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ABSTRACT

A Bioanalytical method utilizes for the quantitatidetermination of drugs and their metabolites ialdpical
matrix (plasma, urine, saliva, serum etc.) playiaportant role in estimation and interpretation lwbavailability,
bioequivalence and pharmacokinetic data. Developgnmemd validation of bioanalytical method issential to
understand the pharmacokinetics of any drud/anits metabolites. Liquid Chromatography Tandklass
Spectrometry (LC-MS/MS) is used in laboratoriestf@ qualitative and quantitative estimation of glsubstances,
drug products and biological samples. This revieeus on various extraction techniques likddsphase
extraction (SPE), liquid-liquid extraction (LLEGnd protein precipitation , which play importardgle in sample
preparation and detection by LC-MS/MS. Thiscéetialso comprises scanning and optimization ofygeaas well
as internal standard (IS) and optimization of nMielphase and its preparation. Bioanalytical methadidation
includes all the parameters like system suitahilggnsitivity, selectivity Matrix Effect, precision and accuracy,
calibration curve, stability, Robustness , Ruggednthat demonstrate a particular method usedjf@ntitative
measurement of analytes in a given biological matsuch as blood, plasma, serum, or urine isal#é and
reproducible for the intended use.
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INTRODUCTION

Mass spectrometry (MS) is about one hundred yddrdte basic principles were first described by Riseph John
Thomson during a lecture he gave to the Cambridggogdphical Society in 1897 [1] traced in 1913 by
experimental validation, when he distributed aastreof ionised neon gas into two isotopic componbmgtapplying

a magnetic and an electric field to it [2].

During subsequent decades, MS became a widelyarsagtical technique in the physical and chemic#res.
But, for biological specimens its application remed limited, mainly because the ionisation techesjavailable
were only suitable for low molecular weight compdar~200 Da or less), and also there was noworthy method
for easy introduction of biospecimens into the higlcuum of the mass spectrometer.

In 1980s this situation changed dramatically whehnJFennimproved soft ionisation of large bio-males by

electrospray ionization (ESI) and developed somh@key technologies that allowed easy samplediiction into
the mass spectrometer [3]. Later, the use of M®ifmspecimen analysis grew quickly, initially withiesearch and
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the pharmaceutical industry, followed by clinicabbratories. The advancement of MS practice fosg®oimen
analysis enhanced further during the mid and 18&@04, with a shift from gas-chromatography (GClaasass
spectrometry front-end technology to liquid-chroaggaphy (LC), a technique that permitted much semplork
flows and significantly faster analytical turnaraltimes.

Now, in 2F" century, LC mass spectrometry (LC-MS) has becom@laspread technology within clinical reference
and referral laboratories world-wide, and has sthtb enter into large and medium sized hospitats regional
clinical laboratories. Its use within medical labtmries now covers hundreds of different testsgiranfrom rare
and highly esoteric analytes to high volume tastdrug/toxicology, newborn screening and endocagpl4].

This review focuses primarily on bioanalysis andherefore not comprehensive. However, it may coeveral
aspects that can be generalized to other aredimicht LC-MS testing.

A Bioanalytical method utilizes for the quantitaidetermination of drugs and their metabolitesiatolgical matrix

(plasma, urine, saliva, serum etc.) play animportarhe in estimation and interpretation of bioaahility,

bioequivalence and pharmacokinetic data [5]. BoRLE and LCMS-MS can be used for the bioanalysidrags

in plasma. Each of the instruments has its own rtdgees. HPLC coupled with UV, PDA or fluoresce
detector can be used for estimation of mamppmminds. The main benefits of LCMS/MS include

detection limits, the ability to generateustural information, the requirement of minimsample treatment
and the possibility to cover a wide range amalytes differing in their polarities[6].Bioalytical method
validation includes all of the procedures tthdlustrate that a particular method used for mjiiative

measurement of analytes in a given biologioatrix, such as blood, plasma, serum, or uigegliable and
reproducible for the intended use[7-8]. The fameéntal parameters for this validation inclugedivity,

accuracy, precision, linearity and range, linot detection, limit of quantification, recoyerobustness and
stability. This guideline provides assistance sfgonsors of investigational new drug applaati (INDs), new
drug applications (NDAs), abbreviated new dragplications (ANDAs) and supplements in deveigpi
bioanalytical method validation information uséd human clinical pharmacology, bioavailabilitBA) and

bioequivalence (BE) studies requiring pharmacetkin (PK) evaluation. This guideline also applits

bioanalytical methods used for non-human pharmagdioxicologystudies and preclinical studies. Btudies
related to the veterinary drug approval process, goidance applies only to blood and urine BA, &k PK

studies[9-10].

