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3. Abstract

High-throughput Bioanalytical Sample PreparatiotiTBSP) is a method used in
Research, Pre-Clinical and Clinical drug developnespeed-up bioanalysis.

Bioanalysis is the quantitative determination afglr and their metabolites in biological
fluids. This technique is used very early in theigddevelopment process to provide
support to drug discovery programs on the metabfaie and pharmacokinetics of
chemicals in living cells and in animals. Its usmtinues through the preclinical and
clinical drug development phases, into post-maniesupport and may sometimes extend
into clinical therapeutic drug monitorihg

Developing high-capacity sample preparation systeand strategies are of key
importance in providing breakthrough in the timguieed to develop a drug by increasing
the number/time of analyzed samples. This objeativest be achieved without loosing
quality within the obtained data and it is of pacamt importance in
Pharmacokinetic/dynamic studies.

The aim of this PhD project in Pharmaceutical, Baypnaceutical and Toxicological
Analysis at University of Milan developed in Mer8erono laboratories, is to automate
the manual sample preparation processesLiofiVIS analysis using high-throughput
techniques, and to insert the developed processdabe frame of a Pharmaceutical
Bioanalytical process managed biyI&S system.

The main techniques examined are: Automatic Ligdahdling, Sample Dilution,
Protein Precipitation Techniqué®®T), Liquid-Liquid Extraction [(LE), Solid Phase
Extraction GPB and other innovative sample preparation techsicuueh as Dried Blood
Spot OPBS) Technique and Hybrid PPT-SPE.

The use of liquid handling technology, for example, automate the protein
precipitation procedures for collection microplasesl filterplates, is an important step to
improve the throughput of these universal samppgration methods. All liquid handling
steps can potentially be performed by a workstatsample transfer, addition of internal

standards and

1 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 5, 1,
(2003), 1.



precipitant solutions, transfer of supernatants tdean microplates and preparation for
injections via dilution or reconstitution in a mEphase compatible solvehts

Additionally, automation can be utilized prior toetprecipitation procedure in order to
prepare the calibration standards and the quadityrol samples in a microplate format.

It is important, to apply laboratory automation,ooking the right projects and
technology, developing a strategy and plan, findimg resources, managing the project
and implementing, validating and preparing for ldagn operation.

Therefore one of the first strategies developedindumy project has been the
implementation in the sample preparation process ¢dlamilton Starlet Robot. This
device should have then been interfaced with a LByStem to further reduce manual
routine operations like serial dilutions, tube-latp transfers and data management and
storage.

Initially, 1 focused my attention on the technolegifor LC/MS, LIMS, whose
knowledge was a mandatory background to propetibésh a liquid handling platform
based on 96 well plate format for different LC/M@rgple preparation techniques.

This strategy aimed to generate the following athges:

e 96 samples purified at the same time;

« flexibility, i.e., enabling the scouting for the dteapproach by using different
chemical strategies, such as PPT, LLE, SPE or gither

« purified samples available in less time than maoparations;

* precipitation and filtration in the same well;

* no laborious pipetting and/or centrifugation regdieand minimal manual liquid
handling;

» use of LIMS interface to automatically generate #maghsfer the sample/plate

maps to the liquid handling station.

It is also important to validate, in @GLP environment, the systems, materials and

processes that are necessary to be applied to coada pre-clinical study. This means

2 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 5, 7,
(2003), 255.



that all the process parameters will be evaluabptimized and validated for long-term

process usage in a regulated environment and ealpntransferred to other studies.



4. Pharmacokinetics and Bioanalytics

Pharmacokinetics, sometimes abbreviatedP&s (from Ancient Greek pharmakon
"drug" and kinetikos "to do with motion") is a bdnof pharmacology dedicated to the
determination of the fate of substances adminidtesdernally to a living organism. In
practice, this discipline is applied mainly to drsgbstances, though in principle it
concerns itself with all manner of compounds ingésir otherwise delivered externally to
an organism, such as nutrients, metabolites, hoesydoxins, etc.

Pharmacokinetics is often studied in conjunction thwiPharmacodynamics.
Pharmacodynamics explores what a drug does to ddg, lwhereas Pharmacokinetics
explores what the body does to the drug. Pharmaetks includes the study of the
mechanisms of absorption and distribution of an iathtered drug, the rate at which a
drug action begins and the duration of the efféhet,chemical changes of the substance in
the body (e.g. by enzymes) and the effects anesaftexcretion of the metabolites of the
drug’.

As described before, Pharmacokinetics is divided several areas which include the
extent and rate of Absorption, Distribution, Metidm and Excretion. This is commonly
referred as to the ADME scheme. However recent nstaleding about the drug-body
interactions brought about the inclusion of newntéiberation.

Now Pharmacokinetics can be better describdd’\&sVIE .

Description in

Figure 1:

» Liberation is the process of release of drug fraenformulation.

» Absorption is the process of a substance entehniadpody.

» Distribution is the dispersion or dissemination safbstances throughout the
fluids and tissues of the body.

* Metabolism is the irreversible transformation ofrgyd compounds into

daughter metabolites.

3 Pharmacokinetics (2006). In Mosby's Dictionary of Medicine, Nursing, & Health Professions. Philadelphia, PA: Elsevier
Health Sciences. Retrieved December 11, 2008.



» Excretion is the elimination of the substances ftbembody. In rare cases, some

drugs irreversibly accumulate in a tissue in théybo

Dosage form

QVASE Action

“Watabolite
in bload

Drug im

solution

Metaholism

Excretion Exzretion

Figure 1: LADME scheme.

Pharmacokinetics describes how the body affectgeaifsc drug after administration.
Pharmacokinetic properties of drugs may be affettgdelements such as the site of
administration and the concentration in which thegds administrated. These may affect
the absorption rate

Pharmacokinetic analysis is performed by noncompamtal (model independent) or
compartmental methods. Noncompartmental methodmast the exposure to a drug by
estimating the area under the curve of a concémtréime graph. Compartmental
methods estimate the concentration-time graph ulsimgtic models. Compartment-free
methods are often more versatile in that they doassume any specific compartmental

model and procedure accurate results also accefdtatibioequivalence studies.

4 Kathleen Knights; Bronwen Bryant (2002). Pharmacology for Health Professionals. Amsterdam: Elsevier. ISBN 0-7295-
3664-5.
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4.1. Noncompartmental analysis

Noncompartmental PK analysis is highly dependent estimation of total drug
exposure. Total drug exposure is most often estéichay Area Under the Curve methods,
with the trapezoidal rule (numerical differentiajuations) the most common area
estimation method. Due to the dependence on tlgthest X' in the trapezoidal rule, the
area estimation is highly dependent on the bloadfph sampling schedule. That is, the
closer your time points are, the closer the trajpz@re to the actual shape of the

concentration-time curve.

4.2. Compartmental analysis

Compartmental PK analysis uses kinetic models tecrige and predict the
concentration-time curve. PK compartmental modetsadten similar to kinetic models
used in other scientific disciplines such as chamkinetics and thermodynamics. The
advantage of compartmental over some no comparananalyses is the ability to predict
the concentration at any time. The disadvantagéhes difficulty in developing and
validating the proper model. Compartment-free miodebased on curve stripping does
not suffer this limitation. The simplest PK compagintal model is the one-compartmental
PK model with IV bolus administration and first-ercelimination. The most complex PK
models (calledPBPK models) rely on the use of physiological inforroatito ease
development and validation.

4.3. PBPK model

Physiologically-based pharmacokinetic (PBPK) madglis a mathematical modeling
technique for predicting the absorption, distriboti metabolism and excretion (ADME)
of a compound in humans and other animal speci&?KPmodeling is used in
pharmaceutical research and development, and Ithhesk assessment.

PBPK models strive to be mechanistic by mathemlgtideanscribing anatomical,
physiological, physical, and chemical descriptiarfsthe phenomena involved in the
complex ADME processes. Some degree of residuglgioation and empiricism is still

present in those models, but they have an exteddethin of applicability compared to

11



that of classical, empirical function based, pharokinetic models. Given that property,
PBPK models may have purely predictive uses, bbierouses, such as statistical
inference, have been made possible by the develupofidBayesian statistical tools able
to deal with complex modéls That is true for both toxicity risk assessmentd an
therapeutic drug development.

PBPK models try to relw priori on the anatomical and physiological structurehef t
body. These are usually also multi-compartment nspdbeit the compartments correspond
to predefined organs or tissues, for which theraotenections correspond to blood or
lymph flows (more rarely to diffusions). A systerh differential equations can still be
written, but its parameters represent blood flowslmonary ventilation rate, organ
volumes etc., for which information is available soientific publications. Indeed the
description of the body is simplified and a balaneeds to be struck between complexity
and simplicity. Besides the advantage of allowing tecruitment o# priori information
about parameter values, these models also faeililter-species transpositions or
extrapolation from one mode of administration tother (e.g., inhalation to oral).

It is interesting to note that the first pharmacatic model described in the scientific
literature was in fact a PBPK model. It led, howete computations intractable at that
time. The focus shifted then to simpler models, itnich analytical solutions could be
obtained (such solutions were sums of exponengsing, which led to further
simplifications). The availability of computers amtumerical integration algorithms
marked a renewed interest in physiological modetbe early 1970s.

PBPK models are compartmental models like manyrstheut they have a few
advantages over so-called "classical" pharmacakineddels, which are less grounded in
physiology.

An example of a 7-compartment PBTK model, suitablelescribe the fate of many

solvents in the mammalian body, is given in Figkire

5 Gelman A., Bois F., Jiang J. (1996) Physiological pharmacokinetic analysis using population modeling and informative

prior distributions Journal of the American Statistical Association, 91:1400-1412.
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Figure 2: Example of a 7-compartment PBTK model.

PBPK models can first be used to abstract and eabytreconcile disparate data (from
physico-chemical or biochemical experimenis,vitro or in vivo pharmacological or
toxicological experiments, etc.). They give alsgess to internal body concentrations of
chemicals or their metabolites, and in particutahe site of their effects, be it therapeutic

or toxic. Finally they also help interpolation agxtrapolation of knowledge between:

 Doses: e.g.,, from the high concentrations typicaliged in laboratory
experiments to those found in the environment.

» Exposure duration: e.g., from continuous to discmmus, or single to multiple
exposures.

* Routes of administration: e.g., from inhalation @yres to ingestion.

13



* Species: e.g., transpositions from rodents to hurmpaar to giving a drug for
the first time to subjects of a clinical trial, when experiments on humans are
deemed unethical, such as when the compound is teKhout therapeutic
benefit.

* Individuals: e.g., from males to females, from &slub children, from non-

pregnant women to pregnant.

Some of these extrapolations are "parametric": aignges in input or parameter
values are needed to achieve the extrapolatioa @hiisually the case for dose and time
extrapolations). Others are "nonparametric” in Hemse that a change in the model
structure itself is needed (e.g., when extrapajat;ma pregnant female, equations for the
fetus should be added).

4.4. Bioanalytical methods

Bioanalytical methods are necessary to constrgcinaentration-time profile. Chemical
techniques are employed to measure the concemtrattidrugs in biological matrix, most
often plasma or urine. Proper Bioanalytical methstitsuld be selective and sensitive.

Pharmacokinetics is often studied using mass speetry because of the complex
nature of the matrix and the need for high sensjtito observe low dose and long time
point data.

In order to measure the characteristics of indi@idmolecules, a mass spectrometer
converts them to ions so they can be moved abalitnamipulated by external electric
and magnetic fields to be measured.

The three essential functions of a mass spectromete the associated components,

are:

* A small sample of compound is ionized, usuallyatans by loss of an electron
(the ion source).

* The ions are sorted and separated according tortfass and charge (the mass

analyzer).

» The separated ions are then detected and talleldthe results are displayed on

a chart (the detector).

14



The most common instrumentation used in this appbo is LC-MS with a triple
guadrupole mass spectrometer since multiple fratatiens can be induced a followed
using MS/MS technique. Tandem mass spectrometny ifact employed for adding
specificity. The samples represent different timeinfs as a pharmaceutical is
administered and then metabolized or cleared fiwenbbdy. Blank or t=0 samples taken
before administration are important in determin@gkground and insuring data integrity
with such complex sample matrices. Standard cuamelsinternal standards are used for
quantitation of usually a single pharmaceuticathie samples. Much attention is paid to
the linearity of the standard curve; however ihéd uncommon to use curve fitting with
more complex functions such as quadratics sincee$gonse of most mass spectrometers
is less than linear across large concentrationesthy

There is currently considerable interest in the o$every high sensitivity mass
spectrometry for micro dosing studies, which aens&s a promising alternative to animal

experimentatioh

4.4.1. HPLC-MS Technique

The HPLC technique is one of the most used teclesigqn environmental analytical
chemistry, to separate mixtures of non volatile poonds.

Hyphenating HPLC with mass spectrometry (MS) pesmihe separation and
characterization of a great number of compounds ianchakes possible to collect
information about molecular mass and structure hid species. Mass spectrometry
detection increases the sensitivity and selectfitthe separation method.

The greatest problem of HPLC-MS technique is tierfacing, because:

6 Hsieh Y, Korfmacher WA (June 2006). "Increasing speed and throughput when using HPLC-MS/MS systems for drug

metabolism and pharmacokinetic screening”. Current Drug Metabolism 7 (5): 479-89.

7 Covey TR, Lee ED, Henion JD (October 1986). "High-speed liquid chromatography/tandem mass spectrometry for the
determination of drugs in biological samples". Anal. Chem. 58 (12): 2453-60.

8 Covey TR, JB Crowther, EA Dewey, JD Henion (February 1985). "Thermospray liquid chromatography/mass

spectrometry determination of drugs and their metabolites in biological fluids". Anal. Chem. 57 (2): 474-81.

9 Committee for Medicinal Products for Human Use (CHMP) (2004-06-23). "Position Paper on Non-Clinical Studies to
Support Clinical Trials with a Single Microdose" (in en) (PDF). CPMP/SWP/2599/02 Rev 1. European Medicines Agency,
Evaluation of Medicines for Human Use.

15



* in HPLC samples are liquids and soluble in the heobphase, while in MS they
are gases;

» HPLC works at room temperature, while MS works ehperature between
100° and 350° C;

* in HPLC it is possible to use not volatile inorgasalt in the mobile phase,

while in MS it is not possible.

API (Atmospheric Pressure lonization) permits teeiface liquid chromatography and
mass spectrometry. The most common ionization systare: Electro Spray lonization
(ESI), Atmospheric Pressure Chemical lonization GAPand Atmospheric Pressure

Photochemical lonization (APPI).

4.4.2. ESI

The electrospray ionization technique (ESI) (Fig8yds a method to generate highly
charged droplets from which ions are ejected byaweaporation process. lon Spray is an
improved version of electrospray, in which droplate created by both a high electric
field and a pneumatic nebulisation which allowshieigliquid flow rates to be employed
and produces a more stable ion current.

The mechanism by which ions can be emitted fromyuad into the gas phase was first
proposed in 1976 and the term lon Evaporation was applied to tlegss. Experimental
evidence combined with a theoretical model sugdedtet, as a charged droplet
evaporates; a critical point may be reached at hwiitids kinetically and energetically
possible for ions at the surface of the liquid é@&porate”.

The details of the process are independent on hewditoplets are originally formed or
how they are originally charged. A charged droptaitains the solvent plus both positive
and negative ions, with ions of one polarity bettaminant, the difference being the net
charge.

The excess ions are those which were originallggmein the liquid being sprayed. If

there are enough excess ions, and the droplet mtapofar enough, a critical field is

10 Iribarne, J.V. and Thomson, B.A. (1976). On the Evaporation of Small lons from Charged Droplets. J. Chem. Phys. 64,
2287.
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reached at which ions are emitted from the surfabe. rate of ion emission depends on
the solvation energies of the individual ions sattbne type of ion may preferentially
evaporate if it has lower solvation energy.

In both electrospray and ionspray, an electrialfislgenerated at the tip of the sprayer
by applying a high voltage directly to the sprayene sprayer itself is isolated by fused
silica tubing connected to the pump. lons of onkanty are preferentially drawn into the
drops by the electric field as they are separatau the bulk liquid.

Electrospray and ionspray operate both with floewfrl -5u/min to 1 ml/mirt™.

Caone
{counterelectrode )

Taylor
cone

mliply
charged droplet

Spray needle tip

+ T #

+
Y L0 ko g + +
»> e > 4
explosion +* +
+

++ s +
e “Rayleigh” v \
limit is reached analyte
analyie midtply ions
molecule charged droplet
Ve Power Supply e

Figure 3

4.4.3. APCI

Atmospheric pressure chemical ionization (APCleifdce is mainly based on ion-

molecule reactions in gaseous phase which takes flatveen analyte molecules and a

11 The API Book, Perkin-Elmer Sciex Instruments. 1994.
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reagent gas, generated by a series of reactioasabecule which, in turn, arise from a
“crown discharge”.

This technique allows the source to be operatednabspheric pressure. In negative ion
mode, electrons created by the crown dischargergadeollisions with neutral species
and are captured by species such asodorm Q" and O. The superoxide anion (O,
and its hydrates (£JH.O]n) and clusters (£JO;]n), are the major reactant negative ions
in an APCI source directly sampling ambient aire Tieutral species formed in the corona
discharge (NO, N@ CO, etc.) may react with, Oor O to form a series of minor reactant
ions as N@, NO; and CQ%

The ions may react in several ways: charge trangfbere the positive or negative
charge on the reactant ion is transferred to tlaéyta and proton transfer, where a proton
is transferred from a positive ion to the analytegroton is transferred from the analyte
to a negative reactant ion. These processes anaatred in the following equations.

Charge transfer:

« RR+A—A"+R(1)
e R+A—>A +R(2)

Proton transfer:

« RH'+A—>AH" +R(3)
« R+AH—>A +RH(4)

R represents the reactant and A the analyte.

The sensitivity of the APCI system is approximatiigee orders of magnitude less for
charge transfer than for proton transfer. For edampenzene is detected as thé igh
with a detection limit in the dg L™ range, whereas aniline is detected as the Mkhe
1ng I* range. To overcome this sensitivity problem in d@rge transfer reactions, a
suitable chemical ionization reagent may be addethé ambient air flow entering the
source regiotf.

Description in

Figure 4.

12 The API Book, Perkin-Elmer Sciex Instruments. 1994.
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4.4.4, Mass analyzers
4.4.4.1. Quadrupole and triple quadrupole

The quadrupole is one type of mass analyzer. thescomponent of the instrument
responsible for filtering sample ions, based ofir timéz ratio. A quadrupole mass analyzer
is essentially a mass filter that is capable aignaitting only the ion of choice. The mass
spectrum is obtained by scanning through the masger of interest over time. The
quadrupole consists of four parallel metal rodschEapposing rod pair is connected
electrically and a radio frequenciRK) voltage is applied between one pair of rods, and
the other. A direct currenDC) voltage is then superimposed on the RF voltages |
travel down the quadrupole between the rods. Comg iof a certain m/z will reach the

detector for a given ratio of voltages: other iblase unstable trajectories and will collide
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with the rods. In liquid chromatography-mass smeugtry or gas chromatography-mass
spectrometry they serve as exceptionally high $igggidetectors.

A linear series of three quadrupoles can be usedwhk as “triple quadrupole” mass
spectrometer. The first (Q1) and third (Q3) quadtep act as mass filters, and the middle
(Q2) quadrupole is employed as a collision cell.

This collision cell is an RF only quadrupole (noass filtering) using Ar or Ngas
(~10%orr) to induce collisional dissociation of selatt@recursor ions from Q1.
Subsequent fragments are passed through to Q3 Wisgrenay be filtered or scanned.

This process allows for the study of fragments dpod ions) which are crucial in
structural identification. For example, the Q1 nimey set to "filter" for a drug ion of a
known mass, which is fragmented in Q2. The thirddjupole (Q3) can then be set to
scan the entire m/z range, giving information amdlzes of the fragments made. Thus, the

structure of the original ion can be deducétbm Figure 5.
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Figure 5

13 M.Vincenti. MS/MS Triple Quadrupole Analyzers MSn lon Trap Analyzers, Acquisitions Methods, Scuola Nazionale di
Spettrometria di Massa, Parma.
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Quadrupole instruments typically have unit massltg®n throughout the mass range.
In a triple quadrupole mass spectrometer, thersereral types of experiment that can

be performed. The figures show a schematic reptasen of four common types of
MS/MS experiment:

| Product lon Spectrum

ﬁ‘ = —-é J——
4 y | ppee—— . | pp——
Colhsion Call
M51 RF anly M52
st [poss oll masses| scanning

Figure 6: Product lon Scan.

Product ion scan.

In this case, the precursor ion is focused in Qd taansferred into Q2, the collision
cell, where it interacts with a collision gas amagments. The fragments are then
measured by scanning Q3. This results in the typk&MS spectrum and is the method
most commonly employed with ESI ionization and/@-MS, description in Figure 6.

Pracursor lon Spectrum
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Figure 7: Precursor lon Scan.
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Precursor ion scan.

In this case Q3 is held to measure the occurrehaeparticular fragment ion and Q1 is
scanned. This results is a spectrum of precursty flbat result in that particular product

ion, this is especially useful when used with EI @F ionization and/or GC-MS,
description in Figurd
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Figure 8: Neutral Loss Scan.

Neutral loss scan.
In this case Q1 is scanned as in precursor ion Baathis time Q3 is also scanned to

produce a spectrum of precursor ions that undergaracular neutral loss. Again this
mode is especially useful for EI and ClI ionizatidascription in Figure 8.

MRM: Multiple Reaction Monitoring
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Figure 9: Multiple Reaction Monitoring.
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Multiple Reaction Monitoring.
Also in this case, the precursor ion is focusedQih and transferred into Q2, the
collision cell, where it interacts with a collisigias and fragments. Q3 is held to measure a

particular fragment ioft, description in Figure 9.

4.5. Population pharmacokinetics

Population pharmacokinetics is the study of thersesiand correlates of variability in
drug concentrations among individuals who are Hrget patient population receiving
clinically relevant doses of a drug of intefe$t Certain patient demographic,
pathophysiological, and therapeutical features,hsas body weight, excretory and
metabolic functions, and the presence of otherathes, can regularly alter dose-
concentration relationships. For example, steadtestoncentrations of drugs eliminated
mostly by the kidney are usually greater in pateniffering from renal failure than they
are in patients with normal renal function recegvithe same drug dosage. Population
pharmacokinetics seeks to identify the measurablbgphysiologic factors that cause
changes in the dose-concentration relationshipth@dextent of these changes so that, if
such changes are associated with clinically sigaifi shifts in the therapeutic index,

dosage can be appropriately modified.

4.6. Pharmacokinetics in practice

The PK profile of a drug, in which the absorptiatistribution, metabolism and
excretion processes followingn vivo administration are mathematically described, is
derived from the plot of the systemic drug concaidn versus time for that compound.

Following either parenteral or oral administratigerial blood samples are collected as a

14 M.Vincenti. MS/MS Triple Quadrupole Analyzers MSn lon Trap Analyzers, Acquisitions Methods, Scuola Nazionale di
Spettrometria di Massa, Parma.

15 Sheiner, L.B.; Rosenberg, B., Marathe, V.V. (1977). "Estimation of Population Characteristics of Pharmacokinetic

Parameters from Routine Clinical Data". J. Pharmacokin. Biopharm. 5: 445-79.

16 Sheiner, L.B.; Beal, S.L., Rosenberg, B. Marathe, V.V. (1979). "Forecasting Individual Pharmacokinetics". Clin.
Pharmacol. Ther. 26 (3): 294-305.
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function of time and then analyzed for drug contdiie complete process is summarized

in Figure 10and can be divided into five main areas

* the in vivo work, including the initial surgery ngiged to prepare animals for
dosing, actual dosing and collection of blood saspl

» the calibration of an analytical method,;

» the preparation of samples prior to analysis;

» the actual quantitative analysis;

» data reduction and reporting.

Consideration of thein vivo aspects Yyields little opportunity for throughput
improvements for single-compound studies as, bynidiein, the experiment must be
conducted in real time. However, alternate expeamntaledesigns such as multicomponent
analysis might provide new options. Clearly, thdibcation, sample preparation and
analysis steps have represented the major botierzed it is these that have appropriated

the most attention for the development of highesulghput approaches.
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Figure 10: Flow diagram representing the processes required to implement a typical pre-clinical
pharmacokinetic study. The various components required are colour coated as follows: in vivo
work (purple), calibration (orange), sample preparation (green), sample analysis (red) and data

analysis (blue).

4.7. Calibration

To ensure that measured concentrations truly teftex actual sample concentrations,
analytical methods are calibrated by adding varjkngwn concentrations of drug into
control matrix (e.g. plasma). These are then pexpand analyzed following a protocol
identical to that used for the actual samples. &wpn of appropriate dilutions is time-
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consuming and laborious, but must be performed togh degree of accuracy as the
integrity of the assay results depends on this.il&ily, quality controls are included to
assess the performance of the assay over timeess #re interspersed into the analytical

run. These values are then compared with thosénelotérom the calibration standards.

4.8. Sample preparation methodologies

The aim of the sample preparation process is toigeaa suitable specimen, usually for
chromatographic analysis, which will not contamén#tie instrumentation and where the
concentration in the prepared sample is reflecb¥ehat found in the original. The
selected method of sample preparation is genedidhated by the analytical techniques
available and the physico-chemical characteristidhe analytes under investigation. The
two main sample preparation methods are matrixnclgar direct injection. In a matrix
cleanup procedure, the aim is to remove as mucbgambus material as possible from
the drug sample, either by liquid- or solid-phastaetion (SPE) or by precipitation of the
plasma proteins. In the direct injection, whichusually only amenable to relatively
lipophilic compounds, the compound of interestnatés with a stationary phase, which is
then eluted and analyzed, leaving behind the endngematerial.

Although it is imperative that all samples, stamdaand quality controls are treated
identically, processing each sample sequentialltinie-consuming and prone to error,
even in the hands of a well-skilled analyst, as dperations are highly repetitive. This
suggests that the introduction of new technologasesl automation at the sample

preparation stage should help improve throughpdtraduce errors.

4.9. Analysis

In the early 1990s, there was a vast increasedrafttalysis of xenobiotics in biofluids
with the introduction and widespread adoption oh@pheric pressure ionizatigAPl)-

MS and, in particularMS/MS coupled toHPLC"*®*°, With non-selective analyses such

17 Gilbert, J.D. et al. (1992) Determination of L-365260, a new cholecystokinin receptor (CCK-B) antagonist, in plasma by
liquid chromatography/atmospheric pressure chemical ionization mass spectrometry. Biol. Mass Spectrom. 21, 63—68.
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as HPLC-UV, which was the previous mainstay of bioanalysissample components
possessing a chromophore could be detected regpuhircomplex chromatograms in
which the peak of interest was often difficult tstathguish from endogenous components.
With API-LC-MS, however, detection is performed on the basishef presence of
protonated molecular ion of the parent compound ghat only components with that
mass (x 0.Da) are detected. There is a further gain in spegifithrough usingLC—
MS/MS operating in a single-reaction monitorin§RM) or multi-reaction monitoring
(MRM) mode. Here, the transition from the mass-to-ahaiagio of the precursor ion to a
specific product ion produced within a collisionlicen the mass spectrometer is
determined by collisionally induced dissociatio®I@). This essentially removes
background interference, as it is likely that oty ‘parent’ ion will generate these
precursor and product ions.

Improvements in signal-to-noise ratio result inHag simplified chromatograms with
greater sensitivity and selectivity for the compawri interest. Additionally, the ability to
rapidly scan different transitions enables the #iameous analysis of several components
without the requirement for chromatographic resohut thereby reducing run times.
Furthermore, this enables rapid generic gradiemtset applied to all samples, therefore

eliminating chromatographic method development time

18 Gilbert, J.D. et al. (1992) Determination of L-654066, a new b5areductase inhibitor in plasma by liquid
chromatography/atmospheric pressure chemical ionization mass spectrometry. Biol. Mass Spectrom. 21, 341-346.

19 Gilbert, J.D. et al. (1996) High-performance liquid chromatography with atmospheric pressure ionization tandem mass

spectrometry as a tool in quantitative bioanalytical chemistry. ACS Symp. Ser. 619,330-350.
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5. High-throughput

The development of new therapeutic drugs is a land costly process. With the
introduction of combinatorial chemistry, high thghput screening, and other
technologies, the speed of lead generation hasaseff. However, prioritization of leads
with regard to drug metabolism and pharmacokingfidd PK) in animals appears crucial
in the selection of viable targets from millionsac@impounds.

With pressure on pharmaceutical companies to retiometo-market and improve the
success rate of new drug candidates, higher-thmugpharmacokinetic support has
become an integral part of many drug discovery anogners.

To deliver the promise dfiTPK are fundamental the amalgamation of robotics, new
sample preparation technologies and highly semsidind selective mass spectrometric
detection systems.

Discovery pharmacokinetics (PK) has traditionalgeb regarded as a low-throughput
activity, a finding that is directly opposed to theed to address the high attrition rate of
compounds in drug development caused by poor P#lgs0.

Historically, the drug discovery cascade has bestabéished as a sequential process
with many drug candidates, which originate from aiety of sources, being initially
screened for potency against a biological targétbést, limited PK and metabolism
studies would be conducted prior to acceptanceasin@pound for safety evaluation with,
as it transpires, the said high attrition rate.

