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Abstract
Analytical method development and validation are the continuous and inter-dependent task associated with the
research and development, quality control and quality assurance departments. Analytical procedures play a critical role
in equivalence and risk assessment, management. It helps in establishment of product-specific acceptance criteria
and stability of results.Validation should demonstrate that the analytical procedure is suitable for its intented purpose.
Design of experiment is a powerful tool for the method characterization and validation. Analytical professionals should
be comfortable to use it to characterize and optimize the analytical method. An effective analytical method development
and its validation can provide significant improvements in precision and a reduction in bias errors. It can further help to
avoid costly and time consuming exercises.
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early procedures can be used to guide further development.

Introduction

The life cycle of an analytical method is brief as shown in Figure 1.
The common steps followed in the method development are as follows:

Analytical method development
Analytical Chemistry is the branch of Science that uses advance
technologies in determining the composition by analytical technique.
We can achieve both qualitative as well as quantitative results. Analytical
instruments play a major role in the process to achieve high quality
and reliable analytical data. Thus everyone in the analytical laboratory
should be concerned about the quality assurance of equipment.
Analytical method could be spectral, chromatographic,
electrochemical, hyphenated or miscellaneous. Analytical method
development is the process of selecting an accurate assay procedure to
determine the composition of a formulation. It is the process of proving
that an analytical method is acceptable for use in laboratory to measure
the concentration of subsequent samples Analytical methods should be
used within GMP and GLP environments and must be developed using
the protocols and acceptance criteria set out in the ICH guidelines
Q2(R1). The prerequisite for method development are as follows [1-4]:
1. Qualified and calibrated instruments
2. Documented methods
3. Reliable reference standards
4. Qualified analysts
5. Sample selection and integrity
6. Change control
An analytical procedure is developed to test a defined characteristic
of the substance against established acceptance criteria for that
characteristic. In the development of a new analytical procedure,
the choice of analytical instrumentation and methodology should be
based on the intended purpose and scope of the analytical method.
The important parameters that may be evaluated during method
development are specificity, linearity, limits of detection (LOD) and
quantitation limits (LOQ), range, accuracy and precision (Table 1).
During early stages of method development, the robustness of methods
should be evaluated because this characteristic ultimately helps to decide
which method will be approved. Analytical procedures development
are primarily based on a combination of mechanistic understanding of
the basic methodology and prior experiences. Experimental data from
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1. Standard analyte characterization
2. Method requirements
3. Literature search
4. Selecting the method
5. Instrumental setup and preliminary studies
6. Optimization of parameters
7. Documentation of analytical figure
8. Evaluation of the method development with the sample
9. Determination of percent recovery of the sample
10. Demonstration of quantitative sample analysis
The ability to provide accurate, reliable and consistent data is the
motive of the analytical chemist. Method development procedures are
complex, extended and expensive endeavors. An analytical method
details the steps and techniques necessary to perform an analysis. This
may include: preparation of samples, standards and reagents; use of
apparatus; generation of the calibration curve, use of the formulae for
the calculation etc. Analytical Method Development is required for [14]:
1. Herbal products and their potency
2. New process and reactions
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-
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-
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-

-
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-
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-
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-

+

-

+

Robustness

+

+

+

+

Table 1: The parameters of an analytical procedure.

Development of Method

Redevelopment required due to change

Validation of the Method

Revalidation needed due to change

Method in routine use

Validated & Reformed

Change the method

Validated yet unchanged

Figure 1: The life cycle of an analytical method.

3. New molecules development
4. Active ingredients (Macro analysis)
5. Residues (Micro analysis)
6. Impurity profiling
7. Component of interest in different proportion
8. Degradation studies

8. World Health Organization (WHO)
When some changes are made in the validated nonstandard
methods, the influence of such changes should be documented and a
new validation should be carried out. If standard methods are available
for a specific sample test, the most recent edition should be used.
Validation includes specification of requirements, determination of
method characteristics, a check that the requirements can be fulfilled
by using the method, a statement on validity [5-8].

1. United States Food and Drug Administration (US FDA)

To fully understand the effect of changes in method parameters
on an analytical procedure, adopt a systematic approach for method
robustness study (design of experiments with method parameters)
followed by an initial risk assessment and multivariate experiments.
Such approaches allow us to understand parameter effects on method
performance. Evaluation of a method’s performance may include
analyses of samples obtained from in-process manufacturing stages to
the finished product. The information obtained during these studies
on the sources of method variation can help to assess the method’s
performance.

