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Abstract: Electroanalytical methods are chosen for the sensitive analysis of pharmaceutically active compounds in their
dosage forms and biological samples. Electroanalytical method validation is the process used to confirm that the
determination procedure employed for a specific test is suitable for its intended use like other analytical methods. Results
from electroanalytical method validation can be used to judge the quality, applicability, accuracy, reliability and
consistency of analytical results; it is an integral part of any analytical procedure. Also in electroanalytical drug analysis,
important decisions are taken which are based on data obtained from real samples. Validation parameters help assure that
the electroanalytical methods ensure the correct identity, strength, quality, accurate, precise, selective, robust and
sensitive. A well-defined and well-documented validation process provides regulatory agencies with evidence that the
system and method suitable for its intended use. Method validation is an essential component of the measures that a
laboratory should implement to permit it to produce reliable electroanalytical data.
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INTRODUCTION

A method of analysis is characterized by its performance
parameters, which have to be assessed if they are to provide
the correct performance values. These performance values
must be in accordance with previously defined requirements
that the method of analysis should satisfy. However, the
performance parameters depend on the type of method and
its intrinsic characteristics. So depending on what is needed,
the user must choose which method of analysis will best
solve the analytical problem. All electroanalytical procedures
require some type of validation, regardless of whether the
method is used for stability, purity, identification, potency,
in-process analysis, release or acceptance testing, etc like
other analytical methods. Although, currently there are
differences in the technical requirements among various
regulatory agencies, a guideline entitled “Validation of
Analytical Procedures” prepared by the International
Conference on Harmonization of Technical Requirements
for Registration Pharmaceuticals for Human use (ICH)
outlines the parameters that should be considered during the
validation exercise [1-12].

Electroanalytical methods are chosen for the sensitive
analysis of pharmaceutically active compounds in their
dosage forms and biological samples. Electroanalytical
method validation is the process used to confirm that the
determination procedure employed for a specific test is
suitable for its intended use like other analytical methods.
Results from electroanalytical method validation can be used
to judge the quality, applicability, accuracy, reliability and
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consistency of analytical results; it is an integral part of any
analytical procedure.

Electroanalytical methods need to be validated or
revalidated;

1. When a new electroanalytical procedure is being
developed;
2. Before their introduction into routine use;

Whenever the conditions change (equipment
parameters, samples or matrix) for which the
technique has been validated;

4. Whenever the method or any parameters (solution
concentration, pH, ionic strength etc.) are changed
and these changes are outside the original scope of
the electroanalytical technique;

5. When a given electroanalytical procedure is going to
be used in another laboratory;

6. When measurements will be conducted by another
person.

The performance characteristics should be based on the
intended use of the method. For example, if the method is to
be used for qualitative trace level analysis or only detection
of pharmaceutical compounds, there is no need to test and
validate the quantitation limit or linearity and range
calculations. In this way, the experiments can be limited to

what is really necessary. Any chemicals wused to
electroanalytical ~determination of critical validation
parameters such as reagents, supporting electrolytes,

reference standards and raw material of the drug active
compounds, should be accurately identified, sufficiently
stable, available in sufficient quantities and checked for
exact composition and purity. Any other materials and
consumables, for example, working electrodes, should be
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new or to be in good working order and be qualified to meet
the electroanalytical performance criteria. This ensures that
one set of the experimental conditions and consumables can
be used for most experiments and avoids unpleasant
surprises during method validation assay and application to
the sample.

In method validation, the quantitative characteristics of
interest relate to the accuracy and precision of the result
likely to be supplied. It is recommended to prove the
suitability of the method for its intended use in initial
experiments and design of the electroanalytical techniques, if
there is little or no information on performance
characteristics of the method. These studies should include
the detection limit, linearity and range, accuracy and the
approximate precision. If this preliminary validation data
appear to be inappropriate, the method itself, the equipment,
the electroanalytical technique or the acceptance limits
should be changed. During last two decades, validation has
become traditional to represent different aspects to method
performance by reference to the separate items for different
analytical techniques, and to a considerable extent these
guidelines reflect that pattern.

Validation applies to a defined protocol, for the
determination of investigated compound and concentration
ranges in a particular type of the test material used for a
specified purpose. For some applications, the requirements
are clearly defined in ICH guidelines and some
Pharmacopoeias such as United States (USP) or European
(EP) Pharmacopoeias. However, the parameters considered
necessary for the method validation of different types of
analytical processes are shown some small differences.
These requirements which are described in ICH guidelines
and USP are presented in Table 1 [1, 2, 13-15]. In EP the
validation parameters are described for each analytical
technique as separately. It is not described them neither
generally nor for electroanalytical methods.
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VALIDATION PROCESSES OF
ANALYTICAL METHODS

ELECTRO-

In parallel to the development of pharmaceutically active
compounds for use world-wide, there has been growing
impetus to harmonize the requirements for registering these
products with regulatory authorities in different regions. The
necessity for international regulatory guidance was
recognized at the beginning of 1980s. Regulated laboratories
and researchers, who work on electroanalytical method
development, must perform the method validation in order to
be in compliance with ICH, USP, US Food and Drug
Administration (FDA) or their countries pharmacopoeial
regulations. These validation parameters would require the
researcher to establish, prove and document the accuracy,
sensitivity, precision, specificity and any other attribute
necessary to validate test methods in electroanalytical
methods (Table 1).

Different approaches may be used to validate the potency
method. Validation should be applied to computerized
systems or software and analytical techniques and/or
procedures. However, in this review, only the necessary
validation parameters are described for helping the
calculation of electroanalytical studies. The electroanalytical
validation should follow the previously organized plan.
These tests are related to the specificity or selectivity,
instrument precision, linearity and range, selectivity and
detection limit of the electroanalytical methods. If the
electroanalytical instrumentation and the sample preparation
steps have proven the acceptable values, the final tests for
the electroanalytical methods can be started. These tests
include the method ruggedness, method repeatability and
reproducibility tests. All the above tests details will be given
as further details.

VALIDATION CHARACTERISTICS OF ELECTRO-
ANALYTICAL METHODS

The electroanalytical experiments including all the steps
of the sample preparation should be applied as far as

Table 1. Data Elements Required for Analytical Validation According to ICH [1,2] and USP [15]
Necessary Validation Parameters for Electroanalytical Studies ICH Guidelines [1,2] USP 23 [15]
Selectivity (Specificity) \ \
Linearity \ \
Range \ \
LOD N (only for limit tests)
LOQ N (only for quantitative studies)
Accuracy \ \
Precision
-repeatability \ \
-intermediate precision (within day precision) \ -
-reproducibility (between day precision) \ -
Robustness recommended \
Ruggedness recommended \
Solution stability - recommended
Sensitivity recommended -
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possible, when performing validation studies. Validation
parameters are determined based on the analysis of the
measured electroanalytical values and that is something to be
kept in mind during the validation of an electroanalytical
procedure.

SPECIFICITY AND SELECTIVITY

Specificity and selectivity are related to the detection and
selective determination events and both give an idea of the
reliability of the electroanalytical method. The terms
selectivity and specificity are often used interchangeably.

Generally, specificity is the first validation parameter
addressed in the establishment of electroanalytical methods
for the determination of drug active compounds. It can be
described as “an electroanalytical method as its ability to
measure accurately and specifically the analyte in the
presence of component that may be expected in the sample
matrix”.  Specificity is  appropriately applied to
electroanalytical techniques in which only a single parameter
can be measured. For the proving the specificity of the
proposed electroanalytical methods, analyte, supporting
electrolyte, matrix with and/or without analyte, impurities of
the starting material, degradation products or metabolites
should all be analyzed. As an advantage of the
electroanalytical methods, they usually not effected from the
inactive ingredients of pharmaceutical dosage forms.