A new paradigm in drug discovery has emerged irclviine entire sample collection is
rapidly screened using robotized high-throughpsaigs at the outset of a progranifig

often together with some selectivity testing agaotker targets. This frequently provides

20 High-throughput pharmacokinetic method: Cassette dosing in mice associated with minuscule serial bleedings and

LC/MS/MS analysis. Takaho Watanabe, Daniela Schulz, Christophe Morisseau and Bruce D. Hammock.
21 Broach, J.R. and Thorner, J. (1996). High-throughput screening for drug discovery. Nature 384, 14-16.
22 Burbaum, J.J. and Sigal, N.H. (1997). New technologies for highthroughput screening. Curr. Opin. Chem. Biol. 1, 72—78.

23 Gallop, M.A. et al. (1994). Applications of combinatorial technologies to drug discovery: Background and peptide
combinatorial libraries. J. Med. Chem. 37, 1233-1251.
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higher quality leads for optimization by the medali chemistry department, often
employing new combinatorial synthetic technolotiés

Higher-throughput PK (HTPK) is being achieved thlgbuthe introduction of new
techniques, including automation for sample prepara and new experimental
approaches for the evaluation of many substancearaillel.

Application of these technologies can now suppoudltiple projects at a pace
appropriate to the output of a synthetic chemitgam, thus providing timely and relevant
information that will impact directly on drug desig

In this chapter, the PK process, the historicaltexinof newer developments, current
HTPK approaches (including upstream and downstraetivities), and future prospects

for further improvements are discussed.

5.1. Automation perspective

From the inception of modern chromatographic s@emacitomation technologies have
continuously developed, beginning with the intratut of autosamplers and
microprocessor-controlled instrumentation in thie [B970s to early 1980s. This enabled
the sequencing of samples, often requiring diffeeralytical instrument characteristics,
and this increased the number of samples that dmilgrocessed in a batch by enabling
unattended, overnight operation.

In the mid-1980s, early adopters of robotic techgms were using the newly
introduced Zymark Zymate ?i to try to further improve throughput by programmia

robot to reproduce manual operations from the samy@paration steffs™ 2°.

24 Gallop, M.A. et al. (1994) Applications of combinatorial technologies to drug discovery: 1. Background and peptide
combinatorial libraries. J. Med. Chem. 37, 1233-1251.

25 Gordon, E.M. et al. (1994) Applications of combinatorial technologies to drug discovery: 2. Combinatorial organic
synthesis, library screening strategies, and future directions. J. Med. Chem. 37, 1385-1401.

26 Zymark Ltd, Runcorn, Cheshire, UK.

27 Fouda, H.G. and Schneider, R.P. (1987) Robotics for the bioanalytical laboratory: A flexible system for the analysis of
drug in biological fluids. Trends Anal. Chem. 6, 139-147.

28 Fouda, H.G. and Schneider, R.P. (1988) Robotics for the bioanalytical laboratory: Analysis of antipyrine in human
serum. Am. Clin. Prod. Rev. 7, 12-15.
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Whilst some gains in productivity using this apmioavere evident, there were several

problems with such systems:

» the use of robotics to purely reproduce a manuahatkis usually not the most
efficient or cost-effective way of proceeding;

* many methods suffered from poor reliability anduieed frequent maintenance
or recalibration;

» at best, most methods were semi-automated, oftgnrieg substantial manual
input, and therefore negating the advantages ofaimg the system;

» the timing of implementation, which was prior tetadoption of LC-MS/MS,
was wrong as sample analysis was still the raterdeting step. Hence,

automation of sample preparation did not bring &rigl gains in productivity.

In fact, the initial slow adoption of systems swhthe linear track robots in the late
1980s demonstrates the lack of commitment to auiomat the time, as other areas of
the infrastructure were not in place to allow ttuse fully exploited nor justified from a
cost perspective.

The traditional sample containers or collectionidey used in bioanalysis have been
individual test tubes and vials, available in mahfyerent dimensions and made from
glass or plastic. Individual pipettors have beeaduwith this tubes or vial to transfer
sample, solvent and any other liquids as part@btrerall sample preparation procedure.

Techniques such as protein precipitation (PPT) lapuad-liquid extraction (LLE) have
also traditionally used single tubes for the extomcstep; solid-phase extraction (SPE) has
used individual cartridges.

Individual tubes or vials held a stronghold as piheferred sample container until the
late 1990s. At this time, several advances occurrgrrallel that brought about a change
from tubes to microplates as the preferred sampdecallection format.

With the introduction of the microtiter plate fortres the standard platform on which to

perform a multitude of assays, it was inevitablat tihe time gains seen in areas such as

29 Fouda, H.G. et al. (1988) Liquid chromatographic analysis of doxazosin in human serum with manual and robotic
sample preparation. J. Chromatogr. Sci. 26, 570-573.

30 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 3, 1, (
2003), 75-76.
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biochemical screens through parallel sample proogssvould be adopted for
bioanalytical assays.

Furthermore, the shift in formats from vials an8és to microtiter plates has made it
much more viable to apply robotic technologies. M/Bi6-well microplates had been in
use in other areas of pharmaceutical researchlibegme more commonly available in
larger well volumes. They also were molded in pabgylene, a plastic that has the
required solvent resistance for use with commoramig solvents. Filtration and solid-
phase extraction were introduced in the 96-welieplarmat in flow-through process.

The microplate presents many efficiencies of opemasuch as easier labeling, sealing
and manipulation.

When this format is combined with multiple probe riugiations, dramatically faster
pipetting throughput is achieved via parallel sampirocessing. The microplate
architecture clearly offered the increased proficie and productivity in sample

preparation processes and analysis that were sought

5.2. Current technologies

The current options available to increase the tiinput of a PK assay can be divided
into the two main areas of sample preparation axperanental design, although
consideration should also be given to data handlingd utilization, which will also be
discussed.

5.2.1. Sample preparation

Simply grouping together the cartridges on oneyamalplate, increases throughput, as
it is easier to manually treat several samples kimeously*. However, many groups are

using this as the basis for more fully automatedlymis®**** with typical sample

31 Cheng, Y-F. et al. (1998) Straightforward solid-phase extraction method for the determination of verapamil and its

metabolite in plasma in a 96-well extraction plate. J. Chromatogr. A 828, 273-281.

32 Allanson, J.P. et al. (1996) The use of automated solid phase extraction in the ‘96 well’ format for high throughput
bioanalysis using liquid chromatography coupled to tandem mass spectrometry. Rapid Commun. Mass Spectrom. 10, 811-
816.
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preparation times of under two hours for 96 sampAesirther extension of this approach
is the use of SPE disk technolodiés Here, the thickness of the adsorbent bed is
dramatically reduced, enabling elution in volumegpraximating those used for
chromatographic analysis.

Hence, the eluent from the SPE disk can be analgmedtly, therefore eliminating
steps such as evaporation and reconstitution. didigiuid extraction can also reliably
work in a 96-well plate form3t Other techniques, such as trace enrichifi@mtonline

column switchind’, can improve throughput but are usually applicaspecific.

5.3. Microtiter plate

A microtiter plate or microplate (Figure 11) islatfplate with multiple "wells" used as
small test tubes.

The microplate has become a standard tool in @oalytesearch and clinical diagnostic
testing laboratories. A very common usage is inetheyme-linked immunosorbent assay

(ELISA), the basis of most modern medical diagrotgsting in humans and animals.

33 Harrison, A.C. and Walker, D.K. (1998) Automated 96-well solidphase extraction for the determination of doramectin in
cattle plasma. J. Pharm. Biomed. Anal. 16, 777-783.

34 Pleasance, S. and Biddlecombe, R.A. (1998) Automating ‘96-well’ format solid phase extraction for LC-MS-MS.
Methodol. Surv. Bioanal. Drugs 25, 205-212.

35 Plumb, R.S. et al. (1997) Use of reduced sorbent bed and disk membrane solid-phase extraction for the analysis of
pharmaceutical compounds in biological fluids, with applications in the 96-well format. J. Chromatogr. B Biomed. Sci. Appl.
694, 123-133.

36 Simpson, H. et al. (1998) High throughput liquid chromatography/mass spectrometry bioanalysis using 96-well disk
solid phase extraction plate for the sample preparation. Rapid Commun. Mass Spectrom. 12, 75-82.

37 Steinborner, S. and Henion, J. (1999) Liquid-liquid extraction in the 96 well plate format with SRM LC/MS quantitative
determination of methotrexate and its major metabolite in human plasma. Anal. Chem. 71, 2340-2345.

38 Kronkvist, K. et al. (1998) Automated sample preparation for the determination of budesonide in plasma samples by
liquid chromatography and tandem mass spectrometry. J. Chromatogr. A 823, 401-409.

39 Gao, V.C.X. et al. (1998) Column switching in high-performance liquid chromatography with tandem mass spectrometric
detection for highthroughput preclinical pharmacokinetic studies. J. Chromatogr. A 828, 141-148.
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Figure 11: An example of 96-well microtiter plate.

High throughput applications are based on sammegylreformatted from racks of test
tubes or vials into 8-rows by 12-columns formatc®im this configuration, the samples
are contained in a compact space and each wetliguely identified by column number
and row letter, e.g., Al, A2, A3, C5, F8 or H12eTiedious and time consuming task of
individually labeling tubes or vials is now elimied.

Other kinds of microplate could have 6, 24, 384wen 1536 sample wells arranged in
a 2/3 rectangular matrix. Some microplates haven éaeen manufactured with 3456 or
even 9600 wells, and an "array tape" product hasn b@eveloped that provides a
continuous strip of microplates embossed on alflexplastic tap€.

Each well of a microplate typically holds somewhéetween tens of nanoliters to
several milliliters of liquid. They can also be ds® store dry powder or as racks to
support glass tube inserts. Wells can be eitheular or square, example in

Figure 12.

40 Elaine May (2007-06-15). "Array Tape for Miniaturized Genotyping". Genetic Engineering & Biotechnology News (Mary
Ann Liebert, Inc.): p. 22. Retrieved 2008-07-06. "(subtitle) Processing hundreds of microplate equivalents without complex

plate-handling equipment"”.
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o
Flat Rounded Conical Rounded Corners

Figure 12: Different wells. Four well bottom geometries are commonly available in microplates: flat
bottom (F-bottom), rounded bottom (U-bottom), conical (V-bottom) and rounded corners leading to
flat bottom (C-bottom).

For compound storage applications, square wells gldse fitting silicone cap-mats are
preferred. Microplates can be stored at low tentpeza for long periods, may be heated
to increase the rate of solvent evaporation fromrtivells and can even be heat-sealed
with foil or clear film. Microplates with an embeeld layer of filter material were
developed in the early 1990s by several compaaies,in 1992, the world's first Solid
Phase Extraction (SPE) microplate was launchedopyait Sciences. This allowed simple
column chromatography to be carried out in a mietepfootprint for the first time.
Today there are microplates for just about evepliegtion in life Science research which
involves filtration, separation, optical detectiostorage and reaction mixing or cell
culture.

The enormous growth in studies of whole live chbls led to an entirely new range of
microplate products which are "tissue culture wdaespecially for this work. The surface
of these products is modified, using a plasma diggdn to make it easier for adherent
cells to grow on.

A number of companies have developed robots toifsgaly handle SBS microplates.
These robots may be liquid handlers which aspoatispense liquid samples from and to
these plates, or "plate movers" which transpornmnthetween instruments, plate stackers
which store microplates during these processese fiatels for longer term storage or

microplate incubators to ensure constant temperaturing testing.
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Instrument companies have designed plate readach whan detect specific biological,

chemical or physical events in samples storedesdlplates.

5.3.1. Manufacture and composition

Microplates are manufactured in a variety of materi The most common is
polystyrene, used for most optical detection mitatgs. It can be colored white by the
addition of titanium dioxide for optical absorbarmeluminescence detection or black by
the addition of carbon for fluorescent biologicakays. Polypropylene is used for the
construction of plates subject to wide changegmperature, such as storage at -80°C and
thermal cycling. It has excellent properties foe fbng-term storage of novel chemical
compounds. Polycarbonate is cheap and easy to namalchas been used for disposable
microplates for the polymerase chain reacti®@CR) method of DNA amplification.
Cyclo-olefins are now being used to provide micabgd which transmit ultraviolet light
for use in newly developed assays.

The most common manufacturing process is injeatimulding, used for polystyrene,
polypropylene and cyclo-olefin. Vacuum forming daa used with softer plastics such as
polycarbonate. Composite microplates, such ag pletes and SPE plates and even some
advanced PCR plate designs use multiple compondnith are moulded separately and
later assembled into a finished product. ELISAgdanay now be assembled from twelve
separate strips of eight wells, making it easieurity partially use a plate. This saves cost

for the scientist.

5.3.2. History

The earliest microplate was created in 1951 by agddan, Dr. G. Takatsky, who
machined 6 rows of 12 "wells" in Lucite. Howevegnamon usage of the microplate
began in the late 1950s when John Liner in USA infdduced a molded version. By
1990 there were more than 15 companies producimgda range of microplates with
different features. It was estimated that 125 omllmicroplates were used in 2000 alone.
The word "Microtiter” is a trademark registeredthg Dynatech Company; it is now more
usual to use the generic term "microplate”.

In 1996, the Society for Biomolecular Screenig@BH began an initiative to create a

standard definition of a microtiter plate. A sergdsstandards was proposed in 2003 and
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published by the American National Standards lat&i(ANSI) on behalf of the SBS. The
standards govern various characteristics of a mlate including well dimensions (e.g.
diameter, spacing and depth) as well as plate piiepde.g. dimensions and rigidity).

As early as the first meeting of the Society foofBblecular Screening (SBS) in 1995, a
need for clearly defined dimensional standards miaoplate was identified. At the time,
the microplate was already becoming an essentlused in drug discovery research. At
the time, the concept of a microplate was similaoag various manufacturers, but the
dimensions of microplates produced by different das, and even within a single
vendors catalog line varied. This often caused mauseproblems when microplates were
to be used in automated laboratory instrumentation.

In late 1995, members of the SBS began workingedmithg dimensional standards for
the standard 96 well microplate. The first writf@oposal was released in December 1995
and presented at numerous scientific conferencedsj@urnals throughout 1996. This
initial proposed standard was officially presentedhe membership of SBS for approval
at the annual meeting in October 1996 in BaseliZanand. Between then and late 1998,
various versions of the proposed standards for ®& &34 well microplates were
circulated to the membership of the society. InyeB®99, efforts to begin formalizing the
proposed standards in preparation for submissiaam iecognized standards organization
were begun. The email ListServ was started in Magsid the first regular quarterly
meeting of the working committee met in August bétt year. To date, the ListServ
contains members representing over 100 corporatiedsicational institutions, and
government organizations from over 15 nations.

This standard was processed and approved for siabriot ANSI by the Microplate
Standards Development Committee of the Societfdfomolecular Screening.
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5.3.3. Fundamental microplate specification as proposed by

The Society for Biomolecular Screening (SBS)

e The wells in a 96-well microplate should be arrahgs 8 rows by 12 columns.

» Center-to-center well spacing should be 9.0 mm54B3n).

* The outside dimension of the base footprint, mesb@at any point along the
side, shall be: Length 127.76 mm (5.0299 in), WgB48 mm (3.3654 in).

e The footprint must be continuous and uninterruptexdind the base of the plate.

* The overall plate height (shallow well design) sddee 14.35 mm (0.5650 in).

e The maximum allowable projection above the toplstarsurface is 0.76 mm
(0.0299 in).

» The four outside corners of the plate’s bottomdkshall have a corner radius
to the outside of 3.18 mm (0.1252 in).

41 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 3, 1,
(2003), 81.
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6. Automation

Bioanalysis is used very early in the drug develeptmprocess to provide support to
drug discovery programs on the metabolic fate efwicals in animals and living cells. Its
use continues throughout the preclinical and dihtbug development phases.

The detection techniques of choice, liquid chrormgetphy interfaced with tandem mass
spectrometry (LC-MS/MS), allows more samples toabhalyzed per unit time than ever
before.

As a result of this capability for rapid analysisd the greater number of compounds
able to be synthesized by combinatorial chemistghniques, faster turnaround became
expected for both Pharmacological and Bioanalygealuations.

The industry demanded faster sample analysis agaite to market became more
aggressive.

Sample preparation was targeted as a rate limgieg in the overall procedure for
bioanalysis.

The automation in sample preparation is an impogaal for laboratories to meet the
high throughput demands required in pharmaceutieséarch and development. The
choices for automation differ in complexity accarglto the required tasks.

Processes can be introduced to make a manual precleds tedious, to replace most or
all steps in a manual procedure, to perform a fipespplication comprised of multiple
linked steps or to perform a procedure around liekc

The size of automated instruments can vary as Weth a small benchtop instrument
to a large instrument placed on a tabletop to amrsized throughput ultra high
configuration composed of individual modules linkedether.

Faster off-line approaches were developed, moréyatove formats (96-well plate) and
more efficient automation solutions for the offdisample preparation methods. The term
“off-line” refers to performing the sample prepavatprocedure independently of the LC-
MS/MS analysis.

The throughput of sample preparation techniquesdfag bioanalysis has increased
dramatically in many approaches to keep peacethvitispeed of detection.

Improving overall throughput and laboratory prodwity are important goals for
introducing automated processes into bioanalysaaiple preparation methodologies, but

there are other motivating factors.
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Automation can reduce the hands-on time requirednbgnalyst and allows the scientist
to perform other tasks in the laboratory. Unattehdperation of a process may permit
multiple or overnight runs, further increasing tigbput. Removing an individual from
hazardous or mundane tasks can maintain workethheadl safety.

The automation of most processes has been showrintp a degree of reproducibility
and quality to the results that cannot be reala®dng different workers each performing
the method manually. In addition, compliance withRGis considerably improved as a
result of the remarkable process consistency thtan@ation provides.

Automation can often facilitate troubleshooting moving the manual component
processes. It can introduce process documentationai method and also allow for less
skilled workers to perform a complex task. An inmtpot overall goal for implementing

automation into a laboratory workflow is greaterpdoyee job satisfactidh

6.1. Strategies for Selecting Automation

6.2. Defining how Automation will be used and supported

A laboratory must properly assess its needs fooraation and define how it will be
used and supported in the workspace.

The focus of myPhD project is on the off-line processes for samp&ppration.

How: it will be used for performing the off-line tedlqmes for protein precipitation,
liquid-liquid extraction, solid phase extractiordasther techniques in microplates.

Which: the flexibility of the system is the main objegtiand it could be reach with the
adaptability of the instrument to perform multipgsks which is an important criterion in
the decision making process. Also upgradeabilityels/ important, one configuration can
be purchased and over time its capabilities campgeaded.

Where: multiple instruments can be scattered among iddal laboratories or one

instrument can be located in a common area an@dslgra large user group.

42 D.A.Wells and T.L.Lloyd, In.: J.Pawliszyn, Ed., Sampling and Sample preparation for Field and laboratory: fundamentals
and New Directions in Sample Preparation, Elsevier, Amsterdam (2002).
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What type of access. when a dry down step is required off-line theoaudition should
remain available. When the sample has been dry dbevmiser returns to the instrument
and performs the reconstitution step.

How flexible should be the software: it can be a decision factor in selecting among
automation choices. Software with great flexibiléigd many options can be daunting to
some analyst taking weeks to master. Only expeggnsers or custodians are able to
program them.

How much support: Standard Operation Procedure (SOP) must be dmsel@nd
followed to ensure accuracy and precision of pipgttwith proper attention to
maintenance and service issues.

How much space: if the dimensions permit the best way to accosfipliapor removal is

to place the unit inside a custom built enclosure.

6.3. General considerations

Aspects to be considered are the number of samplesessed per hour in the
automation productivity and the hands-on time rexuiby the analyst. For example a
semi-automated method that requires 15 min handsx@may be preferable to a fully
automated system that might cost more but perfarsmalar productivity.

Usually the available founds strongly influence tepability that automation can
provide and the rate at which it can be implemenitéaiing a 8-tip and a 96-tip sample
preparation workstation is ideal one for reformatémd one for extraction. When it is not
possible the necessity to find other solutions grow

Continuous training and education in automation ddmsg priority even if training in
the principles and operation of mass spectromesesipported. Only individuals that
have been properly trained can use a validate@msysherefore training is an important
requirement.

Conferences in automation are a great source dfncimg education. Vendor courses
are also available at their site or in house fedepth training on specific automation
platforms.

As described before in Merck Serono Ivrea Autonmatiaboratory the main instrument
is a Microlab Starlet Hamilton Robotics, a flexilpgetting workstation with 8 probes

that display variable spacing.
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Unique to the STAR is a patented CO-RE technold@gnfpressed induced O-Ring
Expansion). CO-RE represents advancement in tiplcauthat allows positive grasping,
sealing and releasing between the channel andpth€dampatibility is demonstrated with
both disposable tips and steel probes.

Dual mode (capacitive and pressure based) liquiel ldetection provides sensing for
both conductive and non-conductive liquids. An opél internal gripper called iISWAP is
available to manipulate plates on the instrumenk de transfer the to adjacent microplate
compatible instrument.

A vacuum system can be placed to the deck of tHeRSA requirement of the vacuum
manifold is that it must be self-sealing when daepla placed on top, so the gasket material
must perform every time the vacuum is applied. Alsoorder to provide flexibility, a
manifold has to be able to accommodate varietidseights of flow-through microplates
and collection plates. Another useful option i®mperature controlled microplate carrier
that can maintain temperatures on the instrumeck ftem -22C to +60C*.

Automation is a crucial resource in today's bioginedl pre clinical and clinical
laboratory environment, helping to offset a numieérhealthcare industry trends—
specifically, laboratory errors caused by manuashandling of samples, a worsening
labor shortage in laboratories.

An automated solution provides faster, more-effigiand more-accurate results.

43 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 5, (2003).
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7. Hamilton Robotics

The aim of this PhD project in Pharmaceutical, Bimaceutical and Toxicological
Analysis is to automate assays successfully andimitudget such as the manual sample
preparation processes for LC/MS analysis.

Hamilton’s workstations and software serve as & Ipigecision and flexible base upon
which to provide automated solutions with air désgiment pipetting and monitoring
technology as well as the software controlling eys.

7.1. Liquid Handling Workstations

STARIlet

STARplus

Figure 13: Hamilton robotic workstation STAR Line.
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HAMILT S8 ||

Figure 14: Automation Lab.

In

Figure 13 and Figure 14 are shown the three MidooB&ar lines. The STAR line
workstations are based on superior air displacerpietting technology. This increases
accuracy and repeatability while providing chain afstody with pipette condition
monitoring and recording. Each workstation can befigured with multiple arms and
each arm can be configured with multiple pipettiagd labware gripping devices.
Pipetting channels and labware grippers move inudgaly of each other, supporting the
use of a wide range of labware. The autoload opgronides barcode tracking of samples,
labware, racks and carriers. All workstation fuant and integrated third-party devices
are controlled by the Vector 4.1.1. Software.

There are four different levels of authorization tloe Vector Software

“Lab Operator”, routine user: operators may run ar@thod.

* “Lab Operato 2", routine user: operators 2 may amy method and move
elements on deck.

» “Lab Method Programmer”, method programmer labasatoanager: method
programmers may modify method and labware defingio

» “Lab Service”, service technician laboratory mamagervice technician for

Hamilton’s laboratory software,
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This software offers an intuitive, flexible and parful programming control and all the
tools to allow simple to complex programming, wiholimiting imagination or
compromising requirements.

Data can be tracked and processed within the atiaicas well as interfaces to internal
and external databases, including LIMS. The STAR serve as a simple pipettor for
serial dilutions or act as the center of a largaesy with multiple workstations and third
party devices such incubators, cell counters, fagés, etc.

7.1.1. CORE-Technology: Compressed O-Ring Expansion

Bioanalytical applications require precision tippgahment and positioning. To meet this
demand, the workstation uses quality engineeredpooents and the CO-RE tip
attachment technology. Th€O-RE system (Figure 15) attaches disposable tips or
washable steel tips to the pipetting channels wighhable lock-and-key fit and a precision
of £0.1 mm in all axes. The Hamilton STAR is therefideal for tasks where the highest
precision is required such as MALDI target spottih§36 well pipetting and, in my case,
low volume dispensing.

The Hamilton STAR requires no vertical force fqu attachment or tip ejection, thus
eliminating mechanical stress and improving theralesystem reliability along with
pipetting speed and dexterity. Added benefits ofRIOtechnology include:

* Use of both disposable and washable tips withirstirae run.
* Ability to pick up CO-RE grippers and other todfsgure 15.

» Elimination of aerosol production upon tip ejection

Pressure Steeve Tip

O-Ring O-Ring Groove

Coupling
Shoulder

S5top

Figure 15: CORE Technology.
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7.1.2. Total Aspirate and Dispense Monitoring: TADM

During crucial sample transfers, the STAR can nwraspiration and dispense steps in
real time. TADM verifies with a traceable digital audit trail thatsample has been
transferred.

High and low pressure limit bands are first predeieed from multiple test sample
runs. During routine pipetting, errors are timeared in real-time when the measured
pressure exceeds these bands. The system caniitin@y secord the errors or react to

them, Figure 16.

Pressure
1 Measurement not working
2 Blocked tip,e.g. blood clot
¢ 3 Short sample or leaky system
‘ 4 Incorrect volume
: 5 Short or no sample .

Ambient

1 Dispense speed incorrect or
blocked tip

2 Leaky system

3 Incorrect volume

Aspiration Dispense

Time

Figure 16: TADM

7.1.2.1. Error event handling

Pressure data is continuously recorded during fogefior Chain of Custody.

When the pressure goes outside the pressure |jmassribed for different times during
the aspiration or dispense cycles, an error evemegistered and communicated to the
script.

Vector scripts can be written in a variety of wagshandle these events. It can ignore
them, stop the method, ask for user interventiomwlligently attempt to deal with the
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error without user intervention. For example, ie #vent of a clog or too low pressure
during aspiration, the script could evacuate thetineedle and try to aspirate again.

It could even move the tip slightly to avoid a swab a tube and perhaps be
programmed to make several aspiration attemptsréefmuesting user intervention or
flag the sample as an error and automatically noove the next sample.

Profile is described in

Figure 17.
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Figure 17: typical curves.
7.1.2.2. Aspiration Error Detection

Tip blockage (2)is detected when the pressure drops below themmimi set values.

The minimum set values vary with aspiration/disgetisie and are predetermined by
the results of test runs. Limits can be widenetightened to minimize false errors.

Insufficient sample (3)or incorrect aspiration is detected when the presgses above

the maximum limit during aspiration.

7.1.2.3. Dispense Error Detection

Blocked tip (1) is detected when dispense pressure rises abovaakienum pressure
limit during dispense.

Leaking seals (2)are detected when the pressure declines belomithienum pressure
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limit during dispense.
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Figure 18: Typical curves - 50 successful runs

TADM curves (mbar vs. msec) from aspirating 50 semFigure 18) of the same
volume with no errors. Maximum and minimum erront¥a are set just outside this range
of data to allow for variation within observed sessful dispenses. Band settings are
stored in the software by liquid class. A uniguguid class can be created for each liquid

type and pipetting volume range.

Figure 19: Typical curves - Insufficient samples

Insufficient sample aspiration detected in thremas when the pressure abruptly
increased above the maximum TADM error band. Figi9re
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Figure 20: TADM - clots

Clots detected and aspiration aborted in two sasnpleen the pressure gradually

decreased below the minimum TADM error band. Figie

Figure 21: TADM - foam

Foam detected and aspiration aborted in two samplesn the pressure abruptly

dropped below the minimum. Figure 21.

7.1.3. Flexible and Precise tip Positioning

The STAR’s Dynamic Positioning System allows eadpetting channel to move
independently in both the Y and Z axes. Each chaumses its own high-precision motors
and electronics to reach any position on the détlapplications such as hit-picking,
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where samples need to be transferred in an irrequdttern, this flexibility improves
throughput. Since it is possible to have up to hénoels on the same arm, multiple
microplates may be processed simultaneously, dedistiincreasing throughput, Figure
22.
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Figure 22

7.2. General liguid handling

7.2.1. Serial Dilution

Hamilton Microlab STAR automated liquid handling nkstations are ideal for carrying
out the laborious task of serial dilutions. Samieid can be transferred to and from
tubes, vials, and microtiter plates.

Using the prograndDM (Dynamic Dilution Module) included in ML_STAR Sefare
System. It includes tip sequence (tip size anddHuse), tip ejection after each dilution
step, sample liquid pick-up sequence (1 to 8 wetdution liquid pick-up sequence,
dispense sequence, dilution level, and sample wluithe template automatically
calculates the transfer volumes, liquid volumes; j@nd post volumes and mix volumes.

The serial dilution method is then run by simpligking the play button.

7.2.2. Plate Replication

Super Simple Method allows the user to rapidly cplayes. After selecting this pipette

method, the user is asked to select one of thatiams of the method from a list. The user
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then enters the number of plates to process, pigetblume(s) and range. Pictorial views
are then sequentially displayed to show which eaand labware to load on the deck. The
user then clicks the okay button. A pipetting scigpautomatically generated and run to

completion.