EXPERIMENTAL SECTION

METHOD DEVELOPMENT

Method development is the procedure for developirggnsitive, accurate, precise, rugged and rolussitigative
method for estimation of drug and/metabolite inldgical matrix.Method development involves evalaatiand
optimization of the various stages of sample prajpamn, chromatographic separation, detection arahtation .
With chromatographic methods, an important consitlen at the method development stage is whethersé
internal or external standardization. For exterstndardization the response of analyte is plotigdinst
concentration to generate calibration line. Whieifiternal standardization, a structural or isagtagmalogue of the
analyte is added and samples prior to sample pegrtrent the ratio of the response of the analyteabof internal
standard is plotted against concentration.

Steps Involved In M ethod Development:

Literaturesurvey:

Preparation of a product profile of an identifiedmpound by collecting the data and information giveelow
through literature search. Molecular formula/weiglith structure, Physicochemical properties e.a@uBility, pKa,
Stability in solution. Pharmacokinetic parametefsn@x, Tmax, AUC, Cl, Vd, Plsama binding, etc), Amiall
methods if any specifying chromatographic condgieng, Column type (C18, C8 etc), Column oven teaipee,
Mobile phase, Injection volume, Flow rate and Refiees.

Scanning and optimization of analyte and internal standard:

Mass spectrometers work by converting the analyikecules to a charged (ionised) state, with subesgtganalysis
of the ions and any fragment ions that are prodwh@ihg the ionisation process, on the basis off tass to
charge ratiorfi/2. Several different technologies are availablebiath ionisation and ion analysis.
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Following are the principal experiments that carpbdormed with mass filtering tandem mass spectters:

Full Scan: Scan across the entire (or part of the) masserafdpoth mass filters (Q1 and Q3) while Q2 does no
contain any collision gas. This test allows thertigesee all ions contained in a sample.

Product 1on Scan: Select one specific m/Q in Q1, fill Q2 with coitia gas to fragment the selected m/Q, and then
scan across the entire (or part of the) mass rah@S — this experiment allows the user to seé&afjment/product
ions of the selected precursor ion.

Precursor lon Scan: Scan across the entire (or part of the) mass rah@d, fill Q2 with collision gas to fragment
all ions in the scan range, and then select oneifgpen/Q in Q3 — this experiment allows the uday,temporal
correlation of detection of the product ion and th&) that just preceded its detection, to determwhéch m/Q
precursor ion(s) might have given rise to the getbproduct ion.

Neutral Loss Scan: Scan across the entire (or part of the) mass rah@H, fill Q2 with collision gas to fragment
all ions in the scan range, and then scan Q3 aa@qa®determined range that corresponds to a fraignen-
induced loss of one specific mass having occurmdefrery potential ion in the precursor scan rarnfes
experiment allows identification of all precursdizat have lost a selected common chemical group, adl
precursors that have lost the mass correspondiagrtethyl-group.

Selective (or Multiple) Reaction Monitoring (SRM or MRM): Select one specific m/Q in Q1, fill Q2 with
collision gas to fragment the selected m/Q, and tbelect one specific m/Q of these fragments in-Qis
experiment allows highly specific detection of aralgte with the m/Q selected in Q1 that is knowrfregment
specifically into the product ion selected into @&r this specific ion-pair the detection sendiivis also vastly
increased, since the detector now processes plynfari exclusively) this single analyte-specifimipair, and can
do so repeatedly over several cycles.

Preparation of calibration curve (CC):.

Calibration is the relationship between instrumeasponse and known concentration of the Analytesufficient
number of standards should be employed to defire rétationship between concentration and respoAse .
calibration curve should be prepared in the sambdical matrix as the samples in the intendedystudspiking
with known concentration of the analyte. Precautidrould be taken to avoid precipitation while spikithe
biological matrix .The number of standards usedanstructing a calibrationcurve will be a functiohanticipated
range of analytical values and the nature of trey#a response relationship. Concentration of stedwishould be
chosen on the basis of the concentration rangecéegbén a particular study.A calibration curve skoconsist of,
Blank sample (matrix sample processed without nakerstandard), Blank (duplicate), Zero sample (matr
processed with internal standard), Zero samplelichtp), Five to eight non-zero samples covering éxpected
range, including LLOQ., Blank and zero samplesrexteused in calibration function, but they onlyv&eto evaluate
interferences.