Selectivity is generally applicable to all analytical
techniques like electroanalytical methods. It refers to extent
to which a method can be used to determine particular
analytes in mixtures or matrices free from interferences
which are found in dosage forms or biological samples. It is
also the capability of a method to distinguish a given analyte
from other substances. The selectivity of an electroanalytical
method is typically validated by demonstrating that the
separation of analytes is free of interferences under nominal
conditions. The source of interferences could be impurities,
degradation compounds, excipients, endogenous substances
and sample matrix. As a general rule, selectivity should be
sufficiently good for any interference to be ignored [1-5, 13-
39]. A method is called selective if the response is
distinguished from all other responses. Varying test
procedures and statistical calculation method can be utilized
to study selectivity depending on the availability of the
analyte, suitable reference samples, the matrix without the
analyte, and on the concentration of interest.

If the matrix composition is unknown, the systematic
matrix effects can be tested. For this, the slopes of standard
addition curves can be compared. If the reference samples or
a sample matrix without the analyte is available paired test t
and paired test F can be applied for the obtaining of
selectivity. For calculation paired test F and paired test t
tests, two sets of test samples prepare which, one with the
matrix and the other without the matrix, both sets having
identical analyte concentration at each concentration level of
interest. After calculation of F and t-value using related
equations, the calculated F and t values should compare with
the suitable theoretical F and t values which are found from
theoretical F and t tables. If the calculated F and t- values are
smaller then the theoretical F and t-values (with the specified
degree of freedom) one makes the assumption that the matrix
does not affect the analysis. If the calculated F and t values
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exceed that expected, the matrix has been found to have a
statistically significant effect on the results.

When matrix or excipients without the analyte is
unavailable, the selectivity can be tested by comparing the
slopes on standard addition curves. For this, two sample sets
prepare containing the same analyte addition at each
concentration level. The one set does not include the sample
matrix and basic level of analyte and the other set includes
the sample matrix with the basic level of analyte. After the
standard addition, the results of these two sets samples
should be plotted as a function of analyte addition
concentration in the same graph. The slopes of these curves
are compared and if the slopes of these two linear regression
curves are the same, the matrix does not effect on the
analysis result [1-8, 23-40].

Most of the application of electroanalytical methods on
pharmaceutical analysis in their dosage form or in biological
samples could not be affected from the possible interferences
depending on their oxidation or reduction potentials.

LINEARITY

Linearity is necessary and indispensable validation
parameter for quantitative determination studies. A linearity
study for electroanalytical techniques like other analytical
methods verifies that the response is linearity proportional to
the analyte concentration in the concentration range of
sample solutions. When a specific characteristic defined to
the electroanalytical signal without any doubt than a
relationship between the concentration and response can be
investigated [1-14, 19-40]. Linearity of an electroanalytical
method is a measure of how well calibration plot of
electroanalytical response versus concentration approximates
a straight line. The choice of analyte concentrations in
standard solutions should reflect the expected analyte
contents in the investigated samples; usually, linearity in the
range of 50-150 % of nominal sample concentration should
be demonstrated. The samples of standard solutions at the
minimum six different concentration levels are measured.
Usually, three replicates are used for each concentration
levels. However, in electroanalytical chemistry the low limit
of the linearity should be identified, because of its sensitive
determination capability. Analyzed samples can be serially
diluted solutions with the selected supporting electrolyte
containing the analyte at proper concentrations with proper
amounts of analyte added.

In order to describe the relationship between the
electroanalytical response and analyte concentration, the
linear regression method is mainly employed. Using the
linear regression method, linearity, correctness (standard
error estimation), limit of detection (LOD) and limit of
quantification (LOQ), can be defined for the proposed
method [1-11, 14, 41-46].

It is important that the linear curve is repeatable in
between day measurements. A test for general matrix effects
such as inactive ingredients from pharmaceutical dosage
forms or endogenous substances from biological fluids can
be made by applying the electroanalytical method of pure
pharmaceutical compound additions to a test solution
derived from a typical test media. This method is called
briefly standard addition technique. The standard addition
technique should be done in a way that provides the same
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final dilution similar to the normal electroanalytical process,
and the range of standard additions should encompass the
same range as the procedure-defined calibration validation.
If the obtained calibration curve is linear, the slopes and
correlation coefficient between the usual calibration function
and the analyte additions plot can be compared for
significance for difference. A lack of significance means that
there are no detectable general matrix effects either in
pharmaceutical dosage forms or in biological samples. If the
calibration is not linear, a more complex technique for
significance tests [1-18, 48-52]. However, using the
electroanalytical methods this kind of interferences are not
detected because of the electro-inactive nature of the
excipients of pharmaceuticals and most of the endogenous
substances of biological media.

Generally, the data are processed using a linear least-
squares regression method. Data from the regression line
itself may be helpful to provide mathematical estimates of
the degree of linearity. The resulting plot slope (m), y-
intercept (n), residual sum of squares and correlation
coefficient (r) or determination coefficient () provide the
desired information on linearity. A linearity correlation
coefficient or determination coefficient above 0.999 is
acceptable for most methods [1-16, 41-47]. The slope and y-
intercept values depend on the measurement technique.

Frequently, the linearity is evaluated graphically, in
addition to or as an alternative mathematical calculation type
evaluation. The evaluation is made by visually inspecting a
plot of electroanalytical response (peak or wave) as a
function of the concentration of drug active compound.
Some researchers can be finding sufficient to calculate the
regression coefficient. Then, when the correlation coefficient
values reach at least 0.999 the linearity can be assumed in
the concentration range for which standard solutions had
been prepared during the calibration procedure. However,
this parameter is mostly used, but correlation coefficient (r)
is neither a proof of linearity nor suitable for quantitative
measurement [19, 25, 48-52]. Correlation coefficient (r) just
indicates the extent of the relationship between the
dependent and independent variables such as the
electroanalytical response and the electroactive compound
concentration. It is important to carry out a visual inspection
of the residual plot to check for trends. Electroanalytical
methods with linearity poorer than the acceptable “r” value
may have to be treated as non-linear and use more
complicated multi-point calibrations or non-linear regression
type statistical modeling. The least square method for the
determination of linearity can have serious shortcomings if
response must be measured over one or more orders of
magnitude. In this statistical analysis, slope, intercept and
correlation coefficient can be terribly affected from the low
and/or high concentration limit of the linearity.

The linearity will often deviate somewhat at high and low
values of the linearity ranges. For checking the linearity
within the selected range, the plot a response factor (RF)
versus concentration is evaluated. RF is calculated as follows

(1):

Sional — y™
RF =281 7Y
Concentration

(1
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If the response factor per unit concentration is nearly
constant, it shows good linearity.

If the slope of this plot is obtained as zero or close to the
zero, this indicates that a linear response can be obtained
over this concentration range. A RF can change over the
calibration concentration range within, for example 2 or 3%
of the target level RF or the average RF value may be
considered acceptable linearity.

Nonetheless, such way of providing linearity not always
leads to the correct conclusions. As indicated above, it is
possible that the obtained >0.999 value of correlation or
determination coefficient does not indicate linearity.
However the value of r or 1* can be used for providing the
linearity of an electroanalytical procedure only when
standard solutions used for the calibration ensure some
requirements such as, if the concentration range should cover
the expected analyte concentrations in the measured samples
or if their concentration range is not higher than three times
the analyte target concentration, etc.

Quantitation requires that one knows how the
electroanalytical response measured depend on the analyte
concentration. For this calculation, the equation of the linear
regression is used. The y-intercept value of the equation
should be less than a few percentage of the analyte target
concentration, e.g. less than 2%. The y-intercept is the y
value (electrochemical response scale) of the line when x
scale value equals zero. It defines the elevation of the line.
The slope quantifies the steepness of the line. It equals the
change in y for each unit change in x. It is expressed in the
units of the y-axis divided by the units of the x-axis. If the
slope is positive, y increases as x increases. If the slope is
negative, y decreases as x increases. The slope of the
calibration curve also refers to the sensitivity of the method
[10, 14, 48-54]. Hence, sensitivity is measured at the same
time as the linearity tests.

