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ABSTRACT

Bioanalytical methods are widely used to quantitate drugs and their
metabolites in plasma matrices and this method are applied to study
in the areas of human clinical and nonhuman study. Bioanalytical
methods employed for the quantitative estimation of drugs and their
metabolites plays an important role in estimation and interpretation of
bioequivalence, pharmacokinetic, and toxicokinetic studies. The
major bioanalytical role is method development, method validation,
and sample analysis. Techniques such as high-pressure liquid
chromatography (HPLC) and liquid chromatography coupled with
double mass-spectrometry (LCMS-MS) can be used for bioanalytical

studies.
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INTRODUCTION

This Bioanalytical method development is a
procedure that is basically used to incorporate
quantitative  analysis useful in  biomedical
applications. Quantification of concentrations of
drugs in biological matrices comprising serum, urine,
plasma, saliva and blood are a relatively critical facet
of development of a medicinal product;
correspondingly these statistics might be a requisite
for novel active substances and generics along with
deviations to authorized drug products. The findings
and repercussions of clinical trials and such animal
toxicokinetic studies are utilized to make pivotal
decisions assisting the potency and safety of a
medicinal drug product. It is thereby crucial that the
implemented Bioanalytical methods employed are
considerably  characterized, documented and
completely validated to an adequate standard for the
purpose of yielding trustworthy results. Bioanalytical
method validation is used for the figuring out
quantitative analysis of drugs and their further
metabolites in biological fluid exerts substantial
purpose in the elucidation and assessment of
bioequivalence along with the bioavailability of the
drug as well as the pharmacokinetic and toxicokinetic
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evidence of the study. It is paramount not only in
terms of the regulatory submission but also for
guaranteeing procreation of high standard data in the
course of drug discovery and development. The
calibre of these research studies is bluntly
proportional to the quality of the fundamental data of
bioanalysis. Thereby it’s quite pivotal that steering
principles for the validation of these methods of
analysis be accustomed and distributed to the
pharmaceutical society. As per the guidelines issued
by globally recognized regulatory body like European
Medicines Agency (EMA) and The United States
Food and Drug Administration (USFDA) it is evident
that methods like high-performance liquid [1,2,3,4].

Types of Bioanalytical Method Validation
Bioanalytical method validation is classified into
three types

A. Full validation

B. Partial validation

C. Cross validation

Full validation
The full validation is an establishment of all
validation parameters to apply to sample analysis for
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the bioanalytical method for each analyte [1,15,19].
Full validation is important:

1. When developing and implementing a
bioanalytical method for the first time.

2. For a new drug entity.

3. A full validation of the revised assay is important
if metabolites are added to an existing assay for
quantification [19,21].

Partial validation:

Partial validations are modifications of already
validated bioanalytical methods or Modification of
validated bioanalytical methods that do not
necessarily call for full revalidation [15,16,18].
Partial validation can range from as little as one intra-
assay accuracy and precision determination to a
nearly full validation. Typical bioanalytical method
changes that fall into this category include, but are not
limited to:

1. Bioanalytical —method transfers between

laboratories or analysts

2. Change in analytical methodology (e.g., change in
detection systems)

3. Change in anticoagulant in harvesting biological
fluid

4. Change in matrix within species (e.g., human
plasma to human urine)

5. Change in sample processing procedures [21].

Change in species within matrix (e.g., rat plasma
to mouse plasma)

Change in relevant concentration range

Changes in instruments and/or software platforms
9. Limited sample volume (e.g., pediatric study)
10. Rare matrices

11. Selectivity demonstration of an analyte in the
presence of concomitant medications Selectivity
demonstration of an analyte in the presence of
specific metabolites [1,17,19].

Cross validation:

Cross-validation is a comparison of validation
parameters when two or more bioanalytical methods
are used to generate data within the same study or
across different studies [15,18,22].