The simplest model that adequately describes theestration-response relationship should be usekcton of
weighting and use of a complex regression equatmuld be justified. The following conditions shabide met in
developing a calibration curve: 20% deviation & th. OQ from nominal concentration. 15% deviatiorst€ndards
other than LLOQ from nominal concentration

Limit of Detection (L OD):
The limit of detection is the lowest concentratiminanalyte in the sample that can be detected butjmantified
under the standard experimental condition.

Lowest limit of Quantification (LLOQ):

It is the minimum quantifiable concentration wittcaracy and precision of drug/analyte in the biaalgmatrix. (it
is approx. 10 folds less then reported Cmax valte)lowest standard on the calibration curve shbeldccepted
as the limit of quantification if the theanalytespense at the LLOQ should be at least 5 times ¢sponse
compared to blank response. Analyte peak (respostsa)ld be identifiable, discrete, and reproducivith a
precision of 20% and accuracy of 80-120%.
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Quality control sample (QC):

A spiked sample used to monitor the performancz lmbanalytical method and to asses the integritalidity of
the result of the unknown samples analysed imndividual batch. Each QC batch should contanLLOQ, b)
Low QC, ¢) Medium QC, d) High QC, LLOQ QC: Samptmcentration as the lowest non-zero standard, L& Q
2 to 3 times of LLOQ, Medium QC: Approx. 40 to 6@ ULOQ (Upper limit of quantification: it is theighest
concentration in the CC range and it is 10 timgseater than the Cmax value). High QC: It is agpB0% of
ULOQ.

Check the responselinearity:
The response linearity using selected chromatograggndition, Thelowest concentration of CC staddae less
then required limit of quantification, Accept thedarity only if Fshould be >= 0.98.

Internal standard:
Test compound (s) (e.g. structurally similar analstgble labeled compound) added to both calibradiandards
and sample at known and constant concentratioacittéte quantification of the target analysp

Selection of internal standard (1S):

It should be detected under the chromatographidition of the main compound (analyte).Processedlblaatrix
sample should be free from interference at IS titertime.lt should elute close to retention tinfete analyte of
interest with proper resolution.

Sample collection and Sample preparation:
Sample preparation is an essential part of HPLOyaisa which is intended to provide a reproducilaled
homogenous solution that is suitable for injectiothe column.

Aim of sample preparation:

o Relatively free of interferences

o Should not damage the column

o Compatible with the intended HPLC method

The biological media that contain the analgie usually blood, plasma, urine, serum &ood is usually
collected from human subjects by vein purectwith a hypodermic syringe up to 5 to 7 ml (geging on the
assay sensitivity and the total number ahgas taken for a study being performed)e Menous blood is
withdrawn into tubes with an anticoagulanty.eEDTA, heparin etc. Plasma is obtained cepntrifugation at
4000 rpm for 15 min. About 30 to 50% e toriginal volume is collected[11].

The purpose of sample preparation is to clean epsdmple before analysis and/or to concentratesaineple.

Material in biological samples that can ifeez with analysis, the chromatographic coluomthe detector
includes proteins, salts, endogenous macromolecsifieall molecules and metabolic byproducts .[B]goal

with the sample preparation is also to exchahgeahalyte from the biological matrix into alvemt suitable for
injection into the chromatographic system. Gelngracedures for sample preparation like liquidil@jextraction,

solid-phase extraction(SPE) and protein precigitatiSample can be prepared for bioanalysis in watéety of

form. Some of the important methods of sample pajman are given below:

Solid Phase Extraction (SPE):

SPE is a physical extraction process that involdiuid and solid phase .The solid support is enubkally
modified silica gel that has a greater attraction the analyte than the matrix in which the anaigtgresent.
Principle of SPE is based on the selective retanticthe analyte [13]. Elution solvent commonly dise methanol
which is strong enough to completely elute an @eajgnerally (1-2 ml) in volume. Followirifable (1) describes
the Solvent Strength for SPE process.