For checking the linearity and obtaining the related
validation parameters, RSD or standard error of slope and
intercept should be calculated. Linearity is feature which
describes the proportional dependence of electroanalytical
signal on the size of the measured value, and within a given
range it can be expressed by couple equations that depend on
the analyte concentration level. Regression describes the
association type between two variables, while correlation the
degree of association [1-10, 14, 48-54].

RANGE

The range should be specified for all quantitative
methods. Usually range includes linearity. The range of
electroanalytical methods is the interval between the upper
and lower concentration values of drug active compounds. It
has been demonstrated that the analytical procedure has a
suitable level of precision, accuracy and linearity. The
acceptable accuracy and precision are as defined in
establishing criteria for the electroanalytical method. For a
major component assay, concentrations of raw materials
should be measured near the target measurement level. The
range is normally expressed in the same units as the test
results obtained by the method. The concentration range
should be covered the target amount in the working samples
to be measured. A good strategy is performs studies at
between 50 and 150 % of target levels as indicated in
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linearity section [1-16, 29-47]. For working with the pure or
purity known pharmaceutically active compounds, the ICH
[1, 2] requires the minimum specified range to be 50 to 150
% of the test concentration. Although, electroanalytical
studies requires wider concentration ranges. This range
should be obtained after linearity studies which are obtained
during the validation process.

LIMIT OF DETECTION (LOD)

LOD is the lowest amount of the investigated compound
in a sample that can be detected, but not necessarily
quantified with an acceptable uncertainly. LOD of an
electroanalytical method is an important parameter if
quantitative measurements are to be made at concentrations
close to it. Especially, LOD is necessary for the trace
analysis of drug active compounds in pharmaceuticals and/or
biological samples, for working on trace impurities in a bulk
drug sample, degradation products in a finished dosage
forms or metabolites of drugs in biological samples. In
electroanalytical studies LOD can be defined using the
instrumental or non-instrumental methods. The LOD
calculation approaches types are given below. These types of
LOD calculations are recommended by the official
guidelines and pharmacopoeias.

1. Visual evaluation method: The LOD is determined
by the electroanalysis of drug active compounds with known
concentrations of analyte and by establishing the minimum
level at which the compound can be reliably detected [1-16].

2. Signal-to-noise ratio method: Signal-to-noise ratio
method is usually used for the calculation of LOD in
separation and spectrometric methods. In electroanalytical
studies, noise can not be obtained clearly because of the
nature of methodology and supporting electrolytes. That’s
why this type of calculation of LOD is not commonly used
in electroanalytical techniques [1, 2].

3. Based on the calculation using the standard
deviation of the response and the slope method: Using
this method, the LOD can be expressed by the following
equation (2):

3.s
Crop=— )
m

where s is the standard deviation and m is the slope of the
related calibration line. This approach is mostly used one in
electroanalytical methods for the LOD calculation. Hence,
using this equation the response can be converted to the
concentration units. This equation is also showing the
relationship between LOD and sensitivity, depending on the
slope function. The estimate of “s” can be carried out from
the several approaches. For obtaining the standard deviation
(s); the magnitude of blank response is measured by
analyzing an appropriate number of blank samples (usually
between 3 and 6) and the standard deviation is calculated
from these responses. The other approach is the lowest
calibration standard which produces a peak response
corresponding to the analyte should be measured an
appropriate number (usually between 3 and 6) and the
standard deviation is calculated. The other way is the
calculation of standard deviation of the regression line or the
standard deviation of y-intercepts of regression lines. This
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standard deviation can be used for the calculation of LOD
using above equation.

An alternative way of practically assessing the LOD is
obtaining using the following equation. In this way, at least
10 independent sample blanks are each measured once, and
then “s” of these data is calculated and the LOD is calculated
as (3)

Ciop=x+3s 3)

where x and s is the arithmetic mean and the standard
deviation, respectively, of a set of blank measurements
containing no compounds [1-16, 55-57].

In other suggested way, the blank medium of the
compound is spiked with different analyte concentrations (at
least with 6 different concentrations) close to the LOD value.
At least 10 independent replicates should measure for each
concentrations and the standard deviation of these
measurements should be calculated. LOD value is those
concentrations of analyte corresponding to RSD % values of
33 % [1-16, 55-57].

LIMIT OF QUANTITATION (LOQ)

LOQ is the lowest concentration of compound that can be
measured in the sample matrix at an acceptable level of
accuracy and precision. It is used particularly for the
determination of impurities and/or degradation products or
low levels of active constituent in a product. For many
pharmaceutical and biological applications, the LOQ is
generally useful parameter than LOD. The LOQ is relevant
only in trace analytical methods when measurements are
being made at concentrations close to that limit. The LOQ
always higher than the LOD and is often taken as s fixed
multiple of the LOD (generally double times higher than
LOD value) [1, 2, 10, 13]. LOQ should not be determined by
extrapolation.

Several approaches are given in the ICH guideline to
determine the quantitation limit, depending on whether the
process is a non-instrumental or instrumental, analogously to
the LOD calculations which are given above.

1. Visual evaluation method: The LOQ is determined
by the electroanalysis of drug active compounds with known
concentrations of analyte and by establishing the minimum
level at which the amount of compound can be determined
with acceptable accuracy and precision [1-16].

2. Signal to noise ratio method: This type of calculation
method fort he LOQ can only be applied to measurement
methods that exhibit baseline noise such as chromatographic
and spectrometric methods. In electroanalytical studies,
noise cannot be obtained clearly, because of the nature of
methodology and supporting electrolyte. That’s why this
type of calculation for LOQ is not commonly used in
electroanalytical techniques [1-16, 55-57].

3. Based on the calculation using the Standard
deviation of the response and the slope method: Mostly
used way of this method for the calculation of LOQ can be
expressed by the following (4) equation:

10.s
CLOQ = 7 (4)
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“s” and “m” is the same values with LOD calculation. This
approach is mostly used one in electroanalytical method for
the LOQ calculation. Hence, using this equation, the
response can be converted to the concentration units. This
equation is also showing the relationship between LOQ and
sensitivity, depending on the slope function. The estimate of
s can be carried out from the several approaches which is
given in LOD section.

An alternative way of practical assessing the LOQ is the
following. In this way, the standard deviation (s) which is
obtained for the LOD value calculation using the same way,
is used for the following equation (5) and LOQ is calculated.

Crpp =x+10.s (5)

where x and s is the same with the LOD calculation. The
only change factor is the “10” instead of “3” [1-16, 55-57].

Other suggested way for checking the above calculation
of LOQ is as follows. In this way, the blank medium of the
compound is spiked with different analyte concentrations (at
least with 6 different concentrations) close to the LOD value.
After that, 10 independent replicates should measure for each
concentrations and the standard deviation of these
measurements calculated. LOQ value is those concentrations
of analyte corresponding to RSD% values of 10% [1-16, 55-
58].

Between LOD and LOQ, the following equation can be
used an done parameter easily converted to the other using
this equation (6) 3, 4]:

LOOQ = 3.3xLOD (6)
SENSITIVITY

As indicated in the linearity section, sensitivity can be
expressed as the slope of the calibration line, and it is
measured during the linearity studies. Sensitivity is very
powerful approach used to detect deviations from linearity. It
is the ability to distinguish two different concentrations and
is determined by the slope of the -calibration curve.
Sensitivity is a parameter describing how much the response
changes as the working analyte concentration changes.
Sensitivity depends on the analyte and the working
electroanalytical technique. Also, in the case of linear
response function with zero intercept, the sensitivity is
constant within a certain distribution range. The
recommended value for this distribution is an interval of 5%
around the sensitivity average for the linear range of the
method. This interval should be adjusted depending on the
concentration range, working technique and application
media.

For assays where the response function is linear, the
sensitivity is constant with respect to concentration and equal
to the slope of the calibration curve. Between the sensitivity
and the LOD relationship holds only for the determination
with linear response function. This kind of relationship can
not be obtained in non-linear response function because of
the sensitivity variations with the concentration. In spite of
the importance of sensitivity which describes above, it is not
included in the validation parameters set whose
determination is obligatory. Sensitivity can be simply
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determinate based on the parameters of calibration line [1-
16, 55-57].