1. An example of cross-validation would be a
situation where an original validated bioanalytical
method serves as the reference and the revised
bioanalytical method is the comparator. The
comparisons should be done both ways.

A. When sample analyses within a single study are
conducted at more than one site or more than one

laboratory, cross validation with spiked matrix
standards and subject samples should be
conducted at each site or laboratory to establish
inter laboratory reliability.

B. Cross-validation should also be considered when
data generated using different analytical
techniques (e.g., LC-MS-MS vs. ELISA) in
different studies are included in a regulatory
submission [1,15,17,21].

IMPORTANCE OF

METHOD VALIDATION

1. Itis paramount to utilize completely verified and
validated methods of Bioanalysis for showcasing
dependable results which can be interpreted
tolerably.

BIOANALYTICAL

2. Such methods of bioanalysis and their sets of
techniques are regularly altered and developed.

3. TItis vital to highlight that every single technique
of Bioanalysis has unique peculiarities that may
change depending on the type of analyte, there
has to be development of a particular criteria for
assessment of every other analyte.

4. On top of that, the suitability of the technique can
also change with respect to the aim of the study
that needs to be done. For e.g., during analysis of
a specific sample for defined research is carried
out at multiple sites, it is essential to assess the
method of Bioanalysis at every site and present
relevant assessment data for various sites to set up
inter-laboratory stability.

1. Need of Bioanalytical Method Validation:
1. It is essential to used well-characterized and
fully validated bioanalytical methods to yield
reliable results that can be satisfactory interpreted.

2. It is recognized that bioanalytical methods and
techniques are constantly undergoing changes and
improvements; they are at the cutting edge of the
technology.

3. It is also important to emphasize that each
bioanalytical  technique has its own
characteristics, which will vary from analyte to
analyte, specific validation criteria ma need to be
developed for each analyte.

4. Moreover, the appropriateness of the technique
may also be influenced by the ultimate objective
of the study. When samples analysis for a given
study is conducted at more than one site, it is
necessary to validate the bioanalytical methods at
each site and provide appropriate validation
information for different sites to establish inter-
laboratory reliability 18.
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Typical parameters to validate are include:
selectivity, accuracy, precision, linearity and range,
limit of detection, limit of quantification, recovery,
robustness and stability. General recommendation for
analytical method validation. i.e. for pharmaceutical
methods, can be found in the FDA guidelines or other
publications.

Accuracy: The degree of closeness of the observed
concentrations to the nominal or known true
concentration. It is typically measured as relative
error (% RE) [19]. Accuracy is an absolute
measurement an accurate method depends on several
factors such as specificity and precision. Accuracy is
sometimes termed as trueness. Accuracy is
determined by replicate analysis of samples
containing known amounts of the analyte. Accuracy
should be measured using minimum of five
determinations per concentrations. A minimum of
three concentrations in the range of expected study
sample concentrations is recommended. The mean
value should be within 15% of the nominal value
except at LLOQ, where it should not deviate by more
than 20%. The deviation of the mean from the
nominal value serves as the measure of accuracy.

The two most commonly used ways to determine the

accuracy or method bias of an analytical method are

1. Analysing control samples spiked with analyte
and

2. by comparison of the analytical method with a
reference method.

Accuracy is best reported as % bias which is
calculated from the expression:

Absolute% Bias = measured value — true value/ true
value X 100.

Precision: The precision of a bioanalytical method is
a measure of the random error and is defined as the
closeness of agreement between a series of
measurement obtained from multiple sampling of the
same homogenous sample under the prescribed
conditions. Measurement of scatter for the
concentrations obtained for replicate samplings of a
homogenous sample. It is typically measured as
coefficient of variation (%CV) or relative standard
deviation (R.S.D.) of the replicate measurement 20%
C V = standard deviation / men X 100

Repeatability: Repeatability express the analytical
variability under the same operating over a short
interval of time (within assay, intra assay).
Repeatability means how the method performs in one
lab and on one instrument, within a given day.
Precision measured under the best condition possible
(short period, one analyst etc.)

