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A B S T R A C T

Bioanalysis is a pivotal method employed in the pharmaceutical industry for the quantitative analysis
of drugs and their metabolites within biological samples. It plays a crucial role in various aspects of
pharmaceutical research, including bioequivalence, pharmacokinetic, and toxicokinetic studies. Method
development, validation, and sample analysis are integral components of bioanalytical processes, ensuring
the accuracy and reliability of results. Throughout each stage of analysis, careful evaluation is required
to identify and mitigate any potential sources of interference, such as environmental factors, matrix
effects, or procedural variations. Bioanalytical methods encompass a range of techniques utilized for the
measurement of analytes within biological matrices, spanning from sample collection to data reporting. The
establishment of robust bioanalytical methods is imperative throughout the drug discovery and development
continuum, ultimately contributing to regulatory approval. Within this context, bioanalytical methods are
extensively utilized to quantify pharmaceuticals and their metabolites within plasma matrices, facilitating
both human clinical trials and non-human investigations.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Bioanalysis is critical in medication development.
Bioanalysis is now an integral component of
toxicological evaluation, as well as pharmacokinetic
and pharmacodynamics investigations during medication
development. Improving methods for testing is one of the
drug development hurdles, also validation of bio analytical
process is critical for regard to quantifiable various types
of analytes to be found in biological matrices. Sampling,
preparation of sample, various analysis, diverse calibration,
review of data, and to generate a report all are a part of the
procedure in a workflow.1–3

In forensic and clinical toxicology, the reliability of
analytical data is of the most crucial significance for
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the interpretation of toxicological findings. In addition
to being subject to judicial scrutiny, unreliable outcomes
may also lead to unjust legal consequences for the
defendant or inadequate patient care. The significance
of validation, at least for regular analytical procedures,
cannot be overstated. This is especially true in the context
of management in quality and accreditation, which have
recently gained prominence in analytical toxicology. This
also shows up in the increased technique validation
requirements of reviewing by peer’s scientific publications.
Consequently, this problem should be extensively debated
on an international level in order to acquire an accord
on the scope of validation experiments and acceptability
criteria for validation parameters of bioanalytical techniques
in forensic (and clinical) toxicology. Similar debates that
have occurred in related field of pharmacokinetic study
(PK) research for pharmacological registration throughout
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the previous decade.4,5

2. Method Development

Bio analytical technique and development is a process of
establishing an algorithm for recognising and measuring
unknown or innovative compounds in a framework.
Chemically Relevant history of the analyte, suitable
concentrations of substances, examples of matrix,
expenditures of the analysis method used and instruments
to be, speed-time analysis, quantitative or qualitative
measurement, precision, and necessary equipment are
all factors to be taken into consideration while selecting
an analytical method. Method development entails
sample preparation, sampling, separation, detection, and
assessment of the results, as well as conclusion.6

3. Importance and Need of Developing Bioanalytical
Method

To provide accurate data that can be adequately understood,
bioanalytical procedures must be well-characterized and
extensively verified. It is effectively recognised that
bioanalytical techniques and processes are always evolving
and establishing, and in many cases, they are at the leading
edge of technology. It is also pivotal to know that individual
approaches have distinctive properties that vary from
analyte to analyte. In these cases, separate validation criteria
for each analyte may need to be defined. Furthermore, the
congruous of the approach may be modified by the study’s
final purpose. When doing sample analysis in location
of one or more for particular research, it is required to
evaluate the bioanalytical method(s) at each site and provide
sufficient validation information for distinct sites in order to
manifest inter laboratory reliability.7

4. Terminologies Commonly Used in this Procedure

4.1. Validation

A specified bioanalytical technique is expected to undergo
several changes throughout the curriculum of a normal
development of drug program. These evolutionary changes
[for example, the extra addition of a metabolite or the
lowering of the lower limit of quantification (LLOQ)]
necessitate multiple degrees of validation to establish the
continuous an assay’s performance. There are types of
validation as follows, full, partial and cross-validation.

