED OF ANALYTICAL METHOD VALIDATION:
When the batch

accelerated stability testing samples in the laboratory,

analysing registration and
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it is imperative to utilise analytical methods that have
been thoroughly validated and well-characterized in
order to produce reliable results. Furthermore, it's
critical to stress that every analytical method has
unique qualities that differ from between analytes. In
these cases, particular validation criteria need to be
created for each analyte. Moreover, the suitability of
additionally, the technique could be impacted by the
final goal of the research. After a sample Analysis for
a particular study is carried out at multiple sites and a
commercial batch for individuals consumption, it's
essential to confirm the analytical technique(s) in
accordance with ICH guidelines and to give accurate
validation data for various sites, various parameters,
and to determine the intra- and inter-laboratory

reliability?8182,

ANALYTICAL METHOD DEVELOPMENT
VALIDATION:

The process by which a particular analytical method

AND

is to be developed for drug products from the stage of
in process to the final product's and minivalidation
must be completed prior to beginning analyses of
routine samples, investigation samples and stability.
Development of analytical methods and finalizing the
method consist of:

1) Creating a uniform working standard based on
reference standards.

2) Improving the chromatographic environment,
standard and sample solution concentrations
and the sample extraction process.

3) Verification of analytical methods, or

minivalidation must be completed prior to

analysis (standard samples) analyses such as
dissolution and assay and associated material
under development laboratories, etc.

4) Before beginning the validation process, the
acceptable Findings from the mini validation
should

completed376-78,

indicate formulation needs to be

DEFINATION OF VALIDATION:

It is accepted that during the course of a typical drug
product development program, a defined analytical
method will undergo many modifications because
composition changes, lower strength may be added or
percentage of coating material may change on the
formulation. Because of the changes the analytical
method may be modified and if modified it should be
verified so it requires different levels of validation.
Two different levels/types of method validations,
complete validation and partial validation or mini,
validation, are defined and characterized as follows.

1) Complete validation:

Complete validation is necessary before executing
clinical batch or registration batch of drug product. If
any modification in the formulation or if any
impurity found in the stability study the existing
method to be modified and validated again, and the
parameters are checked as per ICH guidelines.

2) Mini validation:

Mini validations is required for all the test methods
like Assay, Related substance, UOD and Blend
Uniformity for analysing the routine samples prior
starting the complete validation some parameters to
be checked as per ICH guidelines*38-40,

REASONS FOR VALIDATION:

e [t is a mandatory condition for enrolment of
any pharmaceutical item or pesticide plan.

e It supports to accomplish the scope of
legitimate/reference technique" endorsed by
administrative offices.

e It ensures a high caliber of the outcomes.

e It improves the money-related main concern
of the research facility.

e It is an obligatory necessity for accreditation
of the research center by ISO 17025 rules.

e It helps in arriving at the confession of the

drugs by worldwide organizations>©56-8,

IMPORTANCE OF VALIDATION:
1) Assurance of quality.
2) Minimal batch failure.

3) Decreased number of rejections.
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4) Enhanced effectiveness and output.
5) Higher production.
6) Less testing both during and after completion

items”48-55,

Validations are of different types which are given

below:

(o)
l

Amnalytical Method J

Equipment

Validation Validation

Process
Validation

Prospective
Validation

Concurrent
Validation

| e | L e )
EQUIPMENT VALIDATION:
Validation

Operational
Qualification

i

Installation
Qualification

Equipment isa detailed process of
confirming that an instrument is installed correctly,
that it is operating efficiently, and that it is
performing without error®>.

PROCESS VALIDATION:

“Process validation” is establishing documented
evidence which provides a high degree of assurance
that specific processes consistently produce a product
meeting its predetermined specifications and quality
attributes™ .

ANALYTICAL METHOD VALIDATION:

Validation of Analytical Methodology, to proceed
with the chemical evaluation, validation pertaining to
the analytical method is a fundamental requirement.
The process of carrying out different assessments
meant to determine whether a way of analysis
provides a reasonable and expected explanation and
demonstrates their capacity to provide profitable and
acceptable measurement in accordance with the rules.
In accordance with the rules and regulations, the
approach should offer beneficial information that
guarantees the product's quality. To ascertain such,

the material is subjected to multiple testing outcomes.

