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INTRODUCTION 
 

Bioanalysis is a sub-discipline of analytical chemistry 

covering the quantitative measurement of xenobiotics 

(drugs and their metabolites, and biological molecules or 

concentrations) and biotics (macromolecules, proteins, 

DNA, large molecule drugs, metabolites) in biological 

systems. 

 

It is a progressive discipline for which the future holds 

many exciting opportunities to further improve 

sensitivity, specificity, accuracy, efficiency, assay 

throughput, data quality, data handling and processing, 

analysis cost and environmental impact. Standards set by 

regulatory bodies regarding method development and 

validation increasingly define the boundaries between 

speed and quality. Bioanalysis encourages the 

submission of any forward looking applications, 

including biosensors, microfluidics, miniaturized 

analytical devices, and new hyphenated and multi-

dimensional techniques.
 [1] 

 

Bioanalytical testing provides a quantitative measure of 

the active drugs and their metabolites in biological 

system for the purpose of pharmacokinetics/ 

pharmacodynamics study. It is performed across the 

value chain of drug development and plays a key role in 

lead optimization and moving a drug candidate along the 

development process. The bioanalytical testing during 

the drug discovery and lead optimization stage is 

conducted in-house by the pharmaceuticals whereas the 

later stages such as long term toxicity and Phase II 

studies are outsourced. 

 

The growth in small molecule NCEs (New Chemical 

Entity) has been less than 1% per annum in contrast to 

that of large molecule NBE (New Biological Entity) 

which is about 25% from 2000 to 2010. Furthermore the 

sale of the small molecules is growing at a CAGR of 

3.9% and that of large molecules at a CAGR of 10.1% 

from 2009 to 2015. This growth in the number of 

molecule development and sales for large molecules 

indicate that the therapeutics coming into the market 

over the next 5-10 years would be consisting 30-50% of 

biologics. Bioanalytical testing of these large molecules 
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ABSTRACT 
 

Bioanalysis is a progressive discipline for which the future holds many exciting opportunities to further improve 

sensitivity, specificity, accuracy, efficiency, assay throughput, data quality, data handling and processing, analysis 

cost and environmental impact. Standards set by regulatory bodies regarding method development and validation 

increasingly define the boundaries between speed and quality. With this emphasis in the use of PK/toxicokinetics 

and the greater potencies of newer drugs, a sensitive and specific bioanalytical technique is essential. Many 

scientific endeavors are dependent upon accurate quantification of drugs and endogenous substances in biological 

samples; the focus of bioanalysis in the pharmaceutical industry is to provide a quantitative measure of the active 

drug and/or its metabolite(s) for the purpose of pharmacokinetics, toxicokinetics, bioequivalence and 

exposureresponse (pharmacokinetics/pharmacodynamics studies). Bioanalysis also applies to drugs used for illicit 

purposes, forensic investigations and environmental concerns. The need for sound bioanalytical methods is well 

understood and appreciated in the discovery phase and during the preclinical and clinical stages of drug 

development. Therefore, it is generally accepted that sample preparation and method validation are required to 

demonstrate the performance of the method and the reliability of the analytical results. Now it is widely accepted 

that bioanalysis is an integral part of the pharmacokinetic/pharmacodynamic characterization of a novel chemical 

entity from the time of its discovery and during various stages of drug development, leading to its market 

authorization. 
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has been a challenging task for the pharmaceutical 

industry as the traditional techniques used for classical 

drugs are not adaptable to the large molecules having 

high molecular weight and complex structure. This has 

led into the advancement of techniques such as Ligand 

binding assays (LBA), Maldi-TOF-MS, size exclusion 

affinity chromatography, HRMS etc. that can be used for 

large molecule bioanalytical testing. The CROs are 

addressing the industry need by adding these services 

through mergers/ acquisition or expansion which can be 

leveraged by the pharmaceuticals. 