Table 1: Solvent Strengthsfor SPE process.

Nor mal Phase Weak Solvents | Reverse Phase
Hexane Water
Isooctane Methanol
Toluene Isopropyl alcoho|
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Chloroform Acetonitrile
Methyl Chloride Acetone
Tetrahydrofuran Ethyl acetate
Ethyl acetat Tetrahydrofura
Acetone Methyl Chloride
Acetonitrile Chloroform
Isopropyl alcohol Toluene
Methanol .| Isooctane
Water Strong Solvents Hexane

Cartridges are selected based upon partition co-efficient of the analvte (s)

1 |

Condition/Equilibrate the cartridge bed by methanol/acetonitrile followed by water and
for buffer.

Load the sample

Wash off the interferences by water or buffer followed bv 5 to 10 % methanol and
Acetonitrile in water or buffer.

Elute analvte of interest using suitable solvent (methanol or acetonitrile)
Dry the elution solvent under the stream of Nitrogen gas

Feconstitute with the diluent and/or Mobile phase and inject.
Figure 1. Stepsinvolved in SPE

Conditioning ~ Sample additon ~ Washing Elution

m
- Analyte

Analyte ]
Inferferences @4

Figure 2: General solid-phase extraction procedure.

Liquid-Liquid Extraction(LLE):

LLE is useful for separating analytes from integfeze by partitioning the sample between two imrhiscliquids.
One phase in LLE is often aqueous and other ptaseganic. More hydrophobic compounds show affirfiity
organic solvent. Analyte extracted in organic phase easily recovered by evaporation of solvenm&aof the
solvents employed in LLE are Tertiary Butyl Mettither (TBME), Di —ethyl ether (DEE), Dichloride rhene
(DCM), etc.[14-15].
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Wortex / hﬂmnTnize the sample
Add 3 to 5 mL of extraction solvent
F.eciprocate the sample at 70 to 100 rpm at suitable time
Centrifuge the sample for 2 to 5 minutes
Transfer the supernatant
Dirv the solvent under the stream of Nitrogen

P econstitute with the diluent and inject
Figure 3: Stepsinvolved in LLE

Protein Precipitation (PP):

It is suitable for highly water-soluble drug. Aptating reagents most commonly used are Perchbwid (PCA),

Tri chloro acetic acid (TCA), Acetonitrile.Proteiprecipitation is often used in routine anelyso remove
proteins. Precipitation can be induced by tthditeon of an organic modifier, a salt or by chamgthe pH which
influence the solubility of the proteins [18he samples are centrifuged and the supernhaan be injected
into the LC system or be evaporated to drynesglzgr@gafter dissolved in a suitable solventofcentration of
the sample is then achieved. There are sbereefits with the precipitation method as olep technique
compared to SPE. Itis less time consuming, lemamounts of organic modifier or other solverrs ased. But
there are also disadvantages. The samples aftertain protein residues and it is a noedale sample
cleanup method, there is a risk that endogenoupcoonus or other drugs may interfere in the LC-systdowever

the protein precipitation technique is oftermbined with SPE to produce clean extract[17.-18]

Vortex / homogenize the sample, after adding precipitating agent.
Centrifuge sample for 3 to 10 min at 4000 rpm.

Decant the supernatant, and inject to the svstem.
Figure4: Stepsinvolved in protein precipitation

Selection and Optimization of mobile phase:

Methods development for a LC/MS analysis diffexira traditional HPLC method. The selection of tiebile
phase and the buffers must optimize the chromapbigaseparation, but for mass spectral detectiarstppromote
the ionization of the analytes. In addition, thelil®phase modifiers should produce good peak shapeminimal
tailing to maximize sensitivity.

M obile phase preparation:
Only highly purified solvents should be used forllPwork. Solvents of lesser quality often contaddidives or
stabilizers, which may alter the UV-detector.

As a matter of Good Laboratory Practice, a gooctguare is to filter the mobile phase through 0.2rmimeter
filter first prior to use.
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Acquire all the buffer salts/ reagents required for the preparation of mobile phase.
DPrepare the required concentration of buffer and sonicate.

Measure the pH of the buffer and adjust if necessarv to the desired pH using a calibrated
pH meter.

Filter the buffer by using the membrane filter.