7.2.3. Reagent Addition

Super Simple Method allows the user to quickly egfigents to plates. After selecting
this pipetting method, the user is asked to seleetof the variations of the method from a
list. The user then enters the number of platgxdoess, pipetting volume(s) and range.
Pictorial views are then sequentially displayedhiow which carrier and labware to load
on the deck. The user then clicks the okay butforpipetting script is automatically

generated and run to completion.

7.2.4. Combining or Merging Plates

Super Simple Method allows the user to conveniemigyge plates. After selecting this
pipetting method, the user is asked to select dtleeovariations of the method from a list.
The user then enters the desired pipetting voluree{d range. Pictorial views are then
sequentially displayed to show which carrier aruMare to load on the deck. The user
then clicks the okay button. A pipetting script datomatically generated and run to

completion.

7.3. Chain of Custody

The STAR liquid handling workstation supports thaia of custody in every aspect of
pipetting, labware handling and sample tracking.

7.3.1. Barcode Tracking

When the Autoload option is used, the barcodedl dippa, labware, and carriers can be
read as they are loaded. This confirms the coiteqts are loaded in the correct spot. A
record of all loaded items can be stored and useortrol the pipetting process. Barcode
data sets can be compared to worklists from LIM@peted as data files, or printed.
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7.3.2. Total Aspiration and Dispense Monitoring (TADM)

Each channel has its own pressure sensor to mamassure in the pipette. This data is
monitored and stored in real-time. This providedependent evidence that the pipetting
operated within standard conditions or not. Undesgure or over pressure conditions
experienced during specific times of the pipettirygle can reveal if a clog, foam,

insufficient sample or improper dispense occurred.

7.3.3. Tip Sensing

Each tip size is physically different at the timoection site so that the tip channel can
sense which tips is attached. The workstation aatwally checks type with the tip size

called out in the application script. A record lostdata can be stored.

7.3.4. Labware Grip Sensing

Hysteresis in both the CO-RE grippers a@aVAP articulating labware gripper motors
are monitored and recorded during their use. Taia & used to confirm if a labware was

pick-up or not during labware transfers.

7.3.5. Labware Sensing

The STAR can monitor and record the hysteresis hen z-drive (up/down) of the
pipetting channels. This information can be usedetermine if labware is present or not

prior to pipetting further confirming that the methexecuted correctly.

7.3.6. Liquid Level Sensing

The STAR pipetting channels are equipment with cipa and pressure level sensing
and recording functions. These techniques can é& tascheck or confirm the liquid level

in an individual cell prior to or after pipetting.
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7.3.7. Liquid Level Detection

Hamilton offers both the traditional capacitiveuid level detection as well as pressure
liquid level detection. The software can use thHesetions to drive the pipette tip to just
above the surface to do a jet dispense, or touelstinface for a wet dispense, or dive

below sufficiently to aspirate liquid without dravg in any air.

7.3.7.1. Capacitive Liquid Level Detection

A weak electrical potential is created between ghgetting channel and the labware
carrier. When using conductive tips (black) andi@mc liquid the capacitance of the
circuit is measured. From this data the softwane @etermine the height of the liquid

surface and take appropriate action.

7.3.7.2. Pressure Liquid Level Detection

A pressure transducer inside the air displacerdesminel measures the pressure inside
the barrel during pipetting. The data from thisssenchanges as the tip approaches the

liquid surface, touches the surface and drivesvbelo

Figure 23. This data can be used to control pipgit real-time. Pressure level sensing

is the only way to determine the level of non-iolaiids.
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Figure 23: pressure Liquid Level Detection, capacitive Liquid Level Detection.

7.3.8. Monitored Air Displacement: MAD

Monitoring air displacement allows for real timetefgion of pipetting errors during

pipetting steps. This includes detecting:

« if an insufficient amount of liquid has been asgdafor a single, multiple or
partial dispense;
» aspiration of air, because the level of the lignid reservoir/tube was too low;

* blocked tips due to clotting.

Errors can then be corrected by user-defined, soffvguided error handling. The
STAR’s Monitored Air Displacement eliminates uneamty in automated assays by

providing reliable, consistent, walk away autom@tio
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7.3.9. Anti Droplet Control (ADC)

The combination of air-tight tip seals and air thspment pipetting with pressure
monitoring allows Hamilton to offer anti dropletrtool (ADC). It can be pipetted liquids
with extremely low viscosity and high vapor presslike Acetone and Methanol with
ease and confidence knowing that there will beass bf liquid and no contamination of

other samples because of dripping tips.

» Enables pipetting of highly volatile liquids;
* Increases process safety;
e Allows safe automation of Assays that require pipgtof substances like

Acetone and Methanol.

ADC,

Figure 24, works by continuously monitoring thegsere in the channel.

The STAR channels sense the minute increase inaper pressure inside the barrel.
When the pressure reaches a point where a diilely to occur, the plunger is withdrawn
a step or two to keep the liquid inside the tip prelent dripping. Volatile liquids such as
Ether and Acetonitrile can now be safely pipettednf one side of the deck to the other.
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Figure 24: Anti Droplet Control. A: schematic drawing showing a pipetting channel with its
pressure sensor. The volatile liquid contained in the tip evaporates into the air space. B: without
ADC, as the pressure in the tip increases, a droplet forms at the end of the tip, reducing the
pressure in the tip when it falls off. C: with ADC, pressure differences are detected by the pressure

sensor and compensated for in real time by piston movements: droplet formation is prevented.

7.3.10. Action Editor

The Action Editor offers you a very intuitive ugaterface which includes access to all
possible actions (pipetting, transport, incubatieta,) in a toolbox for simple drag & drop
programming. With the Action Editor you can quickdgrry out throughput calculations
and easily customize the actions by inserting adiietails like pipetting volume, pipetting
source and target.

The new 3D deck and the rich graphics make decKioreeasy:

» select carriers by category or just type some kegha;o
» drag the photo of the carrier on the deck;

* add labware - find your plates by name, keyword @imato;
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e switch to the Action Editor and drag a pipettingpsinto the method,;
* choose from simple pipetting steps, aliquoting @olmg;
* answer a few steps about source, target, volumetantpipetting;

» the Action Editor supports drag and drop of taayet source plates.
7.4. Pipetting Options

7.4.1. 1000ul Channels

The 1000ul Independent Channels are based onsgladement pipetting technology
similar to the best hand-held pipettes. The pipettames range from 0.5 to 1000ul. The
channels support pipetting with disposable tipsspPsable tips are available in four
different sizes: 10, 50, 300, 1000pL CO-RE tip)l&d.

Movements in the Y (spreading) and Z (up and dosréctions are independent. This
provides the greatest flexibility to adapt to asyetmc labware positions and pipetting
sequences.

Pressure and Capacitive Liquid Level Sensingach channel is equipped with its own
pressure transducer and capacitance measuringtmircthis allows it to measure liquid
level either by pressure or capacitance or botbsgre sensing is vital for measuring the
liquid level of non-ionic liquids, supporting TADIMsInd chain of custody.

Tip Type SensingEach channel senses which tip type is being athclif the tip type
does not support the pipetting conditions set endbftware script, the user is alerted. This
ensures that liquid never accidentally enters Hannoel.

Straight Alignment Each channel uses Hamilton's CO-RE technology tipr
attachment. An internal o-ring is expanded to assutight seal and straight alignment.
Hamilton tips also are individually imaged duringmufacturing for straightness.

Together with the CO-RE tip attachment design; thékes sure the tip of each tip on
channel is in the right position even for 1536 @lgipetting.

The Hamilton MICROLAB® STAR expands the high thropgt of multichannel
liquid handling with a96 channel pipetting head.

The highly configurable and flexible Hamilton MICR@B® STAR supports multiple

arms, each with a multichannel pipetting head. Treughput and flexibility can be
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achieved with both the 384 and 96 channel head singhe workstation with the highest

on-deck plate density in the industry.

Table 1: Pipetting specifications for disposable tips

Tip size Volume Precision Trueness
10ul 0,5ul 6,0% 10,0%
10ul 10ul 1,0% 1,5%
50ul 1l 4,0% 5,0%
50pl 50pl 0,75% 2,0%
300ul 300ul 0,75% 1,0%

1000pl 1000 pl 0,75% 1,0%

7.4.2. Disposable Tips

The Hamilton Company designed the CO-RE tips fer MICROLAB pipetting
workstations in order to solve the problem of sealnd alignment plagued by press-fit
tip attachment techniques. Each CO-RE disposapléds a circular groove inside the
attachment orifice. An o-ring on the pipetting chahis expanded to fit this groove
precisely providing an air-tight seal and straigignment between tip and pipetting
channel.

Tip Type Signature Each CO-RE tip type has a unique set of ridgeglawinto it so
that the pipette channel can detect the tip typktha software can compare tip type with
pipetting settings to make sure they are compatible

Tip Quality Hamilton goes beyond on relying just on statistasaalysis of tip quality
to assure the highest product quality. Insteach# imvested in an automated computer-
based visualization system to inspect every tipieeit is packed in its rack. Each tip is
checked for straightness, concentricity of its iceif and absence of flash from the
molding process. This way you can be assured thatikbn is shipping 100% performing
product for accurate pipetting with each tip.

Optimal Tip Design Hamilton tips are designed for optimal liquid hiamgl. Each
dimension of the tip has been analyze and optimiggugy numerical grid simulations and
empirical testing to produce accurate and repeatabsults in the widest range of

pipetting modes.
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7.4.3. Tip Types

* Conductive (black) / Non-conductive (clear)
» Filtered / non-filtered

* Individual racks (blue frame) / stacked (black fgm

Stacked TipsIn order increase tip capacity on the workstatieck for longer walk-
away times and to increase tip packaging densigynilion designed a new stackable tip
frame for the CO-RE 10ul, 50ul and 300ul unfiltetipd, Figure 25. These tips come in a
package containing a disposable frame, five stadtks4 tip racks, each rack with 96 tips.
With these packs a user can load 1,920 tips odebk in one step. And, all these tips take
up only 6 tracks on the deck. The frames are ableetmanipulated by the iISWAP, CO-
RE grippers and SWAP. Tips can be picked up byrttlependent channels or 96 channel
mulitprobe head directly from the stack eliminatthg need to move the frames to a tip
pick-up position. This saves not only processintetbut also frees up an extra position on
the deck. Used tips and frames can be ejectedtlmtstandard waste bag or front/side
mounted tip waste chute.

Stacked tip racks can be loaded in bulk on the dsokg a single low profile standard
carrier, or individual frames or single stack @rfres can be loaded on multiflex modules.

L

Figure 25: CO-RE Disposable Tips and Washable Needles
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7.5. Labware Manipulation Tools

7.5.1. Microplate Gripping: CO-RE Grip

Thanks to the CO-RE tip attachment technology SMAR features an innovative plate
transfer option. In addition to tips, the pipetticigannels can pick up the compact CO-RE
gripping tool during a run. With this gripping totble pipetting channels act as a gripper,
picking plates from a stack, moving plates aroumel deck, removing lids or placing a
filter plate vacuum manifold. The CO-RE gripperais inexpensive option than moves

labware without time consuming positional teaching.

Advantages:

* Small budget plate handler;

e Gripper paddles picked up by two channels;
» Default position for labware;

* Reaches all deck space;

» Landscape and portrait plate gripping;

» Facilitates stacking.

7.5.2. Plate Gripping Tools / Plate handling

Two different types of plate gripping tools are italale on the STAR line of liquid
handling robots, and an external robotic arm presid third option for plate handling
when building integrated systems that require labwzandling away from the STAR
deck.

Two pipetting channels can pick up the CO-RE Gnigpel, providing a flexible, low-
cost solution for moving labware on the STAR ddalgure 26.
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Figure 26: CO-RE Gripper

A robotic gripper with a full range of motion, tifeWAP can also reach off the STAR
deck to access 3rd party equipment or custom labp@asitions, Figure 27.

Figure 27: iISWAP

The MICROLAB eSWAP is designed for seamless angkrmtegration of 3rd party
peripheral devices with Hamilton liquid handlingoats to create completely automated

workstations, Figure 28.
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Figure 28: eSWAP External Gripper

7.6. Carriers & Accessories

7.6.1. STAR Multiflex Modules

The latest addition to the STAR accessories linkased on a modular concept. On a
base plate, a variety of different modules can bemted. There are modules available for
plate or tip rack stacking, cooling, heating, midfj shaking and many more. Compared to
standard carriers, Multiflex allows the free conatian of various modules on one base
plate according to your needs. It's customizatiasdal on standard parts. The number of

modules is steadily increasing, so check back éov products frequently.

7.6.2. Volume Verification Kit

The MICROLAB STAR verifies pipetting volumes viaagimetric testing. This is
much more reliable than traditional verificatiorstieg using dyes and plate absorbance
readers.
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7.6.3. Autoload and Barcode Reading

The Autoload option on the MICROLAB STAR automaligdoads carriers as well as
reads barcodes. With this option a loading shediuigplied which attaches to the front of
the workstation. This acts as a staging area foreca to be inserted or removed from the
workstation for either loading/unloading labware ohanging carriers for another
application. The track numbers are imprinted orkdecdhelp the user position the carriers
in the correct position. In addition backlit traskmbers are mounted on the front safety
panel and can light up green to indicate the cotracks to insert a particular carrier at a
particular time. Plastic torpedoes guide the cesriato position. Then the workstation
grabs the carrier and pulls it in front of the lmale reader.

The barcode reader can read the barcodes on sawienake sure the correct carrier is
inserted in the correct track. It can read the ddes on tip racks and plates to make sure
the correct items are loaded on the correct carffigis information can be compared to a
work list either created by the user or downloaftech a LIMS. The barcode reader can
also read the barcodes on tubes as well. Thesédna@are paramount for IVD and chain
of custody compliance. Also, with this design bae® are read as the carrier is being
loaded. If the barcode check fails, the user istedeimmediately before the carrier is
pulled all the way on the deck thus saving the tisee to get the correct carrier in the

right position with the correct labware and conshies.

7.6.4. Basic Vacuum System

The MICROLAB STAR Basic Vacuum System (BVS) (Figu28) is designed to
automate solid phase extraction assays using etimemercially available kits or custom-
made assays.

The option consists of a dedicated carrier, vacpump and controller. The vacuum is
completely controlled by the Venus software. Thaieaconsists of a vacuum chamber
for the destination plate, a manifold with sealsptace the source elution filter, a park
position for the manifold and two empty MTP positso iISWAP or CO-RE grippers can

manipulate the manifold and access the target.plate
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Figure 29: Basic vacuum System.
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8. Sample Preparation Techniques

The importance of accurate sample preparation tgoha cannot be overstated,
meticulous sample preparation is essential. Oft@mlooked, it is the midway point where
the analytes from the sample matrix are transforatethey are suitable for analysis.

In pharmaceutical bioanalysis, researchers devahoprun various assays to quantitate
drugs, pharmaceutical candidates, and their matabah biological fluids such as serum
and plasma. The data resulting from these assagysused to help determine the
pharmacodynamic and pharmacokinetic properties et ag the toxic and therapeutic
concentrations of existing and emerging pharmacaiutompounds in living cells, tissues,
and animals. Although advances in Liquid Chromaipgy-Mass Spectrometry (LC-MS)
technology have reaped overwhelming benefits imseof increased throughput and
sensitivity, good sample preparation continueseta loritical component of bioanalysis.

A sample matrix for bioanalysis almost always corgaome amount of protein, along
with other endogenous macromolecules, small mads¢uhetabolic byproducts, salts and
possibly co administered drugs. These components mel removed from the sample
before analysis in order to attain a selectivereglke for the desired analyte.

It is important to remove the protein from a biotay sample because that protein,
when injected into a chromatographic system, wikcppitate upon contact with the
organic solvents and buffer salts commonly usadadbile phases.

The three most common sample preparation technigsed in Bioanalytical Sample
Preparation are Protein Precipitation (PPT), Ligumuid Extraction (LLE), and Solid
Phase Extraction (SPE). Each technique offers enaglvantages and disadvantages that
are considered during the method development pso€&s example, protein precipitation
methods are simple (2-3 steps), fast, and ofteninegninimal method development.
However, the technique offers minimal selectivity i only removes gross levels of
protein from a sample prior to analysis. In cortir&PE offers significant benefits in
terms of selectivity/sample cleanup, but the tegh@ioften requires moderate to extensive

levels of expertise and time for adequate methoceldpment. In addition, SPE often

44 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. 6, 199,
(2003).
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requires multiple steps (5-8), resulting in incexhsassay time. Modern analytical
laboratories are full of significant technologi¢alestment. Many are surprised to learn
that the highest cost in a laboratory is still to# equipment but the analyst, and more
specifically, analyst time. With analysts spendasgmuch as 60% of their time on sample
preparation, it is no wonder companies are turrtmgautomation to recapture their
investment in human resources. Only through a chesfalysis of what tests, or portions
of tests, are automated will one be able to as#essreturn on investment from
automation. In the worst cases, an analyst couldeptaced with an equipment repair
technician, or a step that is not a critical pathhie laboratory could be automated. In the
best case, significant additional testing capaaitg reduced cycle times can be created.
Both routine and intensive analyst tasks are beatpmated because of favorable
financial return. However, for laboratories in rigad industries, using this automation is
not as effortless as simply turning on the switslsignificant amount of planning, along
with additional investment in validation and docunta¢ion, must be invested prior to

relying upon automation to generate a return.

8.1. IQ/0Q/PQ

Details for a successful instrument qualificatiooperational qualification, and
performance qualification, known collectively in ethpharmaceutical industry as
IQ/OQ/PQ, must be established under GxP, Tables, the general definitions of the
qualifications, with the added definitions for egmient qualification (EQ) and design
qualification (DQ). (EQ and DQ are newer interptietas of equipment qualification and
not as widespread in application.) Why all the fabsut instrument qualification? GxPs
mandate that analysts establish and document prozedto indicate that the
instrumentation has been fully controlled. The stdy adage “if the scientist didn't write
it down, you didn't do it” applies not only to ddiat to instrumentation documentation as
well. For now, let it suffice to say that all meesment equipment in a GxP laboratory
must be qualified. Automated equipment not only trhes qualified to demonstrate its
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utility, but also to address concerns from diregtnuch of an analysis away from human

intervention and contr&l.

Table 2

Qualification definitions

IQ establishes that the instrument is received as designed
and specified. 1Q also verifies that the instrument
environment is suitable for the operation and use of the
instrument and that the instrument is properly installed.

Installation Qualification (1Q)

Operational Qualification (0Q) 0Q is the demonstration that an instrument will function
P according to its specifications in the selected environment.
PQ is the demonstration that the instrument performs

Performance Qualification (P . o . . .
Q (PQ) according to a specification appropriate for its routine use.

8.1.1. Validation vs. Qualification

8.1.1.1. Validation

Validation is the process of evaluating the perfmmce of a specific measuring
procedure and checking that the performance mestsailc preset criteria. Validation
establishes and provides documented evidence libatneasuring procedure is fit for a
particular purpose. Qualification is the verificatithat an instrument is performing under
predetermined specifications. It should also beddohat “calibration” is also unique; it is
the verification that an instrument is standardiagdinst a nationally accepted standard
(or a secondary standard that has been calibrajathsd such a standard). The terms

“validation” and “qualification” are often mistakbninterchanged.

45 Considerations When Implementing Automated Methods into GxP Laboratories Authored by: Gregory K. Webster, Laila
Kott, Todd D. Maloney
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8.1.1.2. Quialification

Regulated industries look for equipment to undewgoseries of qualifications:
Equipment Qualification (EQ), Design QualificatiidQ), Installation Qualification (1Q),
Performance Qualification (PQ), and Operational Ifiaation (OQ). Specifications for
these qualifications are often predefined by thenufecturer and negotiated within the
company.

Automated methods can be introduced to the GxPréatmy by validating the
automated method directly or establishing a sudgkasalytical method transfer from an

existing method to the automated procetfure

8.1.2. Method Validation

The level to which a method is validated for GxPn@mally based on where the
methodology is being applied. In early drug develept, there is less information about
the chemical characteristics of the drug and a Higtlihood it will not succeed and
become a marketed product. It is not economicallydent to allocate significant
resources to the drug, and the level of methodlatibn is to a level consistent with the
state of knowledge regarding the manufacturing gsses and the concern for safety of
patients taking the drug in a clinical setting. &efhce standards are seldom available at
this stage, leaving the validation of the methoclig®s on precision and selectivity of the
drug from its matrix. Linearity of response is needfor all stages of development;
however, sensitivity only needs to be establisteethé reporting limit. If the GxP study
involves human testing, the level of validationreases to a point where confidence in the
designed indication going into the patient is d&hbd. Finally, as the drug progresses to

market, full analytical characterization is estsibéd.

46 Considerations When Implementing Automated Methods into GxP Laboratories Authored by: Gregory K. Webster, Laila
Kott, Todd D. Maloney.
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8.1.3. Analytical Validation Principles

Validation is establishing documented evidence tihatanalytical test method performs
to established specifications. These specificatians generally defined in a study
protocol, in company standard operating proceddf®@R), or in a compendial reference. If
the method is being used for stability investigasiothe validation must establish its
suitability as a stability-indicating method foethnalysis of the intended analyte.

To some degree, all analytical method validationden GxP will test for specificity,
precision (repeatability and intermediate precikidinearity, range, accuracy, robustness,
and quantitation limit of the intended analyte.

Sample preparation has been and continues to baitlval step for fast, accurate, and
reliable LGMS/MS assays.

Conventional biological matrix extraction methodscls as solid phase extraction,
liquid-liquid extraction, and protein precipitation (PPaje both time-consuming and
labor-intensive. Due to its simplicity and univéitya protein precipitation continues to be
the main methodology employed for biological sampieparation, especially in the drug
discovery arena. However, all three major sampbparmation methods remain tedious
processes and, consequently, bottlenecks limitireg throughput of current fast EC
MS/MS analysis. Current trends in sample prepandtieve focused on the use of 96-well
technology as well as automated sample preparai#o®6-well parallel processingVvhile
the introduction of 96-well liquid handlers, such the Tomtec Quadra, has helped
overcome some of these bottlenecks, a completebrated sample preparation solution
remains elusive.Current 96-well automation is cosaglosolely of the liquid-transfer steps
of sample preparation, but not the preparationaidards and quality control samples or
sample dilutions. In addition, current automatignincapable of interfacing with either
laboratory information management systems (LIMS)chsuas Watson or mass
spectrometric data acquisition software. This repdemonstrates the utility of a
commercially available advanced robotic workstatittre Hamilton MicroLab Star, and
the resultant fully automated 96-well sample prapan methodology for biological
sample preparation.

To achieve the automated Hamilton programming, Wwentconsidered whether
bioanalytical sample preparation procedures coeldtandardized. Bioanalytical sample

preparation basically consists of two main liguidnsfer steps. The first step is sample
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transfer, which includes transferring different @gpof samples, i.e., standards (STD),
quality controls (QC), double blanks (BLKSs) (blamiatrix without internal standard [IS]),
control blanks (blank matrix with IS), and studymgdes, from different source vials or
containers to their destination wells on a 96-wsglimple collection plate. Then, IS is
added to all wells except for the BLK. The secotepss extraction and reconstitution.
The most commonly used extraction methods are $REein precipitation (PPT), and

liquid-liquid extraction (LLE). The general proceds are shown below in Table 3.

Table 3

PPT LLE SPE

Addition of precipitant solution Addition of organic solvent to the sample ~ SPE 96-well plate conditioning

plate
Supernatant transferring Organic layer transferring Loading sample to SPE 96-well plate
Dilution of supernatant, or Evaporation and reconstitution Interference washing

evaporation and reconstitution
Analyte eluting
Evaporation and reconstitution

The first step is quite complicated and prone toraf the manual programming is used
because:
1. Different types of samples are in different typé vials or containers, and thus they are
on different carriers. Although it is possible tat @ll types of samples on the same carrier
by manually transferring different types of sampiet® the same type of vials before
sample transfer, the advantage of using a liquidilest is minimized.
2. For high-dose study samples, dilution with aitthin factor (DF) up to 1,000-fold is
sometimes needed to bring the concentration oktBamples to the standard curve range.
3. IS is only added to the part of wells on thev88l sample collection plate, i.e., no IS

will be added to blank samples.

8.1.4. Liquid Classes

The concept of Liquid Class is important. A liquallass is a set of parameters
determining the most appropriate aspiration andeattise performances of the pipette for
any given liquid, tip type and dispense mode. Hoaspiration and dispense steps | must

select the most appropriate liquid class.
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The accurate transfer of liquids depends on thmcisic properties and other physical
parameters. For example, the volume of liquidsfiected by the temperature and the
ambient pressure, and organic solvents frequeeitlgt to evaporate due to their often high
vapor pressure. Density, viscosity and the surteosion of liquids and solutions are
additional characteristics which strongly influertbe precision and accuracy of liquid
handling. The capillary action of a liquid will tsgnificantly determined by its surface
tension. The dimensions, shape and material of tipsdles and wells affect formation of
drops, meniscus and bubbles.

Liquids which are used in life science researcHume pure water, media, buffer
solutions, DMSO, other organic solvents, proteid amicleic acid solutions, and many
other liquids. All must be transferred with highcaracy and precision for satisfactory
automation of applications.

Allowing the liquid handling automation to accongbliall pipetting tasks can eliminate
the introductions of human pipetting errors. Theuaacy of pipetting is much higher
when performed by a liquid handler compared witmuoad operation, especially when
small volumes are aliquotted.

The accuracy and precision of the automation wathard to pipetting performance are
determined at regular intervals. When maintainedl arsed properly automation
performance is reliable. Many varieties of autowomatallow the user to adjust default
settings for pipetting in order to allow for indikial variation in the liquid type. A specific
set of pipetting defaults can be used for plasmapsss, organic solvents, aqueous
solutions and 50/50 mixtures of organic/aqueoust&nis. These settings can usually be
overridden for individual steps when necessary.

The highly flexible Hamilton robotics system is elfe of handling multiple liquid
class types within a given method. This featurevedl accurate pipetting of a variety of
solvents or matrixes by assigning a specific liquidss to an individual solvent
throughout the method. However, in order to ensw®irate pipetting, each liquid class
must be independently calibrated, typically on artgrly basis. This is accomplished
using the eight-channel head and a balance. Sdiral classes required calibration and
validation, including a plasma liquid class for lgses of biological matrix, an organic
liquid class for transfer of stock solutions. Tladidation process for each liquid class was
conducted by measuring the weight of eight reptisabne replicate per channel on the
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unit across a pipetting range of 5- 300ul. Volumese calculated using the density of
each liquid class.

For quantitative bioanalysis, a variety of solventeluding methanol, water, mixed
solvents, and plasma, are typically used to preptaedards and unknown samples.
Density information is usually unknown for the nixgolvents, and the density of plasma
can vary from species to species. For volumes ofi(), and 300 pl, the volume
measurements were calculated from the weight valiveded by the density of the given
liquid clas$’.

| could find several standard liquid classes in sh&ware, but they are not enough to
fulfill all the needs present in my methods, sisoeetimes there were particular liquids
or liquid mixtures not covered by any ready-madeitl classes.

In the section “Liquid Details” | can set the paeters | need such as the flow rate that
correspond to plunger speed for aspirating, dispgnand mixing, the air transport
volume, the over-aspirate volume which is a kinghief-wetting volume, etc.

In the section “Correction Curve” | can introdut¢e tcorrected values calculated with
gravimetric tests. The “corrected volume” is thdéuwnoe that actually needs to be moved
by the plunger for this purpose. In aspiration ispdnse steps, the “target volume” which
will be actually dispensed into the vessel mustiered. For example a corrected volume
of 107.2 pl for a target volume of 100ul does naam that 107.2ul of liquid will be
dispensed. The high flexibility of the liquid classallows to pipette any liquid with high
accuracy. The liquid classes | have calculatedtifier methods | utilized since now
(MeOH-ACN 50-50; MeOH-HO 50-50; ACN-MeOH 75-20; ACN-Formic Ac. 15-85;
etc.) have good characteristics of accuracy ancigom in dispensation more than the one
requestedf.

In Table 4 are described the main liquid classeated in Automation Laboratory.

47 Flexible Automated Approach for Quantitative Liquid Handling of Complex Biological Samples Joe Palandra, David
Weller, Gary Hudson, Jeff Li, Sarah Osgood, Emily Hudson, Min Zhong,f Lisa Buchholz, and Lucinda H. Cohen
Bioanalytical Research, Department of Pharmacokinetics, Dynamics.

48 Microlab Star Let Operator Manual, Hamilton Robotics (13-20)
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Table 4

Liquid Classes

Tips 50ul and tips 300ul %

CHs;CN 100
CHLCN 90
CH3;CN-H20 50-50
CH3;CN-MeOH 75-25
H,O 0.1%HCOOH-CH3;0H 0.1% HCOOH 95-5
H,O-CH;0OH 50-50
CH5;OH 100
CH5;CN-HCOOH 75-15
Rat Plasma 100
Human Plasma 100
Dog Plasma 100
Urine 100

Statistical calculations are performed to determuadues for the mean, standard
deviation and CV% (coefficient of variation). Refeh failure signifies a mechanical
adjustment issue or other problem; perhaps a d@reneeds to be made in the default
settings for pipetting and system variables, Fig0e

Accuracy in solvent delivery is a function of theagent type (biological matrix,
agueous, organic or aqueous/organic mixture) tleedmf pipetting, and the physical
dimensions of the delivery hardware (tips or probésgravimetric determination using

specific gravity calculations is an accepted wagdoerate accuracy data.
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Figure 30: Mechanical adjustments and parameters to evaluate in the creation of a liquid class.
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9. Protein Precipitation Technique (PPT)

9.1. Introduction

PPT is a technique used to remove proteins fronoladical sample matrix prior to
analysis. It is not selective as other sample pegjgm methods but the simplicity and
universality of this approach have broad appealnf@any applications, particularly in
support of drug discovery.