 

ECONOMIC ASPECTS OF LARGE MOLECULE 

DRUG DEVELOPMENT 

The time and funds required to discover and develop a 

new drug is around 10 years and requires approximately 

$1 billion, and the average number of large molecules 

being approved a year is 9 compared to small molecules 

which is 23 a year, hence it is very crucial to evaluate the 

candidates critically at the early stages of the drug 

development. The failure of drugs at various stages of 

the development and the expiry of patents mainly for the 

existing biologics has led to a recession in the Pharma 

R&D as the expected Biologic market value that will be 

off patent in the next 5 years is around $54 billion. 

Therefore the pharmaceuticals are in a spree to reduce 

their in- house capabilities and fixed costs and 

bioanalytical testing soaring the list of large spend by 

pharmaceuticals, the need for sound bioanalytical testing 

aiding as a critical tool in the drug discovery and 

development has to be understood well.
[2] 

 

Now it is widely accepted that bioanalysis is an integral 

part of the pharmacokinetic/pharmacodynamic 

characterization of a novel chemical entity from the time 

of its discovery and during various stages of drug 

development, leading to its market authorization. In this 

compilation, the important bioanalytical parameters and 

its application to drug discovery and development 

approaches are discussed, which will help in the 

development of safe and more efficacious drugs with 

reduced development time and cost. It is intended to give 

some general thoughts in this area which will form basis 

of a general framework as to how one would approach 

bioanalysis from inception (i.e., discovery of a lead 

molecule) and progressing through various stages of drug 

development. 
[3] 

 

The emergence of the field of bioanalysis as a critical 

tool during the process of drug discovery and 

development is well understood and globally accepted.
[4-

8]
 Over the past few decades, a plethora of assays has 

been continuously developed for NCEs to support 

various stages of discovery and development, including 

assays for important metabolites.
[9-12]

 Additionally, 

multiple analytical procedures are available for 

prescription medicines (Rx) and/or generic products.
[13-

21] 
Bioanalytical data generated in discovery and pre-

clinical programs are a valuable guide to early clinical 

programs. 

Bioanalytical methods employed for the quantitative 

determination of drugs and their metabolites in biological 

matrix (plasma, urine, saliva, serum etc) play a 

significant role in evaluation and interpretation of 

bioavailability, bioequivalence and pharmacokinetic 

data.
[22]

 Chromatographic methods such as Gas 

Chromatography (GC), Liquid Chromatography Mass 

Spectrometry (LC-MS) etc. are commonly used in 

laboratories for the qualitative and quantitative analysis 

of drug substances and biological samples throughout all 

phases of method development of a drug in research and 

quality control. Further, method validation is carried out 

to ensure that the method developed is accurate, specific, 

reproducible and rugged over the specified range in 

which an analyte is analyzed.
[23]

 As per Bioanalytical 

Method Validation (BMV) guidelines for industry, these 

guidelines are applied to bioanalytical methods that are 

used for the quantitative determination of drugs and their 

metabolites in biological matrices such as plasma, urine 

and preclinical studies.
[24]

 Bioanalytical method 

validation includes all of the procedures that demonstrate 

that a particular method developed and used for 

quantitative measurement of analytes in a given 

biological matrix is reliable and reproducible.
[25]

 

Validation of a bioanalytical method is the process by 

which it is established that the performance 

characteristics of the method meet the requirements for 

the intended bioanalytical application. These 

performance characteristics are expressed in terms of 

bioanalytical method validation parameters.
[26, 27]

 The 

fundamental bioanalytical method validation parameters 

include precision and accuracy, sensitivity, 

reproducibility, recovery and stability. However, the 

stability of the method can be determined by several 

methods including freeze and thaw method, short-term 

temperature stability study, long term stability and bench 

top stability. 