A thoroughly validated approach ought to meet every
requirement. The analytical method's validation
ought to consist of testing the excipients and ought to
concentrate on standard testing circumstances. All of
these conditions demonstrate that the approval of
analytical method is specific to the product >°-62.

The objective of Analytical Method Validation:

1) When there are changes in the formulation or
if changes are done in the concentration,
further validation is not required if and only if
the method validation of the analytical
method is performed.

2) It decreases the risk of regulatory non-
compliance.

3) Critical parameters of the process can be fully
understood due to the analytical method.

4) Minimization of interference on accuracy and
precision.

5) It is used in authorization of product and
marketing licenses for new products which

are non-pharmacopeia'® !l.

CLEANING VALIDATION:

The product must be free from contamination which
can only be influenced by the validation of the
cleaning process. Removal of unwanted substances
from the facilities and equipment used during the
process be guaranteed by the technique of the
cleaning. The unwanted contamination should be less
than that of a regulatory requirement. In the drug
factory, cleaning validation is fundamentally a process.
The validation of the cleaning process can be done by
different analytical processes. The swab test is the
most common test for checking the cleanliness of the
equipment. The validation of the cleaning process
ought to likewise clarify the development of
acknowledgment measures. The correct method for
the sampling should be followed. Free from microbial
contamination and chemical contamination are vital
requirements. The impurities should be less than the

detection limit!262,
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ANALYTICAL METHOD VALIDATION:

For creating trustworthy analytical data from the
competent laboratory, a proper standard method
should be set up. It can only be possible from the
validation of the analytical method. The total
information about chemicals should be studied for the
set-up of the method and its validation. Reproducible
data should be given by the analytical procedure even
when performed by the different analysts in various
lab centers utilizing distinctive reagents, different
instruments, and equipment. For the validation of the
analytical method, certain parameters should be
followed such as linearity, accuracy, precision,
specificity, and reproducibility of the result of the
sample. The number of medications presented for
consumers has been increasing every day at a higher
rate. These medications might contain a fresh element
that is not yet seen in the market or there might be
small basic alterations or modifications in the

structure from the current medication!3 4,

The following list of essential steps includes drug

analysis method validation-7°:

1) The assay may be challenging to carry out using
the analytical method for biological fluids.

2) The formulation contains a large number of
excipients that may cause interference. Because
of the patient, access to the full body of literature

regarding the drug's analytical techniques is not

possible.
3) The current analytical procedures may not be
appropriate due to their requirement for

expensive reagents and solvents. It may also
involve challenging extraction and separation
techniques that are inappropriate.

4) The medication or drug combination is not
included in any pharmacopeia. Validation of
analytical procedure is required by law and must
be carried out.

5) The guidelines for the validation of the analytical
method have been established by the ICH
guidelines [Q2 (R1)].

Analytical technique types that need validation

For the following test, the analytical methods need to

be validated:

1) Identity assessments.

2) Impurity analysis for limit testing and
quantification.

3) A quantification of the active pharmaceutical

ingredient.

1) Identification Tests: An identification test is
scheduled to determine the identity of a chemical or
ingredient. It can be completed using a variety of
analytical techniques. Analysis of a range of
characteristics, including spectral analysis, properties
of a chromatogram, and interactions with other
substances. In this test, the sample and the reference
standard are compared.

2) Analysis of the impurities for its quantification and
its limit test: It is possible to quantify and identify
impurities. Impurities are present in almost all raw
materials. Complete elimination of the impurities is
the

regulatory body has established specific guidelines for

an extremely challenging task. Therefore,
the limit in the presence of impurities. This test shows
the percentage purity of the ingredients. Observing
the

criterion for quantification analysis, but it is less

different parameters: Validation is crucial
important in limit tests.