ACCURACY

Accuracy is the main requirement of electroanalytical
methods. It can be described as the closeness of agreement
between the value that is adopted, either as a conventional,
true or accepted reference value, and the value found. The
accuracy of a method is affected by systematic as well as
random error components [1-16, 59, 60]. Systematic error is
also known as bias and random error which is also known as
precision of the method. This is probably the most difficult
parameter to validate.

The ICH guidelines suggest testing three replicates at a
minimum of three concentration levels for the accuracy
studies. Accuracy is also defined as the degree of agreement
between the obtained single measurement and the true or
expected value. As can be seen from the description of these
two parameters of validation, accuracy in the absence of
precision has little meaning. It is usually presented as a
percent of nominal, although absolute bias is also acceptable.
Actually, accuracy is a combination of correctness and
precision. Accuracy and precision are looking like two
independent properties in validation studies. Practically, it
can be said that accuracy depends on the precision. A
method can be accurate without being a precise, but this
occurs only as a coincidence. The more correct and precise
results can be supplied from the more accurate result of
every single measurement.

Typically, accuracy is represented and determined by
recovery studies. Accuracy of the method is indicated by the
closeness of 100% recovery value. The bias and repeatability
of the method can be derived from the mean and standard
deviation of the percent recovery data. Accuracy may be
measured in different ways and the method should be
appropriate to the matrix. Frequently, the following ways are
used to determine accuracy as described below [1-16, 59-
61]:

1. Comparison to an appropriate certified reference
material,
2. Recovery of compound spiked into blank matrix,

Standard addition of the compound,

4. Comparison with results using another validated and
already published or reference method.

1- Comparison to a Reference Standard: This method
is preferred technique for an analyte that is not in complex
sample matrix. For this type of accuracy studies, special lots
of the working compound can be used as a reference
material. The important point of this accuracy test, to secure
highly purified and extensively characterized material to
assure authenticity as a standard. Using this method for
obtaining the accuracy of a method, the proposed method
should be carried out with a minimum of nine measurements
at three different concentration levels (low, medium, high).
Hence, the variability and/or bias in sample preparation
technique can be minimized for only one concentration of an
investigated compound. The obtained results should be
compared with the results by obtained from the other
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methods or results reported on a certificate of analysis from
an external source.

2- Recovery of Compound Spiked into Blank Matrix:
The experiments are performed in the presence of the matrix
media. For this type of recovery studies, a well-characterized
and purity known standard compounds is still required.
Analyte reference standard is added to a blank matrix media
which can be called as placebo, at different concentration
levels. Using this technique, the possible interferences and
potential effects between the inactive ingredients and
pharmaceutically active compound can be investigated [1-16,
59-62]. The recovery at each working concentration level is
determined by comparison to the known amount added. It
should be at 50, 75, 100, 125 and 150% of the level expected
for the analyte in a normal assay. A minimum of three
repeated experiments should be realized at each level.
Furthermore, the results which are obtained using spiked into
the blank matrix method can be converted as percent
recovery results and they reported with their RSD% and
bias% values for showing the accuracy of the proposed
method [1-16, 59-62].

3- Standard addition of the Compound: If no matrix
blank is available, standard addition technique should be
chosen for the accuracy test. In this method, the known
amount of compound are spiked at different levels into a
sample matrix that already contain some amount of the
investigated compound. The difference between the spiked
and unspiked sample results is the recovered part of the
added analyte, which can be compared with the known
amount added. In general, for standard addition using this
technique, a good approach is to add 25, 50 and 100% of the
expected working compound concentration to the matrix in
different experiments [1-20, 59-62]. The measured amounts
are reported versus the amount added with the average
percent recovery results, RSD% and bias% results. The ICH
recommends collecting data from a minimum nine
determinations over a minimum of concentration levels
covering the specified range [1, 2].

4- Comparison with Results Using another Reference
Method: The other accuracy method is to perform the
analysis by two independent methods. Method comparison is
the bias evaluation procedure of choice, especially when it is
not possible to spike blank matrix homogeneously or when
no blank matrix is available. In this accuracy method, the
second method should be known to be accurate for the
sample matrix of interest and it called as reference method.
This reference method can easily be applied for the
comparison of the proposed method and find the accuracy
value, even the sample treatment is different. The selected
reference (or pharmacopoeia) method can in principle be
used to test for bias in another method under validation. If
the proposed electroanalytical method and the reference
method agree, this is good evidence they both work for the
studied compound and application media such dosage forms,
biological material etc [1-20, 59-62]. For obtaining the
accuracy from these results, student-t and F tests are
generally used for statistical comparison methods [1-16, 59-
62]. Accuracy should be reported as percent recovery by the
assay of known amount addition of analyte in the sample or
as the difference between the mean and the accepted true

The Open Analytical Chemistry Journal, 2011, Volume 5 7

value together with the confidence intervals and calculated
student-t and F results.

PRECISION

Precision describes as the degree of agreement among
individual test results when the procedure is applied
repeatedly to multiple samplings of a homogeneous sample.
It depends only on the distribution of random errors and does
not relate to the true value. Precision usually expressed as
standard or relative standard deviations of the replicate
analysis. In numerical terms, a large number for the
precision indicates that the results are scattered and it means
the precision is poor. The good precision depend critically on
the supplying the similar conditions. Precision can be
considered at three levels [1-16] and it can be called as
repeatability, intermediate precision and reproducibility.

Repeatability: Repeatability represents the lowest level
degree of the precision. It is obtained by using the same
method on the working compound, under the same
conditions such as same analyst, same equipment, same
laboratory and the same time interval, may be expected to lie
with a specified probability in the absence of other
indications. Therefore, it is essential to apply the whole
electroanalytical procedure in the same sample solution at
least six times. Repeatability should be performed with large
number of data (at least 6 times). The repeatability criterion
for an electroanalytical assay method will be < 1.0% (RSD).
However, for an impurity or trace amount assay, this
precision criterion will be < 5.0% [1-20, 63, 64].

Intermediate Precision: It expresses within laboratory
variations such as different stock solutions, different days,
different analysts, different equipment etc [1-20]. In order to
estimate it, the RSD% of a series of measurements obtained
in a given laboratory during the time period of couple weeks
is used. Intermediate precision is the total precision under
varied conditions and it can be called as between day,
between run or inter assay precision. A pooled RSD indicate
the intermediate precision. A precision criterion for an assay
method is that the intermediate precision will be < 2.0%.
However, for an impurity or trace amount assay, this
precision will be <5.0% [1-20, 38, 63, 64].

Reproducibility: Reproducibility is the value below
which the absolute difference between two single tests
results obtained by the same method on investigated test
compound under different conditions such as different
analysts, different equipments, different laboratories etc. It
may be expected to lie with a specified probability in the
absence of other indications; the probability is taken as 95%.
The reproducibility parameter is important if the method is
to be used in different laboratories [1-20, 38, 63, 64].
Reproducibility has some similarities with the other
analytical validation procedure which is called as
“ruggedness”. Reproducibility from collaborative trials can
be expected to include additional contributions due to a
probably larger difference of knowledge experience,
equipment etc among the participating laboratories.
Sometimes, reproducibility may be used instead of the
intermediate precision. Precision criteria for an assay method
are that the reproducibility will be < 2.0%. For an impurity
or trace amount assay, this precision parameter can be <
10.0%. Reproducibility is not normally expected and the
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mandatory validation parameter if intermediate precision is
performed.