 

A bioanalytical method consists of two main 

component Sample preparations 

Sample preparation is a technique used to clean up a 

sample before analysis and/or to concentrate a sample to 

improve its detection. When samples are biological 

fluids such as plasma, serum or urine, this technique is 

described as bioanalytical sample preparation. The 

determination of drug concentrations in biological fluids 

yields the data used to understand the time course of 

drug action, or PK, in animals and man and is an 

essential component of the drug discovery and 

development process.
[28]

 Most bioanalytical assays have 

a sample preparation step to remove the proteins from 

the sample. Protein precipitation, liquidliquid extraction 

and solid phase extraction (SPE) are routinely used. 
[29]

 

 

Detection of the compound: The detector of choice is a 

mass spectrometer.
[28]

 Currently, the principle technique 

used in quantitative bioanalysis is high performance 

liquid chromatography coupled with tandem mass 

spectrometry (HPLC-MS/MS) using either electrospray 

ionization (ESI) or atmospheric pressure chemical 
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ionization (APCI) techniques.
[30] 

The triple quadrupole 

(QqQ) mass spectrometer (MS), when operated in the 

selected reaction monitoring (SRM) mode, offers a 

unique combination of sensitivity, specificity and 

dynamic range. Consequently, the QqQ MS has become 

the instrument of choice for quantitation within the 

pharmaceutical industry. Since ESI and APCI can be 

operated at flow rates as high as 1 and 2 mL/min, 

respectively, most of the convenience columns (e.g., 

C18, C8, C4, phenyl, cyanopropyl) are compatible. 

Recent technological advances have made 1.7 μm 

particle size packing material available. Coupling with 

high pressure pump and high-speed acquisition MS, 

ultra-high pressure liquid chromatography (UPLC) offers 

unique high-throughput and resolving power to obtain 

maximum chromatographic performance and superior 

assay sensitivity. 
[31] 

 

Before a bioanalytical method can be implemented for 

routine use, it is widely recognized that it must first be 

validated to demonstrate that it is suitable for its intended 

purpose. A GLP (Good Laboratory Practices) validated 

bioanalytical method is needed to support all 

development studies (e.g., toxicology studies and human 

clinical trials). According to the Food and Drug 

Administration (FDA) GLP guidance, 
[32]

 there is a 

general agreement that at least the following validation 

parameters should be evaluated for quantitative 

procedures: selectivity, calibration model, stability, 

accuracy (bias, precision) and limit of quantification. 

Additional parameters which might have to be evaluated 

include limit of detection (LOD), recovery, 

reproducibility and ruggedness (robustness).
[33,35]

 

Validation involves documenting, through the use of 

specific laboratory investigations, that the performance 

characteristics of the method are suitable and reliable for 

the intended analytical applications. The acceptability of 

analytical data corresponds directly to the criteria used to 

validate the method. 
[36] 

 

In early stages of drug development, it is usually not 

necessary to perform all of the various validation studies. 

Many researchers focus on specificity, linearity and 

precision studies for drugs in preclinical through Phase II 

(preliminary efficacy) stages. The remaining studies 

penetrating validation are performed when the drug 

reaches the Phase II (efficacy) stage of development and 

has a higher probability of becoming a marketed product. 

Presently, Guidelines for pharmaceutical methods in 

United States pharmacopoeia (USP), International 

Conference on Harmonization (ICH) and FDA provide a 

framework for regulatory submission must include study 

on such fundamental parameters. 

 

VALIDATION PARAMETERS 

There is a general agreement that at least the following 

validation parameters should be evaluated for 

quantitative procedures: selectivity, calibration model, 

stability, accuracy (bias, precision) and limit of 

quantification. Additional parameters which might have 

to be evaluated include LOD, recovery, reproducibility 

and ruggedness (robustness). 

 

1. Specificity/selectivity 
A method is specific if it produces a response for only 

one single analyte. Since it is almost impossible to 

develop a chromatographic assay for a drug in a 

biological matrix that will respond to only the compound 

of interest, the term selectivity is more appropriate. The 

selectivity of a method is its ability to produce a response 

for the target analyte which is distinguishable from all 

other responses (e.g., endogenous compounds such as 

protein, amino acids, fatty acids, etc).
[37] 

 