High-throughput procedures for removing proteirmsrfrthe matrix are important in fact
these matrixes for bioanalysis always contain sameunt of protein, other endogenous
macromolecules, small molecules, metabolic byprtsjucsalt and possibly
coadministrated drugs. These components must bevesinfrom the sample before
analysis in order to attain a selective techniquelie desired analyte.

Proteins play an important role in the transpod atorage of drug substances. Most
biological matrices contain protein to varying ege Protein binding phenomena are
known to influence drug-drug interactions in thénickhl setting. Among the various
plasma proteins serum albumin is the most widalglisl and is regarded as the most
important carrier for drugs. The presence of thes¢erials for bioanalysis, however, is
problematic.

It is important to remove the protein from a biot@y sample because that protein,
when injected into a chromatographic system, wikcpitate upon contact with the
organic solvents and buffer salts commonly usedhabile phases. The precipitated mass
of protein builds up within the column inlet. Thesult is reduction of column lifetime and
an increase in system backpressure. When proteariged through the analytical system
it may reach the mass spectrometer and foul tleefatte, requiring cleaning.

A common approach for removing protein from theeatgd sample, amenable to high-
throughput applications in microplates, is preefpan using organic solvents, ionic salt
and/or inorganic acids. The precipitated mass @sdparated by either centrifugation or

filtration; analysis of the supernatant or filtratespectively, is then performed.
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9.1.1. Precipitating agents

9.1.1.1. Acids

Proteins are known to precipitate from solution®mwbkubjected to strong acids, organic
solvents and certain salts of heavy metal cations.

TCA 10% wilv, perchloric acid 6% w/v and metaphosphacid. 5% w/v, for example,
protonate basic sites on the protein to changedtdormation, subsequently forming
insoluble salts at pH below their isoelectric point

The isoelectric point is the pH at which a proteialecule has a neutral charge, at a pH
higher than its isoelectric point, the protein vaitlts as a base, and at pH lower it will acts
as an acid. A protein has its minimum solubility it isoelectric point and can be
coagulated more easily at this value.

These acids are very effective protein precipiténitsthey are generally regarded as too

harsh for many labile analytes when injected diydoto LC-MS/MS system.

9.1.1.2. Organic solvents

Organic solvents are known to lower the dielectonstant of protein solutions and
increase the protein-protein interactions. Solvenish as methanol, ethanol, acetonitrile
(ACN) and acetone are reported to be slightly &ftective than acids for their degree of
protein precipitation but are preferred in bioas@&ybecause the conditions are very mild
and analyte degradation is avoided. These orgahersts are also more compatible with
the LC mobile phases commonly used and sometimebe#njected directly.

Among choice for organic solvents used as predipdaagents, acetonitrile and
methanol are most often utilized for bioanalytic@mple preparation, each has its
advantages and drawbacks in certain situations.ekkample, using ACN can result in
poor recovery and also late eluting peaks. Methannbt as efficient as ACN when used
in the same ratio but it does tend to produce piete that facilitates mixing; the
supernatant appears clear rather than the darkrodeced by ACN.

The ratio of precipitating agent to sample matsxmportant for efficient removal of
proteins. Acids achieve efficient removal of progeat very low ratios (>98%). However

the commonly used organic solvents require greatieimes relative to plasma.
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The best results for precipitating proteins froragpha are obtained using a ratio of 1

part plasma to 3 parts ACN or 1 part plasma tortspaethanol.

9.1.2.

Advantages

PPT is one of the four main drug sample preparatiethodologies for several reasons:

9.1.8.

It is a simple and universal procedure for smaligdmolecules in plasma.
There is usually no pH modifications involved ashadther techniques so the
exact nature of the analyte (ionized or unionized)ot as important to success
of the method.

The low speed of the procedure.

Little method development time invested before pesling to method
validation.

High recovery of analyte (>95%) can be obtainednewten the extent of
protein binding exceed 99%.

Very small sample volumes (e.g., 20ubPlasma) can be efficiently eliminated
of proteins using small volume microplate wells cginthis precipitation

technique has minimal sample transfer and isolatieps.

Disadvantages

Satisfactory analyses have been demonstrated With rpid sample preparation

approach, but it has several disadvantages:

PPT typically dilutes the sample by a factor oethior more, so it is a useful
technique only when analyte concentrations ardivels high (1-10ng/ml) and
the detection limits allows an adequate quantitatidowever the supernatant
can be evaporated using nitrogen and heat to eteisdilution effect.

The evaporation step requires an additional trarstép (with possible transfer
loss) and time for the dry-down and reconstitupoocedures.

The analyte volatility for newly synthesized compds is often unknown, and
lower recovery may result by introducing a dry-downd reconstitution

procedures.
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* A lower recovery upon dry-down may also be duehtopotential contributions
of analyte absorption to the sample container aefficiency in resolubilizing
the dried extract.

» Gradual accumulation of small amount of proteirparticulate may occur and
be noticeable after injection of a large numbesarfiples.

 The use of an additional wash step in this manuleis &ime to the overall
procedure and dilutes the sample further.

» Lipid components are also undesirable. Various dypfelipids can potentially
accumulate in the LC column and elute slowly upoache injection,

deteriorating column efficiency over time

The case of variable ionization suppression, dssdisn the next chapter, is even more
of a problem than the accumulation of matrix comgras and the percentage of organic in

the injected sample.

9.1.3.1. Matrix effects

The major precaution when using protein preciptatias a sample preparation
technigue is that matrix components are not effityeremoved and will be contained in
the isolated supernatant or filtrate.

In MS/MS detection systems, matrix contaminantsehbeen shown to reduce the
efficiency of the ionization process using API teicues and in ESI ion suppression is
more severe. The observation seen is a loss ilmmespnd this phenomenon is referred to
as ionization suppression.

This effect can lead to decreased reproducibility accuracy for an assay and failure to
reach the desired limit of quantitation.

Attempts have been made to minimize matrix effefttan protein precipitation
extractions. The best approach is a more seleeitraction technique.

When the technique is decided a recommended appisao use a stable isotope of
analyte as internal standard (IS) so that both camg@s coelute and are affected in the

same manner by ESI suppression.
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9.1.4. High-throughput PPT techniques using collection

microplates

The first approach to automation was the developnoéra fully automated protein
precipitation technique for biological sample prgpi@n and it has been developed for the
guantitation of drugs in various biological matsxe

All liquid handling during sample preparation wastanated using a Hamilton
MicroLab Star Robotic workstation, which includeldetpreparation of standards and
controls, shaking of 96-well plates, vacuum appiccaand an interface with a Watson
7.X LIMS to manage a work list.

An overview of the process workflow is discussedjuding the software development.
Validation data are also provided, including speciiquid class data as well as
comparative data of automated vs. manual preparatging both quality controls and
actual sample data. The efficiencies gained framahtomated approach are described.

PPT traditionally has been performed in test tubes this approach is labor intensive
with its required tube labeling and frequent matapans.

The manual approach does not meet the high-thraighpeds required by the
emphasis on rapid pharmaceutical drug developntginice the microplate format is
commonly used in autosamplers for injection inte #thromatographic system, it is
desirable to retain that format and perform the @anpreparation procedure in a
microplate.

Two general approaches are common for performingepr precipitation in the high-
throughput microplate format:

* Use a collection plate or microtube rack, pellet grecipitated protein at the

bottom of wells by centrifugation and collect thgpsrnatant for analysis.

» Use a filtration microplate to trap the precipithfgotein on top of the filter and

collect the filtrate for analysis.
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9.1.5. Filter Plates

Figure 31: Sirocco filter plate

Srocco filter plate Sirocco (Figure 31)

The Sirocco 96-well filtration plate is an updatethe automation and throughput of
protein precipitation in drug metabolism/ADME/toglogy labs by providing a simplified
means of sample preparation.

The plate combines 96-well plate tip design featwth proprietary membranes that
result in rapid "in-well" sample preparation metho@his plate contains a unique filter
system, a sealing cap mat and a patented valvaedkgy designed specifically to allow
“in-well” processing which prevents clogged wetlispss-talk or leaking during use.

Is possible applying a vented cap mat, using archgx to ensure secure and uniform
sealing. This will prevent leakage and cross talkind) mixing. With Sirocco filter plates
there is no need to remove the vented cup matsalwe vtips from the plate before
filtration because the valves and vented cap matdasigned to open under vacuum to
allow controlled flow during filtration.

Mix time 0.5-1 min at medium setting, filtrationndn, 10" Hg.

Excessive mixing could cause cross talk and undeingthis will cause clogging or a

cloudy filtrate.

Whatman Fast Flow

The plate is made with 2ml, 96-well, rigid glaskefi polypropylene which make the
plate both robust and chemically resistant. Theéeptontains specially formulated dual
membranes with two distinct layers. The top layetsas a prefilter to remove coarse
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particulates. The bottom layer is oleophobic fotaireng the well contents without
dripping. This provides a final filter for removiritne particulate matter when vacuum is
applied.

9.1.6. Automation of PPT in filter plates using a robotic

workstation

The use of filtration plates offers the advantafjelioninating the manual off-line steps
of mixing and centrifuging, as used with a collentmicroplate.

The precipitation occurs immediately and proteitrépped on the surface of the filter
in each well. Vacuum is used to process liquiddglothe filter plate.

The deck layout we created for PPT is shown inFigdre 33.

* Position 1 is the location for the filter plate amdthe same time is the mixing
position.

* Position 2 is the vacuum manifold containing théextion plate, in the same
position will be located the filter plate after nmg.

e Position 3 contains the precipitant solution, wiplasma for the calibration
curve.

« Position 4 contains the standard solutions, the @sthe IS.

» Position 5 contains the sample plate which wasgyegpoff line by mixing and,
if occurs, sonication.

» Position 6 contains different size tips as betbews in Figure 33.

* Position 7 is the waste position.

The liquid handling workstation first aspirate ahqaot of precipitation solvent,
followed by an air gap, and than aspirates plaswa the sample plate. The plasma and
solvent are forcibly dispensed into wells of th&dtion plates, thus avoiding any manual
intervention. The plate is mixed in the same posiand than transferred by co-re gripper
in vacuum manifold position. Vacuum is applied tdlect the filtrate. Proteins remain on
the top of the filter and are discarded with that@l The underlying collection microplate

containing filtrate is removed, dried and recongétl by the liquid handler for injection.
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9.2. Experimental

Then | translated the protocol method in severghsto be performed by the robotic
workstation.

| had to choose the best parameters to reach gigpedormance.

One of the most important parameters is the wajigpense. At the beginning | used a
“jet” dispensation but in this way | could not oiotdhe expected results. So, step by step,
changing every time all the parameters that gavehmevrong results, | reached the right
configuration on labware and layout, enabling tofgren for (the) first (time) correct
calibration curves.

Each method remaining constant in his performaimcgdcbe different in solvents and

volumes.
9.2.1. Instrumentation
9.2.1.1. Reagents and chemicals

Analysis is performed with the following reagent&lahemicals:

Acetonitrile: HPLC grade
Deionized water: Milli-Q quality
Methanol: HPLC grade
Dimetil Sulfoxide (DMSO): Analytical reagent grade
Diluent Solvent: Methanol/Water : 50/50
Reconstitution Solvent (RS): Acetonitrile/Wat&0/50
9.2.1.2. Equipment
Analytical balance: Sartorius Research R200Bquivalent
Centrifuge: ALC 4239R
Vacuum system: Speed-Vac plus SC210A Systengritav
Ultrapure waters system: MilliQ Plus Millipore
Protein precipitation system: Waters Sirocco ffifilates,

Whatman Fast Flow filter plates
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Hamilton Workstation: MICROLAB STARLet

9.21.2.1. HPLC/MS System

Autosampler: CTC HTS PAL or Gerstel MP3

HPLC pump: Agilent HP 1100 binary pump

Guard column: Frit 2.1 mm for narrow bore cotum
Column: Waters SunFire, 3/f 50 x 2.1 mm
Switching valve: Valco 2 position

Mass spectrometer: PE-SCIEX APl 4000 triple quadieip

equipped with a turbo ion spray source (TIS)

Data system: Analyst ver. 1.4.1

9.3. Preliminary tests

A well programmed test method is first performedhwiater, then with the final liquid
classes accurately tested and prepared.

The software is a Windows based, menu driven iaterfallowing the user to define
deck layouts and methods.

In the method tasks there is the possibility taodtice all the information required
about positions (by the creation of the deck laydiquid classes, way of dispensation,
error detections etc.

First the goal was to obtain an automated calibnaturve.

The first calibration curves obtained did not rettah linearity required.

Optimization tests for the right settings were parfed on rpm settings, dispensation
settings, antidroplet activation etc.

A screen view of a method is presented in Figure 34
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One of the first correlations between manual artdraated results is described in Table

5 and Figure 35.

Table 5
Analyte 1 - Area Ratio
Conc, ng/ml Analyte 1 blank Peak IS, Peak Area Ratio Blank
Peak Area Area
Area Subtracted
STD.1 0.2 8173.9 6478.85 218634.2 0.03738619 0.029633287
STD.2 0.5 11301.2 9606.15 157178.7 0.07190033 0.061116105
STD.3 1 19851.7 18156.65 164576.1 0.12062323 0.110323735
STD.4 5 95444.6 93749.55 164415 0.58051029 0.570200712
STD.5 10 160284 158588.95 147294 1.08819097 1.076683029
STD.6 25 432467.6 430772.55 163285.4 2.64853808 2.638157178
STD.7 50 919286.5 917591.45 158967.1 5.78287268 5.772209784
STD.8 100 1823729.8 1822034.75 160665.5 11.3510978 11.3405476
QCL.p1.1 0.75 14376.8 12681.75 162686.9 0.08837098 0.077951882
QCL.p1.2 0.75 13914 12218.95 164018.4 0.08483195 0.074497434
QCL.p2.1 0.75 13499.8 11804.75 169830.8 0.0794897 0.069508888
QCL.p2.2 0.75 13013.8 11318.75 167334.3 0.07777126 0.067641542
QCM.pl.1 7.5 114149 112453.95 160212.9 0.7124832 0.701903218
QCM.p1.2 7.5 108063.5 106368.45 159996.8 0.67541038 0.664816109
QCM.p2.1 7.5 115849.1 114154.05 168143 0.68899151 0.678910511
QCM.p2.2 7.5 113474.1 111779.05 163498.3 0.69403841 0.683671023
QCH.p1.1 75 1035114.8 1033419.75 153332.8 6.75077218 6.739717464
QCH.p1.2 75 1079335.9 1077640.85 162036.1 6.66108293 6.650621991
QCH.p2.1 75 1177580.7 1175885.65 171239.3 6.87681332 6.866914604
QCH.p2.2 75 1060440.1 1058745.05 162998.8 6.50581538 6.495416224
Linear Reg w 1/X2 Linear Reg
Rec conc Accop e conc Acc% Rec conc Accoh  RECCONC s cco
blank blank
0.6616906 88.2254133 0.645262 86.03496 0.7405 98.7333333  0.9156337 122.084493 0.913 121.73328
0.6296289  83.95052 0.613686 81.82481333 0.7081509  94.42012  0.8845237 117.936493 0.882631 117.684147
0.5812309 77.4974533 0.568087 75.74497333 0.6593189 87.9091867  0.8375623 111.674973 0.838776 111.836827
0.5656627 75.4216933 0.551018 73.46912 0.6436112 85.8148267  0.8224562 109.660827 0.82236 109.648027
6.315822  84.21096 6.348618 84.64824 6.445326  85.93768 6.401941 85.3592133 6.398231 85.3097467
5.979961 79.7328133 6.009615 80.1282 6.106454 81.4193867 6.07605 81.014 6.072194 80.9625867
6.102999  81.37332 6.138448 81.84597333 6.230595 83.0746 6.195436 82.6058133 6.196099 82.6146533
6.148721 81.9829467 6.181962 82.42616 6.276727 83.6896933 6.239801 83.1973467 6.237949 83.1726533
61.01957 81.3594267 61.5385 82.05133333 61.63954 82.1860533 59.48199  79.30932 59.47738 79.3031733
60.20703  80.27604  60.7241 80.96546667 60.81973 81.0929733 58.69357 78.2580933 58.69413  78.25884
62.16143 82.8819067 62.70118 83.60157333 62.79165 83.7222 60.58997 80.7866267 60.59559  80.79412
58.80039  78.40052 59.30541 79.07388 59.40047 79.2006267 57.32868  76.43824 57.3297 76.4396
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9.4. Validation of the System: method description

After the optimization of the calibration curve testhe liquid classes creations, the
Hamilton StarLet Validation making use of an inemalidation protocol was performed.
A parallel validation of the method using the twiffedent filer plates (Sirocco and
Whatman) described above was made.

The aim of the present study is to perform, atRB&M Preclinical Bioanalysis Lab., the
validation of a LC-MS/MS method, for the quantitettiof a new chemical active entity in
Na-heparinized dog and rat plasma samples. The\Rlitlation will be performed to
determine this new chemical active entity in Nadrepzed dog and rat plasma samples.

Detailed description of LC-MS/MS procedure is déssa in the Test Method PBTM.
Spiked plasma samples will be prepared and frozer2@ + 5°C before starting each
validation program, in sufficient aliquots to corefd the study.

Spiked samples (Low, Medium and High SSs) will bepared in the same way as QC
samples as described in the test method and us#ueféollowing test.

The validation was conducted by the use of twoedd#fit kind of filter plates, Sirocco

and Whatman.
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9.4.1. Features and Benefits of automation in the method

validation development

The manual procedure is very difficult and time ©uming; the manipulation of volatile
solvent is not easy and has safety issues. Goodeprdducible mixing of immiscible
solvents is not easy to achieve. The manipulatioarganic solvents, as told before, is
very difficult to do manually.

Using a workstation there are challenging aspect®nsider. The non conductivity and
the high volatile characteristics of the organidvents can be overcome by the
technological advantages that the workstation sffrpressure transducer inside the air
displacement channel measures the pressure imgdeatrel during pipetting.

Another aspect to observe is the dripping that rmagur while pipetting organic
solvents. In this case with the Anti Droplet Cohtiechnology pressure differences are
detected by the pressure sensor and compensatéd real time by piston movements:
droplet formation is so prevented.

Other advantages are:

* Automation friendly procedure improves productivity no off-line steps
required.

» Efficient extraction process maximizes analyte vecyp.

* Only mechanical method development using the saverst systems as LLE
allowing direct transfer of methods.

* Fixed well plate format is compatible with all cormmliquid handling systems.

9.4.2.  Method validation Key Performance characteriétics

Validation is defined as “process of providing doanted evidence that the method
does what it is intended to do” it identifies th@ldwing parameters as important key
performance parameter in method validation: acgyrpiecision, selectivity, sensitivity,
reproducibility, and stability. Measurements forcleaanalyte in the biological matrix

49 2005 Test and Measurement Conference
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should be validated. In additipthe stability of the analyte in spiked samples #hde
determined.

Typical method development and establishment fdsicanalytical method include
determination of (1) selectivity, (2) accuracy, @seon, recovery, (3) calibration curve,

and (4) stability of analyte in spiked samples.

Slectivity is the ability of an analytical method to differiaté and quantify the analyte
in the presence of other components in the sankue.selectivity, analyses of blank
samples of the appropriate biological matrix (plasmrine, or other matrix) should be
obtained from at least six sources. Each blank tasipould be tested for interference,
and selectivity should be ensured at the lowertlohguantification (LLOQ).

Potential interfering substances in a biologicaltrmainclude endogenous matrix
components, metabolites, decomposition productd,iarthe actual study, concomitant
medication and other exogenous xenobiotics.

If the method is intended to quantify more than analyte, each analyte should be
tested to ensure that there is no interference.

The accuracy of an analytical method describes the closenesmedn test results
obtained by the method to the true value (concgairpof the analyte.

Accuracy is determined by replicate analysis of gasicontaining known amounts of
the analyte. Accuracy should be measured usingrenmam of five determinations per
concentration. A minimum of three concentrationghi@ range of expected concentrations
is recommended. The mean value should be within d5%e actual value except at
LLOQ, where it should not deviate by more than 20¥e deviation of the mean from the

true value serves as the measure of accuracy.

The precision of an analytical method describes the closenegsdofidual measures of
an analyte when the procedure is applied repeatedlsnultiple aliquots of a single
homogeneous volume of biological matrix. Precisisimuld be measured using a
minimum of five determinations per concentrationoimum of three concentrations in
the range of expected concentrations is recommended

The precision determined at each concentrationl Isieuld not exceed 15% of the
coefficient of variation (CV) except for the LLO@here it should not exceed 20% of the

CV. Precision is further subdivided into within-guntra-batch precision or repeatability,

88



which assesses precision during a single analytiga] and between-run, interbatch
precision or repeatability, which measures preaisigth time, and may involve different

analysts, equipment, reagents, and laboratories.

Therecovery of an analyte in an assay is the detector respaintsgned from an amount
of the analyte added to and extracted from theobioal matrix, compared to the detector
response obtained for the true concentration ofpinee authentic standard. Recovery
pertains to the extraction efficiency of an analgtimethod within the limits of variability.
Recovery of the analyte need not be 100%, butxteneof recovery of an analyte and of
the internal standard should be consistent, preca®d reproducible. Recovery
experiments should be performed by comparing thalytoal results for extracted
samples at three concentrations (low, medium, agia) lwith unextracted standards that

represent 100% recovery.

Calibration/Sandard Curve

A calibration (standard) curve is the relationshgtween instrument response and
known concentrations of the analyte. A calibratoamve should be generated for each
analyte in the sample. A sufficient number of stadd should be used to adequately
define the relationship between concentration @sgonse. A calibration curve should
be prepared in the same biological matrix as thapss in the intended study by
spiking the matrix with known concentrations of #ealyte. The number of standards
used in constructing a calibration curve will béuaction of the anticipated range of
analytical values and the nature of the analytptmese relationship. Concentrations of
standards should be chosen on the basis of theeotyaton range expected in a
particular study. A calibration curve should cohgita blank sample (matrix sample
processed without internal standard), a zero sarfipkrix sample processed with
internal standard), and six to eight non-zero sasmlovering the expected range,
including LLOQ

1. Lower Limit of Quantification (LLOQ)

The lowest standard on the calibration curve shdw#daccepted as the limit of

guantification.
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* The analyte response at the LLOQ should be at Igastes the response
compared to blank response.
« Analyte peak (response) should be identifiablegréi®, and reproducible with

a precision of 20% and accuracy of 80-120%.

2. Calibration Curve/Sandard Curve/Concentr ation-Response

The simplest regression model that adequately ibescthe concentration-response
relationship should be used. Selection of weightamgl use of a complex regression
equation should be justified. The following conaiits should be met in developing a

calibration curve:

e 20% deviation of the LLOQ from nominal concentratio

« 15% deviation of standards other than LLOQ from m@inconcentration.

At least four out of six non-zero standards shamékt the above criteria, including the
LLOQ and the calibration standard at the highesiceatration. Excluding the standards
should not change the model used.

Sability

Drug stability in a biological fluid is a functioof the storage conditions, the chemical
properties of the drug, the matrix, and the comtagystem. The stability of an analyte in a
particular matrix and container system is relevany to that matrix and container system
and should not be extrapolated to other matriced eontainer systems. Stability
procedures should evaluate the stability of thelyses during sample collection and
handling, after long-term (frozen at the intendédraye temperature) and short-term
(bench top, room temperature) storage, and afieggbrough freeze and thaw cycles and
the analytical process. Conditions used in stgb@iperiments should reflect situations
likely to be encountered during actual sample hagdind analysis. The procedure should
also include an evaluation of analyte stabilitgiack solution.

All stability determinations should use a set ahpkes prepared from a freshly made
stock solution of the analyte in the appropriatalgie-free, interference-free biological
matrix. Stock solutions of the analyte for stapilévaluation should be prepared in an

appropriate solvent at known concentrations.
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1. Freeze and Thaw Sability

Analyte stability should be determined after thireeze and thaw cycles. At least three
aliquots at each of the low and high concentratishsuld be stored at the intended
storage temperature for 24 hours and thawed umeds& room temperature. When
completely thawed, the samples should be refroperl2 to 24 hours under the same
conditions. The freeze—thaw cycle should be repete more times, and then analyzed
on the third cycle. If an analyte is unstable a thtended storage temperature, the

stability sample should be frozen at-B@uring the three freeze and thaw cycles.

2. Short-Term Temperature Sability

Three aliquots of each of the low and high conegiuns should be thawed at room
temperature and kept at this temperature from 24chours (based on the expected
duration that samples will be maintained at roompgerature in the intended study) and

analyzed.

3. Long-Term Sability

The storage time in a long-term stability evaluatsould exceed the time between the
date of first sample collection and the date of &mmple analysis. Long-term stability
should be determined by storing at least threeuatsjof each of the low and high QC
concentrations under the same conditions as tly Samples. The volume of samples
should be sufficient for analysis on three sepanat@sions. The concentrations of all the
stability samples should be compared to the meamagk-calculated values for the
standards at the appropriate concentrations frenfitst day of long-term stability testing.

4. Sock Solution Sability

The stability of stock solutions of drug and th&emal standard should be evaluated at
room temperature for at least 6 hours. If the swamlkitions are refrigerated or frozen for
the relevant period, the stability should be docote@. After completion of the desired
storage time, the stability should be tested bymammng the instrument response with that

of freshly prepared solutions.

5. Post-Preparative Stability
The stability of processed samples, including tesident time in the autosampler,

should be determined. The stability of the drug aneé internal standard should be
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assessed over the anticipated run time for thehbaize in validation samples by
determining concentrations on the basis of origoadibration standards.

Although the traditional approach of comparing steél results for stored samples
with those for freshly prepared samples has beé&rreel to in this guidance, other
statistical approaches based on confidence limitse¥aluation of analyte stability in a
biological matrix can be used. SOPs should cleddgcribe the statistical method and
rules used. Additional validation may include invgation of samples from dosed

subjects.

9.4.3. Application of validate method to routine drug s

Assays of all samples of an analyte in a biologmalrix should be completed within
the time period for which stability data are avaliéa In general, biological samples can be
analyzed with a single determination without dugitiéc or replicate analysis if the assay
method has acceptable variability as defined bidatbn data. This is true for procedures
where precision and accuracy variabilities routirfall within acceptable tolerance limits.
For a difficult procedure with a labile analyte whehigh precision and accuracy
specifications may be difficult to achieve, duplear even triplicate analyses can be
performed for a better estimate of analyte.

A calibration curve should be generated for eachlyd® to assay samples in each
analytical run and should be used to calculatecitrecentration of the analyte in the
unknown samples in the run. The spiked samplescoatain more than one analyte. An
analytical run can consist of QC samples, calibrattandards, and either (1) all the
processed samples to be analyzed as one batch ar l{dtch composed of processed
unknown samples of one or more volunteers in aystlile calibration (standard) curve
should cover the expected unknown sample concemireinge in addition to a calibrator
sample at LLOQ. Estimation of concentration in umkn samples by extrapolation of
standard curves below LLOQ or above the highestdstal is not recommended. Instead,
the standard curve should be redefined or sampiis higher concentration should be
diluted and reassayed. It is preferable to anaftkstudy samples from a subject in a
single run.

Once the analytical method has been validated dotirre use, its accuracy and
precision should be monitored regularly to enstid the method continues to perform

satisfactorily. To achieve this objective, a humbérQC samples prepared separately
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should be analyzed with processed test samplegatals based on the total number of

samples. The QC samples in duplicate at three otrat®ns (one near the LLOQ (i.e.,

LLOQ), one in midrange, and one close to the higld ®f the range) should be

incorporated in each assay run. The number of Qfpks (in multiples of three) will

depend on the total number of samples in the rae. ré€sults of the QC samples provide

the basis of accepting or rejecting the run. Astéaur of every six QC samples should be

within 15% of their respective nominal value. Twittlee six QC samples may be outside

the 15% of their respective nominal value, butbath at the same concentration.

The following recommendations should be noted iplypg a bioanalytical method to

routine drug analysis:

A matrix-based standard curve should consist ofidmum of six standard
points, excluding blanks (either single or repkjatovering the entire range.
Response Function: Typically, the same curve §ttiweighting, and goodness
of fit determined during prestudy validation sholld used for the standard
curve within the study. Response function is deteech by appropriate
statistical tests based on the actual standardtgpaiaring each run in the
validation. Changes in the response function m@tatiip between prestudy
validation and routine run validation indicate putal problems.

The QC samples should be used to accept or réjeaun. These QC samples
are matrix spiked with analyte.

Any required sample dilutions should use like mxafg.g., human to human)
obviating the need to incorporate actual withirdgtudilution matrix QC
samples.