ROBUSTNESS

Robustness of an electroanalytical procedure is measure
of its capacity to remain unaffected by small fluctuations in
electroanalytical conditions on the final results. The main
goal of the robustness is to detect and quantify the
experimental weakness of the method, so that any critical
factors can be anticipated and controlled in order to ensure
that the operating conditions will fall within an undisturbed
range. The robustness of an electroanalytical method can
generally be described as the ability to reproduce an
electroanalytical method in different laboratories or in
different circumstances without the occurrence of
unexpected differences in the obtained results. It provides an
indication of its reliability during normal usage. Robustness
tests examine the effect that operational parameters have on
the analysis results [1-20, 65-67]. Typically, method
performance parameters such as specificity, selectivity,
sensitivity, precision and accuracy are used to assess
robustness. However, considering the amount of time wasted
for problem-solving during a routine application, robustness
testing has certainly an impact for pharmaceutical and
biological sample analysis that are used over longer periods
of time and/or in different laboratories. As a short
description, robustness is a parameter related to the changes
in internal experimental conditions. For the determination of
robustness of the proposed -electroanalytical method a
number of parameters should be evaluated [1-20, 65-67].

A study of the robustness of an electrochemical method
should begin with careful selection of those experimental
variables that are crucial to the electroanalytical method such
as supporting electrolyte, nature of the buffer, pH, ionic
strength, pulse period, pulse width, temperature etc. Then a
systematic procedure should be used to implement to method
under slightly different experimental parameters [1-20, 65-
72]. The usual way of performing robustness testing is first
to define the parameters with reasonable maximum variation.
Then each parameter is successively varied, whereas the
others are held at nominal setting. One parameter is changed
and the others are always set to nominal levels. Nowadays,
an experimental design approach is often preferred for
robustness testing [1-20, 65-72]. The robustness study is an
essential subject in the validation of an electroanalytical
process.

RUGGEDNESS

Ruggedness is normally expressed as the lack of
influence on test results of operational and environmental
variables of an electroanalytical method. It is measure of the
reproducibility of test results under normal operating
conditions as specified in the method, and may be
determined as part of collaborative trial. It can also be
defined as the reproducibility of experimental results when
the method is performed under actual use conditions. This
includes different laboratories, instruments, and analysts,
sources of reagents, chemicals, solvents, and different
elapsed assay times and so on. These experiments and results
are similar with the reproducibility. Ruggedness is a measure
of reproducibility of test results under normal, expected
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operational conditions between laboratories and from analyst
to analyst [1-20, 65-67, 73-76]. Ruggedness is not addressed
in the ICH guidelines. It defines by USP as the degree of
reproducibility of results obtained under a variety of
conditions.

All the results are reported as RSD% values which are
described in precision section [1-20, 65-67, 73-76].

STABILITY

A stability indicating method is defined as a validated
electroanalytical procedure that accurately and precisely
measure drug active compounds free from potential
interferences like degradation products, process impurities,
excipients, endogenous substances or other potential
impurities. The aim of a stability test is to detect any
degradation of the analytes of interest, during the entire
period of sample collection, processing, storing, preparing,
analysis, etc. A stability indicating method is a quantitative
analytical procedure used to detect a decrease in the amount
of the active pharmaceutical ingredients present due to
degradation. The tendency of drug substances to form
degradation products under normal storage and handling
conditions is an indication of difficulties for the formulation
development researchers and may ultimately threaten the
commercial viability of the drug candidate. To generate
reproducible and reliable results, the samples, standards,
reagents, supporting electrolytes and working electrodes
must be stable for required time interval. It is a measure of
the bias in assay results generated during a pre-selected time
interval. Studies to determine the stability of the analytes of
interest should be conducted to replicate as closely as
possible the actual in use conditions and the storage period
should exceed the expected period of use. The stability of the
stored frozen samples should be constant at least two freeze-
thaw cycles [1-20, 77-80]. Stability studies should evaluate
the stability of the analytes during sample collection,
handling, after short-term (room temperature, stressing
conditions) and long-term (frozen at the intended storage
temperature) storage, and after going through freeze-thaw
cycles and the analytical process.

The stability of all reagents and solutions is important
with regards to both time and temperature. Conditions used
in stability experiments should reflect situations likely to be
encountered during actual sample handling and
electroanalysis. The working procedure should include an
evaluation of analyte stability in main stock solution. The
potentially available metabolites and the stability of the drug
active compounds should be confirmed. It should be realized
using the same solution. Hence, it is considered appropriate
when the RSD wvalues calculated on the assay results
obtained at different time intervals. System stability is
appropriate if results do not exceed 20% of system precision
[1-20, 77-86]. Stability data are obtained from two or three
different concentration levels (low, medium and high
concentrations of the linearity range) at different time
intervals after storing, performing replicate analysis
(between 5 and 10 experiments) [1-20, 77-88]. For the
determination of compound amount, freshly prepared
calibration samples must be diluted from stock solutions
using the same substance batch, same blank in the matrix of
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Table2. Some Selected Examples of the Validated Electroanalytical Methods on Drug Analysis
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
LSV GC 8.0x107-2.0x10*M - - -
Zuclopenthixol 92
DPV GC 1.0x107- 1.0x10*M  22x10"M 99.7 1.50
Thiopentone sodium LSCSV HMDE 1.0x10% 1.1x10"M  1.0x10%M 98.8 3.50 93
Promazine LSV CPE; Glass-like carbon 2.5x107-5.0x10* M 2.5x10° M - -
Promethazine LSV CPE; Glass-like carbon 2.5x107-2.5x10* M 2.5x10° M - - 94
Levopromazine LSV CPE; Glass-like carbon 6.2x10°-1.2x10° M 6.2x10° M - -
Lsv 5.0x10°-2.0x10°M  3.0x10°M 4.90
Albendazole DPV GC 1.0x10°-2.0x10° M 4.0x10° M \ 7.41 95
-4 -2 -5
SWV 1.0x10%-2.0x10° M 6.2x10° M 3.30
Gallamine triethiodide CLSSV HMDE 1.0x107-2.0x10° M 3.0x10°M 103 2.16 96
DPV 2.0x10°-8.0x10°M  6.8x107 M 99.0 0.80
Etodolac GC 6 s 6 97
SWV 6.0x10°-8.0x10°M  1.1x10°M 99.2 0.69
. . . B 5.75x107 M
Olsalazine Sodium DPV GC 2.0x10°-2.0x10" M 6 v 1.30 98
1.92x10° M
. . 0.084 pg /ml
Isosorbide dinitrate LSv Au 1.3-2340 pg/ml 99.8 3.60 99
0.280 pg /ml
Sertraline SWV HMDE 23x107-3.2x10°M  2.0x107M 245 100
Ascorbic Acid LSV Modified Al Electrode 2.0x10°2.0x10*M  2.0x10°M \ 101
2.6x10°M
. DPV B . 8.8x10°M 99.6 0.55
S-Adenosyl-L-Methionine GC 2.0x107°-6.0x10"M —— 102
SWV 2.4x10°M 99.3 0.99
8.0x10°M
1.56x107 M
_ DPV . . 521107 M 99.27 0.59
Alfuzosin GC 6.0x107-1.0x100°M ——Mm—— 103
SWV 6.20x10° M 99.17 0.44
2.07x107 M
. » B 8.16x107 M
Sulpride DPV GC 2.0x10°-1.0x10* M . 101.23 1.35 104
2.72x10°M
5.60x107 M
o DPV » . 1.88x10°°M 99.89 1.07
Piribedil GC 2.0x10°-1.0x10°M — 105
SWV 2.75x107 M 99.63 1.04
9.18x107 M
Azithromycin DPV GC 1.32x10°-1.98x10°M 1.32x10°M 98.83 2.18 106
0.24 pg/ml
Naproxen DPV Pt 1.0-25.0 pg/ml 99.80 1.30 107
0.80 pg/ml
Pyridoxine LSV Modified CPE 45x10%-33x10° M 3.70x10°M \ \ 108
. . . 4.55 pg/ml
Imipramine CvV AU Micro Electrode 14-22400 pg/ml 99.96 0.85 109
14.0 pg/ml
Rabeprazole DPV GC 1.0x10%2.0x10° M  4.0x10"M 100.54 1.24 110
Propranolol AAdSDPV CPE 6.0x107-5.0x10°M  2.0x10"M \ \ 111
LSV \ 1.9x10"M 98.51 1.56
Flutamide DPV HMDE \ 8.7x10° M 98.89 0.87 112
SWV Y 9.7x10° M 99.21 1.03
Zolpidem DPV GC 5.0x107-1.0x10°M  2.0x107"M 98.66 1.33 113
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(Table 2) contd.....
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
Cephalotin AdSLSV HMDE 4.0x107-12x10"M  3.3x10°M 101.3 0.92 114
1.0x10°M
LSV . . 3.3x10°M 99.72 0.13
Labetalol CPE 2.5x10°%1.0x10°M ———— 115
DPV 1.0x10°M 99.80 0.15
3.3x10°M
Bromocriptine DPV GC 0.04-5.00 pg/ml 0.01 pg /ml \ \ 116
Triprolidine DPV HMDE 15-157 ng/ml 6.24 ng/ml 99.55 0.67 117
Tobramycine AdsLSV HMDE 6.87x10°-3.44x10"M 3.44x10° M 100.3 2.10 118
_ _ AdSLSV iy . 8 nM V 0.90
Trimethoprim HMDE 0.1x107°-1.0x10° M 119
AdSSWV 10 nM \ 1.50
50 ng/ml
SWV 3240-10160 ng/ml 146 ng/ml N 0.50
Zafirlukast HMDE _— 120
AdSSWV 30-394 ng/ml 5 ng/ml \ 0.84
30 ng/ml
6.42x107"M
‘ DPV . B 2.14x10°M 99.87 0.53
Cefixime GC 6.0x10°-2.0x10 "M —— 121
SWv 2.72x107M 99.84 0.64
9.05x10"M
2.06x10°M
_ AdSDPV . . 686x10°M 99.93 1.03
Carvedilol GC 2.0x107-2.0x10°M ———— 122
AdSSWV 237x107°M 100.26 1.16
7.88x10°M
4.01x10°*M
. DPV . . 1.34x107"M 100.95 1.47
Quetiapine GC 4.0x10°-2.0x10°'M ———— 123
SWv 1.33x107’'M 99.95 1.61
4.45x107M
N-acetylcysteine LSV CPE 1.2x107-8.3x10"M  6.30x10°M \ 0.50 124
LSV 28.5-82.6 uM 24.8 uM 99.90 0.50
Amoxicillin DPV Modified CPE 18.3-35.5 uM 16.6uM 99.60 1.90 125
SWV 18.9-91.9 uM 8.49 uM 100.90 4.80
) " " 6.0x10"°M
Ceftiofur CAdSLSV HMDE 0.5x107°-8.0x10*M Y \ 1.45 126
2.0x10°M
DPV 2.90x107"M
. 100.69 0.82
9.66x10 "M
Donepezil GC 1.0x10°-1.0x10*M 127
Dbrv 2.63x107"M
. 100.26 0.81
8.77x10 "M
0.89 pg/ml
DPV pem
o 2.96 pg/ml 100.25 0.77
Ascorbic acid GC 3.52-176.1 pg/ml ~———— 128
0.52 pg/ml 100.25 0.65
SWV
1.74 pg/ml
Meloxicam LSV GC 0.02-10 uM 7 oM 3.30 129
Ethinylestradiol LSV CPE 5.0x10%-2.0x10°M  3.0x10°*M \ 3.86 130
Multi-walled o s o
Tryptophan DPV . 5.0x10'-2.0x10° M 1.0x10'M - - 131
carbon nanotube modified CPE
3.0x10°M
LSV 1.0x10%1.0x10 "M 1.0x10°M 100.23 033
Flavoxate HC1 HMDE 5 s _— 132
CAdSSWV 3.0x107°-5.0x10°M  7.8x107'M 100.18 0.23

