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PREFACE

The development of analytical methods with applicability to
medicines involves instantly verifying and confirming the fact that the
method (or analytical procedure) corresponds exactly to the purpose for
which it was designed/developed. In other words, an analytical method
must be validated. The concept of validation can also be interpreted as a
methodology of scientific accreditation of an analysis method. The main
purpose of the validation is to select the best and most accessible
methods of detection and dosing of a drug substance/pharmaceutical
impurity/degradation products. The validation process is based on
objective data and performance, all determinations being made in strict
accordance with the regulations in the field of drug analysis and control.

The methodological recommendation Validation of analysis
methods is designed as teaching material for students of the study
program 0916. Pharmacy, residents of pharmaceutical specializations,
master's students, doctoral students, pharmacists, but it can also be a
support for specialists in related fields or anyone interested in the field of
validation of analysis methods.

Authors.
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ABBREVIATIONS

ed. —edition

etc. — etcetera

exp. —experimental

FDA —Food and Drug Administration

GLP —Good Laboratory Practice

HPLC —High Performance Liquid Chromatography
ICH —International Harmonization Conference

ISO — International Organization for Standardization
min. — minute(s)

UV-Vis  —ultraviolet-visibile
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INTRODUCTION

The importance of validating an analytical procedure is defined
by the assurance of obtaining reliable and repeatable results for
routine and stability analysis.

From an ethical point of view, the validation of a method is
important because patients trust the results obtained in the laboratory
by analyzing a drug that they are not in the power to do themselves.
Analytical pharmacists, on the other hand, in the process of validating
a method, will apply all aspects of science to obtain reliable results.

Likewise, from a commercial point of view, it is very important
to be sure that a method will give accurate and precise results before it
is carried out. However, there is also a shortcoming of the validation
of an analysis method in this regard: errors may be detected after the
measurements are made and the experiments will need to be repeated.
In the commercial environment, where the manufacturer has the duty
to ensure the quality of the drug before it is released to the consumer,
validation takes on part of this responsibility.

In some areas, validation of methods according to GLP is a
regulatory requirement and is mandatory for certain types of research.
Thus, it is mandatory to validate accredited methods according to the
ISO standard. Evaluating the performance parameters of a method
during the validation process provides data that shows which parts of
the method are stable as well as where the weak points are. Validation
helps design and implement appropriate quality control procedures.

The data obtained from the validation of a method provide
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information that allows the comparability of the results of the samples
analyzed in different laboratories.

Purpose: to be able to define the principles of the validation of
an analysis method and acquaint the general working methodologies.

Recommended minimum duration
To study the topic, 2 laboratory works (6 hours) are given.
Stages of studying the theme:
1. Theoretical preparation for the fulfillment of the determined goals.
2. Carrying out practical assignments.
3. Current knowledge assessment.
Objectives of the theme:

1. On the basis of consulting the course support and specialized
literature to acquire the general notions regarding the validation of an
analysis method;
2. Knowledge of the general aspects of the validation process of an
analytical method;
3. Knowledge and appreciation of the validation parameters of an
analysis method;

4. Preparation of a validation report.
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SUBJECTS FOR THE INDIVIDUAL PREPARATION OF THE
STUDENT BASED ON THE THEORETICAL MATERIAL

1. Definition of validation of an analytical method. Specify the
validation parameters.

2. The role of validation in pharmaceutical analysis.

3. Specificity — validation parameter. Definition, characterization
and application.

4. Linearity — validation parameter. Definition, characterization and
application.

5. Accuracy — validation parameter. Definition, characterization
and application.

6. Accuracy — validation parameter. Definition, characterization
and application.

7. Detection limit - validation parameter. Definition,
characterization and application.

8. Lower limit of quantification — validation parameter. Definition,
characterization and application.

9. Robustness — validation parameter. Definition, characterization
and application.

10. Preparation of a validation report.
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INFORMATIONAL MATERIAL
The process of validation of an analytical method. General aspects

Validation of an analytical method, according to the United
States Pharmacopoeia 31, is "the process of determining through
laboratory studies whether that method meets the conditions for the
analytical applications for which it was developed."

Thus, the validation process has the role of verifying and
establishing which are the limits of variability between which the
method will present specific, accurate and precise results.

In the field of pharmaceutical analysis, the process of validating
a method is regulated in validation guidelines. For the first time, in
1987 the FDA issued practical guidelines on the main principles of
validation and on the presentation of samples and data analyzes
related to the validation of methods. In 1993, within the ICH guide,
the first generalized recommendations regarding the validation of
analysis methods appeared, these documents being published in 1994
and treated in more detail in 1995.

Currently, the process of validating an analysis method is
regulated in the following normative acts:

e ICH Q2R1 guide: for analytical procedures and validation; The
ICH Q2R2 guideline is under approval, available for discussion;

e European Pharmacopoeia, ed. the eleventh;

e Pharmacopoeia of the United States of America: 1225 Validation of
compendial methods;

e Food and Drug Administration of the United States of America:

Guide "Validation of methods of analysis for drugs and biological

9
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substances”;
e Center for the Evaluation and Research of Medicines: Guide
"Validation of a Bioanalytical Method".