Combine the buffer solution with the appropriate organic modifier e g. methanol,
acetonitrile in a definite proportion.
Sonicate and degas the mobile phase prior to use.

Figure5: Stepsinvolved in mobile phase preparation

System suitability: Determination of instrument performance (e.g. sty and chromatographic retention) by
analysis of a reference standard prior to runnirganalytical batch.

METHOD VALIDATION[19]

Method validation is a process used to vardgfirm that an analytic method developedsugable for its

intended purpose, that it provides reliabld galid data for a specific analyte. Typical partane to validate

are; include selectivity, accuracy, precisitimearity and range, limit of detection, limbf quantification,

recovery, robustness and stability. General memendation for analytical method validation, i.e.fo
pharmaceutical methods, can be found in The US BoddDrug Administration (FDA) guideline.

Bioanalytical M ethod Validation Parameters:

Selectivity:

Selectivity is the ability of an analytical methtal differentiate and quantify the analyte in thegance of other
components in the sample. Procure appropriate dgitdb matrix (plasma, urine, or other matrix) conieg
(Ethylenediaminetetraacetic acid) EDTA as an aaticdant from a minimum of six individual.lnject aigueous
mixture of drug /metabolite and IS in appropriab@eentration to check the retention time(RT).Precewd run six
different blank matrix samples and spikes sampfeEL®Q in same six different matrix samples.Evatudhe
interference at the RT of analyte and IS by conmgathe response in blank matrix against the meak peea
response of the extracted LLOQ samples.Resporiséeofering peak at the RT of drug/metabolite sddug< 20%
of the mean drug response in LLOQ samples andftihdhe 1S should be 5% of the mean IS response in LLOQ
samples. At least 67% of the screened matrix latstrmeet the above criteria.

Matrix Effect[20-22]:

Matrix effect is investigated to ensure tbelectivity and precision are not compromiseithin the matrix
screened. The direct or indirect alteration orrierence in response due to the presence of umieteanalytes (for
analysis) or other interfering substances in thepde.Perform matrix effect to ensure that precisiselectivity,

sensitivity are not compromised due to change itrimaBrepare in duplicate LQC and HQC samplesxrdifferent

batches of blank matrix under testing. Process aralyze all the above QC samples along with frespiked

calibration curve standard of conc. range.Backutate the QC conc. using calibration curve datafilagrix effect

is nullified if the % Nominal is withirt 15 % and %C\& 15% at low and high QC.

Accuracy:

The accuracy of an analytical method describegliseness of mean test results obtained by theauéththe true
value (concentration) of the analyte. The deviatidnthe mean from the true value serves as the uneasf
accuracy. The accuracy should be 15% more or kess the nominal value accept LLOQ where it shoubd n
deviate by more than 20%.

Precision:

The precision of an analytical method describesctheeness of individual measures of an analyte grkeision
determined at each concentration level should roted 15% of the coefficient of variation (CV) egtéor the
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LLOQ, where it should not exceed 20% of the CV. riegision and accuracy batch should contain thevelig
samples with IS wherever required.

» Aqueous mixture (with IS standard if applicable)
 Standard blank matrix in duplicate

» Zero samples in duplicate

» Spiked calibration standard

* Six LLOQ QC samples

* Six LQC sample

* Six MQC sample

» Six HQC sample

Process all the above samples and calculate mizentlasd deviation, accuracy, and precision of &l SAMPLES
conc. From the respected calibration curve.Accumafcat least 67% QC samples must be withirtb% of the
respective nominal value except at LLOQ, wher&dtud be withint20% of the nominal value.The accuracy of the
mean value of LLOQ QC must be withi20% of the nominal value and that for the other @@hin £15% of the
respective nominal value. The precision aroundntiean value should not exceeli5% of the %CV except for
LLOQ QC where it should not exce&d0 % of the %CV.

Recovery:

Recoverymeans in how much amount the Analyte has leetracted from the sample solution. Recoverthef
analyte need not be 100%, but the extent of regoakean analyte and of the internal standard shbeldonsistent,
precise, and reproducible. Recovery experimentsildhbe performed by comparing the analytical restitr

extracted samples at three concentrations (low,junedand high) with unextracted standards thatesgmt 100%
recovery.Withdraw six sets each of QC samples (LRRQC, HQC) from deep freezer and thaw.Process ajedti
these QC samples (extracted samples). Preparesplugon of drug and metabolite if any including 4§ conc.
representing 100% extraction of QC samples at lowidle and high concentration (non-extracted sas)péad

process.

