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Abstract

Development of a new drug is a long and costly @secand to avoid attritions due to
inadequate metabolic and pharmacokinetic dataimp®rtant to determine these early by the
use ofin vitro systems. The intrinsic clearance (gLs calculated from the disappearance of
test compound in the incubation plate over time fmmdnost compounds this disappearance
is linear, however, some compounds show a bi-phdspietion profile which can cause
under predictions oin vivo clearance when using the same calculation modeimprove
the quality of the assay for these compounds tlasores behind the bi-phasic depletion
profile were investigated. A set of 26 carboxylmds were incubated with rat hepatocytes
and human liver microsomes (HLM) on robot and theagpearance was determined by
LC-MSMS on HSS T3, CSH and BEH C18 columns. Thelations with HLM suggest that
conjugative metabolism dominated for this set ahpounds. Viability and matrix matched
zero time point had no impact on the depletion euMass/chromatographic interferences
from co-elution of metabolites were observed foo W the compounds which likely had an
impact on the response but this could not explanti-phasic profile. The identities of the
hydroxy and acyl glucuronide metabolites were coméid on quadrupole time-of-flight
(Q-TOF). A correlation was found between high Leg@and a more bi-phasic appearance at
higher cell concentrations. The depletion was medeWwith a bi-exponential model that
produced unbiased Gl values that were less prone to cause under pi@diof in vivo

clearance.

Keywords: Metabolic stability, intrinsic clearance, bi-phagiepletion, rat hepatocytes,

human liver microsomes
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1. Introduction

The development of a new drug is a long and cgstbgess involving many steps starting
with target identification and screening, followby lead generation and optimization and
finally pre-clinical and clinical trials before thdrug can be registered and launched on the
market (Bleicher, Bohm et al. 2003). In 2002 therage cost for developing a new drug was
approximately 900 million USD and the average dgwelent time 12 years (Kola and
Landis 2004). In 1991, inadequate metabolic andrpaeokinetic data was the reason for
40% of the attritions by the US Food and Drug Adstnmation (FDA) and so pharmaceutical
companies have invested in additional approachewxtease the success rate for new drugs,
such as the increased usearoVitro systems (Thompson 2001, Baranczewski, Stanczak et
2006). Determination of the metabolic profile, ajomith lipophilicity, solubility and protein
binding, early in the discovery process can eitieeused to modify the compound to obtain
more favourable metabolic properties, or to disdéwe compound early (Plant 2004). For
example, a compound that is rapidly metabolised nwyhave satisfactory bioavailability
vivo (Baranczewski, Stanczak et al. 2006). This apprdsams proven both time and cost
effective and had reduced the attritions for inaddg metabolic data to 10% by year 2000
(Kola and Landis 2004).

1.1. Phase |l and Il Metabolism

The physical property that allows the drug, or aeyobiotic, to be absorbed through the
gastrointestinal tract, skin or lungs, is the liptipity. Due to this, the elimination process by
a series of enzyme catalysed metabolism react®asually a conversion from lipophilicity,
which favours absorption, to hydrophilicity, whiéwours excretion through urine and bile
(Crespi 1995, Parkinson 2001, Thompson 2001). Gdgehe metabolism of the drug can be
divided into two phases; phase | and phase Il. iguphase |, the compound undergoes
oxidation, hydrolysis and reduction reactions gatadl by a number of enzymes such as
cytochrome P450 (CYPs) and flavin-containing mornyg@nases (FMOs) (Hasler, Estabrook
et al. 1999, Rendic 2002). Phase Il involves caaljiog reactions of lipophilic compounds
catalysed by enzymes like UDP-glucuronosyltransiei@GTs) and sulfotransferases (STs)
with cofactors uridine diphosphate-glucuronic acidnd 3’phosphoadenosine-5'-
phosphosulfate respectively (Chiu 1993, Tukey atrdsSburg 2000, Parkinson 2001). Not
all compounds go through both these phases of wieahh some compounds are
1



metabolised purely by phase Il reactions. Howeatter any of these reactions the compound

is more hydrophilic and more easily eliminated frbra body (Parkinson 2001).

1.2. In Vitro Systems

Two in vitro systems widely used in metabolic research areasienes and hepatocytes.
Microsomes are vesicles that consist of endoplaseticulum and therefore contain mostly
CYP and UGT enzymes (Brandon, Raap et al. 2003).hes@ are prepared by
ultracentrifugation from human and animal tissusssially the liver tissue (Clarke 1998), and
to achieve a standard enzyme concentration withadividual variation, samples from

different donors are often pooled (Taavitsainevoden et al. 2001, Brandon, Raap et al.
2003). The enzyme activity of microsomes can begrked for extended durations through
storage in a freezer, but for the enzymes to beeaefter defrosting, co-factors have to be
added to the suspension (Venkatakrishnan, von Matkal. 2003). The microsome system
makes it possible to distinguish between the dgtivof different enzymes like

glucuronosyltransferase (UGT), flavin-containing moxygenase (FMO) and Cytochrome
P450 (CYP). This model is well used for predictainn vivo clearance, although the enzyme
activity decreases after two hours, and thus placdimit on the incubation time

(Baranczewski, Stanczak et al. 2006).

Anotherin vitro model that is even closer to threvivo conditions is the hepatocyte. This
model contains both phase | and phase Il enzymegkhsas the necessary co-factors, which
make it suitable for estimation and prediction epétic clearance along with other properties
such as drug-drug interactions (Hewitt, Gbmez Lackb al. 2007). A disadvantage with
fresh human hepatocytes is the limited availabdityl the rapid decrease in viability, which
make it necessary to cultivate them immediatelgraifolation and use them within days
(Brandon, Raap et al. 2003). Through cryopresesnaif the hepatocytes these problems can
be mitigated, and if thawed correctly, the enzymatitivity can be comparable to the activity
of the fresh hepatocytes with a decrease of onl2% (Baranczewski, Stanczak et al.
2006).



1.3. Intrinsic Clearance

The metabolic stability of a compound is determimgdthe amount of compound that is
metabolised during incubation with cells, or cethctions, over a period of time and is
expressed as intrinsic clearance {glLandin vitro half-life (t1») (Venkatakrishnan, von

Moltke et al. 2003). This process can be automttemigh the use of robots, which enables
testing of a large set of compounds, and is widsld within discovery drug metabolism and
pharmacokinetics (DMPK) (Jenkins, Angeles et aD£Z®Riley and Grime 2004). Based on
these values, parameters like bioavailabilityyivo clearance and hepatic clearance {CL

can be calculated. To correctly interpret the nmaiabstability assay, a number of

assumptions have to be made, such as the liveg iggnmajor organ for clearance of the test
compound, and that the major elimination pathwayxislative metabolism. Furthermore, the
in vitro rate of the enzymes is the samenasivo, the concentration of the test compound is
below the Michaelis-Menten constant,() and that there is no inactivation of the enzymes
Finally, it is assumed that there is no non-speggiiotein binding of the test compound

(Baranczewski, Stanczak et al. 2006).

The clearance of a compound from a “well stirredid®l can normally be described by first
order reactions which produce an exponential dégag curve. The equation for the decay

and the more applicable logarithmic version ofeéh@ation are as follows:

y(t) = y(0) - exp(—kt)

Iny(t) =Iny(0) — kt

where y(t) is the concentration of the compountinag t, y(0) is the initial concentration of

the component, and Kk is the rate of decay of timepament. From k the Gl is calculated:

Microsomes:

Vincubation (Hl)
Pincubation (mg)

CLint = k (min™) (ul/[min - mg])



Hepatocytes:

Vincubation (“l)

/[min - 10°
Nnumber of cells(loﬁ) ( H /[ ])

CLip: = k (min™1)

where V is the incubation volume, P is the amodrrotein and N is the number of cells.

From the rate of decay the half-lifg,§} of the compound can also be calculated:

tl/z = an/k

where k is determined experimentally from the slopthe logarithmic first order reaction as

described above. A typical example of that cands:sn Figure 1.
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Figure 1. A typical example of a linear depletion as exlbitby most compounds. A linear

regression is fit to the data points with a goodfid the Cl, is calculated to be 37 pl/[mit0’).