4.2. Full validation

When designing and applying a bioanalytical process for the
inaugural time for a novel medicinal entity, full validation
is required. If metabolites are added for quantification,
complete validation of the amended assay is required for
every other analyte tested.8

4.3. Partial validation

This verification are modifications to approved bioanalytical
procedures that do not necessitate complete revalidation.
Partly validation can be ranged from determining one
assay’s accuracy and precision to "nearly" full validation.
This method transfers between numerous of laboratories
or analysts, gadgets and/or programming structure changes,
alter in organisms within array (e.g., rat plasma to mouse
plasma), change in matrices within a species (e.g., human
plasma to human urine), transpose in analytical methods
(e.g., change in detection systems), and interchanging
samples and rectifying procedures are examples of ordinary
bioanalytical approach changes that fall into this category.

4.4. Cross validation

The procedure of distinguishing two bioanalytical methods
is known as cross-validation. When collectively more than
one bio analytical process is employed to pioneer data
within the same research, cross-validation is required.
For example, the "reference" is an original verified
bioanalytical technique, while the "comparator" is an
updated bioanalytical method. Comparisons should be
made in both of the directions, analysing sample within
a singular study are conducted multiple times at one
site or a laboratory, cross-validation with spiked matrix
and subject samples should be performed individually
to establish interlaboratory reliability, and should be
considered while generation of information using various
analytical techniques.

5. Sample Preparation

An analyte is often found in living medium like blood,
plasma, urine, serum, and so on. The blood of human
volunteers or subjects is typically collected by puncturing
a vein using a hypodermic syringe which is capable of
holding 5-7 ml. The process involves drawing venous
blood into tubes that contain an anticoagulant, often
ethylenediaminetetraacetic acid or heparin. Additionally,
the plasma is frequently collected after 15 minutes of
spinning at 4000 revolutions per minute. Around 30-
50% of the total volume is gathered. The purpose
of preparing a sample is to purify the sample before
analysis. Biological samples may include endogenous
macromolecules, proteins, salts, small compounds, and
metabolic by-products that have the potential to disrupt
the analysis, chromatographic column, or detector. The
sample prepping operation involves isolating the analytes
from the biological matrices and transferring them to a
suitable solvent for introduction into the chromatographic
equipment. Sample preparation methods include liquid-
liquid extraction, solid-phase extraction (SPE), protein
precipitation, chromatography, and ligand binding assay
(LBA).9,10
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5.1. Parameters in validation

5.1.1. Linearity and range
A calibration curve is a connection across response and
known analyte concentration. The curve should belong
in the similar matrix just as the sample, and a curve
for each analyte has to be constructed. The range of the
technique refers to the concentration interval within which
the accuracy, precision, and linearity have been verified. The
calibration curve used should be the most basic model that
accurately describes the connection between concentration
and response. The variance from the nominal concentration
of the lower limit of quantification should be no more than
20%, and no more than 15% from the other standards in the
curve.

5.1.2. Accuracy
The range of the technique refers to the concentration
interval within which the accuracy, precision, and linearity
have been verified. The calibration curve used should be the
most basic model that accurately describes the connection
between concentration and response. The variance from the
nominal concentration should be no more than 20%, and no
more than 15% from the other standards in the curve. The
range of the technique refers to the concentration interval
within which the accuracy, precision, and linearity have
been verified. The calibration curve used should be the
most basic model that accurately describes the connection
between concentration and response. The variance from the
nominal concentration should not be no more than 20%, and
no more than 15% from the other standards in the curve.11,12

5.1.3. Bias
ISO describes bias as the disparity between predicted trial
results and an accepted reference value. It could contain
beyond a single systematic error component. Bias can be
stated in terms of % in the allowable reference values
the word trueness describes the departure wide serials of
measurements’ mean values from the established reference
value. It is possible to express it in terms of prejudice. Due to
the significant burden of processing such big series, trueness
is normally confirmed after a large number of QCs during
ordinary application rather than during method validation.13