Mean peak response of extracted sample 100
%% Recovery =

Mean peak response of Un- extracted sample

The %CV of the mean analyte and IS recoveries eist15% for each QC concentration levels

Stability Studies[23-27]:

Drug stability in a biological fluid is a functioof the storage conditions, the chemical propertiethe drug, the
matrix, and the container system. The stabilitgefanalyte in a particular matrix and containeteysis relevant
only to that matrix and container system and shawtlbe extrapolated to other matrices and contagstems.
Stability procedures should evaluate the stabdftyhe analytes during sample collection and hagglafter long-
term (frozen at the intended storage temperaturd)saort-term (bench top, room temperature) storagd after
going through freeze and thaw cycles and the dnalyprocess. Conditions used in stability experitaeshould
reflect situations likely to be encountered duragjual sample handling and analysis. The procesluoeld also
include an evaluation of analyte stability in stackution.

All stability determinations should use a set aghpes prepared from a freshly made stock solutfdheanalyte in
the appropriate analyte-free, interference-freelolgical matrix. Stock solutions of the analyte fetability
evaluation should be prepared in an appropriateesblt known concentrations.

Freeze and Thaw Stability:

Freeze and Thaw Stability iscarried out to asdesstability of analyte in biological fluids durimgpeated freezing
and thawing cycles Analyte stability should be dweieed after three freeze and thaw cycles.Withdisiw

replicates of QC samples (LQC and HQC) from thepdesezer after at least 24 hrs of freezing andithaassisted
at room temp. Refreeze the sample after completelw. Withdraw these samples after a period ohf2and

refreeze them after completely thaw. Repeat tlisze thaw cycle at least 3 times. Process andzmntig above
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QC samples along with freshly spiked calibrationveustd.Back calculate the QC conc. using the foadibration
curve data.Mean % nominal conc. at each QC sarapé inust be15% and the %CV should $6.5%.

Short-Term (Bench Top Stability):

Short-Term room temperature stability for spikednpke is carried out to assess the stability of dhalyte in
biological fluids over a period of time during whidhe samples are accepted to be kept on bencte whil
processingVithdraw and thaw six sets each of QC samples (eBQ€HQC) from the deep freezer and leave them
at room temp for at least six hours (based on Xpeaed duration that samples will be maintainecbam temp in
the intended study) and analyze using fresh caidwatandard.% Nominal at each QC sample levelt foe$15%
and the %CV should be 15% Short-Term room temp stabilityfor aqueous dilutiaescarried out to assess the
stability of dilution prepared and kept on benchraim temp over a period of time.Takesolution aedgkone
aliquot in the refrigerator (comparison sampleg) #re other at a designated Prepare aqueous. @austability
dilutions) of analyte and IS from the stock pldoe minimum of 12 hrs. Inject six replicates of hastability
dilutions kept in refrigerator and room temp.% Noatishould be:15% of the nominal value. % Change should be
+10%

Long-Term Stability:

The storage time in a long-term stability evaluatishould exceed the time between the date of $iashple
collection and the date of last sample analysisigtierm stability should be determined by storihdeast three
aliquots of each of the low and high concentrationder the same conditions as the study samplesvdllame of
samples should be sufficient for analysis on tlseggarate occasions. The concentrations of alltdimlisy samples
should be compared to the mean of back-calculaatitbs for the standards at the appropriate corat@ns from

the first day of long-term stability testing. Lofigrm Stability is carried out to assess the stgbdf analyte in
biological fluid during its storage in deep freebetow -50c for a period of storage that equal or exceegtrod

of time between the date of first sample collecton the date of last sample analysis.Withdravakguots of each
LQC and HQC from deep freezer stored beloweltased on the expected duration (from first saropliection to

last sample analysis) and determine the stabilitycomparing with freshly spiked calibration stardiBack

calculates the QC conc. using the fresh calibradiata and compare the conc. of stability samplés thie mean of
back calculated values for QC samples (considesedoainal conc.) at appropriate conc. from the fiecision
&Accuracy (P&A) batch.Mean % nominal conc. at e@® sample level must ke€l5% and the %CV should ke
15%. % Change should Bd5%.