However, not all compounds follow this depletion dab As shown in Figure 2, some
compounds exhibit a bi-phasic depletion curve whkeecurve displays two linear regions,
and a single regression will result in a poor @itthe data. As Gk is defined as “the
maximum activity of the liver towards a drug, inetlabsence of other physiological
determinants such as hepatic blood flow and dradibg within the matrix” (Baranczewski,
Stanczak et al. 2006), the flcalculated in Figure 2a might be an underestimadiad could

lead to an under prediction of thre vivo clearance. The calculation of GLwith the initial



high gradient, as shown in Figure 2b, may be closéne true value, although this evaluation

method is subjective.
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Figure 2. An example of a compound with a bi-phasic deptetiwofile with the Cl, calculated
using a) all data points and b) only the first ghddsing all data points results in a poor fit and
calculated Cly; of 10.1 pl/[min10°], compared to a value of 55.3 pl/[ri6°] using only the first

phase, which has a good linear fit, but is subjecind prone to errors.

A problem associated witlm vivo clearance predictions from vitro data is a systematic
under prediction (Hallifax, Foster et al. 2010). dwoid this systematic bias, the values are
corrected using a regression line generated fromivo clearance data and scaledvitro
intrinsic clearance from incubations of isolateghdiecytes. The reference compounds used
in making this regression line were selected fairtihoute of elimination being primarily
metabolic clearance (Sohlenius-Sternbeck, Jonesl.et2012). Thein vitro in vivo
extrapolation (IVIVE) can be visualised by plottiimg vivo CL;,; values against corrected
predictedin vivo CLiy; values (Wilson, Rostartiodjegan et al. 2003), and with an accurate
IVIVE the in vitro CLj,; can be used for efficient drug design. A study qrened by
Sohlenius-Sternbeck et al. showed that when thessmn line was applied to the data, 66%
of the compounds had a prediciadvivo CLi,; within a two-fold of the derived vivo CLjx

for humans, and the same number was 54% in ratdfiak-Sternbeck, Jones et al. 2012).
For CLi values calculated from bi-phasic depletion cuthese is a risk of under-prediction,
especially due to the subjectivity of the methodl ainis therefore important to use an
objective model for the calculation of (L Alternative ways of calculating Gk values

along with the impact on tha vivo clearance were investigated in this project.



1.4. Factors that may impact the depletion curves

Improved understanding of the bi-phasic profilesl d@neir interpretation is necessary for
further assay development, and will subsequentiy I®® improved data quality enabling

more accurate predictions iof vivo hepatic clearance. The drug depletion method midees

assumption that the concentration of the drugénstirrounding medium and in the cell is the
same, although this may not be the case due tspoarer protein activity. To distinguish

between the hepatic uptake clearance and the bepwtabolic clearance, Jigorel and
Houston compared the results from the conventiomahod and a media-loss experiment
(Jigorel and Houston 2012). It was found that fmme of the tested compounds, including
Atorvastatin, the media-loss experiment showedjghbsic decay whereas the conventional
method showed a linear depletion of the compourt authors concluded that this was
likely due to an uptake rate faster than metabglighich resulted in the accumulation of the

compounds inside the cells (Jigorel and Houstor2p01

Studies by Jones and Houston found that enzymahitisy during incubation may cause a
bi-phasic depletion of the test compound (JonesHmaston 2004). Another phenomenon
that could have an impact on the kinetics of theaatmaism is nonspecific binding of the
compound to the membranes, which in turn could reveémpact on thén vivo clearance
prediction (Austin, Barton et al. 2005). In genethk free fraction of the compound in the
incubation mixtures is assumed to be the same adatal amount of compound. This
assumption is used for the calculations of the bwdia parameters Kand K and is unlikely
to be the case for an vitro situation (Obach 1999). Because of this, the untidatrinsic
clearance (Cku) and the Cly are not the same for many compounds. Previousestual
microsomes have shown that some compounds havghabmding to microsomes and
consequently, protein concentration can have aradginpn thein vivo prediction (Kalvass,
Tess et al. 2001, Austin, Barton et al. 2002). Bwichave shown that the binding to
hepatocytes is a passive process where equilibrsuneached rapidly, and the extent of
hepatocyte binding is increased in compounds withdr lipophilicity (Ichinose and
Kurihara 1985). A study by Austin et al. also obser a realationship between the
lipophilicity of the compound and the nonspecifimding to hepatocytes through a
comparison of LogR, the octanol-water partition coefficient at pH SInith, Jones et al.
1996). They found that compounds with high LegRalues were more prone to unspecific

binding to hydrophobic compartments such as thespihalipids of the cell membranes, and
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in addition, this non-specific binding has beenvehdo be independant of cell viability

(Austin, Barton et al. 2005). It has been showrOtnach that in general, acidic compounds
bind to plasma proteins, but only bind to a negligiextent to human liver microsomes
(Obach 1999). For neutral and basic compoundsgxibent of binding is the same in the

in vivo andin vitro systems and should also be included in the piediotodel.

During incubation, the test compound is metabolisgd unknown metabolites and the
column selection for chromatographic analysis ipanant for data quality and can have an
impact on the final results based on the measureaighe peak area for the test compound.
If the wrong column is chosen, then co-elution dadtabolites and the test compound can
occur, which can result in a suppressed or enhasiggdl and consequently the peak area
could be over- or underestimated. In addition, thatrix of the sample could have a
considerable impact on the results and can haedfact on factors such as limit of detection,
limit of quantification, accuracy, precision, limég and therefore also reproducibility.
Although this phenomenon is not fully understoodge aeason is probably co-elution of
compounds on the analyte ionisation. The chemiatlre of the analyte is of importance for
the matrix effect (ME), however, these effects niegy reduced by improving the liquid

chromatography separation (Trufelli, Palma et @lL.1).

One occurrence that could have an impact on theappce of the depletion curves, and
hence the calculated L values, could be inadequate chromatographic semarghat
results in the co-elution of acyl glucuronides. $@$ the glucuronide moiety (176 Da) from
the acyl glucuronide in the ion source convertsnieabolite back into the test compound. If
the chromatographic separation is poor betweenestecompound and its acyl glucuronide,
the signal of the test compound will be overestedatiue to the contribution from mass
interference caused by the ion-source conversiacyf glucuronide (Xue, Akinsanya et al.
2008). An example of this fragmentation is shown Atorvastatin and the corresponding

acyl glucuronide in Figure 3.



» m/z 515
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m/z 276

a b m/z 276

Figure 3. Fragmentations of a) Atorvastatin and b) Atorvistacyl glucuronide. Note that the loss
of dehydrated glucuronic acid (176 Da) convertsabrmpound back to Atorvastatin.

1.5. Project Aim

The aim of the project was to investigate the kagyh nature of drug depletion in rat
hepatocytes and human microsomes of a set of camigowith respect to experimental
conditions, analytical set up and calculation apphoas a means to improve the quality of

the assay for these compounds.



3. Methods

This section contains a list of the equipment, mi@t® chemicals and reagents that were used
for the experiments along with a description of htw samples were prepared. In addition,
the analysis technique with LC-MSMS is describedwadl as the data processing and

modelling work for calculation of Gk.

3.1. Equipment, Materials and Reagents

This section briefly lists the technical equipmemntaterials and chemicals used for the

preparation of the samples that were analysed bivISB/S.

Equipment

Tecan Freedom Evo 200 robot (Tecan, Switzerlantl) plate shaker Variomag Teleshake
70 with TEC Control 485 (Thermo scientific, Unité&tates), Agilent Bravo Automated
Liquid handling Platform (Aglient Technologies, thkd States), Eppendorf Centrifuge
5810R (Eppendorf, Germany), Casy Innovatis celhtew(Roche Innovatis AG, Germany).

Materials

NUNC 1 ml 96-deepWell PP Plate Natural (260252, rifee scientific), conical NUNC
plates 0.45 ml/well (249944, Thermo Scientific),dsiwell lid (263339, Thermo Scientific),
NUNC 96 well cap natural (276002, Thermo Scienyjfi€ryopreserved male hepatocytes Rat
Han Wistar obtained from Bioreclamation IVT, lot.nGOA, Human liver microsomes
supplied by BD Gentest UltraPool 150 donor (Lot38289) (Products and Services, United
States).