3) Analysis of API for quantification: The most
important aspect of the analytical test is the
quantification of API or other chemicals. It shows
that the drug product contains the API accurately and
that it functions as intended. In relation to this
archive, the assay is the measurement of a
pharmaceutical ingredient that is active in the
product qualitatively. The quantification of API ought
to adhere to a specific process with identical
parameters of confirmation. Similarly, dissolution,
which also addresses API release, ought to adhere to

the same recommendations for the validation.
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Steps in Method Validation”-7>:

1) Develop a validation protocol or operating
procedure for the Validation.

2) Define the application, purpose and scope of the
method.

3) Define the

acceptance criteria.

performance parameters and

4) Define validation experiments.

5) Verify relevant performance characteristics of
equipment.

6) Qualify materials, e.g. standards and reagents.

7) Perform pre-validation experiments.

8) Adjust method parameters or/and acceptance
criteria if necessary.

9) Perform full internal (and external) validation
experiments.

10) Develop SOPs for executing the method in the
routine.

11) Define criteria for revalidation.

12) Define type and frequency of system suitability
tests and/or analytical quality control (AQC)
checks for the routine.

13) Document validation experiments and results in

the validation?s.

ADVANTAGES:

1) It builds a degree of confidence, not only for the
developer but also to the user.

2) Produces quality products.

3) Reduce the product cost by increasing efficacy, few
reject and longer equipment life.

4) Helps in optimization of process or method.

5) Helps in process improvement, technology transfer
related products validation and increased employee
awareness.

6) It eliminates testing repetitions and leads to better

time management in the end?.

ANALYTICAL
CHARACTERISTICS:

An ICH guideline has set certain criteria for the

METHOD VALIDATION

validation of the analytical method.

The parameters are listed below!6-1%:

1) Specificity.

2) Accuracy.

3) Precision.
a. Repeatability.
b. Intermediate Precision.
c. Reproducibility.

4) Limit of Detection.

5) Limit of Quantification.

6) Linearity.

7) Range.

8) Robustness.

9) Ruggedness.

10) System Suitability.

Besides, revalidation may be essential for the
following conditions:

1) Alteration in the process of product manufacturing.
2) Alteration in the ingredients in the final product of
the drug.

3) Alteration in the steps of the analytical method
(ICH harmonized tripartite guideline, 2005).

The level of revalidation requires relies upon the
alteration type. Validation is required for more other
alteration.

Indication of sign:

-ve = not essential parameter to performed.

+ve =essential parameter to performed.

1 =

necessary to performed if reproducibility test id

the test of intermediate precision is not

performed.

(2) Another supporting method can cover the
specificity if specificity is unable to perform.

(3) For certain condition it might be required (ICH
harmonized tripartite guideline, 2005).
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Kinds of Analytical Procedures
Impurities test Assay

Characteristics Test of Test of dissolution
Identification Quantification Limit  (measurement only)
Content/Potency
Accuracy -ve +ve -ve +ve
Precision
e Repeatability -ve +ve -ve +ve
e Intermediate -ve +ve(1) -ve +ve
Precision
Specificity +ve +ve +ve +ve
Limit of Detection -ve -ve(3) +ve -ve
Limit of Quantification -ve +ve -ve -ve
Linearity -ve +ve -ve +ve
Range -ve +ve -ve +ve

SPECIFICITY (Selectivity) 2085

ICH defines specificity of an assay is the ability to
measure accurately and specifically the analyte in the
presence of other components that may be expected
to present in the sample medium. The term specific
generally refers to a method that produces a response
for a single analyte only.

Identification: It assures the identification of the
ingredient.

Purity Tests: The total removal of the impurities is
almost impossible. So certain limits are set for
impurities. Impurities can be present in the form of
content of residual solvent, heavy metals, related
substances, etc. The test of such substances can be
done by purity test.

the
quantitative determination of the API. API shows the

Assay (Content or Potency): It refers to
potency of the drug. (ICH harmonized tripartite
guideline, 2005).