Reproducibility: Reproducibility is the precision
between laboratories (collaborative or interlaboratory
studies), is not required for submission, but can be
taken into account for standardization of analytical
procedures. Ability of the method to yield similar
concentrations for a sample when measured on
different occasions. Reproducibility refers to how that
method performs from lab-to-lab, from day-to-day,
from analyst-to-analyst, and from instrument-to-
instrument, again in both qualitative and quantitative
terms [21].

Linearity: The ability of the bioanalytical procedure
to obtain test results that are directly proportional to
the concentrations of analyte in the sample within the
range of the standard curve. The concentrations range
of the calibration curve should at least span those
concentrations expected to be measured in the study
samples. If the total range cannot be described by a
single calibration curve, two calibration ranges can be
validated. It should be kept in mind that the accuracy
and precision of the method will be negatively
affected at the extremes of the range by extensively
expanding the range beyond necessity. Correlation
coefficients were most widely used to test linearity.

Selectivity and specificity: The ability of the
bioanalytical methods to measure and differentiate the
analytes in the presence of components that may be
expected to be present. These could include
metabolites, impurities, degradants or matrix
components [22]. Selectivity is the documented
demonstrations of the ability of the Bioanalytical
procedure to discriminate the analyte from interfering
components. It is usually defined as the ability of the
bioanalytical method to measure unequivocally and to
differentiate ‘“‘the analytes in the presence of
components, which may be expected to be present”
[22]. Analysis of blank samples of the appropriated
biological matrix should be obtained from at least six
sources. Each blank sample should be tested for
interference and selectivity should be ensured at the
lower limit of quantification (LLOQ) [23]. These
interference may arise from the constituents of the
biological matrix under study, be it an animal (age,
sex, race, ethnicity etc.) or a plant (development
stage, variety, nature of the soil, etc.) or they could
also depend on environmental exposure (climatic
conditions such as UV -light, temperature and
relative humidity). Specificity is the ability to assess
unequivocally the analyte in the presence of
components that may be expected to be present. For
example, in high- performance liquid chromatography
with UV detection (RP-HPLC-UV), a classic
chromatographic method, the method is specific if the
assigned peak at a given retention time belongs only
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to one chemical entity; in liquid chromatography with
mass spectrometry detection the detector could
measure selective an analyte, even if this is not fully
separated from endogenous compounds etc. Despite
this controversy, there is a broad agreement that
specificity/ selectivity is the critical basis of each
analytical procedure.

Limit of Detection (LOD): The lowest amount of
analyte that can be detected but not quantified [21].
The calculation of the LOD is open to mis
interpretation as some bioanalytical laboratories just
measure the lowest amount of a reference solution
that can be detected and others the lowest
concentration that can be detected in biological
sample [23]. There is an overall agreement that the
LOD should represent the smallest detectable amount
or concentration of the analyte of interest.

Limit of Quantitation: The quantitation limit of
individual analytical procedure is the lowest amount
of analyte in a sample, which can be quantitatively
determined with suitable precision and accuracy [23].
LLOQ is the lowest amount of analyte in a sample
that can be quantitatively determined with suitable
precision and accuracy. Determining LLOQ on the
basis of precision and accuracy is probably the most
practical approach and defines the LLOQ as the
lowest concentration of the sample that can still be
quantified with acceptable precision and accuracy.
LLOQ based on signal-to-noise ratio (S/N) can only
be applied only when there is baseline noise, for
example to chromatographic methods. A 10:1 S/Nis
considered to be sufficient to discriminate the analyte
from the background noise. Upper limit of
quantification (ULOQ) is the maximum analyte
concentration of a sample that can be quantified, with
acceptable precision and accuracy. The ULOQ is
identical with the concentration of the highest
calibration standards.

Quantification Range: The range of concentration,
including the LLOQ and ULLOQ that can be reliably
and reproducibly quantified with suitable accuracy
and precision through the use of a concentration
response relationship.