Chemicals and Reagents

Acetonitrile (ACN) of HPLC gradeeg(g. Rathburn, Scotland), formic acid pfa. quality
(e.g.Merck, Germany)water ofe.g.Elga quality (Elga Ltd, Englandl.-15 Leibovitz buffer
(Gibco 21083-027), 5,5-Diethyl-1,3-diphenyl-2-imberbituric acid (no.39): Molecular
weight 321.4 g/mol (Sigma-Aldrich, Sweden), Dimét®ulphoxide (DMSO) 78,13 g/mol
(Sigma-Aldrich D2650), Casyton 05651808 001 (RpchSwitzerland), potassium
dihydrogen phosphate pfa. quality .g.Sigma-Aldrich), di-sodium hydrogen phosphate of



p.a.quality €.9.Merck, Germany), [3-nicotinamide adenine di-nudtephosphate, reduced
form (3-NADPH) (Sigma Chemical, USA).

Test compounds stock solution: 2 ul of 10 mM solutof test compounds was delivered
from the internal Compound Management, MéIndalén&ll plate in pure DMSO.

Stop solution: 0.2 ml of 1 mM no.39 stock solutemid was added to 1000 ml of acetonitrile
and 8 ml pure formic acid. This solution was stasied °C.

Phosphate buffer (pH=7.4): 100 mM PO, buffered with about 30 ml of 100 mM
KH,PO,.

3.2. Selection and Preparation of Test Compounds

A retrospective review of data previously obtaifemin metabolic stability in hepatocytes

showed that bi-phasic nature was predominantlyletdd by carboxylic acids; so for this

reason only carboxylic acids were chosen for thi@stigation. Out of the test compounds,
nine were commercial pharmaceutical compounds @nateither available or have been
withdrawn from the market, while the other seventeere compounds from Astra Zeneca’s
compound collection. In addition to the twenty s#st compounds six control compounds
were included to ensure the quality of the assalyrasults.

The stock solution of the test compounds was delidveby Compound Management,

MoIndal, Sweden in a 96 well plate. Four identiglates contained 2 pl of 10 mM in DMSO

for 26 test compounds and 6 control compounds aneetof these plates were used to
prepare the 50 uM test solution plate (Figure Fag test compound stock solution plates
were diluted in 98 pl in a 50% ACN solution by Boaautomated liquid handleAn aliquot

of 40 ul from each of the wells of the three plaiéthe diluted test compound stock solution
was added to 120 pl 50% ACN solution in the sanseptreating triplicates for each

compound at a 50 uM concentration (Figure 4b).
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cpdl |cpd9  |cpdl7 |cpd25
cpd2 [cpdl0 |cpd18 |cpd26
cpd3 cpd1l [cpd19 |cpd27
cpd4 [cpdl12 |cpd20 |cpd28
cpd5 cpd13 |[cpd21 |cpd29
cpd6 [cpdl4 |cpd22 |cpd30
cpd7 |cpdl5 |cpd23 |cpd31l
cpd8 [cpdl6 |cpd24 |cpd32

cpdl |cpd9  |[cpdl7 |cpd25 |[cpdl |cpd9  [cpdl7 |cpd25
cpd2  |cpd10 |[cpd18 |cpd26 |[cpd2  |cpd10 [cpd18 |cpd26
cpd3  |cpd1l |[cpd19 |cpd27 |[cpd3  |cpdll [cpdl9 |cpd27
cpd4  |cpd12 |[cpd20 |cpd28 |[cpd4  |cpd12 [cpd20 |[cpd28
cpd5  [cpd13 |[cpd21l |cpd29 [cpd5 |cpd13 [cpd21 |cpd29
cpd6  [cpd14 |[cpd22 |cpd30 [cpd6  |cpd14 [cpd22 |cpd30
cpd7  |cpd15 |[cpd23 |cpd31 ([cpd7  |cpdl5 [cpd23 |cpd31
cpd8 |cpd16 |cpd24 |cpd32 [cpd8 |cpdl6 [cpd24 |cpd32
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Figure 4. a) The design of the 10 mM stock solution of tashpound plate and b) design of the 50

UM test solution plate.

3.3. Preparation of the Incubation Mixtures

The following experiments were performed using eithat hepatocytes or human liver

microsomes; with the relevant preparation desaniptor each compound described below.

3.3.1. Preparation of Hepatocytes

Rat Han Wistar cryopreserved hepatocytes (COA) fstonage at -150°C were transported,
covered in dry ice, and thawed in a water bath7aC3until the hepatocytes detached from
the vials. The suspension was then transferredltori tubes containing 45 ml of Leibovitz
L-15 buffer and centrifuged at 50g for 3 min at modéemperature. The supernatant was
discarded and the washing step was repeated. Tleé\pas re-suspended in Leibovitz buffer

and the cell suspension diluted to a concentratf@pproximately 3 million cells/ml.

An aliquot of 25 pl of the cell suspension was altte10 ml of Casyton and the cell count
and cell viability was determined using CASY Inntivsi cell counter. Three dilutions of the
cell suspension were prepared (0.25, 1, and 2amildells/ml) and 245 pl of the dilutions

were dispensed into a 1 ml round bottom 96 well dNyhate, 32 wells for each cell
11



concentration. The blank plate was prepared with[1&f the cell dilutions, 32 wells for each
cell concentration. The incubation plate was theadéd onto the Tecan Freedom Evo 200

robot.

3.3.2. Preparation of Microsomal Suspension

Human liver microsomes (BD38289, 20 mg/ml protesnaentration) from storage at -80°C
were thawed in a water bath at 37°C. A 20 mM NADdggtution was prepared by dissolving
54 mg of NADPH in 3.2 ml of phosphate buffer (pH7-4). Three different protein
concentrations were prepared (0.27, 1.1, and 2/2nthdpy mixing the protein suspension
(187.5, 750, and 1500 pl) with an equal volume 6f@M NADPH solution before the
addition of phosphate buffer (pH = 7.4) to a teallume of 13.5 ml.

The three microsomal mixtures were dispensed imd dound bottom 96 well Nunc plate,
32 wells for each protein concentration, 245 ulwel. The blank plate was prepared with
15 pl of the cell dilutions, 32 wells for each catincentration. The incubation plate was then
loaded onto the Tecan Freedom Evo 200 robot.

3.4. Preparation of “True Zero”

For preparation of the true zero the hepatocytes Weawed, washed and diluted in the same
way as in the cell preparation mentioned in 3.Ble cells were quenched by adding 3 ml of
cell suspension to 18 ml of stop solution (ACN,%0.B.A, 100 nM 5,5-Diethyl-1,3-diphenyl-
2-iminobarbituric acid (no.39) as internal standland falcon tubes, one for each cell
concentration. The tubes were centrifuged at 4080@ for 20 min at 4°C. The plate
containing the extracted cell suspension was peephy dispensing 245 pl of supernatant
into a 1 ml round bottom 96 well Nunc plate, 32 l&/ébr each supernatant and the plate was

loaded onto the Tecan Freedom Evo 200 robot.

A 5 pl aliquot of the 50 uM test solution was addedthe plate, containing 245 pl of

extracted matrix, by the robot and after mixind,5aul sample of the mixture was added to a
stop plate prepared with 90 ul of extracted matffixe stop plate was centrifuged at 4000
rpm for 5 min at 4°C and then 50 ul of the supemtitvas diluted in 50 ul of extra pure Elga
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water by Tecan Freedom Evo-2 200. The plate wakederith a microwell lid was then
stored at 4°C.