2. Accuracy 
Accuracy of an analytical method describes the closeness 

of mean test results obtained by the method to the true 

value (concentration) of the analyte. This is sometimes 

termed as trueness. The two most commonly used ways 

to determine the accuracy or method bias of an analytical 

method are (i) analyzing control samples spiked with 

analyte and (ii) by comparison of the analytical method 

with a reference method.
[38]

 

 

3. Precision 
It is the closeness of individual measures of an analyte 

when the procedure is applied repeatedly to multiple 

aliquots of a single homogenous volume of biological 

matrix.
[32]

  

 

There are various parts to precision, such as 

repeatability, intermediate precision, and reproducibility 

(ruggedness). Repeatability means how the method 

performs in one lab and on one instrument, within a 

given day. Intermediate precision refers to how the 

method performs, both qualitatively and quantitatively, 

within one lab, but now from instrument-to-instrument 

and from day-to-day. Finally, 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.
[37-38] 

 

4. Detection Limit 
The LOD is the lowest concentration of analyte in the 

sample that can be detected but not quantified under the 

stated experimental conditions.
[39]

 There is an overall 

agreement that the LOD should represent the smallest 

detectable amount or concentration of the analyte of 

interest. 

 

5. Quantitation Limit 
The quantitation limit of individual analytical procedures 

is the lowest amount of analyte in a sample, which can 

be quantitatively determined with suitable precision and 

accuracy. 

 

6. Linearity 
According to the ICH definition, the linearity of an 

analytical procedure is its ability (within a given range) 
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to obtain test results which are directly proportional to 

the concentration (amount) of analyte in the sample. If 

the total range cannot be described by a single calibration 

curve, two calibration ranges can be validated. 

Correlation coefficients were most widely used to test 

linearity. Although the correlation coefficient is of 

benefit for demonstrating a high degree of relationship 

between concentration and response data, it is of little 

value in establishing linearity.
[40]

 Therefore, by assessing 

an acceptable high correlation coefficient alone the 

linearity is not guaranteed and further tests on linearity 

are necessary, for example, a lack-of-fit test. 

 

7. Range 
The range of an analytical procedure is the interval 

between the upper and lower concentration (amounts) of 

analyte in the sample (including these concentrations) for 

which it has been demonstrated that the analytical 

procedure has a suitable level of precision, accuracy and 

linearity.
[32] 

 

8. Robustness 
It is the measure of its capacity to remain unaffected by 

small, but deliberate, variations in method parameters 

and provides an indication of its reliability during normal 

usage. 

 

9. Extraction recovery 
It can be calculated by comparison of the analyte 

response after sample workup with the response of a 

solution containing the analyte at the theoretical 

maximum concentration. Therefore, absolute recoveries 

can usually not be determined if the sample workup 

includes a derivatization step, as the derivatives are 

usually not available as reference substances. 

 

10. Stability 
It is the chemical stability of an analyte in a given matrix 

under specific conditions for given time intervals.
[32]

 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, storing, preparing, and 

analysis.
[41]

 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). 

 

DRUG DISCOVERY/DESIGN 

Initially, in the discovery stage, the aim of bioanalysis 

could be merely to provide reasonable values of either 

concentrations and/or exposure which would be used to 

form a scientific basis for lead series identification 

and/or discrimination amongst several lead candidates. 

Therefore, the aim of the analyst at this stage should be 

to develop a simple, rapid assay with significant 

throughput to act as a great screening tool for reporting 

some predefined parameters of several lead contenders 

across all the various chemical scaffolds. 

 

The initial method of analysis developed during the 

discovery phase of the molecule, with some 

modifications, may sometimes serve as a method of 

choice to begin with as the NCE enters the preclinical 

development stage. Since the complexity of development 

generally tends to increase as the lead candidate enters 

the toxicological and clinical phase of testing, it naturally 

calls for improved methods of analytical quantization, 

improvement in selectivity and specificity, and 

employment of sound and rugged validation tools to 

enable estimation of PK parameters that would also aid 

in the decision-making of the drug molecule's 

advancement in the clinic in addition to safety and 

tolerability data gathered at all phases of development. 