Repeat Analysis: It is important to establish anPS@ guideline for repeat
analysis and acceptance criterihis SOP or guideline should explain the
reasons for repeating sample analysis. Reasomegdeat analyses could include
repeat analysis of clinical or preclinical samples regulatory purposes,
inconsistent replicate analysis, samples outsidghef assay range, sample
processing errors, equipment failure, poor chrogragohy, and inconsistent
pharmacokinetic data. Reassays should be donéplitdte if sample volume
allows. The rationale for the repeat analysis ama reporting of the repeat
analysis should be clearly documented.
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9.4.3.1.

Sample Data Reintegration: An SOP or guidelinestimple data reintegration
should be established’his SOP or guideline should explain the reasoms fo
reintegration and how the reintegration is to bégumed. The rationale for the
reintegration should be clearly described and dasued. Original and
reintegration data should be reported.

Acceptance Criteria for the Run

The following acceptance criteria should be congddor accepting the analytical run:

Standards and QC samples can be prepared fromathe spiking stock
solution, provided the solution stability and a@ay have been verified. A
single source of matrix may also be used, provadctivity has been verified.
Standard curve samples, blanks, QCs, and studylesmpn be arranged as
considered appropriate within the run.

Placement of standards and QC samples within ashaunld be designed to
detect assay drift over the run.

Matrix-based standard calibration samples: 75%, aominimum of six
standards, when back-calculated (including ULOQusth fall within +15%,
except for LLOQ, when it should B20% of the nominal value. Values falling
outside these limits can be discarded, provideds tde not change the
established model.

Quality Control Samples: Quality control sampleglicated (at least once) at a
minimum of three concentrations (one within 3xloé LLOQ (low QC), one in
the midrange (middle QC), and one approaching itje &nd of the range (high
QC)) should be incorporated into each run. Theltesaf the QC samples
provide the basis of accepting or rejecting the Atrleast 67% (four out of six)
of the QC samples should be within 15% of theirpeesive nominal
(theoretical) values; 33% of the QC samples (nbtregblicates at the same
concentration) can be outside th&5% of the nominal value. A confidence
interval approach yielding comparable accuracy @redision is an appropriate
alternative. The minimum number of samples (in iplds of three) should be
at least 5% of the number of unknown samples otaed QCs, whichever is

greater.
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e Samples involving multiple analytes should not bgated based on the data
from one analyte failing the acceptance criteria.
« The data from rejected runs need not be documebtedhe fact that a run was

rejected and the reason for failure should be chmhr

9.5. Sample Preparation and Automation

9.5.1. Validation Results

The results obtained during the validation of tlssag fulfilled all requirements and
recommendations regarding linearity, accuracy, anecision generally accepted for
bioanalytical studies.

A fully automated high-throughput Protein Precifida Validation of an existing
analytical method was developed to demonstrateffieetiveness of the Robotic System.

9.5.1.1. Linearity

The linearity of the method will be assessed byyairag calibration samples at various
concentrations between the lower (LLOQ) and upipeit bf quantification (ULOQ). One
set of calibration standards at 9 different norezeoncentration levels including the
LLOQ and ULOQ will be analysed in one validatioridia

Table 6:Linearity

Slope Mean %Diff

Slope

+25.0

Run02 0.0144 0.70
Run03 0.0138 0.0143 -3.50

Run04 0.0148 3.50
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Run02 Stdl Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std9
1.00 2.50 5.00 10.00 25.00 50.00 100.00 250.00 500
Back calculated 1.00 2.50 4.90 9.80 2490 5150 98.40 255.60 504.60
Acc% 100.00 100.00 98.00 98.00 99.60 103.00 98.40 102.24 100.92

Run03 Stdl Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std9
1.00 2.50 5.00 10.00 25.00 50.00 100.00 250.00 500
Back calculated 1.00 2.50 4.60 9.80 20.80 48.80 102.70 254.90 527.70
Acc% 100.00 100.00 92.00 98.00 83.2* 97.60 102.70 101.96 105.54

Run04 Stdl Std2 Std3 Std4 Std5 Std6 Std7  Std8  Std9
1.00 2.50 5.00 10.00 25.00 50.00 100.00 250.00 500

Back calculated 1.00 2.30 4.70 9.90 2540 49.80 106.70 246.50 512.40
Acc% 100.00 92.00 94.00 99.00 101.60 99.60 106.70 98.60 102.48
9.5.1.2. Accuracy and Precision

The concentration of low QC is 3.00ng/ml, near ltheer limit of quantitation but no
more than 3 times the LLOQ concentration; the mad@C concentration is 40.00ng/ml
about in the middle of the calibration range it tabe near the geometric mean of the low
and high QC concentrations; the high QC is 200.0@h@nd is the upper end of the
calibration curve, within the upper quartile of ttedibration range.

The analyses will be performed in 3 validation rfos 3 different daysjn order to
assess the overall accuracy and precision.

From the results is possible to notice that themma#&ra-batch as well as the overall
accuracy is within 85-115% at QC levels higher tha®Q.

The intra-batch and overall precision, expresse€%, do not exceed 15% at QC
levels higher than LLOQ, as suggests from the gquddaesults validation lines.

In both Table 7 and Table 8 are shown the restlist@a and inter- run accuracy and

precision.
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Table 7: Intra run accuracy and precision

Run02 True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0 <15.0 <15.0
SS-Low 2.8 -6.67 93.33
3.00 2.8 -6.67 -8.89 93.33 4.23
2.6 -13.33 86.67
SS-Medium 41.2 3.00 103.00
40.00 38.4 -4.00 -4.33 96.00 7.85 -7.52 5.45
35.2 -12.00 88.00
SS-High 182.1 -8.95 91.05
200.00 1755 -12.25 -9.35 87.75 3.00
186.3 -6.85 93.15
Run03 True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/mL each level <15.0% each day each day
<20.0 <15.0 <15.0
SS-Low 3.2 6.67 106.67
3.00 2.7 -10.00 -1.67 90.00 11.99
N.A.
SS-Medium 39.50 -1.25 98.75
40.00 43.10 7.75 4.33 107.75 4.68 -0.39 9.21
42.60 6.50 106.50
SS-High 207 3.50 103.50
200.00 203.5 1.75 -4.27 101.75 12.50
163.9 -18.05 81.95
Run04 True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/mL each level <15.0% each day each day
<20.0 <15.0 <15.0
SS-Low 2.80 -6.67 93.33
3.00 2.70 -10.00 -5.56 90.00 5.39
3.00 0.00 100.00
SS-Medium 36.00 -10.00 90.00
40.00 35.90 -10.25 -12.08 89.75 3.86 -11.36 7.34
33.60 -16.00 84.00
SS-High 159.00 -20.50 79.50
200.00 182.00 -9.00 -16.45 91.00 7.73
160.30 -19.85 80.15
Mean ACC% SD ACC% Mean ACC% SD ACC%
80.0%-120.0% each day each day
91.11 3.85
95.67 7.51 92.48 5.04
90.65 2.72
Mean ACC% SD ACC% Mean ACC% SD ACC%
each day each day
98.34 11.79
104.33 4.88 99.61 9.17
95.73 11.97
Mean ACC% SD ACC% Mean ACC% SD ACC%
each day each day
94.44 5.09
87.92 3.39 88.64 6.51
83.55 6.46
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Table 8: Inter run Accuracy and Precision

Overall Overall Overall SD ACC%
Mean Bias% CV% ACC% Mean ACC%
<10.0 <15.0
-7.08 8.68 93.58 8.12
9.5.1.3. Selectivity

Selectivity of the method towards possible impastor degradation products of the IS
and of the analyte was so established by analybiagk samples spiked with the

molecules of interest, the good results obtainedshown in Table 9

Table 9: Selectivity

Run 01 Replicate Peak Matrix Peak LLOQ SELECT%
Area Area <20.0%
1.00 794.20 4771.80 16.64
2.00 843.10 5444.10 15.49
3.00 0.00 4176.80 0.00
4.00 596.30 5202.80 11.46
5.00 0.00 4375.40 0.00
6.00 0.00 4269.50 0.00
9.5.1.4. Carryover
Table 10
Runl Peak Area Std 1  DBK after ULOQ  Criteria: 270850.20
<50.0% 300629.40
6503.70 1921.00 29.54 280800.60
280304.00
270467.10
276414.10
280515.90
Runl Average Area IS  DBK after ULOQ  Criteria: 300312.70
<20.0% 244440.40
278303.82 1888.10 0.68 Mean IS 278303.82
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9.5.1.5.

Table 11

Dilution Test

Run03 True Conc. Estimated Conc. BIAS% Mean BIAS% CV% A CC%

ACC%

Mean ACC% S.D

ng/ml (ng/ml) <20.0% <15.0% 80.0%-120.0%
250.0 268.3 7.3 107.3
267.1 6.8 106.8
274.3 9.7 265.9 1.9 109.7 106.3 2.06
261.8 4.7 104.7
263.3 5.3 105.3
260.3 4.1 104.1
9.5.1.6. Autosampler Stability
Table 12
Run02 True Conc. Estimated Conc.  Estimated Conc. STAB % Mean STAB%
(ng/ml) t=0h t=24h 280.0-<120.0
ng/ml ng/ml
SS-Low 3.80 3.60 94.74
3.00 3.10 3.20 103.23 100.40
3.10 3.20 103.23
SS-High 404.40 416.80 103.07
400.00 409.90 434.00 105.88 104.13
405.30 419.30 103.45
9.5.1.7. Short Term Stability
Table 13
Run02 True Conc. Estimated Conc. Mean Estimated Conc. Me an STAB %
(ng/ml) t=0h t=4h 280.0-<120.0
ng/ml ng/ml
SS-Low 3.80 3.60
3.00 3.10 3.33 3.80 3.53 106.01
3.10 3.20
SS-High 404.40 425.30
400.00 409.90 406.53 486.20 463.57 114.03
405.30 479.20
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9.5.1.8. Freeze&thaw stability

Table 14
Run02 True Conc. Estimated Conc. Mean Estimated Conc. Me an CYCLES %
(ng/ml) t=0h 3 Cycles 280.0-=<120.0
ng/ml ng/ml
SS-Low 3.80 3.60
3.00 3.10 3.33 3.30 3.43 103.00
3.10 3.40
SS-High 404.40 413.00
400.00 409.90 406.53 446.70 437.67 107.66
405.30 453.30
9.5.1.9. Long Term Stability
Table 15
Run02 True Conc. Estimated Conc. Mean
(ng/ml) t=0h
(ng/ml)
SS-Low 3.80
3.0 3.10 3.33
3.10
SS-High 404.40
400.0 409.90 406.5
405.30
Run05 Estimated Conc. Mean STAB %
1 month 280.0-=<120.0
(ng/ml)
3.50
3.40 3.30 99.10
3.00
333.50
394.00 380.30 93.55
413.40

All the results were in accordance with the raregpiired and all the tests passed. Even
if the results in Run terms were in behalf of Whatnplates | decided to present and
consider Sirocco’s results. For the future expeni®eof pharmacokinetic and
toxicokinetic I'll use Sirocco filter plates becaus term of recovery demonstrated a

better performance.
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Even if linearity of the calibration curve (ovecancentration range of 1-250 ng/ml), as
measured by?r was comparable for both plates and precision alfbrtion curve
parameters, filtration results, mixing resultseimday precision etc were comparable for
both the PPT filter plate, the relative recoveryamfalyte and Internal Standard using
Whatman plates was lower of 16%.

After having optimized and validate the systemggiin to perform the real samples’

extraction comparing them with manual extractionegal time.

9.5.1.10. Real samples automated vs. manual extraction
Table 16
subj A 1 2 1 2 CV% CV% 1 2 3 4

manual manual robot robot manual robot ACC% ACC% ACC% ACC%
day854h 111.30 109.50 109.90 107.00 1.15 1.89 98.74 100.37 96.14 97.72
day 856h 54.20 50.30 92.80
day 8524h  1.00 1.10 0.80 0.90 6.73 8.32 80.00 72.73 90.00 81.82

day894h 9130 8490 8880 86.10 514 218 97.26 10459 9430 101.41
day 89 6h 59.70 56.30 55.50 1.01 94.30 92.96
day 89 24h  1.40 1.50 120 1.20 488 0.00 8571 80.00 85.71 80.00

CV% CV% ACC%1 ACC% 2 ACC%3ACC%4 ACC%
mean mean mean mean mean mean total mean
448 2.68 91.47 89.42 91.82 90.24 90.74
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Table 17

subj B 1 1 2 CV% 1 2
manual robot robot robot ACC% ACC%
day 1 4h 198.900 198.700 198.100 0.214 100.101 100.404
day 1 6h 89.400 85.300 85.400 0.083 104.807 104.684
day 1 24h 2.100 2.000 2.100 3.449 105.000 100.000
day 5 4h 212.200 205.600 206.200 0.206 103.210 102.910
day 5 6h 116.600 114.000 113.200 0.498 102.281 103.004
day 5 24h 7.400 8.200 8.200 0.000 90.244 90.244
day 50 4h 138.000 138.900 133.100 3.016 99.352 103.681
day 50 6h 56.700 56.700 59.600 3.526 100.000 95.134
day 50 24h 1.900 2.200 2.200 0.000 86.364 86.364
day 54 4h 76.400 76.400 78.500 1.917 100.000 97.325
day 54 6h 39.300 38.500 38.900 0.731 102.078 101.028
day 54 24h 1.000 1.200 1.100 6.149 83.333 90.909
CV% ACC%1 ACC%2 ACC%1 ACC%2
mean mean mean total mean
1.649 98.064 97.974 98.019

In Table 16 and Table 17 are presented the resblidned by a parallel extraction
manual vs. automated of real plasma samples. Med &¢ accuracy and CV% reached is
high.

9.5.1.11. Dilutions using Dynamic Dilution Module
Table 18
C 1 1 2 1 2
1to5 manual robot robot CV% ACC% ACC%
subj 72 5.300 5.100 5.300 2.720 96.226  100.000
subj 73 294600  255.600  249.000 1.850 86.762 84.521
subj 74 1859.700 1719.200 1744.700 1.041 92.445 93.816
subj 75 229.7 221100  224.300 1.016 96.256 97.649
CV% ACC%1 ACC%2  ACC%
mean mean mean total mean
1.657 92.922 93.997 93.459
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Table 19

D 1 1 2 1 2
1to 10 manual robot robot CV% ACC% ACC%
subj 48 177.000 185.200 179.600 2.171 104.633 101.469
subj 49 223.300 220.200 243.600 7.135 98.612 109.091
subj 50 172.500 181.800 181.000 0.312 105.391 104.928
subj 51 156.200 145.800 147.300 0.724 93.342 94.302
CV% ACC% 1 ACC% 2 ACC%
mean mean mean total mean

2.585 100.494 102.447 101.471

Table 20

E 1 1 2 3 1 2 3
1to0 10 manual  robot robot robot CV% ACC% ACC% ACC%
day 1 30min  474.000 428.000 414.000 434.000 2.413 90.295 87.342 91.561
day 5 30min  187.000 198.900 195.700 206.700 2.823 106.364 104.652 110.535
day 50 30min 746.000 840.800 835.800 823.700 1.055 112.708 112.038 110.416
day 54 30min  200.300 216.000 216.000 206.900 2.467 107.838 107.838 103.295

CV% ACC% 1 ACC% 2 ACC%
mean mean  mean total mean
2.189 104.301 102.967 103.952 103.740

Using DDM it is possible to interface directly teeftware to a macro containing the
dilution factors indicated in the LIMS. The resuttistained, described in Table 18, Table
19 and Table 20, for both 1:5 and 1:10 dilutiortdatas accuracy high level.

9.6. Conclusions

Through use the Hamilton MicroLab Star liquid hangl workstation, protein
precipitation sample preparation has been sucdbssfutomated and implemented for
several biological matrix samples. This in turn gasatly reduced the intensive labor as
well as the possibilities of systematic error asged with the manual volumetric
transfers. Significant advantages in terms of ifficy and throughput have now been
realized by this automated process while maintgirihre integrity of the precision and

accuracy.
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Manual procedure ] @ H‘ Automatic procedure

*Samples

*96 well Sirocco filter plate

*ACN

DW 1ml 96 well plate

eSamples

*ACN

*96 well Sirocco filter plate

DW 1ml 96 well plate

*Variable

*Batch extraction
eAnalytical solution preparation
*QC pool preparation

«Dilutions *Variable

Figure 36

Processing time is less than 30 s per sample aniB5per 96-well plate (Figure 36),

which is then immediately ready for injection orgo LC-MS/MS system or dried and

reconstituted..

Over 12 studies and 5000 samples have been prepatbd Automation Laboratory

since implementation in the first six months. Thegioal goal to automate the sample

workload using this approach was met.

Table 21

Project Study  Quality Run Number of Samples
P964/P1074 QMS Validation Run 1 2 3 Whatman Run 1 2 3 4 5 Sirocco 274
P1016 RE5900 GLP Extraction Run on Parallel 231
P1016 RE6620 GLP Extraction Run on Parallel 58
P1417 RE5820 GLP Run 1 2 3 Reassay + QC Pool Preparation 1165
P1417 RE9030 WS QC IS Preparation
pP1417 RE9680 QMS Run126 482
P1417 RE9840 QMS Run12 673
P1417 RF0150 GLP Run 12345 + Incurred Samples 1032
0326-2008 GLP Run12347 1068
P1443 RE7730 GLP Extraction Run on Parallel 40
P1443 RE7930 GCLP Run3031 48
P1443 RE7930 Extraction Run on Parallel 54
P1443 RE8500 GLP Run1234 445
P1443 RE8510 QC Pool Preparation
P1443 RE8550 QMS Validation 40
P1492 WS QC IS Preparation

Tot 5610
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Furthermore, the open configurability of both thankllton hardware and software
allows for the continual refinement, enhancemenmtsdditions to our program, which in
turn enables us to keep pace with the ever-charlgimdscape and external demands that

drive and shape our future.
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These findings were presented in poster sessidhg &llowing meetings:
“R&D Science Day”, Thursday, September 30th 2010DNOay, Merck Serono
Headquarters. 9, Chemin des Mines CH-1202 Geneva.

“Automation in Regulated Bioanalytics: High-throughput via Robotic Liquid
Handling”
Maria Chiara Zorzofi Luca Barber Luigi Colombd

1 Global Bioanalytics, 2 Automation Laboratory.
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10. Liquid-Liquid Extraction (LLE)

10.1. Introduction

Liquid-Liquid Extraction, also known as solvent mdtion and partitioning, is a method
to separate compounds based on their relative igolulm two different immiscible
liquids, usually water and an organic solventslan extraction of a substance from one
liquid phase into another liquid phase. LLE can lbbor-intensive and difficult to
automate since it often requires off-line procegsinch as mixing or centrifuging.

High-throughput LLE is performed when a collectioncroplate is used in place of
multiple test tubes. An alternative approach to Li€ the use of solid support
diatomaceous earth particles contained in tubesrridges.

Due to advances in manufacturing, supported ligxitlaction can now be done in high
throughput 96-well plates compatible with most awdted systems, requiring no off-line
steps.

10.1.1. Fundamental Principles

LLE is a technique used to separate analytes fraerferences in the sample matrix by
partitioning the analytes between two immiscibtgiids.

A given volume of agueous sample solution, as plasmurine, containing analytes is
mixed with an internal standard in solution. Whestessary a volume of buffer at a
known pH is then added to maintain the analytekeir unionized state.

The resulting solution is then vigorously mixed lwieveral ratio volumes of water
immiscible organic solvent or mixture of two or racsolvents such as hexane, diethyl
ether, methyl tert-butyl ether (MTBE) or ethyl aatet(EA).

Analytes distribute between the two liquid phassaguéous and organic) and partition
preferentially into the organic phase when the yral are unionized and demonstrate
solubility in that organic solvent.

Agitation increases the available surface areghfigrinteraction to occur and aids in the

mass transfer process.
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When LLE procedure is optimized, the hydrophilianpounds in the sample matrix
will prefer to remain in the aqueous phase andibes hydrophobic compounds (ideally
analytes to the exclusion of interfering substape@a migrate into the organic phase,

description in Figure 37.

mix

Figure 37

The organic phase is isolate and, since it is gffyicmot compatible with solvents used
in liquid chromatography (LC), is concentrated bgm@oration. Reconstitution in a mobile

phase compatible solvent is then performer pria@rtalysis.

10.1.1.1. Advantages

A major benefit is that LLE is of wide general appbility for many drug compounds
and this technique presents many advantages:

Very clean extracts can be obtained with good selgcfor the target analyte
using proper selection of organic solvent and adjast of sample pH.

Inorganic salts are insoluble in the solvents comipnaised for LLE and remain
behind in the aqueous phase along with proteinsaaatdr soluble endogenous
components.

Interferences are excluded are excluded from thenchtographic system and a

cleaner sample and a cleaner sample is preparechddysis.
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The removal of these unwanted matrix materials ipies/ potential benefits of
extending LC column lifetime and minimizing the dawne of the mass

spectrometer caused by interface fouling.

10.1.1.2. Disadvantages

Several disadvantages exist with the Liquid-Ligtkdraction:

* ltis a very labour intensive procedure becausauifiple transfer steps and the
need to frequently cap and uncap tubes.

* It requires a large volume of organic solvents Whaan be expensive to
purchase and presents added costs for disposakasdous waste.

» Exposure of these solvents to personnel can présaitth hazards.

* The procedure has been difficult to fully automatgng traditional liquid
handling instruments.

» Evaporative losses may sometimes occur upon dryrdaith volatile or
oxygen labile reactive analyte.

» Emulsion formation is a potential problem.

10.2. Experimental

A small molecule currently under clinical developrmér multiple sclerosis (MS) was
used to develop a fully automated extraction method

The nucleoside analog 2-chlorodeoxyadenosine ((Diag; CdA) is used in the
treatment of patients with several hematologicalignancies. After administration of
CdA, the major catabolite measured in plasma aime is 2-chloroadenine (CAJ8)

Oral Cladribine is a proprietary oral tablet foremidn of Cladribine that is being
studied in an effort to demonstrate possible bénefs a treatment for patients with
relapsing forms of MS. Cladribine is a purine noside analogue that interferes with the
behavior and the proliferation of certain white daocells, particularly lymphocytes,

50 Cytotoxicity and pharmacokinetics of cladribine metabolite, 2-chloroadenine in patients with leukemia Synno‘ve
Lindemalm, Jan Liliemark, Gunnar Juliusson, Rolf Larssonc,Freidoun Albertioni, 8 March 2004 Cancer Letters 210 (2004)
171-177.
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which are involved in the pathological process ofs.MThrough its differentiated
mechanism of action, Cladribine tablets may offee#iective new option to patients with
MS.

The aim of this part of the project was to find tterect way to automate a validation
method for the LLE of the molecule.

The use of a different extraction solvent from there common end more manually
manageable MTBE required the automation of thequorce.

The solvent used was ethyl acetate.

The advantage of MTBE in LLE is that it allows fasand cleaner recovery and is well
suited for manual extraction because the aqueolusiso free from the molecule of
interest frozen in liquid nitrogen and it is easytip out from the tube in a new vial or in a
96 well plate the solvent containing the molecirethis case the best solvent to perform
the extraction was ethyl acetate. It presents miffechemical physical characteristics and
it is impossible to separate the phases by freezigone of them.

The best mechanical way was evaluated in orderr¢ate the best full automated
method.

Hamilton offers both the traditional capacitiveuid level detection as well as pressure
liquid level detection. By the use of organic soltgethe capacitive level detection is not
possible. Using the pressure liquid level detectios permitted to drive the pipette tip to
just above the surface to do a jet dispense, ahtthe surface for a wet dispense, or dive
below sufficiently to aspirate liquid without dravg in any air.

The developed method was created for a pre studlyatieralidation. During pre-study
validation, method precision and accuracy are detexd through the analysis of QCs
(validation samples) prepared in a biological nxadquivalent to that anticipated for study
samples. Because of the endogenous nature of sampéabmaceuticals, it may be
necessary to deplete the matrix of the analytengrl@y a “surrogate” matrix to evaluate

method accuracy and precision and molecule stabilit
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10.2.1. Instrumentation

10.2.1.1. Reagents and chemicals

The LLE extracts of the biological samples werelyel by high-performance liquid
chromatography with APCI (Atmospheric Pressure Obam lonization/Heated
Nebulizer)) tandem mass spectrometry (LC-MS/MS).

Analysis is performed with the following reagent&lahemicals:

Ammonia solution 2.5%: Analytical reagent grade

Deionized water: Milli-Q quality

Methanol: HPLC grade

Formic Acid 98%: Analytical reagent grade

Ethyl Acetate: HPLC grade

Dimetil Sulfoxide (DMSO): Analytical reagent grade

Dilution solvent: Water/Methanol 95/5 with 0.18érmic Acid

Reconstitution Solvent (RS): Water/Methanol 95i81\0.1% Formic Acid.
10.2.1.2. Equipment

Analytical balance: Sartorius Research R200D.

Centrifuge: ALC 4239R.

Vacuum system: Speed-Vac plus SC210A Systengrifav

Ultrapure waters system: MilliQ Plus Millipore.

Hamilton Workstation: MICROLAB STARLet.

10.2.1.2.1. UPLC/MS System (Figure 38)

Autosampler: Waters Acquity UPLC Sample Orgari&ample
Manager

UPLC pump: Waters Acquity UPLC Binary Solventhdger

Column: Waters Acquity UPLC BEH C18 i 2,1x50 mm

Mass spectrometer: Applied Biosystems API140Qf}drgquadrupole e

quipped with APCI (Heated Nebulizer)
Data system: Analyst version. 1.4.2.
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Figure 38: Ultra Performance Ligquid Chromatography.

Ultra Performance Liquid Chromatography (UPLC, FegB8) is a relatively new
technique giving new possibilities in liquid chrotmgraphy, especially concerning
decrease of time and solvent consumption. UPLC radgas are clearly obvious. The
separation mechanisms is still the same, chromapbig principles are maintained while

speed, sensitivity and resolution is improved.

10.2.2. Sample Preparation and Automation

Automated LLE was carried out on the 8-channel HamiRobotic Workstation using
EA as the extraction solvent. Each individual chedriar every different kind of tips was
calibrated during the creation of the relative ithalass for accuracy and precision. EA is
a volatile organic solvent difficult to handle.

The standard manual method indications suggestaw aand centrifuge samples for 1
min at 10000 rpm if necessary, than to transfenallsvolume of each sample in a tube.

Than is add a very small volume of working solutiohinternal standard and the
solvent of choice to plasma.

These operations have always been conducted mamuamall tubes requiring a very
labour and time consuming work.

Method:

« Thaw samples and centrifuge for 1 min at 10000 RPM;
» Transfer 104l into an Eppendorf tube (1.5 ml);

* Add working solution of internal standards and @/=ethylacetate to plasma;
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» Close tubes, vortex thoroughly, centrifuge (5 mMd@Q0 RPM) and put samples
into -80°C freezer for app. 15 min;

» Transfer organic phase into a 96 deep well plate;

» Evaporate to dryness under a stream of nitrog&0t;

* Add 10Qul of methanol 10% in water;

* Close 96 deep well plate and shake well (5 mirDB0IRPM);

» Centrifuge 96 deep well plate for 2 min;

* Put 96 deep well plate in autosampler and injeat @beach sample.

In the automated extraction all the operationscareducted in 96-wellplates, not only
the final transfer but also the extraction procedWuring the vortex robotic step care
must be exercised to prevent potential contaminadicross the wells, the plate is cover
with a dimpled sealing mat.

Automated procedure:

* Plasma samples aliquot are added with IS with &hlaHead,;

» Samples are vortex mixed to equilibrate IS withspia;

* EA s added with 8 channel-Head,

e To avoid vortex mixing and increase the surface/@ ratio, an
aspirate/dispense cycle is repeated about 15 {(jFmgsre 39);

» Plates can be centrifuged;

» Organic layer is transferred using 8 channel-Head;

» Aspiration height is 3mm above the plasma layefaser.

Figure 39: An aspirate/dispense cycle.
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Since during the extraction about 10% less outheftbtal of EA was transferred the

extraction recovery could be therefore correctedife volume change.

10.2.3. Results

A fully automated high throughput Liquid Liquid Ea&ttion has been developed for
preparation of biological samples for method vdlma using a 96-well plate and an 8-
channel robotic liquid handling workstation.

The results obtained during the validation of tlssag fulfilled all requirements and
recommendations regarding linearity, accuracy anecipion generally accepted for
bioanalytical studies.

The major time saving of using automation is at $henple aliquoting and extraction
step. All the samples are vortex at the same timanually instead each sample is
singularly vortexed. To prevent the tip cloggingaample centrifugation step is needed for
the automated sample aliquoting. The time savedahual and automated process is
described in Table 22.

Table 22: manual and automated time comparison

Manual Automated
Tube labeing 20 min None
Centrifugation None 20 min
Sample aliquoting 75 min 30 min
Extraction 100 min 20 min
Evaporation 15 min 15 min
Reconstitution and transfer 30 min 10 min
Total time 4h 1 h 35 min
Analyst time 3 h 45 min 50 min

The time with bold line indicates the presence of analyst is required.