Mean conc. of stability sample - Mean conc. of comparison sample = 100
Mean conc. of comparison sample

%%Change =

Short-term stability at -20 T storage:

Stability of drug in case of temporary storage lesma samples Stability in human plasma atc2¢ conducted to
assess the in -20 deep freezer. Store six sets of QC samples (LQQ&MHin -20c deep freezer after bulk
spiking.Withdraw six sets after minimum of threeyslaand process and analyzes along with freshlyespik
calibration curve standards.Back calculate the @@ccusing the fresh calibration data and compagecbnc. of
stability samples with the mean of back calculatetues for QC samples (considered as nominal caatc.)
appropriate conc. from the first P&A batch.Mean &tninal concentration. at each QC sample level rhagtl5%
and the %CV should k& 15%.% Change should B&5%

Post-Preparative (Auto injector) Stability):

Auto injector Stability of the analyte& Internalsidard is carried out at a for the complete anslgbia batch size.
Specific temp for the period of time depending lo@ anticipated run time Process six sets of LQC&HQut the
processed sample in an auto injector at intendéd iajector temp to be used during analysis for ¢ipected
duration (e.g.24, 72or 96 hrs, for minimum 5 tirtiess anticipated run time of the bioanalytical battiat processed
samples will be placed in the auto injector in ittended study.Back calculate the above QC sangaes. from
the freshly calibration STD. Mean % nominal corft each QC sample level must b&5% and the %CV should
be< 15% .
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Stock Solution Stability:

The stability of stock solutions of drug and theinal standard should be evaluated at room teryerfor at least
6 hours. If the stock solutions are refrigeratedrozen for the relevant period, the stability sliobe documented.
After completion of the desired storage time, ttabiiity should be tested by comparing the instrotmesponse
with that of freshly prepared solutions. RefrigethStock solution stability is carried out to asste stability of
stock solution over a period of time (e.g. 7,14J i days) during which it can be used.Store sSefiicaliquots of
stock solution in the refrigerator below T2ver a period of time (e.g. 7,14, and 21 days)mduvihich it can be
used. Prepare fresh standard stock solution ofynaind IS.Prepare stock dilutions of both refrged stock
(comparison sample) and fresh stock solution (Btatsample) equivalent to MQC conc.Inject six lieptes of
prepared comparison and stability sample immediatiér preparation.

Mean response of stability sample = 100

% Stability = .
y Mean corrected response of comparison sample

Post-Prepar ative Stability:

The stability of processed samples, including tesident time in the autosampler, should be detexhiThe
stability of the drug and the internal standardubthdoe assessed over the anticipated run timenfobatch size in
validation samples by determining concentrationsherbasis of original calibration standards.

Although the traditional approach of comparing gtieél results for stored samples with those feshly prepared
samples has been referred to in this guidancer sthistical approaches based on confidence lifaitgvaluation
of an analytes stability in a biological matrix che used. SOPs should clearly describe the statistiethod and
rules used. Additional validation may include intigation of samples from dosed subjects.

Robustness:
According to ICH guidelines, the robustness of aalgical procedure is the measure of its capacityemain
unaffected by small, but deliberate variations itmod

parameters and provides an indication ofréability during normal usage. Robustness ¢e described as
the ability to reproduce the (analytical) nuethin different laboratories or under differenircumstances
without the occurrence of unexpected differencin the obtained result(s), and a robustnessase an
experimental set-up to evaluate the robustnessradtaod.

Ruggedness:
One precision and accuracy batch should be prodessiag different set of reagent by different astalgnd
analyzed using different column (same type differeanufacturer) the same instrument on differestrirment.

Dilution I ntegrity:

In certain cases depending upon the requiremantiatil integrity of the sample is established.Pref&t sets of QC
spiked with about 1.5 - 1.8 times the conc. of the&)Q.Process six sets of above QCs samples byirdjltihem

twice and another six sets by diluting four timei®ipto extraction by addition of screened blanknmanject these
QC samples along with calibration curve standarscalculate the QC concentration using multiplcmafactor as
2 for two times dilute sample and 4 for four tindikite sample. Precision of QC having same dilutiactors

should be< 15%

Accuracy of QC having same dilution factors shdagd15% of the nominal value.

