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ABSTRACT 
In past, the major reason causing new drug failure was 
the lack of proper analysis of  pharmacokinetic data 
due to absence of any high advanced techniques but 
recent years witnessed various advancement in the 
field of analytical techniques and one of these
bioanalysis. Bioanalysis emerges as an important tool 
during drug discovery and development. This review 
article focuses on the various methods used during 
bioanalysis and its application in various fields.
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INTRODUCTION 
Bringing of new drug into market consists of several 
steps but it is broadly categorized into two stages
discovery and development (as shown in 
discovery and development is the process of finding
new compounds and evaluating all their pr
determine its efficacy and therapeutic use in order to 
select one novel chemical entity (NCE) to become a 
safe and efficacious drug. Strategies in the drug 
discovery and drug development processes are 
undergoing radical change. The cost of bringing 
new drug to market costs around $1 billion and it may 
take approximately 8-10 years. [1] 

To aid in a discovery program, accurate data on 
pharmacokinetics and metabolism must be available 
as early as possible as it eventually contributes to the 
final success or failure of the compound. The 
initiation of early absorption, distribution, metabolism 
and excretion (ADME) screening has dramatically 
decreased the proportion of compounds failing in 
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In past, the major reason causing new drug failure was 
the lack of proper analysis of  pharmacokinetic data 
due to absence of any high advanced techniques but 
recent years witnessed various advancement in the 
field of analytical techniques and one of these is 
bioanalysis. Bioanalysis emerges as an important tool 
during drug discovery and development. This review 
article focuses on the various methods used during 
bioanalysis and its application in various fields. 

bioanalysis, sample preparation, drug 

Bringing of new drug into market consists of several 
steps but it is broadly categorized into two stages i.e. 

as shown in Fig.1). Drug 
discovery and development is the process of finding 

compounds and evaluating all their properties to 
determine its efficacy and therapeutic use in order to 

one novel chemical entity (NCE) to become a 
safe and efficacious drug. Strategies in the drug 
discovery and drug development processes are 

The cost of bringing a 
costs around $1 billion and it may 

To aid in a discovery program, accurate data on 
pharmacokinetics and metabolism must be available 

it eventually contributes to the 
final success or failure of the compound. The 
initiation of early absorption, distribution, metabolism 
and excretion (ADME) screening has dramatically 
decreased the proportion of compounds failing in 

clinical trials. The main aim of preclinical ADME is 
to eliminate weak drug candidates in the early stages 
of drug development which allow resources to be 
focused on potential drug candidates. 
the role of bioanalysis as it play
during the process of drug discovery and development 
and is globally accepted. [3

decades, a plethora of assays has been continuously 
developed for NCEs to support various stages of 
discovery and development, including
important metabolites. [7-11] 
plays a vital role during the lead optimization stages. 
The major goal of the bioanalysis is to assess the 
over-all ADME characteristics of the new chemical 
entities (NCE’s). Arrays of bioanalytical methods are 
required to completely describe the pharmacokinetic 
behavior in laboratory animals as well as in humans
[12] Bioanalytical tools can play a significant role for 
the progress in drug discovery and development. 
Physiologic fluids such as blood, serum, plasma, urine 
and tissues are analyzed to determine the absorption 
and disposition of a drug candidate administered to a 
test animal. [13] Often the concentration of the NCE’s 
in the biological matrix changes with time, and 
perhaps fall below nanogram level, therefore, 
quantification limits for the bioanalytical methods 
should be much lower than those 
analytical methods.[14] Effects from the endogenous 
materials (such as plasma proteins) of the biological 
matrix and stability issues make the accurate analysis 
difficult. Methods developed to analyze the 
pharmacokinetic study samples need complete 
separation of the analytes from matrix component
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in aim of preclinical ADME is 
to eliminate weak drug candidates in the early stages 
of drug development which allow resources to be 

tential drug candidates. [2] Here comes 
the role of bioanalysis as it plays an important role 

scovery and development 
[3-6] Over the past few 

decades, a plethora of assays has been continuously 
for NCEs to support various stages of 

discovery and development, including assays for 
 Bioanalytical support 

plays a vital role during the lead optimization stages. 
The major goal of the bioanalysis is to assess the 

all ADME characteristics of the new chemical 
entities (NCE’s). Arrays of bioanalytical methods are 

pletely describe the pharmacokinetic 
animals as well as in humans. 