3.5. Metabolic Incubations on the Robot

The incubation plate was pre-incubated for 15 miB72C on the Tecan Freedom Evo 200
robot with a Variomag Teleshake 70 at 13 Hz, whikectemperature and shaking frequency
was kept throughout the incubation. After pre-iretidm, 5 pl of the 50 uM test solution was

added to the incubation plate by the robot. Thalfeoncentration of the test compound in
the incubation mixture was pM and the content ghaic solvents was 1% ACN and 0.01%
DMSO. At each time point (0.5, 5, 15, 20, 30, 48, 80, 100 and 120 min) an aliquot of 15
pl was taken and quenched in 90 ul of stop soluipAa°C. The quenched plates (one for
each time point) were centrifuged at 4000 rpm fOrr2in at 4°C and then 50 pl of the

supernatant was diluted in 50 pl of extra pure Edg#er by Tecan Freedom Evo-2 200. The
plates were sealed with microwell lids and stored’& until LC-MSMS analysis.

3.6. Determination of Hepatocyte Viability after Incubation

The remainder of the hepatocytes solution (3 nmlkells/ml, described in Section 3.3.1) was
dispensed in triplicates of 245 pul in each wellatd ml round bottom 96 well Nunc plate.
This plate was loaded onto the robot during theabmaic experiments (Section 3.6) and
underwent the same 37°C incubation and 13 Hz spakon the full duration of the
experiment (120 min), after which the viability thfe cells in the three wells was measured
using the CASY Innovatis cell counter as descriladve. The remainder of the cell
suspension was placed in the 37°C water bath ddnegime of incubation and the viability

was measured after one and two hours.

3.7. Liquid Chromatography Tandem Mass Spectrometry Anal/sis

The samples were analysed with ultra-performargpgdi chromatography and tandem mass
spectrometry with ESI (UPLC-MS/MS) (Waters ACQUITNVQD) assisted with column
manger using three different ACQUITY UPLC columhSS T3, CSH and BEH C18, each
with dimensions of 2.1x30 mm and packed with Juih diameter particles. The

chromatography was performed with a 5 pl injectiolume at a flow rate of 1.0 ml/min with
13



a short gradient elution. The mobile phases catbist A (water with 0.1% formic acid) and
B (Acetonitrile with 0.1% formic acid). The elutigerofile was as follows: 0.2% B for the
first 0.1 minutes, then a linear increase to 95%t B.7 minutes, holding at 95% until the 1.0
minute mark, then a linear decrease back to 0.2@éingnat 1.1 minutes. Detection was
achieved by the multiple reactions monitoring cé thansitions determined in optimization
process by using MassLynx (Waters). The thermaliyi¢ glucuronides were expected in the
same transitions as the test compounds if the ciaraphic separation was achieved. The
hydroxy metabolites were detected using semi singgetion monitoring data acquisition.
Acquired data was processed using TargetLynx (Watard each peak was inspected before

the data was exported into the Excel (Microsoftyuation template.

3.7.1. Calculations

The depletion curve was visualised by plotting tlaéural logarithm of the peak area against
time. A line was then fit to the data and if theps of the line significantly differed from
zero, a statistical analysis of the depletion cumas performedin principal, a significant
correlation between concentration and time wasiobdthwhen the absolute t-value of the
depletion coefficient was higher than the criticafalue, {. The t-value was calculated as

follows:

r

VA =r3)/(n~-2)

Where ‘r' is the correlation coefficient and ‘n’ the number of data points. In the Excel
template the critical t-value,ftis calculated as TIN\ n-2), where the t-statistio) was set
to 0.05, which corresponds to a 95% confidencaeresult.

The graphs were then visually inspected. For thepounds with a linear depletion curve
and a passed t-test a singlejfclzalue was calculated. For the compounds with phlassic
depletion curve two values were calculated; onedas all time points and a past t-test and
one based on the steeper slope of the curve asdseg t-test. The GlLvalues were then
normalised against cell concentration and used pregliction model to predidn vivo

clearance.
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3.8. Data Modelling for Determining CL

As an attempt to better model the bi-phasic depietiurves, a bi-exponential equation was
also fitted to the data in addition to the standamho-exponential equation. The two models

were as follows:

Mono-exponential model:
y)=A-e™

Bi-exponential model:
y(t)=A-e Bt + C.e7 Dt

where the parameters A, B, C and D are the fit@@upeters. As the bi-exponential model

has two rates of decay, B and D, a single valuefaasd from the formula:

. _AB+CD

A+C bi—exponential

where A* is a single rate of clearance that hasstrae initial gradient as the bi-exponential
model, from which an overall GLcan be calculated. To streamline the data proagsain
MATLAB (Mathworks) script was created to fit the mm and bi-exponential models to the
raw data and perform a statistical comparison betwteem. The two models were compared
with the Akaike information criterion (AIC) which ag corrected as finite sample sizes were
used. The corrected AIC was calculated as folldvistlsky and Christopoulos 2004):

2K(K + 1)

SS
AICC—N*lIl(W)-F 2K + N_K—-1

where N is the number of data points, SS is the susguares for the model fit and K is the
number of parameters fit by the model plus one.otder to determine which model

minimised the loss of information, the differenneiilC. values were calculated:

AAIC = AICC,bi—exponential - AICC,mono—exponential
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From this the probability that the bi-exponentiabdel is better than the mono-exponential
model was calculated from:

e—O.SA

Probability(bi — exp.) = 14 -054

The values were then entered into the predictiodehtm predicin vivo clearance.

3.9. Metabolite Identification

The metabolite identification was performed on Synapt G2 quadrupole time-of-flight
(Q-TOF) with electro-spray ionisation (ESI) and Adg UPLC system (Waters) with the
accompanying software Metabolynx (Waters). Ten caumpls were chosen to be analysed
from the incubation in 1 million cells/ml at thréme points (0.5, 45 and 120 min) and were

analysed in the positive ionisation mode.

The chromatography was performed on the Acquity OBEH C18 1.7 um, 2.1x100 mm
column at column oven temperature 45°C witha injection volume at a carrier flow rate
of 0.5 ml/min. A high gradient elution was perforgetween 0.1% formic acid in water (A)

and Acetonitrile (B) in the following profile:

0 min 10% B
6 min 70% B
6.01 min 90 % B
6.70 min 90%B
6.71 min 10 % B

a bk 0N e

Metabolynx software was used to determine the presef the predicted metabolites.
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4. Results and Discussion

A large amount of data was generated throughowt thvestigation; therefore only
representative data that shows the major findindisb& displayed and discussed. It was
found that 19 of the 26 test compounds, when méssabin human liver microsomes,
appeared to be stable, which suggests that thendoinclearance route of these compounds
was conjugative metabolism rather than additionatatmolic routes such as phase |
metabolism (oxidation, reduction, de-methylatior.)etthis despite the fact that hydroxy
metabolites were detected for several of the comg®un the test compound set. In the
human liver microsomes, a few of the compounds sghldv-phasic depletion curves, but due
to the overall stability, few results could be obéal from these experiments. Therefore all

results presented are from experiments with raatoeytes.

4.1. Measurement of Viability during Incubation

As a decrease in hepatocyte viability may have féecteon the depletion profile, initial
experiments were performed to evaluate the cebiNt during the course of the two hour
long incubation. A series of viability measurememisre performed on the initial cell
suspension (3 million cells/ml) after being stomedh water bath for (0, 1 and 2) hours. The
viability was also measured of samples that undertlee same two hour procedure on the
robot as the metabolic experiments, although natiaddl chemicals were added to these
samples. The results, presented in Figure 5, shdhegdthe viability in the tube did not
change more than 5% from the initial value overttix@ hours of incubation, and for samples
that had been incubated on the robot, as in theyasere was a decrease in viability by less
than 10%. This small decrease in viability would lieely affect the overall enzyme activity
enough to have an impact on the shape of the dapletirve and neither would the organic
solvents in the incubation mixtures. The incubatiextures contained 1% ACN and 0.01%
DMSO, and while DMSO has been shown to have intnpieffects, the concentration used
in this study may be low enough to not affect theyenatic activity (Easterbrook, Lu et al.
2001). Previous studies have concluded that ACN et have any significant effects up to
concentrations of 1% and that it is the most slataibganic solvent for these investigations
(Easterbrook, Lu et al. 2001, Li, Han et al. 201Dkring drug development, the intrinsic
clearance is determined before the compounds atedtdor toxicity, and therefore toxic
compounds might decrease the viability during thubation. However, it is very unlikely
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that this can explain the bi-phasic depletion beéhavas established drugs on the market,
including Diclofenac and Telmisartan, also showd bi-phasic depletion profile. Based on
these viability measurements, it is unlikely thategrease in viability during incubation has a
major impact on the experimental metabolic stabiiata and the shape of the depletion

curve.