5.1.4. Precision
When a methodology is done repeatedly too numerous
to fractionalise a single identical capacity of biologic
framework, the accuracy of the method indicates the
closeness of individual measurements of an analyte.
Precision may be assessed using at least 5 determinations
per concentration. A minimum of three concentrations in
the expected concentration range are required. With the
exception of the LLOQ, the accuracy may be assessed
at every concentration level should not be above 15 of
the coefficients of variation (CV).Accuracy is further split

into interday, intraday, and various analyst or repeatability,
which analyses accuracy across time and may include many
analysts, equipment, reagents, and laboratories.14

5.2. Intermediate accuracy

Intermediate precision indicates variability within different
labs on various days, different analysers, equipment,
and so forth.15 The ISO defines the phrase "M-factor
different intermediate precision," where M-factor represents
the number of variables that range between subsequent
determinations. This type of precision is known as in
between-run, day, or inter-assay precision.16

5.3. Selectivity

The is usually used for evaluating the procedure for its
capacity to discriminate and quantify the analyte in the
availability of any other components present in the sample.
Analyses of all blank samples of suitable biological matrix
acquired from at least six sources should be performed
to determine selectivity. Individually every blank sample
should be checked for interference, and selectivity at the
lower LOQ should be assured.17

5.4. Limit of detection(LOD)

The LOD is only relevant to the limit test. Under the
defined experimental parameters, it is the lowest amount of
analyte in the sample that can be detected but not necessarily
quantified. The detection is commonly stated in terms of a
percentage, parts per million, or parts per billion.

5.5. LLOQ

It is the least amount of analyte present in a sample which
can be quantified with sufficient criteria of accuracy and
precision. The most practical strategy is to calculate Lower
Limit of Quantification based on accuracy and precision,
which defines the term as the lowest concentration of the
sample that can still be measured with adequate accuracy
and precision. Also, it is based on the ratio of signal-to-noise
ratio type that can only be employed if the baseline noise is
low, as in chromatographic procedures.18–25

5.6. Upper limit of quantification

A greatest analyte’s amount of a sample which is been
measured with appropriate bias is known as the upper limit
of quantification (ULOQ). In general, this corresponds to
the maximum calibration standard concentration.26

5.7. Recovery

The recovery of an analyte’s assay is an outlined difference
between the detector response from a quantity of analyte
injected to and extracted from bodily fluids and the detector
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output from the true concentration of the pure authentic
standard. The analyte recovery is not vital to be 100%, but
the amount of analyte and IS recovery percentage should be
correct, steady, and reproducible. Tests must be carried out
by comparing the results obtained for the extracts at each of
the three concentrations (lowest, medium, and maximum)
with un-extracted standards that show a hundred percent
recovery.19

5.8. Robustness

Generally termed as type of an analytical technique,
according to guidelines revised by ICH recommendations,
terms an estimate its ability as in to stay none affected by
modest but purposeful modifications in other parameters
and offers an indicator showing dependability during
routine use. Secondly it is defined as the capacity to
replicate any analytical procedures in diverse laboratory
environments without causing any major changes in the final
results.

5.9. Ruggedness

It measures of a method’s sensitivity to tiny fluctuations
that may happen while performing normal protocol, such
as modern transitions in pH values, composition of mobile
phases, temperatures, and so on. Ruggedness testing
is not required for full validation, it may be highly
useful during the whole development/revalidation phase, as
problems which can emerge during the work are frequently
recognized in earlier.20,21

5.10. Stability

During method of validating, the stability study of analyte
with varied circumstances should also be evaluated,
situations utilized along stability trials will hold similarity
to that which will be experienced during real time handling
of sample for analysis.22

5.11. Stock solution stability

The stock solution’s stability must assess accordingly with
normal room temperature for 6 hours.

5.12. Short-term temperature stability

The analyte’s stable conditions in biological fluids at room
temperature should be assessed. 3 portions of minimum and
maximum concentrations were stored for one day before
being tested.

5.13. Long-term temperature stability

The stability in the matrix should last from first day of
collection to the last day of examination.