The ICH quality guidelines (The International Conference of
Harmonization of Technical Requirements) reflect a harmonized
approach to ensuring the quality control of medicines. They
complement and explain the requirements of the Pharmacopoeia
monographs. Guidelines Q2(R1) and Q2(R2) Validation of Analytical
Procedures/Validation of Analytical Procedures) identify the
validation parameters required for a variety of analytical methods. It
also describes the characteristics that must be taken into account when
validating analytical procedures.

Validation parameters of a method of analysis

Any newly developed analysis method must be validated, but
also those that have already been developed and included in
pharmacopoeias or other recognized analytical documents, but have
undergone small changes in the working technique, also need to be
revalidated. Thus, it must be checked in real conditions if an analysis
method will give precise and accurate results using well-documented
normative acts. When carrying out the process of validation or
revalidation of a method, the parameters included in the ICH
guidelines, which address the validation of analysis methods, will be

taken into account first of all (figure 1).

10
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The choice of validation parameters to be tested is influenced
by:

e the purpose of analytical measurements (dosage of a medicinal
substance, impurity determinations, stability studies,
determinations of biological environments, etc.);

e analytical procedure;

¢ the nature and concentration of the analyte;

e the nature of the matrix;

e regulations in the field.
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Figure 1. Validation parameters of an analytical method
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Table 1 lists the most important parameters for the validation of
different types of analytical procedures according to ICH Guideline
Q2(R1). The same parameters will be used in the case of revalidation,
which may be required in the following circumstances:

- changes in the synthesis of the medicinal substance;

- changes in the composition of the medicine;

- changes in the analytical method.

Table 1. Validation parameters for different types of analysis

methods
Analysis Impurity determination
methods/ Identification meth(guantitative Assay
Validation method Identification determination method
parameters of impurities . .
of impurities
Specificity + + +
Accuracy + +
Precision:
Repeatability + +
Intermediate e + O
precision
Limit of + + 2) +©
Detection
Limit of A3
e + +
Quantification
Linearity +
Robustness + + + +

"+" Mandatory

(1) In cases where the reproducibility parameter will be achieved, the
intermediate precision it's not necessary;

(2) The detection limit in some situations may be necessary;

(3) If the method is developed at low concentrations, towards the detection limit
of the method, it is mandatory to determine the detection limit and the lower
limit of quantification. If methods are applied at high concentrations, then these
two parameters do not have to be determined.

12
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Specificity. In the ICH Q2(R1) Guide, specificity is defined as

follows: "the ability of the method to evaluate the substance to be

analyzed in the presence of other compounds that may be present,

such as: impurities, excipients, etc." This parameter is used both in the

methods intended for the identification and for the determination of

the purity and quantitative content of a medicinal substance:

in the case of an identification method, specificity aims to
demonstrate that the method is capable of detecting the
medicinal substance with certainty, even in the presence of
specific and very similar impurities according to the chemical
structure;

in the case of a method used for the purpose of determining
purity, the specificity comes to ensure the purity of an active
substance, by detecting and measuring the exact amount of
chemically related impurities, solvents, inorganic impurities,
etc., if they are present in the medicinal substance;

for the quantitative determination of a medicinal substance,
specificity is a parameter that contributes to demonstrating that
the method will be able to detect with certainty and quantify
with accuracy and precision the medicinal substance in the
presence of other substances such as: excipients, solvents,
possible impurities, within accessible limits, etc.

The linearity of an analysis method is a parameter that indicates

the possibility of the method to obtain results directly proportional to

the concentration of the medicinal substance. Linearity is important

for the quantitative determination of an active substance or an

13
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impurity, as well as in the case of the dissolution test within a certain
well-defined range, since for each batch of medicine the content of the
active substance and potential impurities may vary slightly, which is
why concentrations above and below that expected value must be
determined correctly.

Linearity should be evaluated as follows:

* at least 5 analyte concentrations are used, each concentration
being carried out and analyzed at least 3 times, and the results
obtained must be analyzed statistically, most often by performing
regression analysis using the least squares method,;

* r (correlation coefficient) to be between 0.99 and 1.00
(preferably higher than 0.999, but this criterion is not sufficient);

* the linear regression graph (calibration or calibration right)
being an average, then the coefficient of variation % of the points
compared to the regression line must be lower than a limit value
imposed by the regulations in the field; for example in pharmaceutical
analysis it is 2.0% at the lower limit of quantification;

» the residuals (the difference between the concentration
calculated from the regression line and the theoretical concentration,
%) must not have a tendency to increase or decrease with increasing
concentration and be randomly distributed in a certain range from O;
also, their values must fall within the limits imposed by the
regulations in the field.

In a linear regression line y = mx + c, the regression coefficient
is the constant "m"™ which represents the rate of change of one variable

"y" as a function of the change in the other variable "x" (hence the

14
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slope), while "c” is the Y-intercept. Thus, m is the slope and c is the
intercept of the ordinates.

Precision (fidelity) is a validation parameter that represents the
degree of agreement between test results when the method is repeated
several times. Precision is usually expressed as the standard deviation
or relative standard deviation (coefficient of variation) of a series of
measurements and should be no more than 2.0%.