Recovery: The extraction efficiency of an analytical
process, reported as percentage of the known amount
of an analyte carried through the sample extraction
and processing steps of the method. Recovery
pertains to the extraction efficiency of an analytical
method within the limits of variability. Recovery of
the analyte need not to be 100%, but the extent of
recovery of an analyte and of the internal standard
should be consistent, precise, and reproducible
Recovery experiments should be performed by
comparing the analytical results for extracted samples

at three concentrations (low, medium, and high) with
unextracted standards that represent 100% recovery.
It also be given by absolute recovery [21].

Absolute recovery =response of analyte spiked into
matrix (processed)/response of analyte of pure
standard (unprocessed) X 100

Specific Recommendation for Bioanalytical

Method Validation:

1. For validation of the bioanalytical method,
accuracy and precision should be determined
using a minimum of five determinations per
concentration level. The mean value should be
within 15% of the theoretical value. Other
methods of assessing accuracy and precision that
meet these limits may be equally acceptable.

2. The accuracy and precision with which known
concentrations of analyte in biological matrix can
be determined should be demonstrated. This can
be accomplished by analysis of replicate sets of
analyte samples of known concentrations QC
samples from an equivalent biological matrix.

3. The stability of the analyte in biological matrix at
intended storage temperature should be
established.

4. The stability of the analyte in matrix at ambient
temperature should be evaluated over a time
period equal to the typical sample preparation,
sample handling and analytical run times.

5. Reinjection reproducibility should be evaluated to
determine if an analytical run could be reanalysed
in the case of instrument failure.

6. The specificity of the assay methodology should
be established using a minimum of six
independent source of the same matrix.

Processed sample stability: The stability of
processed samples, including the time until
completion of analysis, should be determined.

Range: The range of analytical procedures is the
interval between the upper and lower concentrations
of analyte in the sample for which it has been
demonstrated that the analytical procedures has a
suitable level of precision, accuracy and linearity. The
range of a bioanalytical assay is the concentration
interval over which an analyte can be measured with
acceptable precision and accuracy.

Robustness: According to ICH guidelines, the
robustness of an analytical procedure is the measure
of its capacity to remain unaffected by small, but
deliberate variations in method parameters and
provide an indication of its reliability during normal
usage. Robustness can be described as the ability to
reproduce the method in different laboratories or
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under different circumstances without the occurrence
of unexpected differences in the obtained results and
arobustness test as an experimental set-up to evaluate
the robustness of a method.

Ruggedness: This includes different analysts,
laboratories, columns, instruments, sources of
reagents, chemicals, solvents. Ruggedness of an
analytical method is the degree of reproducibility of
test results obtained by the analysis of the same
samples under a variety of normal test condition. The
ruggedness of the method was studied by changing
the experimental condition such as, Changing to
another column of similar type and Different
operations in the same laboratory.

Bioanalysis in the
Development Lifecycle:
The lead optimization / selection, confirmation, and
testing process for new drug candidates is well
defined as a series of activities. Broadly, these can be
split into discovery, lead optimization and preclinical
development, through to clinical elevation (phases 1
to 40). Each stage places different requirements on
the bioanalytical assay used to provide information.
The use of LC/MS/MS assays gives the specificity,
flexibility, and sensitivity to enable fast and effective
decision-making at each stage.

Drug Discovery and

pk and bioanalysis in drug discovery:

Full pk characterization in the drug discovery phase is
not required; however, in conjunction with in vitro
techniques, the ability to assess the bioavailability of
a compound through bioanalysis provides a good
indication of suitability for advancement to
development.

Some analytical priorities are:

Fast pass/fail determination of pk parameters.
Medium-sensitivity assay.

Minimum assay development.

High specificity for the compounds of interest.
pk and bioanalysis in efficacy and safety studies.

Phase I: First time in to humans.