Bioanalytical tools can play a significant role for 
the progress in drug discovery and development. 
Physiologic fluids such as blood, serum, plasma, urine 

ssues are analyzed to determine the absorption 
and disposition of a drug candidate administered to a 

Often the concentration of the NCE’s 
in the biological matrix changes with time, and 
perhaps fall below nanogram level, therefore, 

fication limits for the bioanalytical methods 
should be much lower than those required for 

Effects from the endogenous 
materials (such as plasma proteins) of the biological 
matrix and stability issues make the accurate analysis 

icult. Methods developed to analyze the 
pharmacokinetic study samples need complete 

from matrix component. [15] 
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Fig.1 Schematic flow chart of the steps involved in drug discovery

BIOANALYSIS: 

Bioanalysis is defined as the quantitative estimation
of a compound (generally drug or macro compounds 
such as proteins) or their metabolite in biological 
fluids (such as blood, plasma, serum, urine or tissue 
extracts).[16] Bioanalysis in the plays a critical role in 
pharmaceutical industry as it provide a quantitative 
measure of the active drug and/or its metabolite(s) in 
various research field such as pharmacokinetics
or preclinical pharmacokinetics, toxicokinetics, 
bioequivalence and exposure
(pharmacokinetics/pharmacodynamics studies). 
Bioanalysis also applies to drugs used for illicit 
purposes, forensic investigations, anti-doping testing 
in sports, and environmental concerns. Bioanalytical 
assays to accurately and reliably de
drugs at lower concentrations. [17]  

Bioanalysis broadly consists of two methods which 
includes following: 

 Preparation of samples from biological 
matrixes( such as blood, serum, urine etc)

 Detection and analysis of compound
its metabolities. 

SAMPLE PREPARATION: 

Sample preparation is a technique which is mostly 
used to remove any impurity or any foreign 
substances before analysis and/or to concentrate a 
sample to improve its detection. When samples are
extracted from various biological fluids such as 
plasma, serum or urine, this technique is 
bioanalytical sample preparation.vaious techniques 
employed during extraction of drug are illustrated in 
fig2. 
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the quantitative estimation 
or macro compounds 

etabolite in biological 
blood, plasma, serum, urine or tissue 

plays a critical role in 
provide a quantitative 

nd/or its metabolite(s) in 
pharmacokinetics and/ 

toxicokinetics, 
posure–response 

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

doping testing 
in sports, and environmental concerns. Bioanalytical 
assays to accurately and reliably determine these 

Bioanalysis broadly consists of two methods which 

Preparation of samples from biological 
matrixes( such as blood, serum, urine etc) 

of compound/drug or 

which is mostly 
used to remove any impurity or any foreign 

before analysis and/or to concentrate a 
When samples are 

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

vaious techniques 
employed during extraction of drug are illustrated in 

 

The qualitative estimation 
metabolities concentrations in biological fluids yields 
the data which are 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. [18]  

The two main reasons of sample preparations

a) To remove any impurities or other endogenous 
compounds other than desired sample
analyte as possible. 

b) Sample preparation helps in improving the 
sensitivity of the systems and obtaining clear or 
sharp response, by enrich
respect to the analyte, 

Objectives of sample preparation

Two of the major goals of any sample 
pretreatment procedure are

- Quantitative recovery 

- A minimum number of steps.

Successful sample preparation has a following 
objective: 

- Free from interfering matrix elements

- At a concentration appropriate for detection and 
measurement 

Detection of the compound: 

The detector of choice is a mass spectrometer.
Currently, the principle technique used in quantitative 
bioanalysis is high perfo
chromatography coupled with tandem mass 
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The detector of choice is a mass spectrometer.[20] 
Currently, the principle technique used in quantitative 
bioanalysis is high performance liquid 
chromatography coupled with tandem mass 
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spectrometry (HPLC-MS/MS) using either 
electrospray ionization (ESI) or atmospheric pressure 
chemical ionization (APCI) techniques.
quadrupole (QqQ) mass spectrometer (MS), when 
operated in the selected reaction monitoring (SRM) 

Fig.2 Various Extraction Method

Bioanalytical techniques:[22] 

Following are two different techniques which are 
commonly used in bioanalytical studies 

 Hyphenated techniques: 
 LC–MS (liquid chromatography

spectrometry)  
 GC–MS (gas chromatography

spectrometry)  
 CE–MS (capillary electrophoresis

spectrometry)  
 Chromatographic methods  
 HPLC(high performance liquid 

chromatography)  
 Gas chromatography 

LIQUID CHROMATOGRAPHY
SPECTROMETRY (LC-MS/MS): 

Bioanalytical liquid chromatography
spectrometry is a technique that uses liquid 
chromatography with the mass spectrometry. LC
is commonly used in laboratories for the quantitative 
and qualitative analysis of drug substances, drug 
products and biological samples. Through LC
biological samples are determined throughout all 
phases of method development of a drug in research 
and quality control. 