The precision of a method is of three types, and for each type,
the standard deviation, relative standard deviation, and confidence
interval are determined:

o repeatability, which is performed by repeating the method in a
laboratory over a short period of time, using the same analyst
with the same equipment. Repeatability should be assessed
using at least nine determinations covering the range of the
method. Thus, as a rule, it is done on three concentrations and
three replicates of each concentration or using at least six
determinations at 100% of the sample concentration;

e intermediate precision, which is the result of within-laboratory
variations due to random events such as different days,
different analysts, different equipment, etc.

e reproducibility, which expresses the precision between
laboratories, being demonstrated through an interlaboratory
study.

The accuracy of an analytical method is the closeness of the
results obtained by that method to the actual or true value. It is

recommended that accuracy be determined using a minimum of 9

15
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determinations at at least 3 concentration levels covering the specified
range: 3 concentrations of 3 replicates each.

The detection limit is a validation parameter that is determined
by analyzing samples of known analyte concentration and establishing
that minimum level at which the analyte can be detected, but not
necessarily quantified as a precise value, under the previous
experimental conditions. Usually, the limit of detection is expressed in
the unit of measurement of the concentration of the medicinal
substance in the sample.

Depending on the device used for analysis, the nature of the
medicinal substance and the nature of the method, there are a number
of possibilities for determining the detection limit:

* visual observation;

* signal-noise ratio;

* the standard deviation of the answer;

» the standard deviation of the slope of the linearity graph.

To determine the detection limit by using the value of the
standard deviation of the slope of the calibration line, which was built
to the linearity parameter, the formula for calculating the ratio of the
standard deviation of the intercepts of the calibration curves to the
slope of the calibration line is applied.

The lower limit of quantification is a characteristic of the
validation process of an analytical method, which signifies the lowest
drug concentration in a sample with which the corresponding
precision and accuracy are estimated under the stated experimental

conditions.

16
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Similar to the limit of detection, the following methods are
recommended for estimating the limit of quantification:

* visual assessment;

* signal-noise ratio;

* the standard deviation of the answer;

» the standard deviation of the slope of the linearity graph.

To determine the quantification limit by using the value of the
standard deviation of the slope of the calibration line, which was built
to the linearity parameter, the formula for calculating the ratio of the
standard deviation of the response to the mean of the slopes of the
calibration curves is applied.

Robustness is a parameter that measures the ability of an
analysis method to remain unchanged to small changes in method
parameters. The variable parameters of the method are different,
depending on the type of method that needs to be validated, and for
their selection the work technique will be taken into account.

Methodological peculiarities of validation parameters

Specificity. Although this parameter was initially intended for
studies evaluating the purity and determining the quality of drugs or
active substances, it is now also mandatory for quantitative research.
To check specificity the placebo solution is measured in the same way
as the standard solvent solutions. The placebo solution contains the
auxiliary substances in the pharmaceutical form, but without the active
substance(s). Solvent standard solutions are the standard solutions

obtained with the reference substance in the appropriate solvent.

17
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Linearity represents the most important stage of the validation of
a dosing method and expresses the proportionality of the instrumental
signal with the amount existing in the sample, over a range of
concentrations where accuracy, precision and linearity are acceptable.
The range of concentrations in which the linearity is checked is
usually the range of concentrations in which the samples to be
analyzed are expected to fall. Work in parallel with solvent standard
solutions (standard solutions obtained with the reference substance in
the appropriate solvent) and labeled placebo solutions (standard
solutions obtained from placebo samples labeled with the reference
substance) obtained on different days or by different analysts. Work at
a minimum of 5 concentration levels (k=5 groups), each concentration
being performed and analyzed 3 times (n=3) by different analysts or
on 3 different days for the same concentration. Thus, the total number
of realizations for k=5 and n=3 is equal to 15 for the standard solvent
solutions as well as for the labeled placebo solutions, totaling 30
results.

Accuracy expresses the closeness of the result obtained with that
method to the true (theoretical) value. It can be determined by serially
marking standard samples of concentrations in the range considered
for linearity testing with known amounts of analyte of a placebo (an
artificially created matrix that reproduces the analyte matrix in the
samples to be analyzed). Work is done at 5 concentration levels
around the value of interest, each concentration level being performed

at least 3 times. It is expressed as the recovery of the analyte from the

18
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reconstituted pharmaceutical form, using as a reference system the
calibration curve obtained with standard solutions.

The precision is verified starting from determinations performed
both on labeled placebo solutions (standard solutions obtained from
placebo samples labeled with reference substance) and on standard
solutions in solvent (standard solutions obtained with the reference
substance in the appropriate solvent). We work at a concentration
level that would result for the solution obtained by processing the drug
sample (100% concentration level — corresponding 100% to the
concentration level of the sample, also known as the concentration
level expected in the sample to be analyzed).

To check the repeatability, n=6 solutions are prepared and
analyzed by k=3 different analysts or on k=3 different days, both as
standard solutions in solvent and as labeled placebo solutions.