2.6x10°M
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(Table 2) contd.....
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
. . 0.12 pg/ml
Naltrexone HCI1 FFTCV Au disc micro electrode 0.34-34000 pg/ml 100.10 1.55 133
0.34 pg/ml
Spironolactone AdSDPV HMDE 1x10%25xx10"M  1.72x10™"°M 101.75 1.26 134
2.70x10"M
_ DPV p . 9.10x10"M 100.45 0.82
Opipramol GC 2.0x107°-2.0x10°M —F— 135
SWv 3.10x10"M 100.62 0.55
1.00x10°M
o 5 . 9.00x10°M
Cinnarizine CAdSV GC 2.0x107-5.0x10"M " 100.32 1.04 136
2.90x10*M
4.12x10™M
} DPV . 3 1.37x10°M 100.13 0.32
Pefloxacin BDD 2.0x107-2.0x100°M ——Mm— 137
SWv 1.54x10"M 100.15 0.35
5.12x10°M
DPP 5.0x10°%1.1x10"M  1.50x10°M
. 98.40 1.13
5.00x10°M
1.0x10%-2.0x10°M  3.00x10°M
CAdSLSV . 99.10 0.80
1.00x10*M
Tetrazepam HMDE 138
5 5 9.00x10*M
CAdSDPV 3.0x107-1.0x10° M 5 98.20 1.70
3.00x10"M
o 5 9.00x10"°M
CAdSSWV 3.0x10°-6.0x10"M . 100.8 0.90
3.00x10°M
Methimazole DPV Modified CPE 1.0x10%2.0x10*M  5.00x10"M 96.9 420 139
1.90x10™M
DPV , 100.34 0.86
6.33x10"M
GC 1.0x10°-1.0x10*M
2.79x10"M
SWV 5 100.09 0.55
9.31x10"M
Sertindole 140
. “ 2.40x10"M
DPV 1.0x10°-2.0x10* M 5 100.44 0.59
7.99x10"M
BDD
. “ 2.17x10"M
SWV 1.0x10°-1.0x10*M , 100.15 0.76
7.24x10"M
Thiram SWV Au Microdisc 1.0x10%-6.0x10*M  4.30x10"M 96.00 3.00 141
Tacrin DPV CPE Up to 20 pg/ml 0.06 pg/ml - - 142
Buprenorphine AdSDPV CPE 1.0x10%-2.0x10°M  2.00x10*M \ 0.35 143
Ketoconazole DPV Pt 3.0x10%-6.0x10*M  3.0x10°M \ 1.50 144
Lansoprazol DPV HMDE 0.04-11.35 pg/ml 0.03 pg/ml 100.45 1.36 145
Melatonin 2.0x10°-8.0x10°M  5.86x10°M
LSV GC \ \ 146
Pyridoxine 2.0x10°-8.0x10*M  2.45x10°M
Colchicine CAdSV HMDE 1.0x10%-1.0x10°M 1.00 nM 98.90 230 147
Nalidixic Acid CAdSV HMDE 2.5x107°-74x10*M  3.30x10°M 99.20 3.70 148
Vitamin P LPSP HMDE 8.0x10°-1.0x10°M  2.00x10°M 100.50 3.40 149
1.07x10°M
DPV . 99.13 0.72
3.58x10°M
Fluvastatine GC 8.0x10°-6.0x10"* 150
7.99x10"M
SVW . 99.29 0.77
2.66x10°M
Acetaminophen AFI BDD Thin film electrode 0.5-50 uM 10 nM 99.35 0.12 151