100 A~

80 A

60 H

Viability (%)

40 -

20 H

Tube 0 hrs Tube 1 hrs Tube 2 hrs Plate 2 hrs

Figure 5. Viability of rat hepatocytes incubated at 37°Caitube after (0, 1 and 2) hours and after
2 hours of shaking in plate at 37° C on the robbese experiments showed that the viability of the
cells did not significantly change over the two himeubation.

4.2. Chromatographic and Mass Interferences

Another factor that could have an impact on thestat the depletion curve is interferences
from the analytical setup. To investigate the ocmee of chromatographic and mass
interferences, as described in section 1.4, thdtseBom the chromatography performed on
the three different columns were compared. Theetdiferent columns were all of the same
length but had different separation characteristhts shown in Figure 6a, the choice of
column did not affect the calculated lLvalues for AZ 01. The formation of the acyl

glucuronide, shown in Figure 6b, appeared to otlarfirst 30 min of incubation before

slowly decreasing over the remainder of the expemtmThis time point was cohesive with

the shift in gradient in the depletion of the estnpound, however there was no co-elution of
the compounds so the breakdown of the acyl gluédeoback to test compound in the mass

spectrometer was not likely to contribute to thepmse signal and shape of the depletion
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curve. The values of Gl calculated from the results in Figure 6 are listedable 1 and
show that the choice of column did not have an thpghe final Cl, value for this

compound.

11.0 9.0
105 l\
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[ o 2 e
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Time (min) Time (min)
Figure 6. a) Depletion and b) acyl glucuronide formatiorcompound AZ_01 at a cell concentration
of 1 million cells/ml measured from chromatograpbk&paration on the HSS T3 (diamonds), CSH
(squares) and BEH C18 (triangles) columns on siradient elution.

Table 1. Calculated C|,; values for compound AZ_01 at 1 million cells/mtesfchromatographic
separation with the HSS T3, CSH and BEH C18 coluomsa short gradient elution. The first value

was calculated from all data points, while thetfpisase was calculated from the first two datagsoin

Column CLin (ul/min/10°)
All Phases First Phase

HSS T3 16.1 89.2

CSH 16.2 90.8

BEH C18 16.4 91.5

Not all compounds showed the same consistency betveach of the three columns;
however they did follow the same overall shape g turve. The separation of the
glucuronide and AZ_10 compound on the three chrographic columns is shown in Figure
7, where the main shaded peak corresponds to thd®Zompound and the smaller initial
peak is the acyl glucuronide. The two compoundsevarown to be adequately separated
with the HSS T3 and CSH columns, although the forsteowed a greater separation.
However, the BEH column was unable to effectivaparate the compounds and hence the
test compound and the acyl glucuronide were cadlufs an acyl glucuronide fragments

into the test compound in the ion source, (as de=trn section 1.4) and behaves like the
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test compound, it will very likely contribute todghpeak area of the test compound when

co-eluted, which would change the gradient of tbgletion curve.
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Figure 7. Chromatograms for AZ_10 after separation on thelg® T3, b) CSH and ¢) BEH C18
columns with a short gradient elution and analygth Triple Quadrupole (TQD) LC-MSMS. Note

3,685¢+005

™ min

that the two peaks were separated on the HSS T&&htdlcolumns whereas the peaks were co-eluted
on the BEH C18 column.

The depletion curves of AZ 10 obtained with the HESand CSH columns had a near
identical trend (Figure 8), although they were igaity offset from each other, which suggest
that there was a variation in response caused mpoond instability during the analysis.
The analysis of the samples for all three colunmak tapproximately 72 hours to complete
and the stability of the compounds during this tiooelld only be assumed to be constant.
Breakdown of the compound over time could posséxglain the observed vertical offset.

Furthermore, formation of the acyl glucuronide oced in the first 30 minutes, similar to
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compound AZ_01 (Figure 6), although the depletiorve did not exhibit a bi-phasic profile.

As the BEH C18 column was unable to separate tlye glacuronide from AZ_ 10, no

separate acyl glucuronide values were obtainedtHisr column and the depletion curve

showed a different trend to the other two columns.
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Figure 8. a) Depletion curves of AZ 10 and b) formation @uwnf the glucuronide at 1 million
cells/ml after separation on the HSS T3 (diamon®@3H (squares) and BEH C18 (triangles)
columns. Note that the glucuronide was not sepérfiten AZ 10 in the BEH C18 column so no

values were obtained for it.

The impact of chromatographic separation on differeolumns on the calculated L
values for compound AZ_10 were evaluated and a@aiied in Table 2. When including all
data points, there was no difference in calcul&lég;, between the HSS T3 and the CSH
columns. The Ck value generated from the BEH C18 column data vgéghtly lower,
which could be explained by the contribution of tteeeluted acyl glucuronide. The GL
values obtained from the first phase the data fHH&E T3 and CSH columns were again
similar, and in this case the value obtained fromBEH C18 column data was a third lower,
which clearly shows that the inadequate separatiorthis column had an impact on the

calculated Clq; value.

Table 2. Calculated Cl|; for AZ_10 at 1 million cells/ml after separationtivthe HSS T3, CSH and
BEH C18 columns. The first value (all phases) walsudated from all data points, whereas the first

phase was calculated from the first two data points

Columns CLint (ul/min/10°)
All Phases First Phase

HSS T3 7.5 28.1

CSH 7.6 29.7

BEH C18 6.3 18.9
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Overall, the best chromatographic separation betwbe test compounds and measured
metabolites for all tested compounds was achiewvedhe HSS T3 and CSH columns;
however this had no impact on the calculateg,Glalues. The chromatographic separation
with the BEH C18 column was adequate, with one jgixae where co-elution was observed
which was reflected in the calculated ;G alues. When calculating the lvalue based on
only the first phase small variations in the measwents can have a major impact on the
results as the number of data points to includienfirst phase are few and the selection is
subjective. In many cases, only two data points incduded which makes the values
uncertain. The deviation in GLvalue could be due to small variations in measergs) but
the co-elution of the acyl glucuronide is likely anportant factor, however this does not
contribute to the bi-phasic profile. Although th@wmns performed very similar, most of the
following results were produced using data from H#®S T3 column as this column is the

standard one for this assay.

4.3. Impact of Protein Concentration on the Depletion Cuve

To assess the importance of protein concentratorthe shape of the depletion curve the
experiments with hepatocytes were performed udingetdifferent cell concentrations; 0.25,
1 and 2 million cells/ml. For all compounds thectédted Cly,; values decreased with higher
cell concentration, after normalising values to te#l concentration with three examples
visualised in Figure 9. For some compounds, likergdstatin, the difference in intrinsic
clearance was large between the cell concentratishereas the protein concentration had
only a minor effect on intrinsic clearance for athkempounds including AZ_03. Most of the
compounds, such as AZ_01 fell in between theseetxt@mes. These results suggest that the
metabolic turnover is higher as the cell conceittnatiecreases which may be explained by a

larger fraction of unbound compound being availdbianetabolism.
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Figure 9. Calculated Cly values at different cell concentrations for AZ_@liamonds), AZ 03

(squares) and Atorvastatin (triangles). The chrography was performed on a HSS T3 column.

Depletion curves for all compounds at all threecamtrations were plotted on a logarithmic
scale for each experiment. The controls showeadeali profile for all cell concentrations,
while the depletion profile of the commercial and Aompounds varied from bi-phasic to
linear to stable. In the set of 26 test compoud@spf them changed shape of the depletion
curve towards more linear or stable at lower cefiaentrations, 11 were biphasic at all cell

concentrations, 2 were stable and 3 had a lingaetien curve.

