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5) ISO 11140 Chemical indicators

6) ISO 11737 Microbiological methods
Part 1: Estimation of population of micro-
organisms on products

16. Validation of Analytical
Procedures

The validation of an analytical procedure is the process of
confirming that the analytical procedure employed for a test
of pharmaceutics is suitable for its intended use. In other
word, the validation of an analytical procedure requires us
to demonstrate scientifically that risks in decision by testing
caused by errors from analytical steps are acceptably small.
The performance of an analytical procedure is established
by various kinds of validation characteristics. The validity
of a proposed analytical procedure can be shown by demon-
strating experimentally that the validation characteristics of
the analytical procedure satisfy the standards set up accord-
ing to the acceptable limits of testing.

When an analytical procedure is to be newly carried in the
Japanese Pharmacopoeia, when a test carried in the
Japanese Pharmacopoeia is to be revised, and when the test
carried in the Japanese Pharmacopoeia is to be replaced
with a new test according to regulations in general notices,
analytical procedures employed for these tests should be vali-
dated according to this document.

Required data for analytical procedures to be carried in the
Japanese Pharmacopoeia

(1) Outline

This section should provide a brief explanation of the
principle of a proposed analytical procedure, identify the
necessity of the analytical procedure and its advantage com-
pared with other procedures, and summarize the validation.
When an analytical procedure is revised, the limitation of
the current analytical procedure and the advantage offered
by the new analytical procedure should be described.

(2) Analytical procedure

This section should contain a complete description of the
analytical procedure to enable skilled persons to evaluate
correctly the analytical procedure and replicate it if necessa-
ry. Analytical procedures include all important operating
procedures for performing analyses, the preparation of stan-
dard samples, reagents and test solutions, precautions,
procedures to verify system suitability (e.g. the verification
of the separating performance of a chromatographic syst-
em), formulas to obtain results, the number of replications
and so forth. Any instruments and apparatus that are not
stated in the Japanese Pharmacopoeia should be described
in detail. The physical, chemical or biological characteristics
of any new reference standards should be clarified and their
testing methods should be established.

(3) Data showing the validity of analytical procedures

This section should provide complete data showing the
validity of the analytical procedures. This includes the ex-
perimental designs to determine the validation characteris-
tics, experimental data, calculation results and results of
hypothesis tests.

Validation characteristics
The definition of typical validation characteristics to be as-
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sessed in validation of analytical procedures and examples
of assessing procedures are given below.

The terminology and definitions of the validation charac-
teristics may possibly vary depending upon the fields to
which analytical procedures are applied. The terminology
and definitions shown in this document are established for
the purpose of the Japanese Pharmacopoeia. Typical
methods for assessing the validation characteristics are
shown in the item of assessment. Various kinds of methods
to determine the validation characteristics have been
proposed and any methods that are widely accepted will be
accepted for the present purpose. However, since values of
the validation characteristics may possibly depend upon
methods of determination, it is required to present the
methods of determining the validation characteristics, the
data and calculation methods in sufficient detail.

Although robustness is not listed as a validation charac-
teristic, it should be considered during the development of
analytical procedures. Studying the robustness may help to
improve analytical procedures and to establish appropriate
analytical conditions including precautions.

(1) Accuracy/ Trueness

Definition: The accuracy is a measure of the bias of ob-
served values obtained by an analytical procedure. The ac-
curacy is expressed as the difference between the average
value obtained from a large series of observed values and
the true value.

Assessment: The estimate of accuracy of an analytical
method is expressed as the difference between the total mean
of observed values obtained during investigation of the
reproducibility and the true value. The theoretical value is
used as the true value (e.g., in the case of titration methods,
etc.). When there is no theoretical value or it is difficult to
obtain a theoretical value even though it exists, a certified
value or a consensus value may be used as the true value.
When an analytical procedure for a drug product is consi-
dered, the observed value of the standard solution of the
drug substance may be used as the consensus value.

It may be inferred from specificity data that an analytical
procedure is unbiased.

The estimate of accuracy and a 95% confidence interval
of the accuracy should be calculated using the standard er-
ror based on the reproducibility (intermediate precision). It
should be confirmed that the confidence interval includes
zero or that the upper or lower confidence limits are within
the range of the accuracy required of the analytical proce-
dure.

(2) Precision

Definition: The precision is a measure of the closeness of
agreement between observed values obtained independently
from multiple samplings of a homogenous sample and is ex-
pressed as the variance, standard deviation or relative stan-
dard deviation (coefficient of variation) of observed values.

The precision should be considered at three levels with
different repetition conditions; repeatability, intermediate
precision and reproducibility.