2. Current Good Manufacturing Practice (cGMP) regulations

Validation of the method

3. Good Laboratory Practice (GLP) regulations.

Data quality is assured by the combination of four components:
analytical instrument qualification (AIQ); analytical method validation;
system suitability tests and quality control checks. Validation of an
analytical method is intended to demonstrate that it is suitable for
its intended use. We generally validate the method under following
conditions:

Need of analytical method development and validation
The need of validation of the analytical method development and
validation emerged due to international competition, maintaining the
standard of products in high commercial & market value and ethical
reasons. Various International Regulatory Agencies have set the
standard and fixed the protocol to match the reference for granting
approval, authentication and registration. Some of the famous
organizations governing the quality standards are:

4. The Pharmaceutical Inspection Cooperation Scheme’s (PIC/S)
5. Pharmaceutical Inspection Cooperation Scheme (PIC/S)
6. The International Conference for Harmonization (ICH)
7. Quality Manual ISO/IEC 17025 issued by International
Organization for Standardization
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1. During method development
2. Checking the system suitability

Volume 6 • Issue 1 • 1000233

Citation: Chauhan A, harti Mittu B, Chauhan P (2015) Analytical Method Development and Validation: A Concise Review. J Anal Bioanal Tech 6: 233 doi:
10.4172/2155-9872.1000233

Page 3 of 5
3. Change of application, environment, analyst
4. While using after a prolonged period of time
5. Checking reliability and consistency
The type of method and analytical technique used will determine
the nature and extent of the validation studies required. The most
common methods for validation are identification, assay and impurities
determination [5-8].
The validation report details the results of the validation study. Its
purpose is to provide the information on the characteristics on the basis
of which they were tested during the study, the results obtained and
the interpretation of those results. Typical information in a validation
report includes:
1. Validation protocol.
2. Analytical method
3. The validation parameters
4. The results
5. Interpretation of the results
6. Relevant validation information
7. Details of the reference materials
8. Details of batch number
9. Details of the equipment used for the study
10. References to the laboratory details
Typical validation parameters recommended by FDA, USP, and
ICH are as follows:
1. Specificity
2. Linearity and Range
3. Precision
(A) Method precision (Repeatability)
(B) Intermediate precision (Ruggedness)
4. Accuracy
5. Solution stability
6. Limit of Detection (LOD)
7. Limit of Quantification (LOQ)
8. Robustness
Method validation is a vast area which includes many validation
parameters with different approaches for different level of requirements
based on intended use of analytical method. Validated method
elucidates the unpredicted or unknown problem during the course of
routine usage. Validated method has limited level of confidence. After
method development it needs to be validated as per requirement that
gives certain level of confidence for its intended use.