Additionally, it becomes necessary to quantify active 

metabolite(s) in both animals and humans.
[42] 

 

Drug discovery/design consists of identification and 

characterization of new targets (enzymes or receptors), 

synthesis of new lead molecules, screening of new lead 

molecules for in vitro and/or in vivo biological activities, 

and physicochemical characterization of leads.
[43]

 For 

discovery, the priority is to examine a large number of 

compounds and determine which pharmacologically 

active compounds are most suitable for drug 

development. In practice, when a compound is obtained 

which has the required biological activity, a number of 

analogues or chemically similar compounds will be 

synthesized and tested to optimize the preferred 

characteristics of the compound (a process known as lead 

optimization). In the secondary screening stage, 

physiochemical properties such as solubility, 

lipophilicity and stability are determined by using 

octanolwater partition coefficient and pKa. These 

measurements are useful in predicting protein binding, 

tissue distribution and absorption in gastrointestinal 

tract.
[44] 

 

In parallel studies, information is learned on a drug 

molecule's absorption, distribution (including an estimate 

of protein binding), metabolism and elimination by 

sampling from dosed laboratory animals (called in vivo 

testing) and from working cells and/or tissues removed 

from a living organism (called in vitro testing since the 

cells are outside a living animal). For in vivo 

characterization of PK and bioavailability, it is necessary 

to administer the drug to selected animal species both 

intravenously and by the intended route of administration 

(usually oral). Whole blood samples are collected over a 

predetermined time course after dosing, and the drug is 

quantified in the harvested plasma by a suitable 

bioanalytical method. The use of in vitro drug 

metabolism approaches for the prediction of various in 

vivo PK characteristics is widely practiced in the 

pharmaceutical industry.
[45,48]

 In particular, in vitro 

metabolic stability assessment using hepatic subcellular 

fractions to predict in vivo hepatic clearance is employed 
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as part of the initial screening of candidates in a lead 

optimization program. This is because the liver is the 

main organ involved in the metabolism of xenobiotics, 

the process by which most drugs are cleared from the 

body. The correlation between in vivo hepatic clearance 

values and the intrinsic clearance values determined from 

liver microsomal incubation experiments is also well 

documented.
[49,52] 

These important tests are collectively 

referred to as ADME characteristics (Absorption, 

Distribution, Metabolism and Elimination).
[28] 

 

ADME/PK screening is usually taken to mean in vitro 

systems for studying absorption and metabolism. 

However, in vivo studies still provide the definitive 

assessment of overall drug disposition, and progress has 

been made in overcoming some of the constraints 

associated with this approach. Previously, drug 

metabolism studies were performed at a late stage of 

drug development process and very often not until the 

phase of clinical studies. Therefore, inadequate 

metabolism and PK parameters were the major reason of 

failure for NCEs.
[53] 

 

DRUG DEVELOPMENT 

It focuses on evaluation of safety/toxicity and efficacy of 

new drug molecules. However, majority of the drug 

molecules fail in subsequent drug development program 

because the efficacy and safety are not governed by its 

PD characteristics alone. It also depends to a large 

degree on the biopharmaceutical (e.g., solubility, 

stability, permeability and first pass effect) and PK 

(clearance rate, biological half-life, extent of protein 

binding and volume of distribution) properties of the 

drug, since these properties control the rate and the 

extent to which the drug can reach its site of action, i.e., 

biophase.
[54]

 Some data on reasons for withdrawal of 

candidate drugs from development have been published 

by the Center for Medicines Research.
[55]

 

 

Preclinical Stage 

Once a chemical is identified as a new drug candidate, 

extensive preclinical analyses must be completed before 

the drug can be tested in humans.
[56]