ACCURACY (Recovery) 21:4-47;

The accuracy of an analytical procedure expresses the
closeness of agreement between the value, which is
accepted either as conventional true value or an
accepted reference value and the value found, i.e.
analytical result. The accuracy of an analytical
method is indicated by the recovery of analytical
results. It is done by either spiking or taking linear

conc. of samples over the range of 80% to 120% of the

target concentration with triplicate samples in each
concentration. Trueness is another term of accuracy.
Determination methods:

Application of analytical method to an analyte of
known concentration:

The accuracy may be determined by application of
the analytical method to an analyte of known purity
(example: reference standard) and also by comparing
the results of the method with those obtained using
an alternate procedure that has been already validated
World.

Spiked - placebo recovery method:

In this method, a known amount of pure active
constituents is added to formulation blank (sample
that contains all other ingredients except the active)
and then perform the assay of resulting mixture and
compare the obtained results with predictable results.
Standard addition method:

In this method, perform the assay of given sample,
then add a known amount of active constituent to
that assayed sample. After that this sample is again
assayed. The difference between the results of the two
assays is compared with the expected results.
Recommended Data ICH document recommend that
accuracy should be measured using a minimum of
nine determinations per 3 concentration level.

The recovery is determined by the equation:
Recovery = Analytical Result/True Value X 100%
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Limit: The recovery should be in the range of 98.0%
to 102.0%.

PRECISION?243-45;
Precision reflects the closeness of agreement of a
series of measurements between the series

measurement obtained from multiple sampling from
the same sample under the same condition at the
same time. Precision may be considered in three
levels repeatability, intermediate precision and
reproducibility.

Repeatability:

Repeatability expresses the precision under the same
operating condition over a short interval of time. It is
also termed intra-assay precision. A minimum of six
replicate sample preparation of a same sample or
homogenous sample prepared at the 100% test
concentration.
Intermediate precision:
Intermediate precision reflects within-laboratory
variations such as different days, different analysts,
and different equipment’s. Intermediate precision
testing can consist of two different analysts, each
preparing a six sample preparations, as per specified
analytical method. The analysts execute their testing
on different days using separate instruments and
analytical columns.

Reproducibility:

Reproducibility expresses the precision of a method
with in the laboratory variation like different days,
different analyst and different equipment’s etc. Each
testing site can prepare a total of six sample
preparations, as per the analytical method. Results are
evaluated to ensure statistical equivalence among
various testing sites. Acceptance criteria similar to
those applied to intermediate precision also apply to
reproducibility.

LIMIT OF DETECTION?+2;

The lowest concentration of an analyte in a sample
that can be identified but may not necessarily be
quantified under specified experimental conditions is
known as the analytical procedure's limit of detection.

It indicates whether the sample is above or below a

certain level. LOD is not depend on the procedure of
analysis but also on type of instrument.

Measurement is based on:

1) Visual evaluation.

2) Signal to noise ratio.

3) The standard deviation of the response and the

slope.

Visual evaluation:
LOD is established by determining the lowest level at
which the analyte can be detected and by analysis of
samples with known analyte concentrations. Both
instrumental and non-instrumental procedures can
use it.

Signal to noise ratio:

This approach can only be applied to analytical
procedure which shows baseline noise. It is performed
by comparing measured signals from samples with
known low concentration of analyte with those of
blank the

concentration at which the analyte can be detected.

samples and establishes minimum
Signal to noise ratio 2:1 or 3:1 is generally accepted.
The standard deviation of the response and the slope:
LOD =3.30/S

Where, o = Standard deviation of the response. S =
Slope of the calibration curve of the analyte from
regression line.

LIMIT OF QUANTIFICTION?44:

The lowest quantity of analyte in a sample that can be
quantitatively determined and measured with a
respectable degree of accuracy and precision under
the specified operating conditions of the method is
known as the limit of quantification, or LOQ. LOQ
may change based on the nature of sample and the
technique used. Typically, it is employed to determine
impurities or degradation products.

Measurement is based on:

1) Visual evaluation.

2) Signal to noise ratio.