10.2.3.1. Linearity

The linearity of the method for Cladribine and 2ecbadenine will be assessed by
analyzing calibration samples at various conceiotnatbetween the lower (LLOQ) and

upper limit of quantification (ULOQ). One set oflibaation standards at 9 different non-
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zero concentration levels including the LLOQ and Q4. will be analysed in one
validation batch.

The calibration curve for linearity assessment established using 19weighted linear
regression.

Acceptance criteria:

For calibration standards, the deviation of thekbzadculated values from the nominal
concentration must be within £15% for all concetiwas higher than the LLOQ and
within £20% at the LLOQ to be included in the reggien line.

75 % of the calibration standards will have to ifuthe above-mentioned acceptance
criteria. At least 6 calibration levels have to eemin the calibration line.

The correlation coefficient (r) for the calibratibne must be> 0.990.

Table 23: Linearity urine, Linearity plasma dog

Cladribine in urine

Slope Mean  %Diff Slope (*)

£25.0
Run01  0.0563 8.157
Run 03  0.0584 0.0613 4.731
Run 04  0.0691 12.724

Run01 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std 9
0.25 0.50 1.00 2.50 5.00 10.00 25.00 50.00 100.00
Back calculated 0.26 0.45 1.01 2.52 496 10.080 26.06 49.79 99.34
Acc% 104.00 90.00 101.00 100.80 99.20 100.80 104.24 99.58 99.34

Run03 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std 9
0.25 0.50 1.00 2.50 5.00 10.00 25.00 50.00 100.00
Back calculated 0.24 0.52 1.05 2.40 5.29 9.98 23.88 4876 99.43
Acc% 96.00 104.00 105.00 96.00 105.80 99.80 9552 97.52 99.43

Run04 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std9
0.25 0.50 1.00 2.50 5.00 10.00 25.00 50.00 100.00
Back calculated 0.25 0.52 0.99 249 501 1017 2453 5033 99.00
Acc% 100.00 104.00 99.00 99.60 100.20 101.70 98.12 100.66 99.00

2-chloroadenine in urine
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Slope Mean  %Diff Slope (*)
£25.0
Run01  0.0408 1.449
Run03  0.0439  0.0414 6.039
Run 04  0.0395 4.589
Run01 Std1 Std2 Std3 Std4 Std5 Stdé Std7 Std8 Std9
0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.25 0.5 0.98 2.27 5.12 103 26.65 50.69 97.06
Acc% 100.00 100.00 98.00 90.80 102.40 103.00 106.60 101.38 97.06
Run03 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9
0.25 0.5 1 25 5 10 25 50 100
Back calculated 0.27 0.44 0.97 2.42 515 1042 2537 50.75 101.33
Acc% 108.00 88.00 97.00 96.80 103.00 104.20 101.48 101.50 101.33
Run04 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9
0.25 0.5 1 25 5 10 25 50 100
Back calculated 0.28 0.43 0.86 2.43 514 1042 2517 53.86 104.91
Acc% 112.00 86.00 86.00 97.20 102.80 104.20 100.68 107.72 104.91
Cladribine in plasma dog
Slope Mean  %Diff Slope (*)
<25.0
Run07  0.0681 0.344
Run08 0.0679 0.06787 0.049
Run09  0.0676 0.393
Run07 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9
0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.25 0.49 121 2.57 5.14 9.63 2435 5048 101.38
Acc% 100.00 98.00 N.R. 102.80 102.80 96.30 97.40 100.96 101.38
N.R. = the std 3 not met the acceptance criteria
Run08 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std9
0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.25 0.38 1.13 2.27 4.45 1045 24.02 4781 113.06
Acc% 100.00 N.R. 113.00 90.80 89.00 104.50 96.08 95.62 113.06
N.R. = the std 2 not met the acceptance criteria
Run09 Stdl Std2 Std3 Std4 Std5 Std6 Std7 Std8  Std9
0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.25 0.48 1.13 2.38 497 9.6 2486 4349 11442
Acc% 100.00 96.00 113.00 95.20 99.40 96.00 99.44 86.98 114.42
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2-chloroadenine in plasma dog

Slope Mean  %Diff Slope (*)

£25.0
Run 07 0.124 4.202
Run 08 0.118 0.119 0.840
Run 09 0.115 3.361

Run07 Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9
0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.24 0.54 1.04 2.55 5.06 9.80 2522 49.06 92.82
Acc% 96.00 108.00 104.00 102.00 101.20 98.00 100.88 98.12 92.82

Run08 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9

0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.25 0.36 1.02 2.35 512 1028 2426 4945 102.81
Acc% 100.00 N.R. 102.00 94.00 102.40 102.80 97.04 98.90 102.81

N.R. = the std 2 not met the acceptance criteria

Run09 Stdl1 Std2 Std3 Std4 Std5 Std6 Std7 Std8 Std9

0.25 0.5 1 2.5 5 10 25 50 100
Back calculated 0.26 0.45 1.05 2.39 498 10.01 2584 46.89 107.84
Acc% 104.00 90.00 105.00 9560 99.60 100.10 103.36 93.78 107.84
10.2.3.2. Accuracy and Precision

Intrabatch accuracy and precision of Cladribine arzhloroadenine in dog urine and
plasma samples higher than LLOQ level will be dateed by measuring 3 sets of quality
control samples at three concentration levels (Iovedium and high) representing the
entire range of calibration curve, per validatian fintrabatch accuracy and precision).

The concentration of low QC is 0.75ng/ml, near ltheer limit of quantitation but no
more than 3 times the LLOQ concentration; the n@d@QC concentration is 3ng/ml about
in the middle of the calibration range it has tonear the geometric mean of the low and
high QC concentrations; the high QC is 80ng/ml anthe upper end of the calibration
curve, within the upper quartile of the calibratiamge.

The analyses will be performed in 3 validation ros 3 different daysin order to
assess the overall accuracy and precision.

Any additional validation batches should contain l@ast duplicate QC samples
(depending on batch size) at each of four conceors higher than LLOQ. Intrabatch
statistics will be calculated for these QC samplied they will be included in the overall

statistics.
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From the results (see Table 24) is possible tacadhat the mean intra-batch as well as
the overall accuracy is within 85-115% at QC levegher than LLOQ.
The intra-batch and overall precision, expresse®@4%, do not exceed 15% at QC

levels higher than LLOQ, as suggests from the guidaesults validation lines.

For additional validation batches containing duggicor triplicate QC samples, there

are the following acceptance criteria to applyleaist 2/3 of the quality control samples

must be within 85-115% of the nominal concentraiancluding at least 50% of the

analyzed samples at each concentration level.

Table 24: Intra run Accuracy and Precision

Cladribine in urine

Run 01 True Conc. Estimated Bias% Mean Bias% ACC% CV% AC C% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.62 -17.3 82.7
0.75 0.70 -6.7 14.2 93.3 7.6
0.61 -18.7 81.3
SS-Medium 2.88 -4.0 96.0
3.00 2.72 -9.3 7.3 90.7 3.1 10.5 5.5
2.74 -8.7 91.3
SS-High 74.55 -6.8 93.2
80.00 70.22 -12.2 9.9 87.8 3.1
71.36 -10.8 89.2
Run 03 True Conc. Estimated Bias% Mean Bias% ACC% CV%A CC% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.72 -4.0 96.0
0.75 0.74 -1.3 4.0 98.7 2.8
0.70 -6.7 93.3
SS-Medium 2.87 -4.3 95.7
3.00 2.88 -4.0 3.7 96.0 0.9 4.3 19
2.92 -2.7 97.3
SS-High 76.96 -3.8 96.2
80.00 74.25 -7.2 5.4 92.8
75.91 -5.1 94.9 1.8
Run 04 True Conc. Estimated Bias% Mean Bias% ACC% CV%A CC% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.80 6.7 106.7
0.75 0.75 0.0 0.5 100.0 6.0
0.71 -5.3 94.7
SS-Medium 2.93 -2.3 97.7
3.00 2.90 -3.3 5.0 96.7 4.0 4.2 5.4
2.72 -9.3 90.7
SS-High 72.25 -9.7 90.3
80.00 75.01 -6.2 8.0 93.8 19
73.58 -8.0 92.0
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Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
85.80 6.56
92.67 2.90 89.51 4.89
90.07
2.80
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
96.00 2.70
96.33 0.85 95.65 1.83
94.63 1.72
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
100.5 6.01
95.0 3.79 95.8 5.21
92.0 1.75
Cladribine in plasma
Run 07 True Conc. Estimated Bias% Mean Bias% ACC% CV%A CC% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.82 9.3 109.3
0.75 0.84 12.0 10.2 112.0 14
0.82 9.3 109.3
SS-Medium 2.72 -9.3 90.7
3.00 2.75 -8.3 6.4 91.7 4.4 2.4 7.5
2.95 -1.7 98.3
SS-High 82.04 2.6 102.6
80.00 84.54 5.7 3.4 105.7 2.0
81.40 1.8 101.8
Run 08 True Conc. Estimated Bias% Mean Bias% ACC% CV% A CC% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.70 -6.7 93.3
0.75 0.83 10.7 2.7 110.7 12.2
0.66 -12.0 88.0
SS-Medium 3.01 0.3 100.3
3.00 3.08 2.7 0.4 102.7 2.2 14 7.3
2.95 -1.7 98.3
SS-High 86.16 7.7 107.7
80.00 87.14 8.9 6.3 108.9 3.3
81.94 2.4 102.4
Run 09 True Conc. Estimated Bias% Mean Bias% ACC% CV% A CC% MeanBias% CV% ACC%
ng/ml Conc. each level <15.0% each day each day
ng/ml <20.0 <15.0 <15.0
SS-Low 0.80 6.7 106.7
0.75 0.78 4.0 45 104.0 2.0
0.77 2.7 102.7
SS-Medium 3.04 1.3 101.3
3.00 2.93 -2.3 0.1 97.7 1.9 3.7 3.6
3.02 0.7 100.7
SS-High 88.22 10.3 110.3
80.00 84.44 5.6 6.9 105.6 2.8
83.78 4.7 104.7
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Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%

110.2 1.56
93.6 4.13 102.4 7.64
103.4 2.06
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
97.3 11.88
100.4 2.20 101.3 7.43
106.3 3.46
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
104.5 2.04
99.9 1.93 103.8 3.69
106.9 3.01
2 ChloroAdenine in urine
Run 01 True Conc. Estimated Conc. Bias% Mean Bias% (*) ACC% CV% ACC% Mean Bias% (¥) CV% ACC%
ng/mL ng/mL each level <15.0% each day each day
<20.0 <15.0 <15.0
SS-Low 0.91 21.33 121.33
0.75 0.77 2.67 14.22 102.67 8.83
0.89 18.67 118.67
SS-Medium 3.53 17.67 117.67
3.00 3.04 1.33 8.56 101.33 7.67 8.22 7.90
3.20 6.67 106.67
SS-High 83.75 4.69 104.69
80.00 79.78 -0.27 1.87 99.73 2.50
80.95 1.19 101.19
Run 03 True Conc. Estimated Conc. Bias% Mean Bias% (*) ACC% CV% ACC% Mean Bias% (¥) CV% ACC%
ng/mL ng/mL each level <15.0% each day each day
<20.0 <15.0 <15.0
SS-Low 0.70 -6.67 93.33
0.75 0.78 4.00 0.00 104.00 5.81
0.77 2.67 102.67
SS-Medium 3.05 1.67 101.67
3.00 2.89 -3.67 0.22 96.33 3.00 0.65 3.52
3.04 1.33 101.33
SS-High 78.69 -1.64 98.36
80.00 77.09 -3.64 1.72 96.36 191
80.09 0.11 100.11
Run 04 True Conc. Estimated Conc. Bias% Mean Bias% (*) ACC% CV% ACC% Mean Bias% (¥) CV% ACC%
ng/mL ng/mL each level <15.0% each day each day
£20.0 £15.0 £15.0
SS-Low 0.78 4.00 104.00
0.75 0.79 5.33 4.00 105.33 1.28
0.77 2.67 102.67
SS-Medium 3.01 0.33 100.33
3.00 3.21 7.00 3.22 107.00 3.31 4.20 2.02
3.07 2.33 102.33
SS-High 83.84 4.80 104.80
80.00 84.95 6.19 5.38 106.19 0.68
84.11 5.14 105.14
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Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
114.22 10.09
108.56 8.33 108.22 8.55
101.87 2.55
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
100.00 5.81
99.78 2.99 99.35 3.50
98.28 1.88
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
104.00 1.33
103.22 3.42 104.20 2.10
105.38 0.72
2-chloroadenine in plasma dog
Run 07 True Conc.  Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0 £15.0 £15.0
SS-Low 0.72 -4.0 96.0
0.75 0.80 6.7 0.0 106.7 5.8
0.73 2.7 97.3
SS-Medium 2.74 -8.7 913
3.00 2.98 -0.7 4.7 99.3 4.2 2.4 4.2
2.86 -4.7 95.3
SS-High 78.00 -2.5 975
80.00 71.57 -3.0 2.6 97.0 0.3
78.05 -2.4 97.6
Run 08 True Conc.  Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0 £15.0 £15.0
SS-Low 0.71 5.3 94.7
0.75 0.67 -10.7 7.1 89.3 3.4
0.71 -5.3 94.7
SS-Medium 2.92 2.7 97.3
3.00 3.05 17 0.1 101.7 2.3 2.0 4.6
3.02 0.7 100.7
SS-High 81.16 15 101.5
80.00 82.60 3.2 103.3 2.2
79.13 -1.1 1.2 98.9
Run 09 True Conc.  Estimated Conc. Bias% Mean Bias% ACC% CV% ACC% Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0 £15.0 £15.0
SS-Low 0.81 8.0 108.0
0.75 0.76 13 7.1 101.3 51
0.84 12.0 112.0
SS-Medium 2.94 -2.0 98.0
3.00 3.36 12.0 5.3 112.0 6.7 4.2 5.2
3.18 6.0 106.0
SS-High 79.86 -0.2 99.8
80.00 80.95 1.2 0.3 101.2 0.8
79.96 -0.1 100.0
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Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
100.0 5.84
95.3 4.00 97.6 4.09
97.4 0.32
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
92.9 3.12
99.9 231 98.0 4.47
101.2 2.21
Mean ACC% SD ACC% Mean ACC% SD ACC%
85.0%-115.0% each day each day
85.0%-115.0%
107.1 5.41
105.3 7.02 104.2 5.39
100.3 0.76

For both intra- and inter- run precision and accyrall QC samples, including those
failed with no assignable cause, should be usedadtmulation, those that failed for an

assignable cause (eg. Rejected chromatographyngulesaxtraction problem) should be
excluded from the calculation.

Table 25: Inter run Accuracy and Precision

Matrix urine

Overall Overall Overall SD ACC%
Mean Bias% (*) CV% ACC% Mean ACC%
<10.0 <15.0
6.4 5.4 93.7 5.07
Overall Overall Overall SD ACC%
Mean Bias% (*) CV% ACC% Mean ACC%
<10.0 <15.0
4.35 6.18 103.92 6.42

Matrix plasma dog
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Overall Overall Overall SD ACC%

Mean Bias% (*) CV% ACC% Mean ACC%
<10.0 <15.0
4.54 6.18 102.49 6.33
Overall Overall Overall SD ACC%
Mean Bias% (*) CV% ACC% Mean ACC%
<10.0 <15.0
3.17 5.46 99.93 5.46
10.2.3.3. Sensitivity (LLOQ)

The target of the lower limit of quantification Wibe 0.1ng/ml for Cladribine and 2-
chloroadenine. Five samples spiked at this conagoir were analyzed per batch together
with the accuracy and precision levels.

The analyte response has to be at least 5 timegs$pense observed in blank samples.

The mean intra-batch as well as the overall acguisevithin 80-120% at the LLOQ
QC level.

The intra-batch and overall precision, expresse%%, do not exceed 20% at the
LLOQ QC level.

Table 26

Run04  True Conc. Peak LLOQ Peak Matrix % Area Ratio Estimated Bias% Mean Bias% (*) CV% ACC% ACC% MeanACC% SD ACC%

ng/ml Area Area <20.0% Conc <20.0% <15.0% 80.0%-120.0%
(ng/ml)
0,25 1128,0 0,0 0,0 0,24 -4,0 96,0
1130,9 0,0 0,0 0,24 -4,0 96,0
1086,4 0,0 0,0 0,22 -12,0 6,0 8,4 88,0 94,0 7,90
1023,2 0,0 0,0 0,22 -12,0 88,0
1041,0 0,0 0,0 0,22 -12,0 88,0
1264,9 0,0 0,0 0,27 8,0 108,0

N.R. Clean-up error

10.2.3.4. Selectivity

The selectivity of the method towards endogenousipmunds was established by
analyzing blank plasma or urine samples. Selegtigit the method towards possible
impurities or degradation products of the IS andh& analyte was so established by
analyzing blank samples spiked with the moleculemterest, the good results obtained
are shown in Table 27
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Table 27: Test selectivity

Run 04 Replicate Peak Matrix Peak LLOQ Average peaka reas SELECTIVITY%
Area Area LLOQ samples <20.0%
1 0,0 1128,0 0,0
2 0,0 1130,9 0,0
3 0,0 1086,4 1112,41 0,0
4 0,0 1023,2 0,0
5 0,0 1041,0 0,0
6 0,0 1264,9 0,0
10.2.3.5. Carryover

Carryover is calculated considering the area ofctirematographic peaks at AN, MET
and IS retention time of the DBK sample placedrafie ULOQ.

The area of the chromatographic peaks at the ANMIET retention time in the sample
DBK should be less than or equal to 50% of the afd¢he chromatographic peaks at AN
and MET retention time of the LLOQ.

The area of the chromatographic peak at the IShtiete time in the sample DBK
should be less than or equal to 20% of the areth@fchromatographic peaks at IS
retention time of the BK sample.

If in a run the concentration of an unknown sang)eeeds the ULOQ, the influence on
the carryover of such a concentration will be estdd.

Peak areas of peaks eluted at the retention tim€ladribine and 2-chloroadenine
following an ULOQ sample of Cladribine and 2-chladenine, resonse. will be expressed
as percentage of the response at the LLOQ (obtainedg linearity assessment).

In Table 28 and Table 29 are reported carryoverltesThe response for the analyte in
the solvent samples following the ULOQ sample sslthan 50% of the mean response at
the LLOQ. Also the parameter for IS carryover agpected.

If carryover is observed exceeding the afore-meetiolevels, one or more blank

samples have to be placed directly following a lighcentration sample.

Table 28: Carryover analyte

Run 04 Average Area AN in LLOQ DBK after ULOQ Criteria
<50.0%
11124 0,0 0,0
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Table 29: Carryover IS

Run 04  Average Area IS in Calibration Curve  DBK after ~ ULOQ Criteria: 52622,3

<20.0% 52318,8

53779,5 3382,1 6,3 53770,7
53155,9

53967,6

54943,5

56020,1

51858,8
55358,2

Mean 53779,5

10.2.3.6. Stability

Long term stability

After the validation steps | determined the longrestability of the analytes in the
matrix. At the beginning of the validation a suiict number of QC samples at the
required long-term storage temperature were stored.

| analyzed 3 aliquots at low and high concentraiaith fresh standard curves and |
compared these against intended (nhominal) condemtsa | will show in the tables the
results of the 3, 6, 9 months long-term stability.

Table 30
Cladribine in urine 2-chloroadenine in urine
Run 06 True Conc. Estimated Conc. Mean Run 06 True Conc. Estimated Conc. Mean
(ng/ml) t=0h (ng/ml) t=0h
(ng/ml) (ng/ml)

SS-Low 0.69 SS-Low 0.70

0.75 0.76 0.74 0.75 0.72 0.73
0.76 0.78

SS-High 84.16 SS-High 78.27

80.00 82.20 83.22 80.00 77.35 77.52
83.29 76.95
Run 06 Estimated Conc. Mean STAB % Run 06 Estimated Conc. Mean STAB %
3 months -20C 285.0-<115.0 3 months -20 T 285.0-=<115.0

(ng/ml) (ng/ml)
0.85 0.68
0.77 0.79 106.76 0.69 0.71 97.26
0.75 0.77
84.83 79.34
82.72 84.05 101.00 78.43 79.69 102.80
84.59 81.29
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Cladribine

in plasma 2-chloroadenine in plasma
Run 11 True Conc. Estimated Conc. Mean Run 11 True Conc. Estimated Conc. Mean
(ng/ml) t=0h (ng/mL) t=0h
(ng/ml) (ng/mL)
SS-Low 0.84 SS-Low 0.80
0.75 0.78 0.77 0.75 0.89 0.84
0.70 0.84
SS-High 75.77 SS-High 87.91
80.00 76.13 75.39 80.00 86.58 88.31
74.28 90.45
Run 11 Estimated Conc. Mean STAB % Run 11 Estimated Conc. Mean STAB %
6 months -20 T 285.0-<115.0 6 months -20 T 285.0-<115.0
(ng/ml) (ng/mL)
0.71 0.82
0.74 0.76 98.70 0.69 0.75 89.29
0.82 0.74
76.63 74.01
88.78 82.60 109.56 74.74 75.58 85.58
82.40 77.99
Run 12 True Conc. Estimated Conc. Mean Run 12 True Conc. Estimated Conc. Mean
(ng/ml) t=0h (ng/ml) t=0h
(ng/ml) (ng/ml)
SS-Low 0.72 SS-Low 0.84
0.75 0.63 0.67 0.75 0.84 0.82
0.67 0.79
SS-High 72.20 SS-High 83.33
80.00 71.99 71.85 80.00 84.71 83.28
71.35 81.81
Run 12 Estimated Conc. Mean STAB % Run 12 Estimated Conc Mean STAB %
9 months -20 T 285.0-<115.0 9 months -20 T 285.0-<115.0
(ng/ml) (ng/ml)
0.67 0.79
0.69 0.68 101.49 0.76 0.79 96.34
0.68 0.83
72.84 82.06
71.09 71.43 99.42 84.29 83.58 100.36
70.35 84.40
10.2.4. Conclusions

The results obtained during the validation of tlssag fulfilled all requirements and

recommendations regarding linearity, accuracy, anecision generally accepted for

bioanalytical studies.

The fully automated LLE methodology avoids sevetajointed steps involved in
manual or semiautomated LLE method, leading to ifsogmtly reduced sample

preparation time (Figure 40), increased sampleutjitput, and clean sample extracts for

improved detection.

Moreover the use of Ultra Performance Liquid Chrtogeaphy (UPLC), a

chromatographic system designed in a special wayitbstand high system back-

pressures, gives new possibilities in liquid chraygeaphy, especially concerning

decrease of time and solvent consumption.

UPLC advantages are clearly observed. The separatechanisms is still the same,

chromatographic principles are maintained whileespesensitivity and resolution is

improved. This all supports easier method trangfem HPLC to UPLC and its
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revalidation. The main advantage was particulaygaificant reduction of analysis time,

which meant also reduction in solvent consumption.

Manual procedure 1 @u Automatic procedure

*5ml tube (96) DW 2ml 96 well plate (1)

*Samples Samples

*Solvent 1ml(TBME/EtOAC) *Solvent 1ml (TBME/EtOAC)

eLiquid Nitrogen or transfer *Mix 1’

«DW 1ml 96wellplate (1) *DW 1ml 96 well plate (1)
Time require for the Time required for the

extraction of 96 sgmples extraction gf 96 samples
20"x96:1920 (=1)

Figure 40: time saved in vortexing 96 samples using robotic workstation

The automated method produced considerable imprenenover the manual method

with respect to the recovery and repeatability @alobtained with the different clean up

techniques. Subsequent testing of the method wédl samples demonstrated its

applicability.

General strategies for automating liquid-liquidraxtions have been achieved using the

96-well format. The resulting assays drasticaljuee sample preparation time (at least 3-

fold faster when compared to manual extractionyrelese material and labor costs and

increase throughput in clinical studies.

Faster - At least 3 - fold faster when comparechémual extraction

Analyst time used more effectively

Increased throughput of clinical samples

Traditionally liquid-liquid extractions associatedith being cumbersome,
automation reduces many repetitive activities

Decreased material and labor costs
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11. Solid Phase Extraction (SPE)

11.1. Introduction

Solid Phase Extraction (SPE) is versatile and sekemethods of sample preparation in
which analytes are bound onto a solid supportyfietences are washed off and analytes
are selectively eluted for further workup and asi&ly The many different choices for
sorbent chemistry that make SPE a very powerfulhotetfor sample preparation also

create many different ways in which sorbents candei’.

11.2. Fundamental Principles

SPE is a specific type of sample preparation incvlain analyte, contained in a liquid
phase, comes in contact with a solid phase (sartigles usually in column or disk, in
this case in the wells of a 96 well plate) andekestively absorbed in into the surface of
that solid phase. All other materials not absortyedhemical attraction or affinity remain
in the liquid phase and go to waste.

Generally a wash solution is then passed throughstbrbent bed to remove any
adsorbed contaminants from the sample matrix, gt the analyte of interest on the
solid phase. Finally, an eluting solvent (usualty aganic solvent such as methanol or
acetonitrile that may be modified with acid or baseadded to the sorbent bed. This
solvent disrupts the attraction between analyte switl phase causing desorption, or
elution, from the sorbent. Liquid processing thioulge sorbent bed can be accomplished
via vacuum or positive displacem#&nt

In Figure 41are represented the basic steps fml-pbhse extraction:

e (@) conditioning the sorbent bed;

51 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 11, page 361.

52 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 2, pages 49, 50.
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* (b) loading analytes;
* (c) washing away interferences;

* (d) selective elution for further workup and anays

The SPE product format shown is for a disk in arichge or column although the

procedure is generally similar regardless of foffnat

1, Condition 2. &pply sample 3. Interference 4. Analyte
Sorbent 2 analyte elution elution

i

1 '.L ] \
(b Y ) @
= —
—‘ Y )
‘ B ::*:“ 2 ﬂ
T4 57 Vg LT
d ¢ =
Eluted Interferences by
A
Analyte

Figure 41: the basic steps for solid-phase extraction.

High-throughput solid phase extraction utilizesv88l microplate formats.
Although the samples can be processes manuallydlipandling workstation is
preferred; the use of the automatic workstationultesin very high throughput. Many

sorbent chemistries and formats are availablegrptates to meet most ne&ds

11.3. Advantages

This technigue has numerous advantages:

53 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 11, page 362.

54 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 2, pages 49, 50.
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» It provides very selective extracts reducing théeptal for ionization suppression
from matrix materials.

» A wide variety of sample matrices can be accepted.

* It permits high recoveries with good reproducibekt

* Analytes can be concentrated.

» High recoveries with good reproducibilities.

* Low solvent volumes.

* No emulsion formation as with LLE technique.

The technology has been improved in recent yeath ttie introduction of more
selective but also more generic solid sorbent chi@s, improved disk based SPE
devices, smaller bed mass sorbent loading, imprqdate formats for using smaller

volumes, and faster and more efficient automatinaivaré®.

11.4. Disadvantages

Many of the disadvantages for SPE are directed rbwiae perceived difficulty to
master its usage. The great selectivity and theyntdwoices for manipulating pH and
solvent conditions make it difficult to grasp theemistry of the technique. An important
argument is related to slow or difficult flow of msple through the particle bed;
precipitated fibrins, thrombins or other particiesthe biological are often at fault. In
order to avoid this potential problem, sampleswameally centrifuged or filtered prior to
extraction and this step is especially importanthwihe use of automated method.
Sometimes a larger patrticle size packing (e.g.pub®@hstead of 40um) is used to improve
flow characteristics.

Also the development process of the method takesiach time.

The cost of performing a solid phase extractiorcedure can be greater than that of

other techniques such as PPT or LLE. However atignate of cost should not include

55 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 11, page 364.
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only the consumable items needed to perform theaetidn but also must factor in the

time saving that the approach offérs

11.5. Sorbent Chemistries and Attraction Mechanisms

11.5.1. Nature of the Sorbent Particle

Two major types of sorbent particles are used RE Ssilica and polymer.

A wide range of surface areas and pore diametersbeaprepared surface area is a
function of the average pore diameter: the sm#tiepore diameter, the higher the surface
area.

Particle size used affects flow characteristics p@dormance. In the case of biological
matrices that are viscous a larger particle sizereguired to provide better flow

characteristics.

11.5.2. Attraction Mechanisms

Four primary modes of analyte attraction to sotichent particle are:

* Reversed phase (also called non polar).
* lon exchange.
* Mix mode (also called mixed phase).

* Normal phase (also called polar).

11.5.3. Packed Particles Beads

The traditional format for SPE has been single alsple columns, also called
cartridges, filled with solid sorbent particlesofft 25 to 500mg) held between two
polyethylene frits.

56 D.A. Wells, High Throughput Bioanalytical Sample Preparation, Methods and Automation Strategies, Elsevier. (2003),
cap 11, page 365.

131



The pharmaceutical industry responded to a chadlesfghigher throughput sample
preparation by utilizing solid-phase extractiorai@6-well format. This microplate format
presents many efficiencies of operation such as eBlsbeling, sealing and manipulation.
| decided to combine this format with multiple tipamilton Workstation in order to

dramatically faster pipetting throughput via pagbfirocessing of samples.

11.5.4. High-Throughput and new Applications

This application will describe an automated soldge extraction method coupled with
HPLC analysis to determine a peptides mixture deoto achieve results more accurately
with more speed and less efforts.

Automation is an effective tool in achieving alidk of these goals.