5.14. Freeze and thaw stability

After three freeze-thaw cycles sessions, the stable
conditions shall be assessed. Three sections of low
and high concentration should be frozen for 24 hours before
being thawed at room temperature.

5.15. Post-preparative stability

Stability of an analyte will be assessed at several phases of
the analytical procedure.23,24

6. Documentation

Laboratory studies could be used to develop and validate the
validity of an analytical technique, and documentation of
the successful completion of such studies shall be included
in the assay of a validation report. A validated analytical
technique must include general and specialized SOPs
(standard operating procedures) as well as adequate record
keeping. The data production used for the creation of bio
analytical methods and the QCs in charge should record and
make available for audit and inspection. Documentation for
submission to the agency should include the following.27

1. Summary information,
2. Method development and establishment,
3. Bioanalytical reports on the application of any

techniques to routine sample analysis, and
4. Other information pertinent to development /or routine

sample analysis

6.1. Documentation for method establishment

Documentation for method development and establishment
should include:

1. An operational description of the analysing method.
2. Evidence of drug standard purity and identification,

as well as metabolite standards and internal standards
utilized in validation experiments.28

3. A description of the stability studies as well as
supporting data.

4. A description of the tests that were carried out to
evaluate all the parameters and important data gained
from these investigations.

5. Recording intra- and inter-assay precision and
accuracy.

6. If appropriate, information on cross-validation study
findings in NDA (new drug approval) filings.

7. Valid annotated chromatograms or spectrograms, if
appropriate

8. Any variations from standard operating procedures,
protocols, or (Good Laboratory Practice) GLPs
(if applicable), as well as explanations for those
variances.29
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6.2. Application to routine drug analysis

The following should be included in documentation of the
use of approved bio analytical technologies to routine drug
analysis.

1. Proof of the purity and identification of drug standards,
metabolite standards, and internal controls used in
routine tests.

2. Summary tables providing sample processing and
storage information: Tables should include sample
identity, collection dates, storage before to shipment,
shipment batch information, and storage prior to
analysis. Dates, timings, sample condition, and any
deviations from procedures should all be included.

3. Summary tables of clinical or preclinical sample
analytical runs: Information should include assay run
identification, analysis date and time, assay method,
analysts, start and stop times, duration, significant
equipment and material changes, and any potential
issues or deviation from the established method.

4. Equations for calculating outcomes backwards.
5. Calibration curve data tables utilized in sample

analysis, as well as calibration curve summary data.
6. Data on intra- and inter-assay accuracy and precision

from calibration curves and QC samples utilized for
accepting the analytical run, as well as summary
information on intra- and inter-assay values of QC
samples. In addition to raw data and summary
statistics, QC graphs and trend analysis are welcomed.

7. Tables of data from clinical or preclinical
sample analyses: Assay run identification, sample
identification, raw data and back-calculated findings,
integration codes, and/or additional reporting codes
should all be included in the tables.30

8. Complete serial chromatograms from 5 to 20%
of individuals, including with standards and
quality control samples from those analytical
runs: Chromatograms from 20% of serially chosen
participants should be included in key bioequivalence
studies for commercialization. Chromatograms from
5% of randomly selected participants in each research
should be included in other investigations. Prior to
the examination of any clinical samples, the subjects
whose chromatograms will be submitted should be
established.

9. The causes of missing samples.
10. Repeat analysis documentation: Documentation for

repeat analyses should contain the initial and repeat
analysis findings, the reported result, assay run
identification, the cause for the repeat analysis, the
requestor of the repeat analysis, and the manager
authorizing reanalysis. Repeat analysis of a clinical or
preclinical material should be done only in accordance
with a documented SOP.31

6.3. The following recommendations should be noted in
applying a bio analytical method to routine drug
analysis

1. A matrix-based standard curve should include a
minimum of six standard points covering the whole
range, omitting blanks (either single or duplicate).