Limit of Detection is possible to be determined by several
methods, depending on the type of method:

a. Visual assessment can be used for both non-instrumental and
instrumental methods by analyzing samples with known
analyte concentrations to establish the minimum level at
which the analyte can be reliably detected.

b. Signal-to-noise ratio. This method can only be applied to
analytical  procedures that exhibit baseline noise.
Determination of the signal-to-noise ratio is performed by
comparing the measured signals from samples with known
low concentrations of analyte to those of blank samples and

establishing the minimum concentration at which the analyte

19
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can be reliably detected. A signal-to-noise ratio between 3 or
2:1 is generally considered acceptable for estimating the
detection limit.

c. The standard deviation of the response and the standard
deviation of the slope of the linearity plot. The detection limit
can be calculated by the calculation formula (1):

Lop = 23-5D . in which: (1)

a
LOD - Limit of Detection;

SD — the Standard Deviation of the intercept;
a — the slope of the calibration line.

The quantitation limit can be determined by the same methods as

the detection limit:

a. Visual assessment can be used for non-instrumental methods,
but also for instrumental ones. The lower Ilimit of
guantification is generally determined by analyzing samples
with known analyte concentrations and establishing the
minimum level at which the analyte can be quantified with
acceptable accuracy and precision.

b. Signal-to-noise ratio. As with the determination of the Limit
of Detection, this method can only be applied to analytical
procedures that exhibit baseline noise. The determination of
the signal-to-noise ratio is performed by comparing the
signals measured from samples with known low
concentrations of analyte to those of blank samples and

establishing the minimum concentration at which the analyte

20
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can be reliably quantified. A typical signal-to-noise ratio is
10:1.

c. The standard deviation of the response and the standard
deviation of the slope of the linearity plot.

The quantitation limit was determined using the calculation

formula (2):

10-SD
a " inwhich: )

QL

QL — quantitation limit;
SD - the standard deviation of the intercept;
a — the slope of the calibration line.

Robustness. A consequence of the robustness assessment should
be the establishment of a series of system suitability parameters (eg
resolution test) to ensure that the validity of the analytical method is
maintained whenever it is to be used.

Examples of typical variations are:

o stability of analytical solutions;

e extraction time.

Some examples of typical variations for liquid chromatography
can be:

e the influence of pH variations in a mobile phase;
e the influence of variations in the composition of the
mobile phase;

o different columns (different lots and/or suppliers);

21
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e temperature;
e the debit.
Some examples of typical variations for gas chromatography can
be:
e different columns (different batches and/or suppliers);
e temperature;
e the debit.
Interpretation of the statistical results of the validation.
Calculation methods in the validation process
Specificity. The method is considered specific if the placebo
solution does not show a measurable signal, for example, in the UV-
Vis spectrophotometric method, there is no absorbance at the
maximum absorption wavelength of the analyte, and in
chromatographic methods, there is no interference at the retention
time of the substance to be analyzed.
Linearity. The characteristics of the calibration lines are
determined for:

e right obtained with labeled placebo solutions (standard
solutions obtained from placebo samples labeled with reference
substance);

¢ right obtained with standard solutions.

Next step, the following is determined:
1. The Pearson correlation coefficient, which must be greater than

0.99, demonstrating that the line approximates a linear variation of

the analytical signal with concentration.

22
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2. Application of test C to verify the homogeneity of the dispersions

between the 5 concentration levels for each calibration line. If

Cealculated < Chneroreticat, then the variances of the groups of

determinations are homogeneous, with a risk of 5%.

3.Th
a)

b)

4. Th
a)

b)

e application of the F test for:
checking the validity of the regression line (compare the
adjustment errors with the experimental ones). If Fcalculated <
Ftheoretical, then Fcalculated is not significant and the
adjustments are valid at the 5% risk level, the right being valid;
testing the existence of a significant slope (compares the
variations due to the regression with the fitting and
experimental errors). The slopes of the 2 lines must be
significant (Y must increase significantly with the increase of
X, the slope must not tend to 0). If Feaicutated > Ftneoretical, then
Feaculaed 1S Significant. The slope will characterize a linear
dependence with a risk of 5%.

e application of the t test for:
comparing the slopes of the 2 straight lines. If teaculated <
tineoreticat, then the 2 slopes do not differ significantly, at a 5%
risk level,
comparing the ordinates at the origin of the 2 lines. If
tcalculated < ttheoretical, then the 2 ordinates at the origin do
not differ significantly, at a 5% risk level.

Accuracy is checked by:

1. test C, with the help of which the homogeneity of the finding in the

3 groups of determinations obtained on the samples with marked

23




Validation of Methods of Analysis L. Uncu, E. Donici

placebo is tested (standard solutions obtained from placebo samples
marked with reference substance). The variances of the different
groups are homogeneous at a significance threshold of 5%, if
Cexperimental < Ceritical;

2. the F test, with the help of which the retrieval average is validated.
If Fexperimentai < Feritical, then the mean accuracy (retrieval) of the
method is valid at a significance limit of 5%;

3. the calculation of the average relative recovery by which the
percentage accuracy is expressed, which must be between the limits
of 98% and 102%.