A comparison was made between the compounds tkdaa & phasic depletion curve for all
three cell concentrations and the compounds winer@lépletion curve changed in shape for
the three cell concentrations. The LogD valueshi@ set of compounds ranged between -0.1
and 2.8. It was found that among the compoundshidwd a bi-phasic depletion curve for all
three cell concentrations, e.g. AZ_08 (Figure 1@#st of them had a low LogD value. For
compounds where the depletion curve appeared tonteenore linear or stable as the cell
concentration decreased, e.g. AZ 05 (Figure 101®, ltogD values were predominantly

higher than the compounds with a bi-phasic depietiorve at all three cell concentrations.
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Figure 10. Depletion curves of a) AZ 08 (LogD=0.2) and b) AB (LogD=1.7) at cell
concentrations 0.25 million cells/ml (diamonds)million cells/ml (squares) and 2 million cells/ml

(triangles).

A comparison between the compounds that had adsipluepletion curve for all three cell
concentrations and those that the depletion cuhanged shape, showed a statistically
significant difference between the LogD values (g 11). Although there were some

outliers, the trend was clear and cohesive witlufgd.0.
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Figure 11. A box and whisker plot of LogD values of compoundth different shaped depletion
curves at different cell concentrations (n=10), drajD values of compounds with bi-phasic

depletion curve for all measured cell concentratign=11).

Another thing worth noting is that for AZ_08 (FigutOa) the depletion during the first 15-30
minutes appeared to be independent of cell coretgamrwith about 60% and 40% remaining
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at 15 and 30 min respectively. The concentratiothefcompound was then stabilised at a
remainder of about (40, 35 and 20) % for (2, 1 ar&b) million cells/ml respectively. The
reason for this can only be speculated, a possijéanation could be metabolite inhibition

of the enzyme or a multiple enzymes involved, ottiple sites of metabolism.

4.4. Confirmation of Metabolite Identity

Metabolites formed during incubation may contribtdethe response signal and hence also
the shape of the depletion curve. To test this,ntlest likely metabolites were detected by
multiple reactions monitoring of the transitiondetenined in optimization process by using
QuanOptimize (Waters). The acyl glucuronides weggeeted in the same transitions as the
test compounds if the chromatographic separatios achieved. The hydroxy metabolites
were detected using semi single reaction monitadeg acquisition, allowing comparison of
depletion of the test compound and the formatiothefmetabolite. Acyl glucuronides were
detected for 15 of 19 bi-phasic compounds and fof the 7 linear compounds along with 4
and 2 hydroxy metabolites detected for bi-phasid lamear compounds respectively. From
this small set of compounds no conclusions can t@vm but it appears as if acyl
glucuronides are present to a larger extent in camg@s with bi-phasic depletion behaviour
and the hydroxy metabolites are present in botle Aydroxy metabolite was detected for
AZ_ 12 and the depletion of the test compound aedfdhmation of hydroxy metabolite are
shown in Figure 12. It was observed that as thtecteapound at a cell concentration of 2 and
1 million cells/ml was metabolised the metabolitaswormed. At the 0.25 million cells/ml

cell concentration, the compound appeared to lxeskait the metabolite was still formed.
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Figure 12. Depletion curve for a) AZ_12 and b) formation oydhoxy metabolite at cell
concentrations 0.25 million cells/ml (triangles)nllion cells/ml (squares) and 2 million cells/ml

(diamonds).
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The CLn: values were calculated for the depletion of thenpound as well as for the
formation of hydroxy metabolite and are listed iable 3. The rates of depletion of the test
compound and the formation of the metabolite werelar for the cell concentrations 1 and
2 million cells/ml, but at 0.25 million cells/ml ¢hcompound appeared stable with a
calculated Cly lower than 1. However, there was a rapid formatbthe metabolite (89.2
ul/min/1@ for all data points and 222.8 pl/minfifar the first phase) and it is not unlikely
that this rapid formation contributes to the shapehe depletion profile even if the mass
response of the hydroxy metabolite cannot be usedltulate concentrations and therefore

the difference in absolute concentration cannatdiermined.

Table 3. Intrinsic clearance of AZ_12 and the formatiorhgéiroxy metabolite calculated for all data

points and the first phase.

Bi-phasic formation of metabolite Linear depletion
pl/min/10 CLin¢ (UI/min/10)
Cell concentration
(million cells/ml) All Points First Phase
2 115 42.9 (2 points) 15
1 17.0 52.1 (2 points) 1.8
0.25 89.2 222.8 (2 points) <1

To investigate the possible contribution to the veumprofile by the metabolite, the
chromatograms were inspected (Figure 13). Multipbssible hydroxy metabolites were
detected (Figure 13a), and it was found that for 2Z the test compound and one of the
hydroxy metabolites co-eluted on all three colummen analysed on the short gradient. In
addition, the acyl glucuronide was detected onstmae trace as the test compound (Figure
13b).
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Figure 13. Chromatogram for AZ_12 from analysis on short gratelution on HSS T3 column with
a) hydroxy metabolite and b) the test compoundthadhermally labile acyl glucuronide. Co-elution

of test compound and hydroxy metabolite occurred.

To confirm the identity of the metabolites, the pdas were also analysed on a long gradient
chromatography and Q-TOF. The long gradient praVvideetter separation between
compounds, although the co-eluting peaks on the gnadient were still slightly overlapped.
The spectrums for the test compound and the aaydugbnide were inspected and their

identities were confirmed and multiple hydroxy nietlites were detected (Figure 14).
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Figure 14. Chromatogram for AZ_ 12 from separation on BEH omiuusing a long gradient and
analysis on Q-TOF. Detected compounds were thacyd)glucuronide, b) hydroxy metabolites and c)
the test compound. The identities of the test camgaand acyl glucuronide were confirmed by TOF

data.

The spectrums for the three peaks shown in Figdbewlere studied to identify the possible
hydroxy metabolites (Figure 15). The peaks eluted8.62 min and 4.01 min could be
confirmed to be hydroxy metabolites from the tog aottom traces. The smaller peak eluted
in between the two peaks had a spectrum identicdéhe spectrum of the test compound
suggesting that this metabolite fragments intotdst compound in the ion source. If the
three large peaks from the long gradient chromafdgy corresponded to the same
metabolites as the three largest peaks on the gjradient chromatography, then the
metabolite that co-eluted with the test compound wee one that breaks into the test
compound. It is very likely that this metabolitentgbuted to measured peak area and may
explain why the compound appeared to be stable.2& @nillion cells/ml. Although,
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compound AZ_12 was the only compound with a coiatubf the hydroxy metabolite and
the test compound and despite that, it had a lidepletion curve. Because of that it can be

concluded that this co-elution does not cause bsgidepletion behaviour.
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Figure 15. Spectrums of the tree peaks caught on the hydmetabolite trace in Figure 14. a) and ¢)
could be confirmed to be hydroxy metabolites. Tlenpound in b) was most likely a hydroxy

metabolite that fragmented into the test compourttieé ion source.

4.5. Data Modelling for Objective Calculations of CLy

The bi-phasic depletion was modelled as a mearubjectively calculate the Gk with a
reduced risk of underestimation. The data was nlisathto 100 % and fit to a mono-
exponential model (red line) and a bi-exponentiadet (blue line). The results for AZ_12
and AZ_01 at 1 million cells/ml are visualised igire 16 and the fitting parameters with
confidence intervals and the goodness-of-fit valces be seen in Table 4. The two models

overlap for AZ_12 (Figure 16a) which is a strondigator that the depletion is linear on a
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logarithmic scale. Furthermore, the confidencervals for the parameters are large for the
bi-exponential model, suggesting it is a poor mddelhis set of data. By visual inspection
of Figure 16b the bi-exponential model fits theadaet very well, and even though R

adjusted is not an absolute indication of thetfie value of this model for AZ_01 is 0.999

which is near enough perfect fit to the data points

Normalised Response
Normalised Response
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70 a
65 ! : : : : : 0 B : . T r :
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Figure 16. Mono-exponential model (red line) and Bi-exponainthodel (blue line) fit to normalised
response at all time points at 1 million cells/mt &) AZ 12 and b) AZ 01. For AZ 12 the two
models overlap which means that the depletion isagvexponential. For AZ_01 the two models are
fit to the data differently.

Table 4. Fitting parameters with confidence intervals amsdness-of-fit for a mono-exponential

model and a bi-exponential model for AZ_12 and AZaDa cell concentration of 1 million cells/ml.