2. Response function: For the standard curve inside
the study, the same curve fitting, weighting, and
goodness of fit specified during pre-study validation
should be used. Appropriate statistical tests are used
to establish the response function based on the actual
standard points during each validation run. Changes
in the response function connection between pre-
study validation and regular run validation indicate the
presence of possible issues.

3. The QC samples should be used to determine whether
the run should be accepted or rejected. These QC
samples have been analyte matrix spiked.32

4. System suitability: A unique SOP (or sample) should
be selected based on the analyte and procedure to
guarantee optimal system functioning.

5. Any needed sample dilutions should be performed
using a similar matrix (e.g., human to human),
eliminating the requirement for real within-study
dilution matrix QC samples.

6. Repeat analysis: It is critical to develop a SOP or
guideline for repeat analysis as well as acceptance
criteria. This SOP or guideline should explain why
sample analysis should be repeated. Repeat analyses
might be performed for a variety of reasons, including
regulatory purposes, inconsistent replication analysis,
and samples outside of the assay range, sample
processing problems, equipment failure, inadequate
chromatography, and inconsistent PK results. If the
sample volume allows, re-assays should be performed
in triplicate. The basis for the repeat analysis, as well
as its reporting, should be well recorded.

7. Sample data reintegration: A standard operating
procedure (SOP) or a set of guidelines for sample data
reintegration should be created. This SOP or guideline
should describe why reintegration is necessary and
how it will be carried out. The justification for
reintegration should be properly stated and recorded.
Data on original and reintegration should be reported.

7. Acceptance Criteria for the Run

Accepting the analytical run should take into account the
following acceptance criteria.

1. Standards and QC samples can be made from the same
spiking stock solution if the solution’s stability and
accuracy have been validated. A single matrix source
may also be utilized if selectivity has been proven.
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2. Within the run, standard curve samples, blanks, QCs,
and research samples may be organized as needed.

3. The placement of standards and quality control
samples inside a run should be tailored to identify assay
drift over the course of the run.

4. Matrix-based standard calibration samples: 75%, or
a minimum of six standards, when back-calculated
(including ULOQ), should be within 15% of the
nominal value, except for LLOQ, which should be
20%. Values that fall outside of these boundaries can
be deleted as long as they do not modify the existing
model.

5. For both the intra-day and intra-run experiments,
specific recommendations for technique validation
should be supplied.13

6. QC samples: Each run should include QC samples
reproduced (at least once) at a minimum of three
concentrations [one within 3 of the LLOQ (low QC),
one in the midrange (middle QC), and one near the
high end of the range (high QC). The findings of the
QC samples are used to determine whether the run
should be accepted or rejected. At least 67% (four out
of six) of the QC samples must be within 15% of their
respective nominal (theoretical) values; 33% of the QC
samples (not all replicates at the same concentration)
may be outside the 15% range. A confidence interval
technique with equivalent accuracy and precision is a
viable option

7. The minimum number of samples (in multiples of
three) shall be at least 5% of the total number of QCs or
six total unknown samples, whichever is larger. results
from failed runs do not need to be documented, but the
fact that a run was refused and the cause for failure
should be recorded. Samples including several analyte
should not be rejected based on the results from one
analyte failing the acceptance criteria.33

8. Conclusion

Bio analysis and the production of pharmacokinetic,
toxiciokinetic, and metabolic data plays a fundamental
role in pharmaceutical research, development involved
in the drug discovery and development process. An
attempt has been made to understand and explain the
bio analytical method development and validation from
a quality assurance department point view. This article
indicates simple to use approaches with a correct scientific
background to improve the quality of the bio analytical
method development and validation process. Despite
the widespread availability of different bio analytical
procedures for low-molecular weight drug candidates,
ligand binding assay remains of critical importance for
certain bio analytical applications in support of drug
development such as for antibody, receptor, etc it gives an
idea about which criteria Bioanalysis based on , and what it
should follow to reach for proper acceptance. Applications

of bioanalytical method in routine drug analysis are also
taken into consideration in this article. These various
essential development and validation characteristics for
bioanalytical methodology have been discussed with a view
to improving the standard and acceptance in this area of
research.
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