Precision is checked by:

1. test C, with the help of the development, the homogeneity of the
finding is tested in the 3 groups of determinations obtained on the
samples with marked placebo (standard solutions obtained from
placebo samples marked with reference substance) and standard
solutions in solvent. The variances of the different groups are
homogeneous at a significance threshold of 5%, if Cexp < Ccritic;

2. calculation of the coefficient of variation of repeatability and

intermediate precision according to the calculation formulas (3, 4):

CVr% = >t.100%,  inwhich: @3)

X

CVr — coefficient of variation of repeatability, %);

S? — repeatability variance (within a group of determinations);

X —average of all determinations.

24
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2 2

SZ+S
CVR% = |— 9 .100%, in which: 4)

X

CVR - the coefficient of variation of the intermediate precision, %;
S? — repeatability variance (within a group of determinations);

S; — the variance between groups of determinations;

X —average of all determinations.

The coefficient of variation of repeatability and intermediate
precision must not exceed the limit value of 2%.

Robustness is a parameter that measures the ability of an
analysis method to remain unchanged to small changes in method
parameters. The variable parameters of the method are different,
depending on the type of method that needs to be validated, and for
their selection the work technique will be taken into account.

Peculiarities of validation of some common methods applied in
drug analysis

UV-Vis spectrophotometry

Validation of the UV-Vis spectrophotometric method is essential
to ensure the accuracy and reliability of the results obtained with this
analytical technique. Here are some of the validation features of the
UV-Vis spectrophotometric method:

e Linearity. It is verified that the method has a linear relationship

between the concentration of the substance of interest and the

25
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measured absorbance or transmittance. This is done by
constructing a calibration curve using reference solutions with
known analyte concentrations.

e Reproducibility and precision. Evaluation of the ability of the
method to provide consistent and accurate results under
repetitive conditions. This involves repeatedly measuring the
same samples and calculating precision errors.

e Limit of detection and limit of quantification. It is determined
to establish the lowest analyte concentrations that can be
accurately detected and quantified using the UV-Vis method.

e Specificity. It is determined whether the method can distinguish
the analyte from other substances that may be present in the
sample. This may require testing for potential interference.

e Accuracy. It is determined how close the measured values are
to the actual concentration values. This is usually done by
reference sample analysis or by using certified samples.

e Stability of the solution. It is checked how stable the analytical
solution is over time, especially if measurements are made over
several hours.

e Robustness. The ability of the method to provide valid results
in the face of minor variations in experimental conditions, such
as changes in temperature or pH, is verified.

e Response to spectral lines. It is determined that the detector

and light source used in the UV-Vis instrument are properly
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calibrated and cover the range of wavelengths relevant to the
analysis.

e Adequate  documentation.  Detailed recording and
documentation of all validation steps, as well as standard
operating procedures, is essential to ensure reproducibility and
verifiability of results.

e Uncertainty assessment. Determine the uncertainty associated
with measurements made using the UV-Vis method to assess
the accuracy of the results.

HPLC method
The HPLC method is widely applied in drug analysis. For its
validation, basic parameters are recommended, such as:

e Specificity. One of the most important features of HPLC
validation is ensuring the specificity of the method. This
implies the ability of the method to separate and identify
compounds of interest from a complex mixture. It is verified
that the method can accurately distinguish the analyte from
other co-eluted substances.

e Linearity. It is verified that the response of the HPLC detector
is proportional to the concentration of the analyte. This is done
by measuring the response of the detector to known analyte
concentrations and creating a linear calibration curve.

e Precision. It refers to the reproducibility of the results. This
can be assessed by measuring the standard deviation of
multiple replicates of the same sample or by determining the

intermediate precision and repeatability precision.
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Limit of detection and limit of quantification. These values
represent the lowest analyte concentrations that can be reliably
detected and quantified by the HPLC method. Determining
these limits is essential to assess the sensitivity of the method.
Accuracy. It is checked how close the measured values are to
the actual value of the analyte concentration. This can be done
by analyzing reference samples or by comparing with other
methods of analysis.

Repeatability and reproducibility. Repeatability refers to
precision within the same laboratory, using the same method
and equipment, while reproducibility refers to precision
between different laboratories.

Stability of solutions and equipment. The stability of the test
solutions and equipment over time is checked to ensure that
there are no significant changes that may affect the results.
Robustness. The ability of the method to produce consistent
results despite small variations in experimental conditions,
such as variations in temperature or solvent flow, is verified.
Interference. Any possible interferences from other substances
or impurities that may affect the results of the analysis are
identified.

Adequate documentation. Detailed records of all validation
procedures, data obtained and analysis protocol are made to
demonstrate method compliance with quality requirements and

applicable regulations.
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Validation of a titrimetric method of assay

Here are some key features and aspects of validating a titrimetric

assay method:

Specificity. The titrimetric method must be specific for the
analyte or chemical compound of interest. This means that the
method must only react with the target analyte and not be
influenced by other substances present in the analysis matrix.
Linearity. Validation should include evaluation of method
linearity. This involves testing the method over a range of
known analyte concentrations to ensure that the instrumental
response or required volume of titrant varies linearly with
concentration.