AZ 12
Coefficients Values Cl12.5%  CI97.5% | Goodness-ofifi Value
Mono-exp. a 101.30 98.12 104.47| sse 4.096E+01
b -0.002 -0.002 -0.001| R? 8.992E-01
df 7.000E+0Q
R%adj. 8.849E-01
Bi-exp. a 0.00 -36.6E+06 36.6E+06§ sse 4.096E+01
b 0.00 -36.7E+06 36.7E+06 R? 8.992E-01
c 101.29 -36.6E+06 36.6E+04g df 5.000E+00Q
d 0.00 -50.40 50.40| R%adj. 8.388E-01
AZ 01
Coefficients Values Cl2.5% Cl 97.5% | Goodness-oftfi Value
Mono-exp. a 96.41 73.69 119.13| sse 7.679E+02
b -0.06 -0.09 -0.03| R? 9.015E-01
df 7.000E+00
R%adj. 8.875E-01
Bi-exp. a 87.02 83.66 90.38| sse 2.831E+00
b -0.12 -0.13 -0.11| R? 9.996E-01
c 18.25 15.16 21.34| df 5.000E+0(Q
d -0.004 -0.006 -0.002| R?adj. 9.994E-01
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To compare the models, the Akaike Information Ciote scores were calculated for both
models and from that the probability that the bp@xential model is the best for this data set
was calculated (Table 5). For AZ_12 this probapiitas 0 and for AZ_01 the probability
was 1, which agrees with the visual presentationhfe depletion of both compounds (Figure
16). The Clg values for the two models were also calculated aodg with the corrected
values based on the bi-exponential model (Table Foy. AZ 12 the corrected value
corresponded perfectly to the value calculated ftbenmono-exponential model suggesting
that the bi-exponential model, when corrected, pced representative data. For AZ_01 the
corrected value was closer to the uncorrected vathua the bi-exponential model (2 exp
alpha), which could be expected from the high pbdlg of the bi-exponential model and
the visual inspection of the depletion curve. Aekponential decay model approach has
previously been used by Jigorel and Houston forcdieulated Cl,; values, but they used no
correction term and assumed the first depletiorstzon to be representative as the decay

constant for the first phase (Jigorel and Houstait?.

Table 5. Akaike Information Criterion scores and calculad,; values for mono-exponential model

and bi-exponential model for AZ_12 and AZ_01lat lliom cells/ml.

AIC AZ 12 AZ 01

AIC. mono-exp 2444 50.82
AIC, bi-exp 43.64 19.59
AAIC (bi-mono) 19.20 -31.23
Probability (bi-exp) 0.00 1.00

CLjnt (l/min/million cells)

1 exp (all) 1.71 58.03
1 exp (alpha) 1.71 89.20
2 exp (alpha) 2.00 117.30
2 exp (beta) 1.71 418
Bi-exp. corrected 1.71 97.68

For most compounds this method to choose the ngbtel for the depletion of the
compound and the calculation of glwas adequate and objective, however there are some
limitations. The model needs a minimum of 4 datafgoto make the bi-exponential fit and
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the Akaike Information Criterion scores need mdrant7 data points to be able to make the
calculations to compare these two models. The asstiyp collects a maximum of 9 data
points which can be a problem for rapidly metatsmlisompounds that generate fewer data
points. These two compounds that are presentesaaspbes are two very clear examples of
linear and bi-phasic depletion and that is whyghabability was calculated to 0 and 1. Some
of the other compounds fall in between but mayleentiodel does not have to be chosen, with
the bi-exponential model and the correction terre tlalculated Ci; value will still
correspond to the mono-exponential value if theletem is linear. The current way of
producing the Cik; values from compounds in high throughput screenuagks for the
majority of the compounds but becomes a problemnwlaeed with a bi-phasic depletion
curve. To eliminate the human factor of the deteation of the Cly, an objective
calculation model is highly needed and as suchaymsoach could be useful.

4.6. Impact of Choice of Model on the Predictions of irvivo Clearance

The Cly values calculated for the mono-exponential modsing all data points and the
first phase respectively) were entered into thaipton model and produced two different
values for thein vivo clearance. The values are compared in Figure 1&nyNMbf the
compounds are found near the dashed line indic#timigthe prediction for these compounds
is not likely to be affected by which of the two i;lvalues the calculation is based on. The
hepatic blood flow of a rat (and therefore the maxin blood clearance rate) is 72 ml/min/kg
(Sohlenius-Sternbeck, Jones et al. 2012) and #dili;swvas used to calculate the fraction of
the maximum blood clearance for each predictiorre&@rcompounds (circled in the figure)
had a fraction difference of more than 30 %, anthese cases the choice of;&kalue does
have an impact on the prediction. Six other compeumad a fraction difference of 10-20%
between the two calculation models. When the bloedrance values were converted to
plasma clearance (conversion factor 0.55 for a(adlenius-Sternbeck, Jones et al. 2012))
the prediction for the first phase was closer ttienprediction derived from all data points to
experimental data ah vivo plasma clearance; however the amounnofivo data was very
limited and only available for 3 of the test compds, and no conclusions could be drawn
from that small comparison (For the plasma cleaapedictions data see Appendix I).
Despite that, it does seem likely that the predriwill be in better agreement withwvivo
datawhen they are based on the higher,Qlalues derived from the first phase. When the

predictions generated from the mono-exponentialehtmt the first phase and the corrected
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values generated from the bi-exponential model werapared they did not deviate at all
(Figure 18). This suggests that the prediction imdependent of which of the models was
used, however, as the mono-exponential model ferfitst phase is subjective and the
bi-exponential model is objective and includes mints, and again, an objective method

including all data points is more robust and repcibole.

phase (ml/min/kg)
\

¢

20 < -~
® &
Q.

1000
e
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Predictedin vivo blood clearance using all data points (ml/min/kg)

Predicted blood clearance for first

Figure 17. Comparison of predictions @h vivo blood clearance using a mono-exponential model
with values calculated from the first data pointsl all data points for all test compounds at a 1
million cells/ml concentration. The compounds whehe difference between the fractions of

maximum blood clearance of the predictions was rtioaa 30% are circled.
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Figure 18. Comparison of predictions ah vivo blood clearance between the first phase with a
mono-exponential model and a bi-exponential modelall test compounds at a 1 million cells/ml

concentration.

4.7. Assessment of the Importance of True Zero

To investigate the importance of the true initiahmpound concentration for the depletion
curve (in the standard assay the first time pan®.b min) an experiment where the cells
were lysed before the addition of compound wasoperéd. The difference in peak area
between the true zero sample and the first timatg@b min ranged between 1% and 40%
with an average of about 20%. Two compounds withdherage difference between the 0
point and the 0.5 time point were Atorvastatin wathinear depletion curve and AZ_11 with
a bi-phasic depletion curve. The disappearanchetbompounds between the first two time

points can be seen in Table 6.

Table 6. Disappearance of Atorvastatin and AZ_11 durindfitisé two time intervals of incubation.

Disappearance Atorvastatin  AZ 11
Between 0 and 0.5 -20% -21%
Between 0.5and5 -25% -34 %
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The depletion curves of the two compounds were ftextievith a mono-exponential model
for Atorvastatin (Figure 19a) and a bi-exponentreddel for AZ 11 (Figure 19b) including
the zero points (squares in the figures) and caseba as the curves in the figures.

5.0
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4.0

InArea

3.5 1

3.0 A b
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0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
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Figure 19. Depletion curves of a) Atorvastatin and b) AZ_1lithvirue zero as squares in the figure.
A mono-exponential model to all data points (inghgdzero) has been fit to Atorvastatin and a
bi-exponential model has been fit to all data mi(including zero) for compound AZ_11. The

models are visualised as curves in the figures.