 

 

EXTRACTION 
METHOD

Protein precipitation method 

Solid Phase Micro extraction
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MS/MS) using either 
electrospray ionization (ESI) or atmospheric pressure 
chemical ionization (APCI) techniques.[21] The triple 
quadrupole (QqQ) mass spectrometer (MS), when 

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.

Extraction Method used in the sample preparation.

Following are two different techniques which are 
commonly used in bioanalytical studies i.e.:  

MS (liquid chromatography–mass 

as chromatography–mass 

MS (capillary electrophoresis–mass 

HPLC(high performance liquid 

LIQUID CHROMATOGRAPHY-MASS 

liquid chromatography-mass 
spectrometry is a technique that uses liquid 
chromatography with the mass spectrometry. LC-MS 
is commonly used in laboratories for the quantitative 
and qualitative analysis of drug substances, drug 

Through LC-MS 
biological samples are determined throughout all 
phases of method development of a drug in research 

Method Development:  

Method of analysis are being routinely developed, 
improved, validated, collaboratively studied an
applied. Chromatographic separations are mainly 
required which depend on the samples to be analyzed. 
The chromatographic procedure is important for the 
systemic approach to LC
development. In most cases as desired separation can 
be achieved easily with only a few experiments. In 
other cases a considerable amount of experimentation 
may be needed.  

Procedure for Method Development:

Collect the physicochemical properties of drug 
molecules from the literature. 

• Determine solubility profile 

• MS scanning and optimization 

• Mobile phase selection  

• Selection of extraction method and optimization 

• Selection of chromatographic method (based on 
solubility study, retention of compound)

Steps in LC-MS/MS Method Development 

Proper knowledge about the sample is necessary for 
an effective method development. Some information 
regarding the analyte is necessary like 

Protein precipitation method Solvent Precipitation

Salting out:
Solid Phase Micro extraction

liquid-liquid extraction

Supercritical fluid 
extraction
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• Number of compounds present  

• Molecular weights of compound  

• Sample Solubility  

• Drug Stability 

• Concentration range of compounds in samples of 
interest 

BIOANALYTICAL METHOD VALIDATION: 

Quantitative estimation of drug concentration in 
biological matrices (such as serum, plasma, blood, 
urine, and saliva) is an integral part of drug/biological 
product development. Bioanalysis play an important 
role in pharmaceutical industry as it helps in the 
quantitative estimation of low molecular weight drugs 
as well as high molecular weight such as proteins 
analysis. The result obtained from various animal 
toxicology studies, pharmacokinetic studies as well as 
preclinical pk study including bioavailability and 
bioequivalence study are essential to support critical 
decisions supporting the safety and efficacy of a 
medicinal drug substance or product. Therefore 
validation ensures that the given bioanalytical produce 
sensitive and reproducible data. 

Types of bioanalytical validation are: 

 Full Validation 
 Partial Validation 
 Cross-Validation 

Bioanalytical method validation includes parameters 
such as Selectivity, Sensitivity, Calibration/Quality 
control standards, Accuracy, Precision, Recovery and 
Calibration curve/Linearity and stability. 

 SELECTIVITY: 
It is defined as the ability of biological method to 
differentiate desired analyte from other analytes or 
impurities present in samples.[24,25] To determine 
efficiency of selectivity, the response of an analyte in 
the biological sample at the lower limit of 
quantification (LLOQ) is compared with blank matrix 
sample. To obtain reproducible and accurate result it 
is recommended to take blank matrix from at least six 
different sources and compare it with the spiked 
LLOQ in the matrix.  
 
 
 
 

 SENSITIVITY:[26] 

The lowest standard (LOQ) should be accepted as the 
limit of quantification of the method. This test should 
be performed to prove the reproducibility for samples 
at limit of quantification level. Sensitivity should be 
evaluated by using at least 5 replicates of the samples 
at the limit of quantification. The sample used for this 
evaluation should be independent of calibration 
standards. The accepted limits for LOQ should be 
±20% for accuracy and ≤20% for precision. In 
addition, signal to noise ratio(S/N) will also be 
calculated to evaluate the noise level. A minimum 
recommended S/N ration could be 5:1, however 
acceptance criteria for the signal to noise ratio depend 
on the individual method. 