(1) Repeatability/ Intra-assay precision

The repeatability expresses the precision of observed
values obtained from multiple samplings of a homogenous
sample over a short time interval within a laboratory, by the
same analyst, using the same apparatus and instruments,
lots of reagents and so forth (repeatability conditions).
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(ii)) Intermediate precision

The intermediate precision expresses the precision of ob-
served values obtained from multiple samplings of a
homogenous sample by changing a part of or all of the oper-
ating conditions including analysts, experimental dates, ap-
paratus and instruments and lots of reagents within a labora-
tory (intermediate precision condition).

(iii) Reproducibility

The reproducibility expresses the precision of observed
values obtained from multiple samplings of a homogenous
sample in different laboratories (reproducibility condition).

Assessment: A sufficient volume of a homogenous sample
should be prepared before studying the precision. The solu-
tion is assumed to be homogenous. When it is difficult to ob-
tain a homogenous sample, the following samples may be
used as homogenous samples; ¢.g., a large amount of drug
products or mixture of drug substance and vehicles that are
crushed and mixed well until they can be assumed to be
homogenous.

Suitable experimental designs such as one-way layout may
be employed when more than one level of precision is to be
investigated simultaneously. A sufficient number of repeti-
tions, levels of operating conditions and laboratories should
be employed. Sources of variations affecting analytical
results should be evaluated as thoroughly as possible
through the validation.

It is required to show the variance, standard deviation
and relative standard deviation (coefficient of variation) of
each level of precision. The 90% confidence interval of the
variance and corresponding intervals of the standard devia-
tion and relative standard deviation should also be estab-
lished. The validity of the proposed analytical procedure for
its intended use may be confirmed by comparing obtained
values with the required values of the analytical procedure.
Whether the proposed analytical procedure is acceptable
may normally be decided based on the reproducibility.

(3) Specificity

Definition: The specificity is the ability of an analytical
procedure to measure accurately an analyte in the presence
of components that may be expected to be present in the
sample matrix. The specificity is a measure of discriminating
ability. Lack of specificity of an analytical procedure may be
compensated by other supporting analytical procedures.

Assessment: It should be confirmed that the proposed ana-
Iytical procedure can identify an analyte or that it can ac-
curately measure the amount or concentration of an analyte
in a sample. The method to confirm the specificity depends
very much upon the purpose of the analytical procedure.
For example, the specificity may be assessed by comparing
analytical results obtained from a sample containing the ana-
lyte only with results obtained from samples containing ex-
cipients, related substances or degradation products, and in-
cluding or excluding the analyte. If reference standards of
impurities are unavailable, samples that are expected to con-
tain impurities or degradation products may be used (e.g.
samples after accelerated or stress tests).

(4) Detection limit

Definition: The detection limit is the lowest amount or
concentration of the analyte in a sample that is detectable,
but not necessarily quantifiable.

Assessment: The detection limit should be normally deter-
mined so that producer’s and consumer’s risks are less than
5%. The detection limit may be calculated using the stan-
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dard deviation of responses of blank samples or samples
containing an analyte close to the detection limit and the
slope of the calibration curve close to the detection limit.
The following equation is an example to determine the detec-
tion limit using the standard deviation of responses of blank
samples and the slope of the calibration curve.

DL = 3.3g/slope

DL: detection limit

o: the standard deviation of responses of blank
samples

slope: slope of the calibration curve

The noise level may be used as the standard deviation of
responses of blank samples in chromatographic methods. It
should be ensured that the detection limit of the analytical
procedure is lower than the specified limit for testing.

(5) Quantitation limit

Definition: The quantitation limit is the lowest amount or
concentration of the analyte in a sample that can be deter-
mined. The precision expressed as the relative standard devi-
ation of samples containing an analyte at the quantitation
limit is usually 10%.

Assessment: The quantitation limit may be calculated us-
ing the standard deviation of responses of blank samples or
samples containing an analyte close to the quantitation limit
and the slope of the calibration curve close to the quantita-
tion limit. The following equation is an example to deter-
mine the quantitation limit using the standard deviation of
responses of blank samples and the slope of the calibration
curve.

QL = 10a/slope

QL: quantitation limit

o: the standard deviation of responses of blank
samples

slope: slope of the calibration curve

The noise level may be used as the standard deviation of
responses of blank samples in chromatographic methods. It
should be ensured that the quantitation limit of the analyti-
cal procedure is lower than the specified limit for testing.

(6) Linearity

Definition: The linearity is the ability of an analytical
procedure to elicit responses linearly related to the amount
or concentration of an analyte in samples. A well-defined
mathematical transformation may sometimes be necessary
to obtain a linear relationship.