From the models, Gk values were calculated by including or excluding zero time point
(Table 7). For AZ 11 the calculations were perfamgsing both models. For linear
compounds like Atorvastatin, there was no diffeezbetween the values including the zero
time points, which could be expected if the depletcurve is linear. For the bi-phasic
compound AZ_11 the Gk values calculated on the first two points, inchgdor excluding
the zero time point, agreed very well with the eslyproduced by the bi-exponential model.
The Cl value for AZ_11 changed about 20 % when the zeiotpeas included which is
not likely to have a major impact, but could poiglht cause a slight under prediction. From
the setup for the assay of this project it is nogsgible to distinguish between uptake and
metabolism rate limitations as the cells are lysdten the reactions are stopped. It has
previously been shown that some compounds metabdis the same rate as the
disappearance of the compound from the mediumnglyssuggesting that they are uptake
rate limited, whereas other compounds, such asvAstatin, have a bi-phasic disappearance
from the cell medium but a linear depletion (Jig@med Houston 2012). There is a possibility
that the bi-phasic depletion profile can be obsgreg compounds where the metabolism is

uptake rate limited.
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Table 7. Calculated Clint values of compound AZ_11 usingi@no exponential model at different
number of points and a bi exponential model incigdall data points including and excluding the

zero point. The values calculated from the bi-exgial model have been corrected.

Atorvastatin AZ 11
Mono-exponential model Mono-exponential model| Bpexential model
No. of data points Ck | No. of data points Gk | No. of data points Gk
All 37 2 92 All 92
All + zero point 38 3 55  All + zero point 114
4 38
All 9
1 + zero point 465
2 + zero point 116
3 + zero point 65
4 + zero point 44
All + zero point 11

Rapidly metabolized compounds and compounds withova response on the mass
spectrometer were also investigated for the impeodaof the true zero value. Just as for
Atorvastatin, the Ciy values were found to match each other very welis hows that the

metabolic rate was not significantly affected biubdity issues for this set of compounds.
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5. Conclusions

In this study, a number of parameters that coufdience the compound depletion profile

were investigated. Also models for calculatingifizalues were developed and compared.
The metabolic incubations in liver microsomes resiiln 19 of 26 test compounds appearing
stable, which suggests that the conjugative meshalominated for most of the compounds
in this test set. The change in viability of thep@cytes was negligible during the course of

the metabolic incubation and is not likely to cdmite to the bi-phasic depletion profile.

The hypothesis that there may be a contributiothiéoresponse signal for the test compound
from mass or chromatographic interferences coult b confirmed; the short gradient

provided adequate separation for most compoundseiriest set. Although, for one of the

compounds a co-eluted hydroxy metabolite was olseand for one compound the acyl

glucuronide co-eluted. Co-elution likely contribsitdo the shape of the curve and
consequently also on the fglLvalue, but still cannot explain the bi-phasic matof the

depletion curves.

The Cly values decreased as the cell concentration inae&®® most compounds of this
test set, there was a correlation between the ehamghape of the depletion curves and the
LogD values. Compounds with low LogD were more gréa be bi-phasic at all the three
cell concentrations of this study whereas there avgeneral change from bi-phasic towards
more linear or stable as the cell concentratiomedeses for compounds with high LogD.
Unspecific binding to the phospholipids or proteaighe cell membranes may explain the

change in the shape of the depletion and coulddmmtibuting factor to the bi-phasic nature.

The identities of the predicted hydroxy and acylcgironide metabolites detected on the
triple quadrupole mass spectrometer with short igreadelution using single reaction
monitoring were confirmed on the Q-TOF. Acyl gluonides were detected for 15 of 19
compounds with a bi-phasic depletion curve andofdy 2 of the 7 compounds with linear
depletion curve. The acyl glucuronides were notlketed with the test compounds, with one
exception, and so cannot be the cause of the lEiphmature. In addition, the hydroxy
metabolites were co-eluted with only one of thé tesnpounds, so they also cannot account
for the bi-phasic nature, although they may be iogusnhancement or suppression of the

mass response.
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When modelling of the depletion, Akaike Informati@riterion performed adequately in
determining which of the mono- and bi-exponentiadels was the most suitable for the
majority of the compounds of this set of test coommts. However, limitations of the AIC
make it more suitable for larger data sets andahigd be a problem for rapidly metabolised
compounds. The corrected glvalues obtained from the bi-exponential modelesponded
well to the values calculated from the mono-exptiaémodel from the first phase; however
the bi-exponential model is objective and includikslata points which makes it more robust
and less prone to uncertainty in the data. The anpimaking then vivo predictions from
CLint values produced from the mono-exponential modetHe first phase or all data points
was small for most compounds, although not for\When the predictions were calculated
from the Cln values produced from the bi-exponential model tt@yesponded well to the
predictions from the first phase but provided otwéty. The predictions were closer to the
experimentain vivo data but with data for only three compounds noclu@ions could be

drawn about how well they correspond to the data.

The true zero had on average a 20% higher resgbase0.5 min time point, but fell very
well into the regression line of the models andd&bnot have a significant impact of the
calculated Clg value. For the bi-phasic compounds fit to thexpanential model, the Gl
values including and excluding the zero time poingse very similar, although there is a
small risk for a slight under prediction when exithg the zero time point. For compounds
with linear depletion, the inclusion or exclusiohthe zero point had no impact on the

calculated Clq; value.

Overall, the quality of the assay was improved aomhe of the possible mechanisms that
could contribute to the bi-phasic depletion behavimould be ruled out. An unbiased method
for determining a Cl value for bi-phasic compounds less prone to umdediction was

developed, although further studies have to beopmdd to fully understand the bi-phasic

nature.
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6. Future Studies

This project only focused on carboxylic acids alifo it could be of interest to consider
other types of compounds with bi-phasic depletiBy.testing additional acids, bases, and
neutral compounds, the mechanisms that producditpbasic depletion profile could be
investigated. In this project some of the metabsliwere identified, although the focus of this
project was not to indentify all of the metabolitesmed in the reactions. However, full
identification of all the metabolites may providédaional information about the bi-phasic
nature. A correlation was made between changeapesbf the depletion curves at different
concentrations and the lipophilicity, although thenspecific binding of the lipophilic test
compounds to the matrix could only be assumedullp dletermine the extent of nonspecific

binding an experiment that measures the bindingavoe beneficial.

It would also be relevant to perform experimentthwihe medium depletion method, as this
could assess if the uptake rate could be a rat@rignfactor for the metabolism and hence
have an impact on the shape of the depletion cutwethis set of test compounds (Jigorel
and Houston 2012). In addition, experiments withibitors to identify active enzymes

during the metabolism of the compounds and any looéta inhibition would be of interest.

It would be relevant to investigate if the changekinetics of the decay could be due to a
change of enzymes catalysing the metabolic reactéuring the incubation. If there is a
change of metabolising enzymes, the bi-exponemtiatlel could be appropriate from a

physical point of view.
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8.  Appendix |

Table 8. Predictions ofin vivo plasma clearance using the mono-exponential midided all data
points as well as the first phase. The table atstudes the predicteith vivo clearance using the
bi-exponential model. No values were generated lfamiracoxib and Zomepirac from the

bi-exponential model.

Predicted plasma clearance Cl, (ml/min/kg)
Mono-exponential model  Bi-exponential model In vivo data
All data points First Phase
AZ_01 11 3.7 3.9
AZ_02 2.3 8.2 5.8
AZ_03 1.2 4.1 4.2
AZ_04 1.0 4.3 4.2
AZ_05 2.3 2.7 2.9
AZ_06 6.7 8.4 8.9
AZ_07 3.2 4.4 5.2
AZ_08 2.0 5.8 5.7
AZ_09 7.8 22.1 23.8 79.6
AZ_10 6.3 13.1 14.8 55.9
Az 11 3.5 10.9 12.2
AZ_12 1.3 1.3 1.3
AZ_13 5.0 17.4 18.9 47.6
AZ_14 2.5 8.5 9.1
AZ_15 8.7 23.3 25.4
AZ_16 1.7 2.3 2.8
AZ_17 6.1 8.8 10.6
Atorvastatin 18.6 18.7 19.7
Diclofenac 224 27.0 27.0
Flufenamic 5.6 6.2 7.7
Furosemide 51 5.8 5.6
Indomethacin 0.9 1.0 1.3
Indoprofen 2.1 2.1 0.7
Lumiracoxib 16.8 23.8
Telmisartan 2.0 2.7 2.2
Zomepirac 0.8 0.8
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