 Calibration/Quality control standards: 

Calibration standards can be defined as a biological 
matrix to which a known amount of analyte has been 
added or spiked. Calibration standards are used to 
construct calibration curves, from which the 
concentrations of analytes in QCs and in unknown 
study samples are determined. In the same way, 
quality control standard (QC) is also a spiked sample 
used to monitor the performance of a bionalytical 
method and to assess the integrity and validity of the 
results of the unknown samples analyzed in an 
individual batch. [27] Calibration/quality control 
standards preparation plays an important role in the 
outcome of the method performance. For the 
preparation of master stocks, an adequately 
characterized standard reference material must be 
available, from which the other dilutions may be 
prepared which will be used for the spiking of 
calibration/QC standards.[28] Documentation of the 
characterization (certificate of analysis) must be 
available to the bionalytical laboratory when this 
material is used for method validation. Procedure 
defined in the analytical method should be followed 
for the preparation of calibration/QC standards.  

 Accuracy, Precision, and Recovery:[29] 

The accuracy of an analytical method describes the 
closeness of mean test results obtained by the method 
to the true value (concentration) of the analyte. 
Accuracy is determined by replicate analysis of 
samples containing known amounts of the analyte. 
Accuracy should be measured using a minimum of 
five determinations per concentration. A minimum of 
three concentrations in the range of expected 
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concentrations is recommended. The mean value 
should be within 15% of the actual value except at 
LLOQ, where it should not deviate by more than 
20%. 

The precision of an analytical method describes the 
closeness of individual measures of an analyte when 
the procedure is applied repeatedly to multiple 
aliquots of a single homogeneous volume of 
biological matrix. Precision should be measured using 
a minimum of five determinations per concentration. 
A minimum of three concentrations in the range of 
expected concentrations is recommended. The 
precision determined at each concentration level 
should not exceed 15% of the coefficient of variation 
(CV) except for the LLOQ, where it should not 
exceed 20% of the CV. Precision is further subdivided 
into within-run, intra-batch precision or repeatability, 
which assesses precision during a single analytical 
run, and between-run, inter batch precision or 
repeatability, which measures precision with time, and 
may involve different analysts, equipment, reagents, 
and laboratories. 

The recovery of an analyte in an assay is the detector 
response obtained from an amount of the analyte 
added to and extracted from the biological matrix, 
compared to the detector response obtained for the 
true concentration of the pure authentic standard. 
Recovery pertains to the extraction efficiency of an 
analytical method within the limits of variability. 
Recovery of the analyte need not 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. 

 Calibration curve/linearity:[30] 
The linearity of an analytical procedure is its ability to 
obtain test results that are directly proportional to the 
concentration of analyte in the sample. Test results 
should be evaluated by appropriate statistical 
methods, by calculation of a regression line like by 
the method of least squares. Correlation coefficient, y-
intercept, slope of the regression line and residual sum 
of squares for which a minimum of five 
concentrations are recommended. 
 
 Stability: 
It is the chemical stability of an analyte in a given 
matrix under specific conditions for given time 
intervals. [31] 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. [32]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). 

 
APPLICATION OF BIOANALYSIS: 
 Bioanalysis assess in the study of in-vivo 

pharmacokinetic studies in animals at preclinical 
stages and humans at clinical stages. 

 Bioanalysis play an important role in validating 
methods used during the analysis of sample in 
biological fluids. 

 It helps in the screening of active new molecules 
by providing results obtain from ADME 
pharmacokinetic studies (as shown in fig. 3). 
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Hop CE, Prakash C. Application in drug discovery 
and development.In: Chowdhury SK, Editor. 
Chapter 6: Metabolite identifi cation by LC-MS. 

 

Kaitin KI (2008) Obstacles and opportunities in 
new drug development. Clin Pharmacol Ther 83: 

Kantharaj E, Tuytelaars A, Proost PE, Ongel Z, 
van AH, Gillissen AH. Simultaneous 

abolic stability and 
identification of metabolites using ion-trap mass 
spectrometry. Rapid Commun Mass Spectrom 

Bu HZ, Magis L, Knuth K, Teitelbaum P. High-
throughput cytochrome P450 (CYP) inhibition 
screening via a cassett e probedosing strategy. VI. 
Simultaneous evaluation of inhibition potential of 
drugs on human hepatic isozymes CYP2A6, 3A4, 
2C9, 2D6 and 2E1. Rapid Commun Mass 