When the sample preparation step became raterigmatiitomation could be seen as the
more efficient and faster way to work with greatember of samples cleaned up in a 96-
well format by the use of a Robotic Workstation #mel ability of the operator.

The evaporation and reconstitution steps not aaktg time and effort, but can also lead
to loss of valuable sample. Therefore, the abibtglute in very small volumes of solvent
is desirable to minimize the amount of time requlire

Currently, there are two technologies Disc arilution.

In the uElution design, a much smaller sorbent mass (.gng) is packed into an
internally tapered well with an aspect ratio of5L.The uElution technology functions
more like a chromatography column and enhancesdbpgure of target analytes. It also
helps to prevent breakthrough during the load aaslhwsteps. The hold-up volume for the
uElution technology was determined to be as litHel aul.

A small hold-up volume is important for achievindoav elution volume. Larger hold-

up volumes result in larger elution volumes.
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11.6. Experimental

11.6.1. Objective

The aim of this project was the automation of thmgle preparation in the study for the
evaluation of the stability assessment of a mixairur natural peptides in human blood
(derived from Myelin Basic Protein) using the UPMS/MS technique.

The study was conducted according to MSR-QMS.

HEALTHY
NERVE

(scarred |

e
myelin | myelin )

_sheath |

DAMAGED
NERVE

Figure 42: In Multiple Sclerosis the myelin sheath which is a single cell whose membrane wraps

around the axon, is destroyed with inflammatory and scarring.

This mixture is designed to induce immunologic#tance of the body’s T-cells to key
auto-antigens involved in the pathogenesis of MldtSclerosis (Figure 42).

Oligodendrocytes form a protective sheath, knowmgslin that insulates the fibrous
cables, or axons, radiating from nerve cells.

In multiple sclerosis, the immune system's T cefld B cells attack oligodendrocytes,
ultimately damaging the myelin sheath to the pthatt the electrical signals transmitted

by the axons beneath it are disrupted.

133



11.6.2. Instrumentation

11.6.2.1. Reagents and chemicals

Analyte is a mixture of four linear peptides: MyeBasic

The peptides were provided by Bachem AG — Buben@®witzerland. Human blood
was collected from healthy volunteers (AVIS Toriaond Ivrea, Italy). Acetonitrile and
Methanol were HPLC-grade and purchased from MeiGaA (Darmstadt, Germany).
Protease inhibitor cocktail tablets, Complete MifRoche Diagnostics, Mannheim,
Germany) without ethylenediaminetetraacetic aciDTE), were used to prevent peptide
degradation in biological matrixes. Formic acid jF@d Phosphoric Acid were obtained
from Sigma-Aldrich (St.Louis, MO, USA). Ultrapureater was produced by a Milli-Q
Plus, Millipore system (Billerica, MA, USA).

11.6.2.2. Equipment

MICROLAB STARIet Liquid Handling Workstation Hamdh Robotics.

Oasis HLB: Hydrophilic-Lipophilic Balance Sorbentversed-phase sorbent for all
compounds (e.g. parent drug and its polar metasylitVater-wettable sorbent, no impact
of sorbent drying.

The SPE Strata-X (Reversed Phase polymeric sorpéitition 96-well plate were
purchased from Phenomenex (Torrance, Californidd)JuS

The UPLC/MS system used for the assay compriseficgaity UPLC system (Waters
Corporation; Milford, MA, USA) coupled with a tripl quadrupole mass spectrometer
equipped with a turbo ion spray source (API 4000plfed Biosystems, Toronto, Canada)
and with an Acquity BEH C18 colunm(@.1x100 mm, dp=1.7 mm; Waters.

Data were processed using Analyst software (verkiér2) from Applied Biosystems.

11.6.3. MS/MS detection

Peptides were infused into the triple quadrupolessrspectrometer equipped with an
ESI source operated in the positive ion mode fanidication. Mass spectra were
obtained infusing the mixture of peptides at a eom@tion of 1Qg/ml in water/ACN

(50:50, v/v) with 0.1% FA using a syringe pump @ted at a flow rate of min and
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setting the UPLC flow rate at 20@min. For each peptide, the most abundant ion
produced in positive mode was [M+3H]

11.6.4. Automated SPE

The most logical method was created on Vectorlldina changes and modifications
during the set up of the method in order to evalaaid establish the best conditions.

It is possible the complete control of rates fopiadion and dispensing of the
solutions/samples onto the SPE plates includingithe associated with the air push and
the pressure equilibrium.

The method set-up was thoroughly investigated ideworto obtain the best SPE
conditions. During this phase, different SPE pladad different solvent mixtures were
tested to obtain the best results in term of reggw®bustness and reproducibility of the
extraction method.

On the whole, analysis sampling and sample preparate the most important steps of
analytical procedures. Due to its flexibility, SHE a multivariate process whose
optimization should be approached from a multiarigerspective. For the optimization
of this SPE procedure we investigated the seleaifotihe most appropriate sorbent, the
design of the SPE bed, the determination of th@imel of the sample to load and the
determination of the nature and volumes of solvéing$ used to wash the column and
then to elute the analyte. Microelution SPE wasluseorder to avoid solvent and sample
spending.

Strata™-X plates have been engineered to allowehigrading volumes than Oasis®
HLB plates, which helps to avoid limits on loadvgumes that can lead to problems with
lower limit of quantification (LLOQ) and lower lirhiof detection (LLOD) of low
concentration analytes.

The choice of sorbent is the key point in SPE bgeatican control parameters such as
selectivity, affinity and capacity.

This choice depends strongly on the analytes arast and the interactions of the
chosen sorbent through the functional groups oatradytes.

In designing the automation strategy for Solid Rh&xtraction there are many

parameters that the operator has to consider.
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In first has to be found the most convenient SPEditmn, than it is important to
planning of the most appropriate deck layout whiels to be different from the other

before described because of the needs of thisitpatn

Strata X by Phenomenex Oasis HLB pElution by Waters

Figure 43: Different types of 96-SPE-well plates tested.

With the OasidiLB plate, are possible robust SPE methods witlhawing to endure
irreproducible results and low recoveries causedimyesirable silanol activity, sorbent
drying, pH limitations, and breakthrough of polanmgpounds/metabolites. The technology
incorporate the first hydrophilic-lipophilic-balaed water-wettable copolymer optimal for
any sample cleanup and are unique in their purggroducibility, stability, and retention
characteristics.

At this point the microplate can be placed ontowlekstation deck for all subsequent
pipetting tasks.

Once the sample plate has been prepared and phcethe deck the first pipetting
action by the instrument is to aspirate the soklvdotr conditioning the plate. These
solvents are sequentially aspirated from a reagmsetrvoir and dispensed into all the wells
of the plate. If needed a vacuum manifold steperégpmed between.

It is important to evaluate the correct measuréhefvacuum to apply. It has to be not
too strong but not too low.

Than a volume of sample matrix is next aspirateanfithe sample plate, a vacuum
manifold step follows.

A clean collection plate is placed inside the maldif

In first was used an Oasis HLB pElution plate, J#6001828BA]. Plates and theie
characteristics are shown in Figure 43, Figurerfdl.&igure 45.

This plate can be correctly placed in a good pmsitior dispensation and vacuum

without moving any plate.
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In fact this plate has a low high and the axeshefworkstation were inside the settled

parameters.

But during the clean up was noticed that there \@erae percolation problems.

For this reason we decided to use Strata X platéheudeck layout positions had to be

changed for the plate dimension. It was used ardifft carrier to avoid the collision

between the tips and the plate.

o e
-C". o
-

Figure 44

Strata X: Material Characteristics

» Particle Sizeym) 33

« Pore Size (A) 85

e Surface Area (m2/g) 800
* pH Stability 1-14

Strata™-X T0asis® HLB

Figure 45
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The final SPE conditions were the following:

» sample pre-treatment: 1@@f sample + 40@ of 0.5% Phosphoric Acid solution,

» conditioning with 200l of methanol,

» equilibrating with 200l of water;

» pre-treated sample loading;

» washing with 200l of 10% methanol solution, drying for one minutedaeluting
with 10Qul methanol/acetonitrile (1:1, v/v).

11.6.5. Peptide Stability Investigation

The samples used to investigate peptide stabilithuman blood were prepared by
adding the peptides working solution to blood idesrto achieve final concentrations of
50.0 and 100.0ng/ml. The spiked blood samples wtened at 37°C (in order to simulate
the human physiological conditions) and at difféereme points (5-15-30-60-120 min)
samples were centrifuged at 2500xg for 10min at.480bsequently samples were

extracted via SPE procedure and analyzed by LC-N&S#&é¢hnique.

11.6.6. Results

Results obtained using the better SPE conditionalfpeptides: recovery and choice of
the better clean-up are described below in Tablarllin Figure 46.

In table 8 is shown the extraction efficiency, tiaaf the detector response from the
extracted sample to the detector response frormaxtracted containing the same amount
of analyte. This represents 100% recovery duringaekon. In this case we have
extraction efficiency over 90% for three of the quunds; only for the compound C it is
below 90%. However extraction efficiency need netags to be very high but it should

be consistent, precise and reproducible.

Table 31
Compounds Average SPE Recovery Inter-day% RSD
Compound A 92.20% 0.01
Compound B 98.90% 1.45
Compound C 84.50% 1.45

Compound D 91.60% 2.71
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The clean up step has some relevance in determitmagrepeatability in routine
analyses, where a quite large number of differantes are run within the same session.
This point could be even more critical for thoseltimesidue approaches, where the
elution of several compounds of interest could kesteral minutes, thus enhancing the
risk of progressive dirtiness of the interfaces.

In an SPE procedure, choosing right washing soleentposition is a difficult task. A
good washing solvent should be able to eliminage riatrix interferences as much as
possible without eluting the analytes. In this p#Efrthe work, different washing solvent
compositions are studied as shown in Figure 46.

As a preliminary study to choose solvent, differeoihcentrations of methanol as
washing solvent are studied with Oasis HLB plates.

0 (164-179)
B2

0 @289
0219

Figure 46: Choice of the better clean-up.

11.6.7. Linearity, Sensitivity and Recovery: comparison

between Manual and Automated procedure

The linearity of results for both automated and namethods demonstrates that drug

samples in plasma can be reliably prepared by #mailtbn Robotic Workstation.
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The high degree of linearity indicates that theiffrd samples generated following this
automated procedure allow accurate LC-MS/MS amalgsiross a wide concentration
range. The comparison is shown in. Figure 47 agdrEi48.

Linearity by Manual Extraction

—e— Peptide (164-178)
3000000 - —a— Peptide (217-233)
—a— Peptide (274-288) w=282e+003 3+ 61 {r=0.9997)
2500000 - —m— Peptide (265-279)
2000000
=z
<
« 1500000 -
2
<
1000000 | y = 1.05e+003 x + -1.38e+003 (1= 00957
¥ =608 x+ 406 (1= 0.0001)
500000 -
¥ =476 + 662 (1= 0.9953)

0 200 400 600 800 1000 1200 1400

Concentration (ng/ml)

Figure 47

Linearity by Automated Extraction

—o— Peptide (164-178)

3000000 | | —=— Peptide (217-233)
—&— Peptide (274-288)

2500000 1 W Peptide (265-279)

= 2.51e+003 x + -4 20e+003 (r= 0.0932)

2000000 -
=
<
o 1500000 -
< y= 1 AGe+003 x + 2.67 e+003 (1 = 0.0978)
1000000 -
y = 653 x+ -014 (1 = 0.9994)
500000 -

w =438 x + -1 B7e+003 (r= 0.9595)

0 200 400 600 800 1000 1200 1400

Concentration (ng/ml)

Figure 48
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Comparable chromatographic performance to the ntaweae achieved using the
robotic workstation.

A quick automated SPE sample preparation has beelaped. This method compared
to the manual procedure brings the same good sdsultalso eliminates the need for time
consuming sample preparation procedures.

Chromatograms are shown in Figure 49 and. Figure 50
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Figure 49: Chromatograms of the four peptides by manual extraction.
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Figure 50: Chromatograms of the four peptides by automated extraction.
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Figure 51 shows the recoveries obtained in the mlaand automated extraction

procedures.
The recoveries are equivalent for one of the peptaf the mixture, and better for two

of them. However recoveries are quite always greataear 90% in the automated way.

SPE procedure:
Condition: CH,OH
Equilibrate: H,0

Load: plasma diluted 1:5
with H,0 0.2% Phosphoric
Acid

Wash: 5% CH,OH
Elute:CH,OH/ACN : 50/50

Recovery

Manual Recovery
B Automatized Recovery

Peptide184-176  PeptidedT-233  Peplide274-288  Peptide 205-270

Figure 51: Recovery comparison between Manual and Automated Extraction.

11.6.8. Conclusions

Although the results obtained during stability asseent showed a rapid enzymatic
degradation of the four peptides in human bloodusge of liquid handling to automate the
extraction was successful.

The recoveries obtained in the manual and automatdchction procedures and
chromatograms are comparable.

It shows that all liquid handling steps can be @enked by the workstation proving to
be quick and labor saving so the future SPE-LC-MS-pMocedure could eliminates the
human factors of specimen handling, extraction, derivatization, thereby reducing labor

costs and rework resulting from human error or négine issues.
In conclusion, the automated extraction of peptide® blood samples has been shown

to be feasible using the Hamilton robotic workstati
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Compared with manual extraction methods reportedipusly the method has a shorter

processing time while maintaining equivalent lingaisensibility and recovery.
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12. Dried Blood Spots (DBS)

Plasma has been the mainstay matrix for measureafesystemic concentration of
compounds used in the assessment and evaluatiophafmacokinetics (PK) and
pharmacodynamics (PD), both efficacy and safetgrug discovery and development. An
alternative, dried blood spots (DBS), has recegdiyed increasing popularity, with some
distinct practical advantages but also technicalds, although the method was employed

in pediatrics as early as 1963

12.1. Introduction

DBS sampling is an innovative technique that redwsaemple volume requirements and

offers significant ethical and economical beneffigjure 52.

Figure 52: Dried Blood Spot cards

57 Use of Dried Blood Spots in Drug Development: Pharmacokinetic Considerations Malcolm Rowland and Gary T.
Emmons, 25 March 2010. The AAPS Journal.
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12.2. History

The concept that capillary blood, obtained frontking the heel or finger and blotted
onto filter paper, could be used to screen for buwia diseases in large populations of
neonates was introduced in Scotland by Robert @uthr1963. Neonatal screening for
phenylketonuria became nationwide in 1969-70. Sihes, Guthrie card samples have
been collected routinely from infants in over 2Queies to screen for phenylketonuria
and more recently for congenital hypothyroidisnckig cell disorders and HIV infection.
The limitations of sensitivity and specificity whenreening such small volumes of blood
restricted the use of dried blood spots for mamryeHowever, recent advances such as
the production of monoclonal antibodies, expressainsynthetic proteins, and the
introduction of the polymerase chain reaction hawercome many of these probleths

DBS is an FDA listed class Il medical device.

A medical device is a product which is used for ma&dpurposes in patients, in
diagnosis, therapy or surgery. If applied to thelypdhe effect of the medical device is
primarily physical, in contrast to pharmaceuticalgs, which exert a biochemical effect.
Specific regional definitions of medical device yaslightly as detailed below. The
medical devices are included in the category: Mad&chnology.

Medical devices include a wide range of productsyimg in complexity and
application. Examples include tongue depressorgjicak thermometers, blood sugar

meters, total artificial hearts, fibrin scaffoldsents and X-ray machines.

12.3. Bioanalytics

12.3.1. Preclinical Study

Although very few applications of DBS in preclinicstudy have been published on
toxicokinetic or pharmacokinetic assessment of anudrug candidates in small animals,

the potential benefits of using this technique toronounced to be ignored by

58 Parker SP, Cubitt WD (September 1999). "The use of the dried blood spot sample in epidemiological studies". J. Clin.
Pathol. 52 (9): 633-9.
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pharmaceutical industry. The small blood volumeO@gl for multiple spots) used for

DBS sampling makes its use possible for serialdifggfrom small animafé.

12.3.1.1. Animal use

DBS technology brings opportunities for animal tesguction and refinement.

In 1986 the European Council of Ministers adoptade@ive 86/609/EEC on ‘the
protection of animals used for experimental anceiostientific purposes’. The Directive
sought to improve the controls on the use of laiooyaanimals, set minimum standards
for housing and for the training of those handliagimals and supervising the
experiments.

The Directive also aimed to reduce the numbersnahals used for experiments by
requiring that an animal experiment should not éégumed when an alternative method
exists, and by encouraging the development andlatadn of alternative methods to
replace animal methods.

This legislation is largely a framework, and laws/grning animal experiments in the
UK, for example, are very much stricter.

A few years ago, it became clear that officialswmtthe European Commission wished
to revise the Directive to promote improvementshie welfare of laboratory animals and
to further encourage the development of alternativethods. Since 1986 important
progress has been made in science and new teckriigue become available, such as use
of transgenic animals, xenotransplantation, andaiefp According to the Commission,
these require specific attention, which the oldebiiive does not provide.

The process of revising the Directive has been gyan for several years, and draft
legislation was only available to the European iBarént and the public at the end of
2008. The Parliamentary process can take at leastyears, and implementation in the
Member States a further two, so national legistatm implement the Directive may not

be in place for some time.

59 Barfi eld et al., 2008; Beaudette and Bateman, 2004.

147



12.3.2.  Clinical Study and Therapeutic Drug Monitoring

DBS-LC-MS/MS has been increasingly employed inichhstudy and therapeutic drug
monitoring for the analysis of a wide spectrum afgdmolecule.

Because DBS samples could be collected by patiratsselves or their guardians with
minimum training, this opens up the possibilitigscollecting clinical pharmacokinetic
samples not only from various in-patients, but dison out-patients, especially those
from remote areas.

In all cases where serum or plasma, instead of DBS,been used as the matrix for
guantitative analysis of drugs during discovery drdelopment, it would be necessary to
determine the relationship between the analyte exunation in the two matrices
(plasma/serum vs. DBS). Hematocrit is an importpatameter that needs to be
considered.

Current analytical methods require relatively lakggume of plasma. Typical blood
sample volume is 250ul for rat and 200ul for mouse.

Mouse sampling frequently has to be terminal. Resfifrequently are limited by
allowable blood sample volume and large number icErand juvenile rats are added to
studies to generate TK data.

Blood is centrifuged to produce plasma and praltyittais very hard to centrifuge small

volumes of blood to yield plasma.

12.3.3.  Fundamental Principles

There are different types of cards that can be us&BS technology.

S&S 903, Whatman manufactured from 100% pure cdttgars with no wet-strength
additives added.

FTA and FTA Elute cards, and recently FTA DMPK;AFTA DMPK-B®, FTA
DMPK-C® also manufactured by Whatman (now part of GE Heale). These are
designed for nucleic acid analysis. According t® tanufacturer, some of these cards are
chemically treated with proprietary reagents thabru contact, lyse cells, denature
proteins and prevent the growth of bacteria anératiicroorganisms.

All the cards have been employed in combinatiom wi€-MS/MS for the quantitative

analysis of small drug molecules and their metad®in preclinical and clinical studies.
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Card choice is dictated by a combination of hamglend performance criteria.
Handling requirements may be influenced by openafioor safety factors, while
performance depends on many factors such as thgteamaemical structure, extraction
solvent, and analysis workflow, which are usualBtedmined empirically. To identify
appropriate cards, normally the analyte recoveoynfrall types of cards is investigated
using, in part, the “Instruction for Use” protogobvided with the cards.

FTA DMPK-A

* Blood spots dry within 2 h;

* Blood spot area is ~20% smaller than DMPK-B or DMEKards;

* Protein denaturing activity will inactivate endoges enzymes;

» Cell lysis releases endogenous cellular materiatis card;

» Stabilization of DNA allows resampling of blood $por pharmacogenomics;

* Impregnated chemicals may interfere with mass sp@eitry detection e.g. ion

suppression.

FTA DMPK-B

* Blood spots dry within 2 h;

* Protein denaturing activity will inactivate endoges enzymes;

* Cell lyses releases endogenous cellular matenmdts aard;

» Stabilization of DNA allows resampling of blood $por pharmacogenomics;

* Impregnated chemicals may interfere with mass speetry detection e.g. ion

suppression.

FTA DMPK-C

* Blood spots dry within 2 h;
* No impregnated chemicals to interfere with analysis
» Proteins are not denatured so cards may be batiedsfor protein based

biomolecules.
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12.3.4. Blood Collection

ANO aNnowun
Q¥voRqyyy A8 31(§NVH

%
\

Figure 53

In preclinical studies, small animals (e.g. mousg, etc.) can be tail bled. After the
pricks, the blood drop is directly applied onto th&mpling paper/card within a pre-
marked circle, ideally one drop per spot. Touchihg circle area should be avoided,
especially before the blood is applied and driespetely. The predefined circle must be
homogenously and symmetrically filled and both sidé the card/paper must show the
same red color. Samples indicating contaminationh@molysis or with insufficient
volume collected are deemed not suitable

The blood sample can also be applied with a caedrpipette (Figure 53) onto the
sampling paper/card, thus avoiding potential vaitgbin blood samples due to
hematocrit effect, blood volume influence, possibieven distribution of blood on the
card/paper and other sampling errors. The pipgitshould be a few millimeters above
the card/paper. As the blood drop touches the jgapef, it should be swiftly expell®d

12.3.4.1. Examples of Invalid Spots and Invalid Collectioh@S

Examples of invalid spots and invalid collectiomsaard are shown.

60 Dried Blood Spot sampling in combination with LC-MS/MS. Biomed. Chromatogr.2010; 24, 50.
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In Figure 54 the specimen is invalid because tleeispen was not dry before mailing.
DBS must dry a minimum of 4 hours (possibly ovehhign area with high humidity)
before packaging and shipping.

Loy

Figure 54: Spot with insufficient quantity of blood.

In Figure 55 is possible to see that the sample is not completely dried before the placement in the

storage bag.

HDD®

Figure 55: Sample not allowed to air dry before placing in storage bags.

In Figure 56 the specimen is invalid because tlezispen appears clotted or layered.
The volume of specimen will not be uniform betwepots resulting in errors during the
testing process.

This may have been caused by:

» touching the same circle on the filter paper todldrop several times;

» filling circle on both sides of filter paper.

Figure 56: Sample where blood was clotted and did not soak into paper.
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In Figure 57 and Figure 58the specimen is invalkgtduse the specimen exhibits
emolization and serum rings i.e. serum becomegaEpom cells.

This may have been caused by the following:

* Not allowing alcohol to dry at puncture site befamaking skin puncture.
» Allowing filter paper to come in contact with aladhhand motion, etc.

e Squeezing area surrounding puncture site excegsivel

* Drying specimen improperly.

* Applying blood to filter paper with a capillary teb

Beae®

Figure 57: DBS with contamination or hemolyzed blood.

Figure 58: DBS where serum separated from cells.

12.3.5. Drying, Storage and Transportation

It is very important to dry blood spots completblgfore storage or transportation. In
general, a minimum of 2—-3 h drying in an open spaEce®om temperature (15-22°C) is
recommended. However, the drying time depends enyie of paper/card and the blood

volume applied.
The samples should not be heated, stacked or alldwdouch other surfaces, and

should be kept away from direct sunlight or dayligmeeded.
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Thus, after drying, the DBS samples should be pteteagainst humidity and moisture
by covering them with a paper overlay and packimegt in low gas-permeable zip-closure
bags with desiccant packages. Humidity indicated€ahould be included in the storage
package. DBS samples protected in this manner reastdred at room temperature for
many weeks, months or years, depending on the tenstigbility. However, samples that
contain unstable compounds should be stored awverltemperature in order to enhance
stability. DBS samples that have been packed aerided above can be transported
through the mail in a high-quality bond enveltpe

12.3.6. Punching out prior analysis

After drying at room temperature a disc is puncbetifrom the dried blood spot using
a specific manual puncher as shown in Figure 5% Hklso possible to automate this
operation with the use of BSD 600/1000 robotic hanc

Wynatman

Figure 59

12.3.7. Off -line extraction

For quantitative analysis, one or more DBS diskspamched from DBS card/paper into

assay tubes or the appropriate wells of 96-wellrotiter plate for extraction. The

61 Dried Blood Spot sampling in combination with LC-MS/MS. Biomed. Chromatogr.2010; 24, 51.
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extraction procedure is usually carried out by agda certain amount of extraction
solvent (methanol, acetonitrile or a mixture of ev&rganic) containing the internal
standard(s). The extraction solvent must be stremgugh to interrupt the binding of
analyte to protein in the matrix or the paper mateiThe analyte of interest is then
extracted with gentle shaking or vortexing. Son@atmay be necessary for better
extraction efficienc§f. After centrifugation, the resulting extracts gmnsferred manually

or by an automated liquid handler to new tubes wmrotiter plates. The extracts can be
directly injected onto the LC-MS/MS system for ars&d, or dried for reconstitution using

an MS-friendly solvent prior to analysis.

12.3.8.  Stability

The DBS technique provides another dimension ferdiorage of biological samples,
even in the absence of refrigeration in some c&®gral applications have demonstrated
the advantages of DBS over other means in pregersame unstable analytes from
degradation or delaying the degradation prddes®oom temperature is the intended
storage condition for most DBS samples. Howevéoyner temperature may be necessary

for longer stability coverage for some analytes.

12.3.8.1. Approaches for enhanced stability

DBS is not a miraculous process for all unstablmmounds. Necessary, approaches
should be undertaken to extent the stability cayeraf any unstable compound. Three
main approaches are suggested:

e« Temperature adjustment: lowering the temperaturevasy common for
stabilizing small molecules in DBS. The degradati@action (reduction,
oxidation or hydrolysis) is expected to be 10 tirksver when the temperature

is decreased from 22 to 0°C.

62 Damen et al., 2009; Wilhelm et al., 2009; van der Heijden et al., 2009

63 Alfazil and Anderson, 2008; Garcia Boy et al., 2008
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* Maintaining dryness: the water present in DBS samplays a critical role in
enzymatic and chemical hydrolysis. Minimizing watamtent by drying the
DBS card completely, changing desiccant bag oryapgplvacuum to DBS

sample containers during storage would be a gootbowtion.

However this effect is apparently compound dependen

12.3.9. Advantages

Blood is directly spotted onto collection cardssiir dried and stored with desiccated
at room temperature.
The process is simplified and the possibility toadt better quality is higher.

It is possible to avoid:

* Centrifugation
* Sub-aliquoting
* Freezing

» Defrosting

Samples volume passed from 300ul to 10-20ul, irequence:

* Reduction of the number of animals used.
 Reduced costs
» Shipping

» Storage

12.3.10. Disadvantages

The use of DBS bears some apparent disadvantageau&e the collected blood
volume is very small, assay sensitivity is alwayhallenge for the determination of some
analyte at low circulating level.

Unlike samples from aqueous matrix such as whaledyl plasma or serum, for which
homogeneity could be easily ensured during cobbecéind prior to analysis, the quality of

DBS samples is often a concern for absolute queatibn due to possible DBS
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card/paper quality issue, possible no-compliancgample collection, drying, storage and
transportation.

Manual punching is very time consuming and is defip not suited for the current
high throughput environment. A punch device coudda source of assay error and/or
contamination.

With a good quality control of blood sampling (pedare standardization and
adherence to the established procedure), impletn@mtaf automation for DBS sample
punching and extraction, improved chemistry of mma&ted card/paper for enhance
stability of unstable compounds, and an higher yamalthroughput via DBS-BSD-
Hamilton Robotic Workstation-UPLC-MS/MS is expected play an increasingly
important role in the quantitative analysis of ds@md metabolites in blo¥d

BSD (Figure 60) is a fully automated walk away pguintstrument designed specifically
for high-throughput. It automatically punches withahe need for the operator to insert
the framed sample card. The instrument has beegndeksto accommodate internationally

accepted and standardized framed cards.

Figure 60: BSD throughput punch instrument

64 Dried blood spot sampling in combination with LC-MS/MS for quantitative analysis of small moleculesWenkui Li and
Francis L. S. Tse
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12.3.10.1. Benefits in High-Throughput of automated DBS sanypli

* Very small sample volume per subject required (dry20 pl). This makes it
far easier and faster to extract samples, andaleaws multiple samples to be
extracted from the same animal.

 DBS is suitable for both preclinical (animal) saegland clinical (human)
samples.

* The minimal sample volume required makes it posdibldo serial bleeds from
one lab animal for a more accurate pharmacokimpettile.

* No centrifugation or other preparatory handlingpsteare needed as with
traditional plasma samples.

» Faster throughput at both the sample collectiomtpand at the Bioanalytical
lab.

* Cards are stored and handled at room temperatuminient atmospheric
conditions. No refrigeration needed.

« DBS cards containing samples ship using standardecma No expensive
refrigerated shipment by courier or other specaldiing required.

» Enthalpy can process DBS samples rapidly and witatgprecision using
robotic systems specially developed for the purp&sghalpy has automated
the process of generating DBS QC samples for edidr, which makes sample
throughput faster while maintaining required levaisiccuracy.

* Analytical results obtained from DBS samples cannfmme meaningful than
those from conventional liquid plasma samples bee®@BS uses whole blood.

12.3.11. Experimental

A new small chemical entity (NCE) was used to eatduthe possible application of the
technique.