 The main goals of 

preclinical studies (also named nonclinical studies) are to 

determine a product's ultimate safety profile. Each class 

of product may undergo different types of preclinical 

research. For instance, drugs may undergo 

pharmacodynamics (PD), PK, ADME, and toxicity 

testing through animal testing. During preclinical 

investigation, validation should be formalized and 

mandated as per the required norm. The validation 

should address as many parameters as possible which are 

relevant, to obtain unambiguous analytical data [the list 

could include accuracy, precision, specificity, selectivity, 

linearity range, lower limit of quantification (LLQ), 

upper limit of quantification (ULQ), dilution effect, 

stability or extraction recovery]. Since the data gathered 

during this stage, especially PK and toxicokinetic 

properties of the NCE, would become part of the initial 

investigational new drug and clinical trial (IND/CTA) 

filings in several regions, the adherence to certain rigid 

validation parameters and protocols becomes of 

paramount importance. 
[57] 

 

In the pharmaceutical industry, the term toxicokinetics is 

generally used to describe the PK performed at the dose 

levels used in the toxicological risk assessment of drugs.  

The aims of the toxicokinetic evaluation are: 

 To define the relationship between systemic 

exposure to test compound and the administered 

dose,  

 To provide information on potential dose- and time-

dependenciesin the kinetics,  

 To determine the effect of age on the PK in animals, 

provide clearer delineation when there are sex-

related differences, determine whether there are any 

changes in kinetics in pregnancy (during 

reproductive toxicology studies) and also provide 

greater detail on inter species comparisons. 

 

However, the overall aim in conducting toxicokinetics 

during safety studies is to extrapolate the risk assessment 

from the toxicity test species to humans.
[28] 

Whilst 

preliminary PK and toxicokinetic data are obtained in 

drug development in preclinical species, the definitive 

kinetics is obtained in drug development by conducting 

single dose experiments in preclinical species and in 

humans. These data are essential in defining the dosage 

regimen in man and ensuring that the therapeutic benefit 

is maximized.
[58- 63] 

 

Clinical Stage 

Clinical trials are used to judge the safety and efficacy of 

new drug therapies in humans. Drug development 

comprises of four clinical phases: Phase I, II, III and IV. 

Each phase constitutes an important juncture, or decision 

point, in the drug's development cycle. A drug can be 

terminated at any phase for any valid reason. As the 

molecule advances into clinical development, the 

developed assay for human sample analyses (plasma, 

serum or urine matrix) needs to be more rugged, robust 

and be able to withstand the test of time during this the 

longest phase of clinical development.
[64-67] 

 

CONCLUSION 
 

Reliable data obtained from selective, sensitive and 

reproducible analysis of a drug and its metabolites in 

biological samples is a fundamental and crucial part of 

every successful drug development program. Indeed, the 

same principles apply to many areas such as forensic 

science, toxicology and sports doping testing. The field 

of bioanalysis has matured significantly from early 

studies in drug metabolism using simple colorimetry. 

With the proliferation of sophisticated hyphenated 

techniques linking advanced separations with mass 

spectrometry and NMR as detection systems, automation 

and robotics, today's bioanalyst is well equipped to deal 

with the modern challenges of analyzing xenobiotics in 

biological matrices much faster and with a higher level 

of confidence. Furthermore, bioanalysts are now 
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involved with the discovery, measurement and 

qualification of pharmacogenomic profiles and 

biomarkers and, subsequently, the development of 

diagnostic kits to individualize patient characterization 

and treatment. 

 

In todays highly competitive global drug development 

arena, it is more important than ever that the modern 

bioanalytical laboratory is optimized for speed and 

success. The content is uniquely targeted to those 

working on the analysis of drugs and metabolites in 

biological matrices. This is, primarily, bioanalysts 

working in pharmaceutical research and development, 

clinical laboratories, clinical toxicologists, forensic 

toxicologists and sports doping analysts. 

 

The need for sound bioanalytical methods is well 

understood and appreciated in the discovery phase and 

during the preclinical and clinical stages of drug 

development. Therefore, it is generally accepted that 

sample preparation and method validation are required to 

demonstrate the performance of the method and the 

reliability of the analytical results. For bioanalytical 

methods, sample preparation techniques, the essential 

validation parameters with their guidelines and 

application of validation work in drug discovery and 

development phase have been discussed here. 
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