Cai Z, Sinhababu AK, Harrelson S. Simultaneous 
quantitiative cassett e analysis of drugs and 

etection of their metabolites by high performance 
liquid chromatogramphy/ion trap mass 
spectrometry.Rapid Commun Mass Spectrom 

Scott RJ, Palmer J, Lewis IA, Pleasance S. 
Determination of a ‘GW cocktail’ of cytochrome 

their metabolites in 
plasma and urine using automated solid phase 
extraction and fast gradient liquid chromatography 
tandem mass spectrometry. Rapid Commun Mass 

 

7) Gautam N, Singh RP, Pratap R, Singh SK. Liquid 
chromatographict and em 
assay for quantitation of a novel antidiabetic 
S002-853 in rat plasma and its application to 
pharmacokinetic study. Biomed Chromatogr 
2010;24:692-8. 

8) Satonin DK, McCulloch JD, Kuo F, Knadler MP. 
Development and validation of a liquid 
chromatography-tandem mass spectrometric 
method for the determination of major metabolites 
of duloxetine in human plasma. J Chromatogr B 
Analyt Technol Biomed Life Sci 2007;852:582

9) Zeng J, Onthank D, Crane P, Unger S, Zheng N, 
Pasas-Farmer S, et al. Simultan
of a selective adenosine 2A agonist, BMS
and its acid metabolite in human plasma by liquid 
chromatography-tandem 
evaluation of the esterase inhibitor, diisopropyl fl 
uorophosphates, in the stabilization of a labile 
ester containing drug. J Chromatogr B Analyt 
Technol Biomed Life Sci 2007;852:77

10) He F, Bi HC, Xie ZY, Zuo Z, Li JK, Li X, et al. 
Rapid determination of six metabolites from 
multiple cytochrome P450 probe substrates in
human liver microsome by liquid 
chromatography/mass spectrometry: application to 
high throughput inhibition screening of 
terpenoids. Rapid Commun Mass Spectrom 
200721:635-43. 

11) Chawla S, Ghosh S, Sihorkar V, Nellore R, 
Kumar TR, Srinivas NR. High performanc
chromatography method development and 
validation for simultaneous determination of fi ve 

BIOANALYSI
S

Analysis of drug 
and its metabolities

in different 
biological fluids

LC-MS/MS 
AND HPLC 
METHOD 

VALIDATIO
N

IN-VIVO PK 
SCREENING

International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470 

Jun 2018    Page: 1278 

 
elds. 

Gautam N, Singh RP, Pratap R, Singh SK. Liquid 
chromatographict and em mass spectrometry 
assay for quantitation of a novel antidiabetic 

853 in rat plasma and its application to 
pharmacokinetic study. Biomed Chromatogr 

Satonin DK, McCulloch JD, Kuo F, Knadler MP. 
Development and validation of a liquid 

tandem mass spectrometric 
method for the determination of major metabolites 
of duloxetine in human plasma. J Chromatogr B 
Analyt Technol Biomed Life Sci 2007;852:582-9. 

Zeng J, Onthank D, Crane P, Unger S, Zheng N, 
Farmer S, et al. Simultaneous determination 

of a selective adenosine 2A agonist, BMS-068645, 
and its acid metabolite in human plasma by liquid 

tandem mass spectrometry—
he esterase inhibitor, diisopropyl fl 
, in the stabilization of a labile 

ester containing drug. J Chromatogr B Analyt 
Technol Biomed Life Sci 2007;852:77-84. 

He F, Bi HC, Xie ZY, Zuo Z, Li JK, Li X, et al. 
Rapid determination of six metabolites from 
multiple cytochrome P450 probe substrates in 
human liver microsome by liquid 
chromatography/mass spectrometry: application to 
high throughput inhibition screening of 
terpenoids. Rapid Commun Mass Spectrom 

Chawla S, Ghosh S, Sihorkar V, Nellore R, 
Kumar TR, Srinivas NR. High performance liquid 
chromatography method development and 
validation for simultaneous determination of fi ve 

MS/MS 
AND HPLC 
METHOD 

VALIDATIO



International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470  

@ IJTSRD  |  Available Online @ www.ijtsrd.com |  Volume – 2  |  Issue – 4  | May-Jun 2018    Page: 1279 

model compounds—antipyrine, metoprolol, 
ketoprofen, furesemide and phenol red, as a tool 
for the standardization of rat insitu intestinal 
permeability studies using timed wavelength 
detection. Biomed Chromatogr 2006; 20:349-57. 