Precision. Repeatability (reproducibility within the same
laboratory) and reproducibility (reproducibility between
different laboratories) tests can be performed to assess the
precision of the method.

Accuracy. Reference sources or alternative methods may be
used to verify the accuracy of the method.

Sensitivity. It is determined whether the method can detect
small variations in concentration. The more sensitive a method
is, the lower concentrations of the analyte it can detect.

Limit of detection and limit of quantification are determined.
Robustness. The influence of small variations in experimental
conditions such as temperature, pH and titrant concentration is
tested.
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e Checking the titration curve. Validation should include
verification of the titration curve and determination of critical
parameters such as the equivalence point or end point of the
titration.

The practical approach of a general protocol for validation of an
analytical method

The validation procedure involves a very rigorous description of
all the stages of sample preparation, preparation of the equipment and
apparatus used, the way of performing the experiments. For
familiarization with the basic stages of the validation of an
instrumental analysis method, a brief description of a validation study
IS proposed.

Validation study of an HPLC method for the determination of
isohydrafural and methyluracil in combined ointment

The aim of the study is to develop and validate an HPLC method
for the quantitative determination of isohydrafural (figure 2) and

methyluracil (figure 3) in the combined ointment.

O,N CH=N—NH—C— N | /l\
l —
N 0

Figure 2. Chemical structure of
isohydrafural

Figure 3. Chemical structure of
methyluracil

Materials and methods
The researched drug: The combined ointment containing

isohydrafural and methyluracil; 100 g of ointment contains: active
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substances: isohydrafural 0.1 g, methyluracil 4.0 g, excipients:
polyethylene glycol 400, polyethylene glycol 1500.

Reference substances: isohydrafural (synthesized in the
laboratory,  batch  00.01.112.10), pharmacopoeia  standard
methyluracil.

Equipment:

» Liquid Chromatograph Agilent 1220 Infinity LC Technologies,

» Nucleosil 100 C18 chromatographic column, with dimensions
4x150 mm, particle size 10 um,;

» mobile phase: the mixture of methanol and purified water in
the ratio 25:75;

» UV-Vis detection at a wavelength of 260 nm;

» mobile phase flow rate: 1.0 ml/minute;

> temperature of the chromatographic column: +30°C.

The working methodology

The HPLC method is most often used for combined
pharmaceutical forms. Based on the mechanism of separating
components from a mixture, it allows the identification and dosing of
active principles at the same time. Impurities can also be accurately
detected.

Working techniques for obtaining the solutions necessary for
method validation:

Preparation of isohydrafural stock standard solution: 0.01 g
(exact mass) of isohydrafural working standard was transferred to a

100 ml volumetric flask, it was added about 30 mL of mobile phase
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and was stired until dissolved. Then it was brought up to the mobile
phase level.

Preparation of methyluracil stock standard solution: 0.4 g (exact
mass) of methyluracil standard was transferred to a 100 ml volumetric
flask, it was added about 30 mL of mobile phase and was stired until
dissolved. Then it wass brought up to the mobile phase level.

Preparation of the placebo sample. about 1.0 g (exact mass) of
placebo is transferred to a porcelain cup, to which 10 ml of mobile
phase is added and heated at 30°C until melting. The obtained sample
is cooled, filtered through a membrane filter (0.45 um) and transferred
to a 50 ml volumetric flask. The extraction is repeated twice with 15
ml each of mobile phase. The samples obtained are combined with the
first extraction and brought to the mobile phase quota. 5 ml of the
obtained solution are placed in a graduated flask with a capacity of 10
ml and filled up to the mark with mobile phase.

Obtaining of calibration standard solutions for linearity
determination of D, curve of isohydrafural: it was prepared 3 different
series of solutions, each series with 5 concentration levels of standard
solutions with concentrations of 8, 9, 10, 11 and 12 pg/ml in diluted
placebo .

Obtaining of calibration standard solutions for linearity
determination of D2 curve of isohydrafural: it was prepared 3 different
series of solutions, each series with 5 concentration levels of standard
solutions with concentrations of 8, 9, 10, 11 and 12 pg/ml mobile

phase (the solvent of the isohydrafural stock standard solution).

32




Validation of Methods of Analysis L. Uncu, E. Donici

Obtaining of calibration standard solutions for linearity
determination of D1 curve of methyluracil: it was prepared 3 different
series of solutions, each series with 5 concentration levels of standard
solutions with concentrations of 320, 360, 400, 440 and 480 pg/ml in
diluted placebo .

Obtaining of calibration standard solutions for linearity
determination of D2 curve of methyluracil: it was prepared 3 different
series of solutions, each series with 5 concentration levels of standard
solutions with concentrations of 320, 360, 400, 440 and 480 pg/ml
mobile phase (the solvent of the isohydrafural stock standard
solution).

Preparation of the sample solution: about 1.0 g (exact mass) of
the ointment was transferred to a porcelain cup, to which 10 ml of
mobile phase was added and heated to 30°C until the ointment was
melted. The sample was cooled to room temperature and filtered
through a membrane filter (0.45 um). The filtrate was transfered to a
50 ml volumetric flask. The extraction was repeated twice with 15 ml
each of mobile phase. The obtained samples were added to the first
extraction and made up to the mark with mobile phase.