CONCLUSION
This review focuses primarily on bioanalytical medhemploys for the quantitative determination afgd and their
metabolites in biological matrix. Development awalidation of bioanalytical method is essdntia understand
the pharmacokinetics of any drug and/or itsabelites. The concepts and recent progress niadseveral

areas including sample preparation, separatichh@w to reduce matrix effect discussed in thigeng article
prove to the fact that LC-MS/MS has beenduas the technique of choice for bioanalysis shall
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molecules. The concepts and relatively noeshhology enclosed in this review article carubed to improve
LC-MS/MS bioanalytical method development ande thatrix effect caused due to the presende o
unintended analytesor other interfering substairctee sample.

REFERENCES

[1] JJ ThomsonProcCambPhilos Sod897, 9, 243-244.

[2] 3J ThomsonProc Royal Soc London A913, A 89(607), 1-20.

[3] 3B Fenn; M Mann; CK Meng; SF Wong; CM WhitehouSeience1989, 246(4926), 64-71.

[4] EJ Want; BF Cravatt; G SiuzdaBhembiochen005, 6(11), 1941-1951.

[5] F Bressolle; P Bromet; M Audrad.Chromatogr B Biomed Appll996, 686(1), 3-10.

[6] R Rao; K kalakuntla; S Kumal. Pharma. Sci. Re2Q09, 3, 2-3.

[7]1E Reid; DI Wilson. Methodological Survey in Bleemistry and Analysis: Analysis for Drug and
Metabolites, Including Anti-infective Agent$990, 20, 1-57.

[8] U.S .Department of Health and Human Servidespd and Drug Administration, Guidance fodustry,
Bioanalytical Method Validation. Ma3001.

[9] SK Grebe; RJ SinglClinBiochem Rey2011, 32(1), 5-31.

[10] S Murugan; N Pravallika; P Sirisha; K Chandrakdla. J. Cur. Pharm. Clin. Res2013, 3(1), 13-17.

[11]H Rosing; WY Man; E Doyle; ABult; JH Beijned. Lig. Chrom. Rel. Techn@000, 23, 329-354.

[12]EM Thurman; MS Mills. Solid-phase extraction: Piples and practise. Chemical analysis: A series of
monographs on analytical chemistry and its appboat Winefordner J.D, New York, John Wiley & solm,
1998; 147.

[13]DA Wells. High throughput bioanalytical sampbeeparation: Methods and automation strateglss, ed.
Amsterdam: Elsevier Scienc203.

[14]Y Kazakevich; R Lobrutto. HPLC for Pharmaceuticaledtists, 1st ed, John Wiley & Sons, Inc.: Newségr
2007; 281-292.

[15]R Said. Application of new technology LC-MS/Mf®r determination of therapeutic drugs, [Doat
degree thesis, Department of Medicine Division Glfnical Pharmacology Karolinska Institute, Stockhp
Sweden2010; 1-5.

[1L6]RF Venn. Principles and practice of bioanalysismadan: Taylor and Francis. xvi2000; 364.

[17]1D Patel.Int. J. Pharm. Biol. Sckp11, 2, 559-564.

[18] SC Gad. Preclinical development handbook, New yededin Wiley and Son2008.

[19]Food and Drug Administration Guidance for Indufrganalytical Method Validatior2001.

[20] A Cappiello; GFamiglini; P Palma; E Pierini; Mérmopoli; H Trufelli. Anal. Chem2008, 80, 9343-9348.
[21]ML Chiu; W Lawi; ST Snyder; PK Wong; JC Liao; V Gall Ass. Lab. Autom2010, 15, 233-242.

[22]M Shuguang; SK Chowdhurfioanalysis 2014, 6(5), 587-590.

[23]LK Prashant; V Gantala; K Jignesh; S RaBiomed. Chromatogp11 25(1-2), 199-217.

[24]C Ashish; M Bharti; C Priyanka. Anal. Bioanal. Tech2015, 6(1), 233-238.

[25]Z Wei; X Bing-Ren; W Cai-YunBiomed.Chromatogy2007, 21(3), 266-272.

[26]R CausonJ Chromatogr B Biomed Sci ApaB97, 689(1), 175-180.

[27]F Bressolle; M Bromet-Petit; M Audrad.Chromatogr B Biomed Appll996, 686(1), 3-10.

992