12) Jamalapuram S, Vuppala PK, Mesangeau C, 
McCurdy CR, Avery BA (2012) Determination of 
a highly selective mixed-affinity sigma receptor 
ligand, in rat plasma by ultra performance liquid 
chromatography mass spectrometry and its 
application to a pharmacokinetic study. J 
Chromatogr B Analyt Technol Biomed Life Sci. 
1: 1-6. 

13) Jamalapuram S, Vuppala PK, Abdelazeem AH, 
McCurdy CR, Avery BA (2013) Ultra-
performance liquid chromatography tandem mass 
spectrometry method for the determination of 
AZ66, a sigma receptor ligand, in rat plasma and 
its application to in vivo pharmacokinetics. 
Biomed Chromatogr 

14) Hsieh Y (2008) HPLC-MS/MS in drug 
metabolism and pharmacokinetic screening. 
Expert Opin Drug Metab Toxicol 4: 93-101. 

15) Vuppala PK, Boddu SP, Furr EB, McCurdy CR, 
Avery BA (2011) Simple, Sensitive, High-
Throughput Method for the Quantification of 
Mitragynine in Rat Plasma Using UPLC-MS and 
Its Application to an Intravenous Pharmacokinetic 
Study. Chromatographia 74: 703-710. 

16) James CA, Breda M, Baratte S, Casati M, Grassi 
S, Pellegatta B, et al. Analysis of Drug and 
Metabolites in tissues and other solid matrices. 
Chromatogr Suppl 2004;59:149-56. 

17) S. Lakshmana Prabu and T. N. K. Suriyaprakash 
Extraction of Drug from the Biological Matrix: A 
Review www.intechopen.com 

18) Wells DA. Fundamental strategies for 
bioanalytical sample preparation. High throughput 
bioanalytical sample preparation methods and 
automation strategies. Amsterdam: Elsevier; 2002. 
p. 41. 

19) S. Lakshmana Prabu and T. N. K. Suriyaprakash, 
Extraction of Drug from the Biological Matrix: A 
Review Applied Biological Engineering – 
Principles and Practice www.intechopen.com 

20) Wells DA. Fundamental strategies for 
bioanalytical sample preparation. High throughput 
bioanalytical sample preparation methods and 

automation strategies. Amsterdam: Elsevier; 2002. 
p. 41. 

21) Xu X. Book Using mass spectrometry for drug 
metabolism studies In: W Korfmacher, Editor. 
Chapter 7: Fast Metabolite Screening in a 
Discovery Setting. 2nd ed. CRC Press. In press. 

22) SS Begum, BS Sushmaa, S Vijayaraja; 
Bioanalytical Techniques – An Overview; 
PharmaTutor; 2015; 3(9); 14-24 14 

23) Sethi P D; HPLC quantitative analysis of 
pharmaceutical formulation; New Delhi: CBS 
Publication and Distributors; IJAPA; 3(4); 2001; 
8-40.  

24) H.Y. Aboul-Enein, Selectivity versus specificity 
in chromatographic analyticalmethods, Accredit. 
Qual. Assur. 5 (2000) 180–181. 

25) S. Kollipara, G. Bende, N. Agarwal, B. Varshney, 
J. Paliwal, Internationalguidelines for 
bioanalytical method validation: a comparison and 
discussionon current scenario, Chromatographia 
73 (2011) 201–217 

26) Srivastava et al.  AN UPDATED REVIEW: 
ANALYTICAL METHOD VALIDATION, 
ejpmr, 2017,4(09), 774-784 

27) Ravisankar P, Navy CN, Pravallik D, Sri DN. A 
Review on step-by-step analytical method 
validation. IOSR J Pharm, 2015; 5(10): 07-19  

28) Chandran S, Singh RSP. Comparison of various 
international guidelines for analytical method 
validation. Pharmazie, 2007; 62: 4-14.  

29) Rama Rao Kalakuntla et al /J. Pharm. Sci. & Res. 
Vol.1(3), 2009, 1-10 

30) Patel RA, Shah CN. Method validation and 
method development by using analytical method-
HPLC-review on current research. J Pharm Sci 
Bioscientific Res., 2016; 6(5): 728-32.  

31) Food and Drug Administration. Guidance for 
Industry: Bioanalytical Method Validation. 
Rockville, MD: US Department of Health and 
Human Services, FDA, Center for Drug 
Evaluation and Research, 2001. 

32) Peng GW, Chiou WL. Analysis of drugs and other 
toxic substances in biological samples for 
pharmacokinetic studies. J Chromatogr 
1990;531:3-50. 