An NCE is a molecule developed by the innovator gany in the early drug discovery
stage, which after undergoing clinical trials cotrmhslate into a drug that could be a cure
for some disease.

It was evaluated the possibility for DBS techniqadring advantages in Merck Serono
PK processes.

It was evaluated:
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the sample processing procedure in order to fiedtibst suitable type card, the
appropriate solvent and mixing extraction time.

the accuracy and precision, using QC samples et tthifferent concentrations,
the matrix effect and the recovery.

the reduction of the punched area diameter maingithe same MS peak area
ratio with the purpose to enable the automatiothefextraction process.

finally it was investigated if the molecule of indst is equally distributed onto

the blood spot.

12.3.12. Materials

Analyte with IS available and analytical validateeéthod,;

Small organic molecule for cancer disease andrate3tandard,

FTA® DMPK-A Cards, Lot No. FE6847009 (2);

FTA® DMPK-B Cards, Lot No. FE6847069 (2);

FTA® DMPK-C Cards, Lot No FE6847509 (3);

Extraction solvents. C4#OH - CHOH/CH;CN - CHOH/ACN/H,0 - CHCN;
Harris UNI-CORE 6.0-3.0mm W/Mat (5), Harris cuttimgat (8), 903® Dry
Rak (9), Plastic Storage Bags;

Eppendorf tubes (4), 96 Deep Well Plate 1ml (6);

Microtiter Stirrer model 715+, cod 29970005, Teostw (7);

Termomixer comfort, Eppendorf 1.5ml (10).

All the instrumentation is shown in Figure 61.
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Harris
Cutting Mat

Figure 61

12.3.13. Sample Preparation and Automation

We developed a DBS extraction method on the basd 6--MS/MS method developed
for the determination the molecule as free baseaindog, rabbit and monkey plasma
using a deuterated internal standardhaconcentration range of 1.0ng/ml to 500.0ng/mi
further extended to 250,000.0ng/ml.

In origin plasma samples were extracted using prqieecipitation with precipitation

reagent in Sirocco filter plates.
12.3.14. Instrumentation, Chromatographic conditions anddvias
Spectrometry conditions

MICROLAB STARIet Liquid Handling Workstation Hamidh Robotics.
The chromatography has been achieved using anrditeE00 Series pump equipped

with a Waters Sunfire column, 50 x 2.1 mm, 6r0
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An Applied Biosystems API4000 triple quadrupole sapectrometer equipped with
turbo ion spray source (TIS) operating in positve mode has been used.

HPLC/MS system: Autosampler: CTC HTS PAL, HPLC punmdmilent HP 1100
binary pump Guard column: Frit 2.1 mm for narroweboolumn Column Waters Sunfire,
5um 50 x 2.1 mm Switching valve: Valco 2 position.

Mass spectrometer. SCIEX API 4000 triple quadrugojeipped with a turbo ion spray
source (TIS).

Data system: Analyst version. 1.4.2.

12.4. Results

12.4.1. Sample preparation

We decided to prepare spiked samples with the mldeof interest, and then we
directly applied the sample onto the sampling eeitt a calibrated Gilson 20l pipette.

We spotted 15ul of sample in the pre-marked ciotline spot.

The pipette tip should have been a few millimetdssve the card, as the blood drop
touches the card it should have been swiftly ergell

Touching the circle area is avoided especially teetbe application of the blood and his
completely drying.

12.4.2. Choice of the optimal extraction conditions

The extraction method is the solution containirg Ith to be added on the punched spot.

For quantitative analysis the DBS were punched ftioencards using thdarris cutting
Mat into Eppendorf tubes or wells of 96-well mictet plates for extraction. The
extraction procedure was carried out by adding reaiceamount of different extraction
solvents containing IS.

The extraction solvent must be strong enough teriapt the binding of the analyte to
protein in the matrix or paper material.

The different solvents we tested on FTA-DMPK-A &WdA-DMPK-B cards are:

L CH3OH;
 ACN/CH30H 50/50;
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* ACN/CH;OH/H,0O 1/1/1;

* ACN (after extraction an equivalent volume ofCHwas added);
» ACN/H,0 60/40;

» ACN/H,0 70/30.

The analyte was extracted with gentle shaking. @&dimn may be necessary for better

extraction.
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Figure 62
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As we can see in Figure 62 the best extractioneswlis CHOH and the most

appropriate card is FTA-DMPK-A. Vortexing for 10 muites improves the extraction, but

IS not a determinant parameter.

12.4.3.

Linearity
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Figure 63

Calibration plots of the analyte peak area ratithtd of the internal standard versus the

nominal concentration in blood were constructed dnadresults are shown in Figure 63
and in Table 32.

Linearity was tested by preparing and analyzingetwalibration curves in the range of

1.0 to 500ng/ml and the result was that linear gasps were observed for DBS over the

range. This is represented by the following linesgression equation for each day: y =
0.0137x + 0.000587, r = 0.9988; y = 0.0143x + 0100Q r = 0.9984; y = 0.0129x +
0.0019, r = 0.9989 where y represents the peakratieaof the molecule to that of IS and

X represents the concentration of the moleculegimh
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Table 32

Run 01

Std 1

Std 2 Std 3 Std 4 Std 5 Std 6 Std 7 Std 8 Std 9
1.0 2.5 5.0 10.0 25.0 50.0 100.0 250.0 500.0
1.0 2.6 54 9.2 24.7 54.2 94.7 239.0 499.0
100.0 104.0 108.0 92.0 98.8 108.4 94.7 95.6 100.0
Run 02 Std 1 Std 2 Std 3 Std 4 Std 5 Std 6 Std 7 Std 8 Std 9
1.0 2.5 5.0 10.0 25.0 50.0 100.0 250.0 500.0
1.0 2.6 53 8.8 25.2 53.2 98.0 242.2 504.1
100.0 104.0 106.0 88.0 100.8 106.4 98.0 96.9 100.8
Run 03 Std 1 Std 2 Std 3 Std 4 Std 5 Std 6 Std 7 Std 8 Std 9
1.0 2.5 5.0 10.0 25.0 50.0 100.0 250.0 500.0
1.0 2.8 4.9 9.8 23.7 53.5 98.4 246.5 489.6
100.0 112.0 98.0 98.0 94.8 107.0 98.4 98.6 97.9
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12.4.4. Accuracy and Precision QC samples stored at RT for
month (Stability)

Table 33
True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV% ACC % Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0% <15.0% <15.0%
SS-Low 3.3 10.0 110.0
3.0 2.8 -6.7 7.8 93.3 125
3.6 20.0 120.0
SS-Medium 40.4 1.0 101.0
40.0 40.7 1.8 0.5 101.8 15 1.6 8.5
39.5 -1.3 98.8
SS-High 373.8 -6.6 93.5
400 384.6 -3.8 3.6 96.2 3.2
398.4 -0.4 99.6
True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV% ACC % Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0% <15.0% <15.0%
SS-Low 31 3.3 103.3
3.0 34 13.3 2.2 113.3 114
2.7 -10 30.0
SS-Medium 40.5 1.3 101.3
40.0 40.3 0.7 15 100.8 0.9 0.1 6.6
41.0 2.5 102.5
SS-High 375.3 -6.2 93.8
400.0 384.6 -3.8 3.5 96.2 3.0
398.4 -0.4 99.6
True Conc. Estimated Conc. Bias% Mean Bias% ACC% CV%ACC % Mean Bias% CV% ACC%
ng/ml ng/ml each level <15.0% each day each day
<20.0% <15.0% <15.0%
SS-Low 35 16.7 116.7
3.0 3.3 10.0 5.6 110.0 13.2
2.7 -10.0 90.0
SS-Medium 42.9 7.3 107.3
40.0 39.5 -1.3 2.3 98.8 4.3 4.2 7.4
40.4 1.0 101.0
SS-High 431 7.8 107.8
400.0 426.7 6.7 4.8 106.7 41
399.7 -0.1 99.9

The intra- and inter-day accuracy and precisiorthef method of DBS method were
evaluated using QC samples at three different auretons analyzed against calibration
curve, which was constructed using calibration ddads prepared from a separated stock
solution.

The accuracy, the percent deviation from theorkticacentration, was generally within
10% for all QC samples.

DBS technique provides with another dimension foragye of biological samples, even
in absence of refrigeration. This application hasdnstrated the advantages of DBS in
preserving analytes from degradation or delayirgdigradation process.
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In this case samples have been stored at room tatape for 1 month. However, a

lower temperature may be necessary for longerlgiatdverage for some analytes.

12.4.5. Punch position and size comparison

Although good accuracy and precision date were ioddafrom the DBS assay,
important parameters that may potentially affee #ssay performance, such as punch
position, punch size, different extraction volunte &ere investigated.

Spots of 10 and %0 of LLOQ from two different donors were added b tcenter on
the printed circle on FTA Elute cards and allowedliffuse. These samples were allowed
to dry for at least 3h at room temperature priorat@lysis. Before analysis the DBS
samples were sealed in a plastic bag with desi@aibm temperature.

In this test was evaluated if ajll®f blood sample was sufficient for making an apéa
3mm diameter.

Moreover 5@l of sample blood volume was chosen to allow mbextone punch for a
3mm disk to be taken from the same blood spotxamele of the procedure is shown in
Figure 64.

The influence of the following parameters on theagperformance was then evaluated:

» Different punch position;

» Different punch size (for automation);

» Different volume of extraction solvents;

e LLOQ Comparison between: Different cards, Blood gl® from different

donors, Different punch size.
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Figure 64

In Table 34 are described the results of samplogtion. Usually the 3mm or 6mm
sample disks are punched out from the center dre dlood spots.

But we wanted to test if the sample taken fromdéeter area were different from those
collected away from the center area.

A drop of 5Qul at LLOQ concentration was spotted on the card.

We punched out five 3mm sample disks. One was meholt from the center area and
four from the peripheral area.

The one taken from the center area as three tal@n the peripheral area were
extracted with 1000 CH3OH plus IS.

It was found that there is no significant differenbetween the center spots and
peripheral spots for the tested molecule: all Arati® are comparable.

Than the fifth 3mm disk was extracted withub@f CH3;OH plus IS. This volume was
tested in order to evaluate the possibility of armomated extraction. The results

confirmed this possibility.
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Table 34

FTA® DMPK-A punch diameter 6mm, extraction solvent 200u |
*Remaining peripheral area after the first punched step

Parameter Results in Area Ratio (AU) Recovery (LLOQ Area Ratio %)
Mean LLOQ Donaor A n=2 0.004 100

Mean LLOQ Donaor B n=2 0.004 100

Mean LLOQ Donaor A n=2* 0 0

Mean LLOQ Donaor B n=2* 0 0

FTA® DMPK-C punch diameter 6mm, extraction solvent 200p |
*Remaining peripheral area after the first punched step

Parameter Results in Area Ratio (AU) Recovery (LLOQ Area Ratio %)
Mean LLOQ Donaor A n=2 0.004 100
Mean LLOQ Donaor B n=2 0.0036 90
Mean LLOQ Donaor A n=2* 0.001 25
Mean LLOQ Donaor B n=2* 0.001 28

Direct comparison results of LLOQ samples punched f  rom the center area and non center area of the spot
Puncher 3mm, extraction solvent 100pl

Area Ratio Donor A FTA® DMPK-A Donor B FTA® DMPK-A
Center 0.003 0.002
No center n=3 0.002 0.0023

Punch diameter 3mm, extraction solvent 50l in orde  r to obtain automatic extraction in 96 DW plates

Area Ratio Donor A FTA® DMPK-A Donor B FTA® DMPK-A
No center 0.004 0.004

12.5. Conclusions

A simple and rapid assay has been developed udioteviblood dried onto filter paper
cards. The collection of samples is easier, andokapreparation prior to analysis is less
time-consuming and requires fewer resources, asvilves the simple extraction of
compound from a disc punched from a dried blood spo LC mobile phase solvent.

The method is both precise and accurate, seleetidk linear over the investigated
concentration range with acceptable inter andiassay variability.

We selected the correct card type for our moledhie,best extraction solvent and the
appropriate mixing time. We did not detect theuefice of hematocrit (patient A and B)
composition. The blood spots proved to be stablendwa period of 1 month at ambient
temperature. The intra- and inter-run accuracy pretision are within the method
acceptance criteria. It has been found that sagbdication and punching position on the
spot do not significantly affect the precision awduracy of the assay. We have been able
to use 3mm punched spots with 50ul of extractiotvest in order to enable the

automation of the extraction process in future.
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In conclusion we developed a method suitable falyamng our molecule and DBS
technique can be considered as alternative tecarfimquPK/TK Regulated Bioanalytical
studies giving results comparable to the standathaods, but with significant savings in

time and resources.
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These findings were presented in poster sessidahg &llowing meetings:
“EBF Congress: Connecting Strategies on Dried Bl8pats”, June 17-18 2010.
Sheraton Brussels Hotel, Brussels, Belgium.
“R&D Science Day”, Thursday, September™32010 NCD Day. Merck Serono
Headquarters. 9, Chemin des Mines CH-1202 Geneva.
“6th MS-Pharmaday”, Milan, October 6-8 2010, Unaitx degli Studi di Milano.
Poster Title:

“Dried blood spot sampling in combination with LC-MS/MS for quantitative

analysis of new chemical entities”

Poster Authors:
Maria Chiara Zorzofi Rita Mastroianj Luca Barber§ Simona D'Ursd Luigi
Colombo

1 Global Bioanalytics, 2 NCEs Laboratory, 3 AutoimatLaboratory.
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13. LIMS

13.1. Definition

A Laboratory Information Management SystebiMS) is a software system used in
laboratories for the management of samples, labgratsers, instruments, standards and
other laboratory functions such as invoicing, plateanagement, and workflow
automation.

Laboratory Information Management Systems, spetificdesigned for this field, are
highly beneficial in speeding up all involved stefstem protocol design to the production
of the final pharmacokinetic report.

LIMS are database systems, designed to combing stad sample information with
acquired data from laboratory instruments in otdereduce administration and speed the
production of the final report”.

Most commercial LIMS have been developed for qualdntrol and clinical chemistry
applications. Because of their sample orientedgtleghese systems do not meet in a
straight forward way requirements important fortpool driven and highly organized
kinetic studies. In contrast, kinetic LIMS are stuatiented, in the sense that interest is
focused on the study in total and not just on alsirsample. These systems ‘fully
understand’ the design of the study and, therefare,able to take over various study
activities from the user, like managing involvedmgdes, coordinating the sample
analyses, reducing acquired raw data to conceotréitne profiles, reporting final data
and exporting profiles to pharmacokinetic calcwiatmodules. Once entered or acquired,
information about the study, samples and analgesailable during all subsequent study
phases, thus speeding up all involved steps, frmtopol design to production of the final

kinetic report.

13.1.1. Data model

All study and sample information is stored in th®B database according to a data
model specifically designed for kinetic studies aeftiecting all the complex relationships

between study parameters and samples observeddtiger The simplified data model
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contains all relevant study elements as entitiesnaly involved treatments, species,
subjects, matrices, study days and sampling tiemesvell as the resulting study samples.
The arrows between the entities describe the oslshiips between the different study

elements. Matrices and species are selected frerdgfined dictionaries.

13.1.2. Functionality and Traceability

* When the sample arrived.

* Who received it, who accepted it and under whadt kihcontract conditions.

* Where the sample was conserved initially.

* How the sample was distributed.

* Where the sample was conserved until the momethiecdnalysis.

» If someone split the sample or sampling procedure.

* What analytic procedure was followed (with detdibr example, of the
conditions of use of equipment).

* Quality parameters of the analytic method used.

» Technicians that carried out the analyses (traiaimg qualifications).

* What reagents were used (with detail, for examepfereception date and of
opening date).

 What standards / strains were used (with the seiplicertificate or all the
relative information in its preparation was).

* What equipment was used (maintenance, calibratdrvarification).

* Who and how the specifications of the equipmemagents, cultivation means
and materials used were checked to their reception.

* What mechanisms for the evaluation of the qualitshe results were used.

* What were the environmental conditions.

* Who validated the results.

13.1.3. Initialization

During the initialization phase, a new kinetic stug defined, which means, that
information concerning the study design, involvedmples (including calibration

standards and QC samples), and analytes to be redaae entered into the LIMS. First,
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all involved study elements like treatments, suisjecollected matrices, nominal sampling
times, etc. are entered and linked according tosthdy plan. Using this information, the
system is able to calculate the total number ofpdesto be collected and to describe each
sample by treatment, dose, study day, speciesedybpatrix and sampling time. A
flexible procedure then allows the automatic geti@neof sample identification codes for
all kinds of coding conventions, which are in usehe different preclinical and clinical
centers.

After initialization all the samples expected aesctibed in the LIMS by a combination
of study parameters. Each combination is uniqueiandentified internally by a sample
number. Generation of sample codes is initiategroyiding the system with the desired
syntax.

The study undergoes a number of consecutive prihgasy LIMS treatment. During
initialization, the study is completely open foryamodification or extension. After
approval, the study is ready for sample log-in dath acquisition and the study protocol
is available as a printout. Completed studies &én” to prevent any further handling
on reported and already interpreted bioanalytiegh énd than archived for long-term data
storage. In case of limited storage capacity, aszhstudies are removed from the on-line
database leaving only some key data in the LIMSltow management of archived

studies.

13.1.4. Sample management

Study samples undergo a certain life cycle durifg& treatment which can easily be
monitored by providing each sample with a statlee $tatus changes each time a certain
study activity has been completed for a samplesatde management functions update
the user at any time about the current sampletgtyawith regard to sample definition,
receipt, availability, analyses, storage and diapos

During initialization the samples remain in thets$a‘'expected’ and various outputs,
like sample lists, sample labels, etc. can be geeér thereby using information readily
available from the study initialization. Labels tain a detailed description of the sample
to be collected together with the sample identifccacode. Modem systems even provide
bar-codes on the labels for quicker and more rigliahmple identification. After receipt,

the samples are logged into the LIMS, either mdpwalby means of a bar-code reader.
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Even the manual procedure allows a quick samplaniadue to a simple three-step
procedure: retrieving codes for all delivered samplrom the database, changing the
status from ‘expected’ to ‘received’ and again isigithe updated status for each sample
in the database. Log-in of samples which are ‘mgssior various reasons is performed
accordingly. During log-in, all relevant informatioabout sample source, collection,
storage and condition is registered and storetlen.tMS database as part of the sample
description. Additionally, all effective time valsi@ocumented during sample collection,
as well as subject initials, urine volumes, effeetdosing times, etc. will be entered into
the LIMS during this phase. Input of sample infotima can be very time-consuming, in
particular for large studies with manual data enfigr this reason, some companies store
all patient related information in a special datsb@hich is connected to the kinetic LIMS
for rapid data transfer. During sample analysig® #samples are in ‘progress’. When
sample analysis has been ‘completed’, the sampé&echived’ for a certain time and,
because of the limited lifetime, finally “disposeaf.

For management of calibration standards and Q(plesna less sophisticated LIMS
functionality is required. Usually, only details calt preparation, biological matrix,
storage, analyte lots, etc. are stored in the datlio provide sample reports with

appropriate header information.

13.1.5. Worksheets, data capture

Electronic generation of worksheets represents @ing¢he central LIMS activities.
Sample codes are transferred into an empty workskepplemented with vial numbers,
dilution factors, etc. and then downloaded via lowwork into the analytical instrument.
During sample analysis, the worksheet file is dillevith acquired data and finally
uploaded to the LIMS, which closes the worksheelei Since no manual data transfer is
involved during worksheet generation and data aifjpm, considerable time is saved
daily during sample analysis, reducing significaritie overall time required for a kinetic
study.

During sample analysis, acquired data are trarestar the worksheet file and linked to
the corresponding sample codes. Usually, raw dath as chromatograms, spectra, etc.
remain in the analytical instrument and are maigdiand archived there, while processed
data such as retention times, peak heights, acgigal densities are imported by the

LIMS for further data reduction.
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13.1.6. Pharmacokinetic evaluation

Approved concentration-time profiles are the inmldta for all pharmacokinetic
evaluations. Graphical representations visualize itiput data and help to understand
derived kinetic interpretations. Pharmacokineticapzeters are released in the form of
kinetic summary tables.

Usually, kinetic evaluation starts when sample ysialis finished and all profiles are
complete. However, in special circumstance, it migé helpful to obtain preliminary
kinetic information during an ongoing sample analysn this case, the LIMS should
release warnings that the profile is incomplete #Hrat kinetic calculations have to be
repeated after the sample analysis has been cadplet

The user should have access to the usual modehdepe and model-independent
calculation routines. However, special packagesh sas population kinetics, are rarely
integrated into pharmacokinetic LIMS. For this @asthe LIMS should obtain an
interface for exporting concentration-time profikesexternal pharmacokinetic programs.
Since the input routines of such commercial package not standardized, the LIMS must

be able to export the concentration-time profitedifferent output formats as Excel table.

13.1.7. Good Automated Laboratory Practices

All computerized systems which are involved in patostudies are subject to the
principles of Good Automated Laboratory PractiGé\[LP).

Treatment of non-GLP studies, now call€gViS, follows the common scientific
standard: a study can be directly used after liidion, data correction is possible
without special restriction, corrective actionsrdi need to be documented and final data
do not have to meet specific acceptance criteria.

For GLP studies, additional effort is needed tdrietsaccess to the study, to handle data
according to agreed procedures, to maintain a anhguality of final concentrations and
to assure that the history of study; sample and ttaatment will be transparent during
study audits to drug regulatory authorities.

To meet these goals, access to the study shoutdreéully controlled, in such a way
that only personnel responsible for the study, tlogrewith their deputies and seniors, are
authorized to enter, edit or delete study elemaatsples and data.
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In conclusion the use of a LIMS Software, in mytjgatar case the use of Watson
LIMS by Thermo, is very useful in fact it allowsther planning work, it facilitates the

registration of primary data and its traceabilitygeneral; it is also able to save it.

13.1.8. Creation of an Excel File containing macro

In order to optimize and enhance an important exjsnanual application, a particular
Excel File containing macros was created.

This File (Figure 65) consists of 13 sheets.

It can be used for a maximum of 1000 samples

A | B i c | b | E F ’ 6=
Ho4r Ny Storage report /WL Plate / WL Plate Seq Order / WL Plate Dilutions / Transformed / Sample Sequence / Raw Sequence File ;[I
UM

, A | B | ¢ D | E | F | ¢ H |
M <« » [W|{ Final Sequence Fle / DOMLbImpart / Plate Pos by Column £ Plate Pos by Colurn template / Plate Pos by Row / Plate Pust
NUM

Pranto

Pranto

Figure 65

It allows the creation of analytical sequences whi vial position number automatically
assigned without manual intervention. It interfadesctly the LIMS with Analyst without

the necessity of any further operation.
In the previous situation, the process requiredoferator manually reformatted plates

to produce the correct analytical sequence.
This file provides a flexible way to import a vasia number of samples into Analyst. It

illustrates an innovative application and adaptati existing concepts in response to a

specific need.
It is also used to interface the dilution factogesested into the LIMS with the Hamilton

Vector Software.
Although the file was developed for a particulaplagation, we believe it can be easily

applied to other circumstances.

13.1.8.1. General Instruction

» Creation of different folders (Figure 66).
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Figure 66

— — —

amationHAMILTONMACRD prime provelProva 290410

Marme

- |31 Storage Repart da LIMS

|2 Positions Custom Id e Dilutions da LIMS
|53 File excel plate 1

I File excel plate 2

)5 Sequence file

|6 File excel plate 3 FINAL

[0 7 File TET FINAL da importare in Anakyst

Into LIMS “Study Storage Report Selection” select container and box of
interest.

Copy as an Excel file thetorage Report” in the first sheet of the Excel file.
The same operations have to be done alsoSamples Position” and “Samples
Custom D"

After the compilation of the first four sheets dre tfifth called Transformed”
the macro is activate as shown in Figure 67, Fig8rand Figure 69.

B3 Microsoft Excel - Validated Macro WL plate and Sequence draft 24062010.xlt E] = @
x

@jﬁ]ﬂe Modifica  Visualizza  Inserisci  Formato  Strumenti  Dati Finestra 7 Digitare una domanda - &

s = W= WYl W W RS A e N )

710 EliGaCasal= | B o | = e Sy A~

L

B B T e | 7 | 24 By g3 | ¥4 Rispand con modiiche.. Termins ravisianz.

c9

~ A

A

B B D E E 55 =
Storage Report | WL Plate WL Plate Sequence

Plate Pos calumn row positian Wl Dilutions o,
By Row osition i F

-

&l

Storage report
pos

W4 b (WL Plate { WL Plate Seq Order { WL Plate Diution }, Transformed  Bampls Sequence / | < | Ll
Pronto

Figure 67

- | O Uiz Adita, . o - yalid... el 51 @ DO S
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B3 Microsoft Excel - Validated Macro WL plate and Sequence drafi 2304101 _23062010.xls

e B e B
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B v e.c.s

¥ Rispondi con modifiche... Termina reyvisione.

Digitars una domanda.
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F_DOM _library_import =
11 | “alifsted Macro Wl plate and Sequence draft 2306101, Madifica
12 “Waliated Macro WL plate and Sequence draft 2306101,
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24
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Figure 69
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By the creation and the export from LIMS of \Wdrk list/ Sequence File” pasted in the
sheet Raw Sequence File”, the residual macro steps are activate. The fstaet is
obtained and it will be imported into Analyst softe. The analysis can start without the
manual or automated effective reorganization of piete. This operation allows the

operator to save time.
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14. Conclusions

In this PhD project in Pharmaceutical Analysis itii@nual sample preparation processes

for LC/MS analysis have been automated using hrgltjhput techniques, and the

developed process has been enclosed in the franee mifarmaceutical bioanalytical

process managed by a LIMS system in Merck Serofo S.

Through use the Hamilton MicroLab Star liquid hangdl workstation, the most

important sample preparation techniques were sseftdgsautomated and implemented

for several biological matrix samples and analy@idss in turn has greatly reduced the

intensive manual labor as well as the possibiliiEsystematic error associated with the

manual volumetric transfers. Significant advantage®rms of efficiency and throughput

have now been achieved by this new automated padede maintaining the integrity of

the precision, accuracy and quality of the produdzd.

Over 12 studies and 5000 samples have been prepaneg Protein
Precipitation Technique in the Automation Laboratory since implementation
the first six months. The original goal to autom#te sample workload using
this approach was met.

A fully automated high throughputiquid Liquid Extraction method
validation has been developed. The results obtaieithg the validation of the
assay fulfilled all requirements and recommendatioegarding linearity,
accuracy and precision generally accepted for lailytinal studies.

Solid Phase Extractionprocedure can be performed by the workstation
proving to be quick and labor saving so in the faitit could eliminate the
human factors of specimen handling, extraction, dedvatization, thereby
reducing labor costs and rework resulting from hareaor or technique issues.
The automated extraction of peptides from blood@amhas been shown to be
feasible using the Hamilton robotic workstation. n@ared with manual
extraction methods reported previously the methasidshorter processing time

while maintaining equivalent linearity, sensibiland recovery.
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. It has been demonstrated also thatd Blood Spottechnique is useful
to eliminate critic processing aspects and coulcbb® of key importance in
providing breakthrough in the time required to depea drug by increasing the
number/time of analyzed samples; avoiding bloodtrdagation to produce
plasma; simplifying collecting, shipping & storifood samples; reducing the
number of animals. The preliminary tests demoretrathe feasibility and
applicability of this technique in Regulated Biobmias. It was found that with
this innovative technique all the steps beforeathalysis were simplified and the
capability to obtain better result quality was hagh

Comparative evaluations between manual and autdnsaraple preparation techniques
for new chemical entities in different matrixes @awveen done. The results in terms of

accuracy and precision are at a very high level.

In addition, several advantages over conventionahual methods were confirmed,
such as reducing “working hour” for analysts, ehating “working-hour” restriction, and
decreasing drastically lag time for each prepassdpe toward HPLC analysis.

Automation Laboratory can work as a bridge betwensample management system,
New Chemical Entities Laboratory and the informatroanagement system (LIMS), and
it will reduce drastically budgets and time frammr tlevelopment of pharmaceutical

product.

We have developed a fully automated laboratory tiolgystem for sample preparation
capable of conducting most of routine experimehtain objectives for developing this
novel robotic system are to streamline the anaitiasks by automating sample
preparations and analytical procedures, and torertbe safety of analysts by assigning

risk-involving procedures, such as handling of lygtangerous substances.

Final conclusions:
* Automated PPT has been utilized for many studiddenck Serono S. A.;

* LLE for biological sample extraction has been vaiétl for Clarity study;
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SPE, and DBS for biological sample extraction cambtomated;
Automationsaves timeandincreases the qualityof data, extraction steps are
more reproducible/reliable if computer controlled;

It is important to automate without loosing contadlthe process and keeping
the possibility of method changes if necessary;

Risk of cross contamination due to human mistakevoided;

HTBSP can be used (BLP andGCLP environments.
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* WI: “Centrifuga Allegra 6 R Beckman Coulter, 5810 BpEndorf, GR. 4.22

Jouan”.

* WI: “File Excel: Gestione dei campioni tra i sisteiviatson LIMS, Vector

(Hamilton) e Analyst”.

* SOP. “Sistema robotico Integrato Hamilton Microlab SRket”.
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