12 The Open Analytical Chemistry Journal, 2011, Volume 5

Gumustas and Ozkan

80 ng/ml

(Table 2) contd.....
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
_ _ " . 1.32x10"'M
Nitrofurantoin CAdSSWV HMDE 1.0x10°-2.0x10"' M 0 101.49 0.65 152
4.40x100"M
Acrivastine DPP Hg Electrode 0.35-26.1 pg/ml 0.35 pg/ml \ \ 153
_ 1.14x10° M
Praziquantel CAdSDPV HMDE V Y 99.42 0.49 154
3.80x10° M
" . 9.40x107 M
Ambroxol DPV GC 1.0x107°-1.0x10" M 6 100.10 0.45 155
3.20x10°M
_ " iy 8.00x10° M
Melatonin FIA CPE 1.0x107°-1.0x107° M . V V 156
3.60x10° M
Hydroxychloroquine DPV GC 2.0x107°-5.0x10"M  11.20 pg/ml \ \ 157
: . . % o 4.00x10°* M
Sparfloxacin DPV B-cyclodextrin modified CPE ~ 4.3x10°-6.0x10> M s 99.64 \ 158
1.37x10° M
Pyridoxine cv Modified CPE 1.2x10°-6.9x10*M  4.10x10 "M 100.50 2.30 159
Ascorbic Acid cv Modified CPE 6.0x10°-7.0x10° M 6.0x10° M J J 160
Tiopronin CvV Diamond Film Electrode 0.05-10 mM 50 uM 102.80 0.03 161
0.025 pg/ml
Fenofibrate SWv HMDE 0.146-4.96 pg/ml 102.44 1.83 162
0.146 pg/ml
_ ‘ " L 440x107°M
Chlordiazepoxide CAdSSWV Hg Electrode 5%x107 M to 2x10' M 150107 M 98.60 0.80 163
2.20x10°* M
DPV i 99.50 0.41
7.40x10° M
Amisulpride GC 4.0x10°-6.0x10* M 164
3.60x10° M
SWV - 99.60 0.36
1.20x10°M
1.04 pg/ml
Salicylic acid DPV GC 1-60 pg/ml nem N N 165
0.09 pg/ml
. . 0.463 ppb
Azithromycin SWV CPE 157-785 ppb 99.50 0.20 166
1.544 ppb
o " . 1.90x10"°M
Amiloride CAdSSWV HMDE 2.0x107°-2.0x10" M 10 98.40 1.10 167
6.30x10° M
L . i 235107 M
Rifampicin 5.0x10'-5.0x10° M - 98.57 0.81
7.80x10" M
AAdSSWV CPE 168
o . i 3.93x10° M
Isoniazid 5.0x10'-4.0x10° M o 100.57 0.74
1.31x10°'M
_ " " 6.50x10"° M
Warfarin CAdSSWV HMDE 5.0x107-4.0x10 "M 5 98.50 1.70 169
2.20x10° M
Isoprenaline cv CPE 1.96x10*1.07x10° M  8.00x10° M \ \ 170
2.20x10"M
DPV . 99.37 125
7.34x10"'M
Abacavir GC 8.0x107-2.0x10* M 171
1.18x10"M
SWV - 99.83 1.32
3.93x10°'M
Dipyrone LSV CPE 9.9x10°2.8x10*M  7.20x10°M \ \ 172
" " 6.70x10"° M
Levonorgestrel SWvV HMDE 5.0x107-1.0x10" M o 101.17 1.29 173
2.20x10° M
Lovastatine cv HMDE 1.5x10°-1.0x10°M  8.0x10°M 99.50 1.90 174
. 25 ng/ml
Trepibutone SWV PGE 0.24-10 pg /mL 100.10 0.40 175
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(Table 2) contd.....
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
8.10x10°* M
DPV 5 70%107 M 100.40 0.80
J70x
Ganciclovir - GC 1.0x107°-1.0x107* M 176
4.52x10°M
SWV S 100.72 0.36
1.51x107 M
Naproxen DPV BDD 0.5-50 uM 30 nM \ \ 177
Guaifenesin DPV Pt Electrode 20-60 pg/ml \ 103.30 1.32 178
Salbutamol cv Au Disc Micro Electrode 10x107°-1.0x10" M 2.00x10° M \ 3.50 179
: S . 3.83x10"°M
Haloperidol CAdSSWV HMDE 1.0x10°-1.5x10°M Y 100.40 1.20 180
1.28x10° M
Captopril DPV Modified CPE 40x10°-1.1x10*M  1.1x10°M \ \ 181
6.28x10° M
DPV 5 09%10” M 99.45 0.37
.09x
Lamivudine _ HMDE 4.0x10°-1.1x10*M 182
2.02x10° M
SWV . 99.53 0.51
6.72x10°° M
. " . 3.60x10°* M
Pravastatin AdSSWV HMDE 8.0x10°-5.0x10 'M - 101.06 1.40 183
1.20x107 M
1.04x107 M
DPV 3475107 M 100.50 0.96
47x
Valacyclovir _ GC 4.0x107°-2.0x10"M 184
4.60x10° M
SWV S 99.70 0.62
1.54x107 M
Ascorbic Acid DPV Modified CPE 3.5x107°-3.1x10° M  9.00x10°M \ \ 185
Danazol AdSSWV HMDE 7.5x10%-3.75x10"M  5.70x10° M 100.48 0.87 186
B R 2.45x10° M
Pyrantel pamoate CvV GC 4.0x107-2.0x10 ° M s 100.40 0.86 187
8.00x10° M
S “ “ 5.17x10" M
Ticlopidine SWV HMDE 1.96x107-1.13x10" M P 102.23 3.30 188
1.72x10° M
iz o . 1.50x10"° M
Glipizide CAdSSWV HMDE 5.0x107'°-1.0x10° M o 100.40 0.86 189
5.00x10"° M
1.61x10"M
DPV 5 37%10°7 M 99.15 5.04
37x
Verapamil _— GC 8.0x107-1.0x10* M 190
1.33x10" M
SWV . 99.70 1.95
443x107M
. o 25.00 pg/ml
Ranitidine (6\% Au Disc Micro Electrode 60-47000 pg/ml 99.98 1.45 191
60.00 pg/ml
. . s 4 10.00 pg/ml
Lidocaine SWV BDD 2.4x10° M-1.1x10 "M 99.20 2.10 192
34.40 pg/ml
. 5 2.55x10" M
DPV 1.00x10°°-8.00x10”° M £.50%10" M 100.04 031
Nabumetone _— GC i 193
S 2.85x107 M
SWV 1.00x10°°-8.00x10”° M s 100.04 0.09
9.50x10" M
1.37x10"M
DPV 457107 M 100.33 0.54
Fluvastatin sodium _— BDD 1.00x10°-6.00x10™* M - 194
1.44x10"M
SWV s 100.48 027
4.81x107M
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(Table 2) contd.....
Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
4.01x10"M
DPV ARIX107 M 100.95 1.77
Quetiapine GC 4.00x10°-2.00x10* M — 195
1.33x10"M
SWV 5 99.95 1.23
4.45x10"M
2.27x10* M
DPV 7 50%10° M 100.39 0.99
Vardenafil Citrate GC 4.00x107-2.00x10° M — 196
6.56x10* M
SWV ; 99.80 2.20
2.19x10" M
6.42x10"M
DPV 5 14X10° M 99.87 0.78
Cefixime GC 6.00%x10°-2.00x10* M — 197
2.72x10"M
SWV , 99.84 0.56
9.05x10" M
2.20x10* M
DPV 7 40%10° M 99.50 0.41
Amisulpride GC 4.00x10°-6.00x10* M — 198
3.60x10* M
SWV ; 99.60 0.36
1.20x10" M
. 5 9.40x10" M
Ambroxol DPV GC 6.00x107°-6.00x10° M . 100.10 0.45 199
3.20x10°M
1.07x10°M
DPV . 99.13 0.72
3.58x10°M
Fluvastatin sodium GC 8.00%x107°-6.00x10* M 200
7.99x107 M
SWV . 99.29 0.77
2.66x10°M
8.10x10* M
DPV 5 70%107 M 100.40 0.80
Ganciclovir GC 1.00x10°-1.00x10™* M i 201
4.52x10% M
SWV , 100.72 0.36
1.51x10" M
2.20x107M
DPV 734107 M 99.37 1.25
Abacavir GC 8.00x107-2.00x10* M — 202
1.18x10"M
SWV 5 99.83 1.32
3.93x10" M
5.60x107 M
DPV 88X 10° M 99.89 0.65
. X
Piribedil GC 2.00x107°-1.00x10° M 203
2.75x10" M
SWV 5 99.63 0.91
9.18x10" M
6.29x10* M
DPV 5095107 M 99.98 0.26
.09x
Lamivudine HMDE 4.00x10°-1.00x10* M 204
2.02x10* M
SWV % 99.96 0.05
6.72x10* M
8.01x107 M
DPV 5 67X10° M 100.92 1.69
. X
Amlodipine 4.00x10°-1.00x10* M
8.53x107 M
SWV . 100.46 1.79
GC 2.84x10°M 205
5.95x107 M
DPV L98X10° M 100.28 2.86
Atorvastatine 2.00%x10°-1.00x10* M —
4.70x10" M
SWV 100.67 1.31

1.57x10°M




Method Validation in Drug Analysis Using Electroanalytical Techniques The Open Analytical Chemistry Journal, 2011, Volume 5 15

Table 2) contd.....