Preparation of sample of isohydrafural 80% for accuracy
determination. 2.5 ml of sample solution and 0.3 ml of isohydrafural
stock standard solution were placed in a 10 ml volumetric flask. It was
mixed well and brought up to volume with mobile phase.

Preparation of sample of isohydrafural 100% for accuracy

determination. 2.5 ml of sample solution and 0.5 ml of isohydrafural
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stock standard solution were placed in a 10 ml volumetric flask. It was
mixed well and bring to volume with mobile phase.

Preparation of sample of isohydrafural 120% for accuracy
determination. 2.5 ml of sample solution and 0.7 ml of isohydrafural
stock standard solution were placed in a 10 ml volumetric flask. It was
mixed well and bring to volume with mobile phase.

Preparation of sample of methyluracil 80% for accuracy
determination. 2.5 ml sample solution and 3.0 ml methyluracil stock
standard solution were placed in a 10 ml volumetric flask. It was
mixed well and bring to volume with mobile phase.

Preparation of sample of methyluracil 100% for accuracy
determination. 2.5 ml sample solution and 5.0 ml methyluracil stock
standard solution were placed in a 10 ml volumetric flask. It was
mixed well and bring to volume with mobile phase.

Preparation of sample of methyluracil 120% for accuracy
determination. 2.5 ml of sample solution and 7.0 ml of methyluracil
stock standard solution were placed in a 10 ml volumetric flask. It was
mixed well and bring to volume with mobile phase.

Preparation of the sample for determination of precision: 5 ml
of the sample solution was transferred into a 10 ml volumetric flask
and was brought to the level with the mobile phase.

HPLC method validation and results processing

Specificity. The placebo sample and the standard solutions of the
active substances are injected into the HPLC system. The retention
time for each drug substance is determined. It will be investigated

whether a chromatographic peak at the same retention time as that of
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isohydrafural or methyluracil is observed in the chromatogram of the
placebo solution. If an additional peak is seen that distorts or disrupts
the isohydrafural or methyluracil peak then the method is not specific.

Linearity. The series of solutions for lines D1 and lines D of
isohydrafural and methyluracil are injected. Record each
chromatographic peak area as a function of series, concentration level,
and replicate level of each concentration level. Plot the calibration
lines (chromatographic peak area versus concentration) for each of the
replicates of a concentration level and for each of the 3 different data
series, respectively. Linearity is statistically evaluated for each of the
2 lines of isohydrafural and methyluracil by applying the C test
(homogeneity of variances of some groups of determinations), the F
test (testing the validity of the line and the existence of a significant
slope), the t test (comparing the slopes and, respectively,
interceptions, it is also checked if the validated lines pass through the
origin).

Detection limit. It is determined by repeatedly injecting
solutions of isohydrafural and methyluracil (in mobile phase) until the
ratio of the analytical signal given by the chromatographic peak to the
background noise is 3. The limit of detection can also be calculated by
formula (1).

The quantitation limit. It is determined by repeated injection of
isohydrafural and methyluracil solutions (in placebo and mobile
phase) until the ratio of the analytical signal given by the
chromatographic peak to the background noise is 10. The limit of

quantitation can also be calculated by formula (2).
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Accuracy. Chromatographic peak areas are measured for the 3
levels and replicates corresponding to the accuracy check for
isohydrafural and methyluracil solutions prepared in diluted placebo.
The recovered concentrations are determined using the calibration
curve equation D,. The validation of the accuracy verification data is
done by applying the C (homogeneity of the variances of some groups
of determinations) and F (comparison of intra-group and intergroup
variances) tests. The mean recovery is calculated which must be
between the limits of 98 and 102%.

Precision. Measure the chromatographic peak areas for the 3
series of solutions of isohydrafural and methyluracil obtained in
diluted placebo and calculate the corresponding concentrations by
reference to the right of D1. The same is done for the other 3 series of
isohydrafural and methyluracil obtained in the mobile phase, using the
right D, as a reference. The validation of the accuracy verification
data is done by applying the C test. The coefficient of variation
corresponding to the CVr repeatability and that of the intermediate
precision CVR is calculated, which must be below 2% in both
situations.

Robustness is determined by varying the chromatographic
conditions: the flow rate of the mobile phase by +1 ml/min, the
amount of methanol in the mobile phase by +2% and the column
temperature by £50C. The coefficient of variation is calculated which

must be less 2%.
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TASKS FOR INDIVIDUAL WORK
Based on the experimental validation data, the calculations will
be performed and the worksheets in Annexes 1, 2, 3 and 4 will be
completed.