The key requirements for this stage are that the assay
must completely characterize the absorption and
elimination phases of the plasma concentration-time
curve. All metabolites must be fully resolved,
identified, and quantified. Adverse effects of a drug
(toxicokinetic, TK) are investigated and need accurate
measurement of AUC and C-max after single and
multiple doses. in the way the "no-toxic-effect dose
level" can be established, a key parameter when
dosing in first-time-into-human and further trails. The
demands placed on the bioanalytical assay are for:
» High sensitivity to ensure that the lowest effective

doses can be identified.

» High sensitivity to identify and quantitate
metabolites.

» Moderative throughput; sample groups are small.
» Full validation is required.

Phase II a: proof of concept

The drug compound id tested in small groups of
patients to assess efficacy in treating the disease
state.pk analysis is employed to assess the
dose/exposure response(pk/pd).this is another key
stage in deciding whether the drug should progress
further through clinical trials and therefore incur the
investment required.

Phase II b:

Dose ranging studies are carried out on patients to

establish effective doses for phase 2 trails.

Analytical priorities include:

» High sensitivity assays.

» High specificity assays for drug compound and
metabolites.

» Fast turnaround of samples.

Phase I1I: Long Term Studies

Large numbers of patients take part in phase3 clinical
trials with the objective of showing efficacy across a
wide range of populations. vast numbers of samples
must be handled and analysed with a bioanalytical
assay that is specific, robust, and fast.

» Assay specific to very few analytes.

» Robust to variations in matrix.

» Ability to process very large volumes of data.

Stability

It is the chemical stability of an analyte in a given
matrix under specific conditions for given time
intervals. The aim of a stability test is to detect any
degradation of the analyte(s) of interest, during the
entire period of sample collection, processing,
storage, preparation, and analysis. All but long term
stability studies can be performed during the
validation of the analytical method. Long term
stability studies might not be complete for several
years after clinical trials begin. The condition under
which the stability is determined is largely dependent
on the nature of the analyte, the biological matrix, and
the anticipated time period of storage (before
analysis) [4].

A. Freeze-thaw stability:

The influence of freeze/thaw cycles on analyte
stability should be determined after at least 3cycles at
2 concentrations in triplicate. At least three aliquots at
each of the low and high concentrations should be
stored at intended storage temperature for 24 hours
and thawed at room temperature. When completely
thawed, refreeze again for 12-24 hours under the
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same conditions. This cycle should be repeated two
more times, then analyse on 3rd cycle. All stability
determinations should use a set of samples prepared
from a freshly made stock solution of the analyte in
the appropriate blank, interference-free biological
matrix. Standard deviation of error should be <15%.
If analyte unstable freeze at -70°C for three freeze-
thaw cycles.

B. Short-term stability:

Three aliquots of each of the low and high
concentrations should be thawed at room temperature
and kept at this temperature for 4-24 hours and
analyse. % Deviation should be <15%.

C. Long-term stability:

At least three aliquots of each of low and high
concentrations should be thawed at room temperature
and kept at this temperature for 4-24 hours and
analyse. Analyse on three separate occasions. Storage
time should exceed the time between the date of first
sample collection and the date of last sample analysis.

D. Stock-solution stability:

The stability of stock solutions of drug and the
internal standard should be evaluated at room
temperature for at least 6 hours. % Deviation should
be <15%. If the stock solutions are refrigerated or
frozen for the relevant period, the stability should be
documented. After completion of the desired storage
time, the stability should be tested by comparing the
instrument response with that of freshly prepared
solutions.

E. Post-Preparative Stability:

The stability of processed samples, including the
resident time in the auto sampler, should be
determined. The stability of the drug and the internal
standard should be assessed over the anticipated run
time for the batch size in validation samples by
determining concentrations on the basis of original
calibration standards. SOPs should clearly describe
the statistical method and rules used. Additional
validation may include investigation of samples from
dosed subjects.
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