Assessment: Responses are obtained after analyzing sam-
ples with various amounts or concentrations of an analyte
according to described operating procedures. The linearity
may be evaluated in terms of the correlation coefficient, and
the slope and y-intercept of the regression line. It may be
also helpful for evaluating the linearity to plot residual er-
rors from the regression line against the amount or concen-
tration and to confirm that there is no particular tendency in
the graph. Samples with five different amounts or concentra-
tions of an analyte should be usually investigated.

(7) Range

Definition: The range for the validation of analytical
procedures is the interval between the lower and upper
limits of the amount or concentration of an analyte provid-
ing sufficient accuracy and precision. The range for the vali-
dation of analytical procedures for an analytical procedure
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with linearity is the interval between the lower and upper
limits providing sufficient accuracy, precision and linearity.

Assessment: When the range for the validation of analyti-
cal procedures is investigated, 80 to 120% of specified limits
of testing should be usually considered. The accuracy, preci-
sion and linearity should be evaluated using samples contain-
ing the lower and upper limits and in the middle of the
range.

Categories of tests employing analytical procedures

Tests covered with this document are roughly classified
into three categories shown below according to their pur-
poses. The table lists the normally required validation
characteristics to be evaluated in the validation of analytical
procedures used in these tests. This list should be considered
to represent typical validation characteristics. A different ap-
proach to validating analytical procedures should be consi-
dered depending upon the characteristics of analytical proce-
dures and their intended use.

Type I Identification. Tests for identifying major com-
ponents in pharmaceuticals according to their characteris-
tics.

Type II Impurity tests. Tests for determination of im-
purities in pharmaceuticals.

Type III Tests for assaying drug substances, active in-
gredients, and major components in pharmaceuticals.
(Additives such as stabilizing agents and preservatives are in-
cluded in major components.) Tests for determining perfor-
mance of pharmaceuticals, such as dissolution testing.

Table Lists of validation characteristics required to be
evaluated in tests of each type

Type of test | Type I Type I Type 111

Validation Quantitation ~ Limit
characteristics test test
Accuracy/ Trueness — + - +
Precision

Repeatability - + - +

Intermediate precision - —* - —*

Reproducibility - -+ * - +*
Specificity** + + + +
Detection limit - - + -
Quantitation limit - + - -
Linearity - + - +
Range - + - +

— Usually need not to be evaluated.

+ Usually need to be evaluated.

* FEither intermediate precision or reproducibility should be
evaluated depending upon circumstances in which analytical
procedures or tests are performed. The latter should be normal-
ly evaluated in the validation of analytical procedures proposed
to be included in the Japanese Pharmacopoeia.

** The lack of the specificity of an analytical procedure may be

compensated by other relevant analytical procedures
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Terminology used in the validation of analytical procedures

Analytical procedure: This document covers analytical
procedures applied to identification, and ones that provides
responses depending upon the amount or concentration of
analytes in samples.

Laboratory: The laboratory means an experimental room
or facility where tests are performed. In this document differ-
ent laboratories are expected to perform an analytical proce-
dure using different analysts, different experimental appara-
tus and instruments, different lots of reagents and so forth.

Number of replications: The number of replications is
one that is described in analytical procedures. An observed
value is often obtained by more than one measurement in
order to achieve good precision of analytical procedures.
Analytical procedures including the number of replications
should be validated. This is different from repetition in the
validation of analytical procedures to obtain accuracy or pre-
cision.

Observed value: The value of a characteristic obtained as
the result of performing an analytical procedure.

Consumer’s risk: This is the probability that products out
of the specification of tests are decided to be accepted after
testing. It is usually expressed as 8, and is called the probabil-
ity of type II error or the probability of false negative in im-
purity tests.

Producer’s risk: This is the probability that products satis-
fying the specification of tests are decided to be rejected af-
ter testing. It is usually expressed as «, and is called the prob-
ability of type I error or the probability of false positive in
impurity tests.

Robustness: The robustness is a measure of the capacity
to remain unaffected by small but deliberate variations in
analytical conditions. The stability of observed values may
be studied by changing various analytical conditions within
suitable ranges including pH values of solutions, reaction
temperature, reaction time or amount of reagents added.
When observed values are unstable, the analytical procedure
should be improved. Results of studying robustness may be
reflected in the developed analytical procedure as precau-
tions or significant digits describing analytical conditions.

Test: Tests mean various tests described in general tests
and official monographs in the Japanese Pharmacopoeia
such as impurity tests and assay. They includes sampling
methods, specification limits and analytical procedures.