Criteria of Validation
The validation of an analytic method demonstrates the scientific
soundness of the measurement or characterization. It is required to
varying extents throughout the regulatory submission process. The
validation practice demonstrates that an analytic method measures the
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correct substance, in the correct amount and in the appropriate range
for the samples. It allows the analyst to understand the behavior of the
method and to establish the performance limits of the method [9-11].
In order to perform method validation, the laboratory should
follow a written standard operating procedure (SOP) that describes
the process of conducting method validation. The laboratory should
use qualified and calibrated instrumentation. There should be a welldeveloped and documented test method and an approved protocol
prior to validation. The protocol is a systematic plan that describes
which method performance parameters should be tested, how the
parameters will be assessed with its acceptance criteria. Like in case
of Pharmaceuticals, an API or drug product, placebos and reference
standards are needed to perform the validation experiments.
Accuracy is the closeness of agreement between the values found.
The value accepted as a conventional true value or the accepted
reference value. Several methods of determining accuracy are available.
It can be screened by the use of an analytical procedure to an analyte of
known purity, by comparison of the results of the proposed analytical
procedure with those of a second accepted procedure, the accuracy
of which is stated and defined. It can also be inferred once precision,
linearity and specificity have been established [3-9].
Precision of an analytical procedure expresses the closeness of
agreement between a series of measurements obtained from multiple
sampling of the same homogeneous sample under the prescribed
conditions. It can be sub divided into repeatability, intermediate
precision and reproducibility. The standard deviation, relative standard
deviation like coefficient of variation and confidence interval should be
reported for each type of precision investigated.
1. Repeatability should be assessed using a minimum of 9
determinations covering the specified range for the procedure by 3
replicates or 6 determinations at 100% of the test concentration.
2. Immediate precision depends upon the circumstances under
which the procedure is intended to be used. The specific day, analyst
performing, equipment are the random events that cast effect on the
precision of the analytical procedure. It is not considered necessary
to study these effects individually. The use of an experimental design
should be encouraged.
3. Reproducibility is assessed by means of an inter-laboratory trial.
Reproducibility should be considered in case of the standardization of
an analytical procedure.
4. Specificity is the ability to assess the analyte for the presence
of various components that may be present. It can be established by
a number of approaches, depending on the intended purpose of the
method. The ability of the method to assess the analyte of interest in
a drug product is determined by a check for interference by placebo.
Specificity can be assessed by measurement of the API in samples that
are spiked with impurities or degradants. If API-related compounds
are not available, drug can be stressed or force-degraded in order to
produce degradation products. In chromatographic separations,
apparent separation of degradants may be confirmed by peak purity
determinations by photodiode array, mass purity determinations by
mass spectroscopy (MS) or by confirming separation efficiency using
alternate column chemistry. During forced degradation experiments,
degradation is targeted at 5 to 20% degradation of the API, in order
to avoid concerns about secondary degradation. Lack of specificity
of an individual analytical procedure may be compensated by other
supporting analytical procedures.
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5. The detection limit of an individual analytical procedure is the
lowest amount of analyte in a sample that can be detected. It can be
determined visually, by signal to noise ratio, standard deviation of the
response and the slope. Detection limit signal to noise approach can
only be applied to analytical procedures which exhibit baseline noise.
Comparing measured signals from samples with known concentrations
of analyte with those of blank samples and establishing the minimum
concentration at which the analyte can be reliably detected. A signalto-noise ratio between 3 or 2:1 is generally considered acceptable
for estimating the detection limit. The detection limit (DL) may be
expressed as: DL=3.3 σ/ S where, σ is the standard deviation of the
response, S is the slope of the calibration curve. The slope S may be
estimated from the calibration curve of the analyte. The estimate of σ
may be carried out in a variety of ways, based on the standard deviation
of the blank and the calibration curve [2-9]
6. The linearity of an analytical procedure is its ability to obtain test
results that are directly proportional to the concentration of analyte in
the sample. Test results should be evaluated by appropriate statistical
methods, by calculation of a regression line like by the method of least
squares. correlation coefficient, y-intercept, slope of the regression line
and residual sum of squares for which a minimum of five concentrations
are recommended.
7. The range of an analytical procedure is the interval between the
upper and lower concentration of analyte in the sample for which it has
been demonstrated that the analytical procedure has a suitable level of
precision, accuracy and linearity.
8. Robustness is typically assessed by the effect of small changes
in chromatographic methods on system suitability parameters such
as peak retention, resolution and efficiency. Experimental factors that
are typically varied during method robustness evaluations include: (i)
age of standards and sample preparations (ii) sample analysis time
(iii) variations to pH of mobile phase (iv) variation in mobile phase
composition (v) analysis temperature (vi) flow rate (vii) column
manufacturer (viii) type and use of filter against centrifugation.
Robustness experiments are an ideal opportunity to utilize statistical
design of experiments, providing data-driven method control.
The ICH guidance on validation distinguishes the types of methods
according to the purpose of the method and lists suitable evaluation
type. The ICH guidlines suggests detailed validation schemes relative
to the purpose of the methods. It lists recommended data to report
for each validation parameter. Acceptance criteria for validation must
be based on the previous performances of the method, the product
specifications and the phase of development.
As previously mentioned, the path to validation forms a
continuum. It begins in the early phases of development as a set of
informal experiments that establishes the soundness of the method
for its intended purpose. It is expanded throughout the regulatory
submission process into a fully-documented report that is required for
commercial production. It is repeated whenever there is a significant
change in instrumentation, method, specifications and process [1-11]

Issues and Challenges
For a method development and validation program to be
successful, a holistic approach is recommended. A common challenge
encountered during methods development and validation is that
methods are typically developed by the research and development
department whereas validation is typically the responsibility of a
quality assurance and quality control. It’s important that all the groups
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work as one team. Various groups may be responsible for ensuring the
suitability of the methods to support various phases and commercial
manufacturing. The transfer of analytical methods from one group to
another then becomes an important step for ensuring that the proper
validation is in place to justify its intended use. Because the method
will be run by several groups during its progress from development
to validation but the method must be robust. A common weakness
in development and validation of methods is that the methods are
not robust enough. If robustness is not built into methods early in
development then the results are likely to lack efficiency in quality
testing and encounter lengthy and complicated validation process.
It is achieved by conducting forced-degradation studies. The design
and execution of these studies requires thorough knowledge of the
product being tested as well as a good understanding of the analysis
technique. New regulatory guidelines are being published that govern
the expectations of regulatory agencies throughout the world for
methods development and validation. There is need to meet current
regulatory standards. From a simple method improvement to a
complete redevelopment and subsequent implementation is tedious
task. For this reason, one must be alert to current trends in regulatory
guidelines and to adopt a proactive approach to changes that may
affect development and validation programs. Finally, one of the key
requirements for methods validation is that only well-characterized
reference materials with proper documented purities should be used
during method validation [1-15].

Conclusions
Analytical method development helps to understand the critical
process parameters and to minimize their influence on accuracy and
precision. Analytical methods should be used by following GMP
and GLP guidelines and must be developed using the protocols and
acceptance criteria set out in the ICH guidelines Q2(R1). Method
validation helps to validate the analytical method for a range of
concentrations so that the change in formulation or concentration
do not require additional validation. Once the methods have been
developed, qualified and validated the impact they have on out-ofspecification rates and process capability needs to be quantified and
evaluated to determine its effectiveness for future use.
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