Electroanalytical . . . o/, Precision
Compound Name Methods Working Electrode Linearity LOD/LOQ Accuracy (%) (RSD %) Ref.
Ofloxacine AdSSWV HMDE 5.00x107-1.60x10°M  1.10x10® M 99.60 1.21 206
Sumatriptan cv Modified PGE 8.00x10°-1.00x10* M  4.10x10° M 96.44 430 207
Cinnarizine DPV Modified GC 9.00x10%-6.00x10°M  2.58x10° M 98.9 1.43 208
Gabapentin DPV Au Electrode 0.3-15 uM 0.13 uM 99.87 0.36 209
Trazodone DPV Modified GC 0.2-10 uM 24 nm 99.70 0.32 210
Chloroquine DPV 0.068-6.88 pug/ml 0.01 pg/ml 99.20
Modified CPE V 211
Primaquine DPV 0.58-5.89 0.25 pg/ml 100.30
5 5 2.78x10" M
AdSDPV 6.00x107-2.00x10” M ; 99.73 0.43
5.28x10"M
Zopiclone _ GC 212
5 5 1.70x10" M
AdSSWV 6.00x107-2.00x10” M ; 99.87 0.33
5.78x10" M
. 0.1 uM
Atenolol AdSDPV Modified CPE 0.4-80 pM \ \ 213
0.35 uM
o 5 . 6.87x10° M
Moexipril DPV CPE 4.00x107-5.20x10° M 5 99.96 0.66 214
2.29x10"M
Secnidazole CAdSV GC 4.00x10°-1.20x10* M 1.20x10°M 100.91 1.82 215
Ciprofloxacin CvV Modified GC 40-1000 uM 6 uM - - 216
Amlodipine Besylate SWV Modified EPPGE 5.00x10°-1.00x10°M  5.00x10°M \ \ 217
CAdSDPV 1-80 pg/mL 32.3 ng/mL 99.99 0.76
Pyridostigmine Bromide ————— HMDE 218
CAdSSWV 100 ng/mL —72 pg/mL  20.7 ng/mL 100.10 0.50
0.75x10" M
DPV . 99.47 1.09
2.28x10"M
Ziprasidone _— BDD 8.00x107-8.00x10° M 219
0.48x107 M
SWV ; 99.27 0.50
1.44x10" M
) 5 5 1.70x10" M
Estriol SWvV BDD 2.00x107-2.00x10” M 5 99.50 1.20 220
8.50x10" M
Azathioprine CvV Modified GC 0.2-100 uM 65 nm \ 3.70 221
) 5 5 9.50x10°M
Naratriptan DPV GC 8.00x107-1.00x10” M B 102.10 1.80 222
2.00x10° M
2.17x10"M
DPV 5 100.10 0.13
6.59x10" M
BDD 4.00x10°-1.00x10* M
2.97x10"M
SWV ; 100.02 0.14
9.00x10" M
Fosamprenavir 223
5.05x107 M
DPV P 99.88 0.06
1.53x10° M
GC 1.00x107°-1.00x10* M
3.78x107M
SWvV s 100.54 0.20
1.16x10° M

Abbreviations: CV: Cyclic Voltammetry; HMDE: Hanging mercury drop electrode; PGE: Pencil graphite electrode; LSV: Linear sweep voltammetry; SWV: Square wave
voltammetry; DPV: Differential pulse voltammetry; GCE: Glassy carbon electrode; CPE:Carbon paste electrode; MWCNT: multi walled carbon nanotube; PSA: Potentiometric
stripping analysis; LSCSV: Linear sweep cathodic stripping voltammetry; AdSDPV: Adsorptive stripping differential pulse voltammetry; AdSLSV: Adsorptive stripping linear
sweep voltammetry; AASSWV: Adsorptive stripping square wave voltammetry; CAdSLSV: Cathodic adsorptive stripping linear sweep voltammetry; CAdSDPV: Cathodic
adsorptive stripping differential pulse voltammetry; CAdSSWV: Cathodic adsorptive stripping square wave voltammetry; CadSV: Cathodic adsorptive stripping voltammetry;
AAdSDPV: Anodic adsorptive stripping differential pulse voltammetry; AAdSSWV: Anodic adsorptive stripping square wave voltammetry; FFTCV: Fourier transforms continuous
cyclic voltammetry; BDD: Boron doped diamond; LPSP: Linear potential scan polarography; AFI: Amperometric flow injection; FIA: Flow injection analysis; PGE: Pencil graphite
electrode; EPPGE: Edge plane pencil graphite electrode.
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pharmaceutical dosage forms and same blank biological
matrix as used for the stored samples [77-88]. A few hours
of standard and sample solution stability can be required
even for fast voltammetric methods [1-20, 77-91]. A t-test
can be applied to assess analyte stability. Nonetheless, RSD
results can be shown the analyte stability. The stability is
considered appropriate when the RSD values, calculated on
the assay results obtained at different time intervals, does not
exceed more than 20% of the corresponding value of the
precision of the proposed method.

The stability of all reagents, supporting electrolytes,
buffers and solutions is important with regard to both time
and temperature. The stability of the standard solutions of
the analyte should be evaluated to cover the time interval
from preparation until use. Typically, between 24 and 48
hours stability is desired for solutions and reagents that need
to be prepared for each analysis. Supporting electrolytes
should be chosen to avoid stability problems, especially the
working with phosphate and acetate buffers. These
supporting electrolytes should be kept in the fridge and
controlled every day before use. However, it can be better if
this type buffer solution may be freshly prepared every 3 or
4 days, because of the phosphate and acetate buffers provide
good media for microbial growth.

To establish stability for electroanalytical assays, the
mean analyzed results for all investigated samples should be
within 15% of the nominal sample concentrations. For all
type stabilities such as long-term, short-term, freeze-thaw
stability, it is recommended that the coefficient variation
(CV) (precision) for the replicate analyses not exceed 15%.
However, stability studies are not mandatory parameters of
the validation.

CONCLUSION

In electroanalytical drug analysis, important decisions are
taken which are based on data obtained from real samples.
The quality of electroanalytical data is the key to drug
development programme success and the process of method
development and validation has a direct impact on the
quality of these data. Therefore, it is generally accepted that
method validation is required to demonstrate the
performance of the method and the reliability of the
analytical results. Method validation is an essential
component of the measures that a laboratory should
implement to permit it to produce reliable electroanalytical
data. Table 2 lists the some selected pharmaceutical active
compounds that can be determined using fully validated
electroanalytical methods together with their some validation
parameters [92- 223]. Mostly DPV and SWV techniques
were used for the analysis of drugs with glassy carbon
electrodes. However, stripping techniques showed more
sensitive responses when compared with the classical
voltammetric techniques. In these selected electroanalytical
procedures, the linearity, LOD and/or LOQ were reported for
all techniques. However, in these selected electroanalytical
study, accuracy and precision were reported for most of the
literatures. Classical least square methods were mostly
selected calculation techniques for the calibration equations
(Table 2).

The method validation and its related parameters have
been extended as details and guidelines have been published

Gumustas and Ozkan

by recognized authorities. Acceptance criteria can be
dependent on the nature of the sample, the type of analytical
methodology, and the purpose of carrying out the analysis.
Validation parameters help assure that the electroanalytical
methods ensure the correct identity, strength, quality,
accurate, precise, selective, robust and sensitive. A well-
defined and well-documented validation process provides
regulatory agencies with evidence that the system and
method suitable for its intended use.
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