PROBLEM 1. Investigate the linearity validation parameter for
a UV-Vis spectrophotometric method developed for dosing a drug
substance at a 5% significance level:

1.1.Linear regression line obtained with the reconstituted
pharmaceutical form (D1)

Level X, Y, ) ) (X—Xmed) ™
of C pg/ml | Absorbance X=Xy | (X=Xinea)® | Y= Yimea | (Y= Yinea) * (Y=Ymed)
60%
80%
100%
120%
140%
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1.2.Linear regression line obtained with the reference substance (D)

Level X, Y, 2 2 (X*Xmed)*
of C ug/ml | Absorbance X Knea | (X=Xea)® | Y= Yimea | (Y= Yinea) * (Y=Y med)
60%
80%
100%
120%
140%
Xmean= Y mean = Sum = Sum = Sum =

PROBLEM 2. Investigate the accuracy validation parameter for

a UV-Vis spectrophotometric method developed for dosing a drug

substance at a significance level of 5%, as determined at 3
concentration levels: 80%, 100%, and 120% by the standard addition

method , and the theoretical concentration of the active substance will

be calculated using the linear regression equation established at the

linearity parameter in Problem 1:

Concentration
levels

A

Cp

Ca

Ct

Recovery, %

R = [(Ct — Cp)/Ca]*100%

80%

100%

120%

Mean, %
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PROBLEM 3. Investigate the repeatability validation parameter
for a UV-Vis spectrophotometric method developed for dosing a drug
substance at a significance level of 5%, and the theoretical
concentration of the active substance will be calculated using the
linear regression equation established at the linearity parameter in

Problem 1:

-

Absorbance, Y

Concentration, X

X - Xmean

(X - Xmean)?

NSO WINEZ

Xmean =

Sum =

PROBLEM 4. Investigate the robustness validation parameter
for a UV-Vis spectrophotometric method developed for the dosage of
a drug substance, if the investigations were performed by 1 nm

variation in the maximum wavelength of light absorbed by the sample

(373 nm) at a 5% significance level:

The wavelength Abso:{l:.).ance, Yij - Y mean (Y - Ymean)?
ij
Y mean = Sum =
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Annex 1. Work sheet

parameter study

Validation of an assay method. Results of the "*Linearity"

D: — linear regression line obtained with labeled placebo solutions
D, — linear regression line obtained with standard solutions in solvent

The critical
Nr. p Statiiticl?ll_ t L[i)ne L[i)ne Vs::t?s(:rcg:e Conclusions
arameter/Tes 1 2 parameter
(5% risk)
Parameters  of
A. | the calibration
line equation:
The  field of The two lines
1. | concentrations, describe/do not
mg/ml describe a linear
2. | Slope ar= az = dependence
3. | Interception b, = b, =
g, | Jhe. SOmeRNON |2 = | 099100
Homogeneity  of The varia_nts pf
. _ _ | C(0,05;5;2)= | the determination
B. | variants test (C — | Cep= | Coo= 0,8412 roups are/are not
Cochran test) ’ g h P
omogeneous
Test for existence The slope
C of a significant £o= £o= F(0,05;1;13) | characterizes/does
" | slope (Fisher F| ~*° op = 4,67 not characterize a
test) linear dependence
Validity test of
the linear
regression  line Adjustments
D (compares fitting £ £ F(0,05;3;10) | are/are not valid;
" | errors with |~ %° P =3,71 the line is/is not
experimental valid
ones: Fisher F
test)
Comparison test am_ | The 2slopes do not
E. | of the slopes of texp = t(o,gg,szg)_ differ/differ
the lines (t-test) ’ significantly
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The ordinate at

;:roerif arin Iﬁ; the origin
1paring _ _ t(0,05;13) = differs/does not
ordinates at the | tep= texp = 216 differ
origin with 0 (t- significantly from
test) 0
. The 2 ordinates at
Ordlnat_e Aoy the origin
comparison test o= t(0,05;26) = differ/do not
at the origin (t- o 2,056 differ
test) significantly
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Annex 2. Work sheet

Validation of an assay method. Results of the "*Accuracy"*
parameter study

The critical
- The value of the
Pars’;r?:elzigfl?ll'est obtained statistical Conclusions
results parameter
(5% risk)
The field of concentrations,
mg/ml
Test for homoge_zneity of ) C(0,05:3:2) = Intra-group
within-group variances (C Cexp= 09669 variations are/are
— Cochran's test) ’ not homogeneous
The average
Mean validity test (Fisher - F(0,05;2;6) = accuracy
F test) exp = 5.14 (recover)_/) pf the
method is/is not
valid
Mean accuracy
(retrieval) of the
Average recovery, % R= [98 + 102] method falls/does

not fall within the
acceptance range
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Annex 3. Work sheet

Validation of an assay method. Results of the "'Precision™

parameter study

The critical
Statistical The value of the
Parameter/Test obtained statistical Conclusions
results parameter
(5% risk)
The field of concentrations,
mg/ml
Homogeneity of variance Cov = C(0,05;3;5)= | Variations are/are
test (C — Cochran test) P 0,7457 not homogeneous
Coefficient of variation of _ .
repeatability, % CVr= [-2+2] The method is/is
_Coefflmer_lt of variation of CVR = [-2+2] not precise
intermediate precision, %

Annex 4. Work sheet

Validation of a dosing method. Results of the study of the
parameter **‘Robustness”

The Absorbance, Standard Coefficient of
wavelength Yij deviation variation, %
S —Ymean)® | CV%=——100%

M [-2 + 2]

The method is/is not robust
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