3) The standard deviation of the response and the

slope.
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Visual evaluation:
LOD is established by determining the lowest level at
which the analyte can be detected and by analysis of
samples with known analyte concentrations. Both
instrumental and non-instrumental procedures can
use it.

Signal to noise ratio:

This approach can only be applied to analytical
procedure which shows baseline noise. It is performed
by comparing measured signals from samples with
known low concentration of analyte with those of
blank the

concentration at which the analyte can be detected.

samples and establishes minimum
Signal to noise ratio 10:1 is generally accepted.

The standard deviation of the response and the slope:
LOD =100/ S

Where, o = Standard deviation of the response. S =
Slope of the calibration curve of the analyte from
regression line.

LINEARITY?7885-86;

The ability of a method to produce test results that are
exactly proportionate to the analyte concentration
within a specified range is known as linearity. It is
important to assess a linear relationship throughout
the analytical process. It can be directly determined
on the drug material by diluting a reference stock
solution. Visual examination of a plot showing the
concentration (on the x-axis) versus the mean
response (on the Y-axis) is the best method for
determining linearity. Determine the correlation
coefficient, Y-intercept, and regression equation.
Mathematical estimates of the degree of linearity may
be obtained using data from the regression line itself.
It is recommended to use at least five concentrations
in order to determine linearity.

RANGE?68:

The range of an analytical procedure is the range of
analyte concentrations in the sample, both upper and
lower, for which it has been shown that the analytical
procedure has an appropriate degree of precision,

accuracy, and linearity. Usually obtained from

linearity studies, and the precise range depends on

how the procedure is suggested to be used.

The following minimum specified ranges should be

considered:

1. Assay of a drug substance or a finished (drug)
product: 80 to 120 % of the test concentration.

2. Content uniformity: 70 to 130 % of the test
concentration.

3. Dissolution testing: +/-20 % over the specified

range.

ROBUSTNESS#:87-88;

It is the measure of the capacity of the analytical
method to remain unaffected by small but deliberate
changes in procedure to provide an indication about
variability of the method during normal laboratory
conditions.

Examples of typical variations are: Stability of
analytical solutions; Extraction time.

In the case of liquid chromatography, examples of
typical variations are:

1) Influence of variations of pH in a mobile phase;

2) Influence of variations in mobile phase
composition;

3) Different columns (different lots and/or
suppliers);

4) Temperature; Flow rate.

In the case of gas-chromatography, examples of
typical variations are:
1) Different

suppliers);

columns (different lots and/or

2) Temperature; flow rate.

RUGGEDNESS?:

Ruggedness is measure of reproducibility test results
under the variation in conditions normally expected
from laboratory to laboratory and from analyst to
analyst. The Ruggedness of an analytical method is
degree of reproducibility of test results obtained by
the analysis of the same samples under a variety of
conditions, such as; different laboratories, analysts,

instruments, reagents, temperature, time etc.
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SYSTEM SUITABILITY TESTING?:

System suitability testing is an integral part of many
analytical procedures. The tests are based on the
concept that the equipment, electronics, analytical
operations and samples to be analyzed constitute an
integral system that can be evaluated as such. System
suitability test parameters to be established for a
particular procedure depend on the type of procedure
being validated. See Pharmacopoeias for additional

information.

II. CONCLUSION

Analytical method validation and method transfer
data playing a fundamental role in pharmaceutical
industry for releasing the commercial batch and long
term stability data therefore, the data must be
produced to acceptable scientific standards. For this
reason and the need to satisfy regulatory authority
requirements, all analytical methods should be
properly validated and documented. The aim of this
article is to provide simple to use approaches with a
correct scientific background to improve the quality
of the analytical method development and validation
process. This article gives an idea about number of
sample preparation, procedure and acceptance criteria
for all analytical method validation parameters in
wider range. Applications of analytical method and
method transfer are also taken into consideration in
this article. These various essential development and
validation characteristics for analytical methodology
have been discussed with a view to improving the

standard and acceptance in this area of research.
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