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1. SELECTION OF THE TEST COMPOUNDS

1.1. INTRODUCTION

The aim of this report is to present the scientiitionale for the determination of the test
compounds to be tested in the MEMTRANS project ab &s the inhibitors for the transporter proteins,
system suitability markers and more adequate ioglt Ifor the project objectives.

The selection of the substances is based on thalihst of the substances present at the
MEMTRANS webpage, FDA Guidelines, further litera&wsearch on the substances that are known to
have efflux mechanisms mediated by ABC transpogknsg with the established selection criteria.

The report describes relevant physico-chemical @rarmacokinetic data for compounds that
were in initial list of the substances presentedhat MEMTRANS project. Some additional possible
candidate compounds for MEMTRANS are proposed. [$tefocused on P-gp substrates, but also
contained MRP2 and BCRP substrates.

Pharmacokinetic and physicochemical data for titesgpounds are supplied. Pharmacokinetic
data in report describes absorption, bioavailahititsposition and elimination of compounds in hasa
and experimental animals and the effects of Pgphammacokinetic of compounds.

1.2. OVERVIEW

Drug substances show different permeability charatics and grouped based on their
intestinal permeability. The 3 groups based orthef the drug absorbed are as follows:

High permeability 85 %
Intermediate permeability 4x<85 %
Low permeability < 40 %

In the development of an in-vitro method for sciegnthe drug substances in terms of
permeability, model drugs should represent a ramigow, moderate, and high absorption for the
demonstration of suitability of the metHod

There is another classification system based o lttestinal permeability and aqueous
solubility of the drug substances which are the taagor factors that govern the rate and extendwag d
absorp}ion. This classification system is calledmiarmaceutics Classification System (BSC) and is
follows™:

Class I: High Solubility-High permeability
Class II: Low Solubility-High permeability
Class IlI: High Solubility-Low permeability
Class IV: Low solubility-Low permeability.

If the highest dose of the drug is soluble in 230 ahwater it is classified as “High Soluble®.
And if the absolute bioavailability or intestinddsoorption of the drug is more than 90 % it is dfees
as High Permeable according to this classification

Effects of the transporters and the efflux systamesdifferent for all of the mentioned classes
above. Inhibition and induction of P-gp does naivgla significant affect on permeability coefficidat
the drugs in Class | since they are highly permeeabld soluble. Due to the low solubility observed i
Class Il substances the absorption site is shiftece towards to the distal intestine where P-gpaeff
may be pronounced. In actual in-vivo conditionsceimost of the dose of less permeable drugs is
absorbed from the lower intestine the effect ofpRisggpronounced for the Class Il substances ansd th
the pharmacokinetics of these drugs are highlyuarfted by P-gp inhibition and/or GI transit.
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(Indinavir, Emetidine and Saquinavir). Class IV gkuare more likely susceptible to P-gp efflux as th
concentration of the drug in the enterocytes at ame will be less to saturate the transporter
(Paclitaxel, Eletriptan, Clarithromycin). Most dfet P-gp substrates fall in the permeability botoer
limits. Thus inhibition of P-gp has a profound effen the over all bioavailability of these drugsugs
with both solubility and permeability in the bortiee region will be highly attenuated by P-gp amd a
also influenced by gastro-intestinal transit. Borlilee class is defined for the drugs that haveaptio
basal permeability coefficient of higher that 20ddpwer than 100 nm’sdetermined in-vitro cell
culture condition$s

Another solubility terminology used in the extefttlos report is gathered from United States
Pharmacopoeia NF29 and is as folldws

TERM AQUEOUS SOLUBILITY (mg/ml)
Very soluble 1000
Freely soluble 100-1000
Soluble 33-100
Sparingly soluble 10-33
Slightly soluble 1-10
Very slightly soluble 0.1-1
Practically insoluble <0.1

Table 1: Solubility terminology by US Pharmacopdgf29

1.3. GENERAL CRITERIA FOR THE SELECTION OF THE COMP OUNDS
Selection priorities are based on the selectiderzi listed in the project proposal:

Having a reported in-vitro efflux mechanism medigly P-gp, MRP2, BCRP

Having available data about human bioavailabilipharmacokinetics and non-linear
absorption mechanisms.

Available and reproducible analytical methods.

Available physicochemical data

Being commercially available.

The first 2 statements are for sure of vital impode since the work needs to be done on the
substances with efflux mechanisms based on trarespoand we are not able to produce in-vivo
bioavailability data for the substances in the eitd this project.

Selectivity of the substances to their transporeesalso taken into consideration which will be
useful for determination of the permeability whepaaticular transporter is inhibited with a modifie

P-glycoprotein is the most studied transporter agnothers up to date. The effects of this
transporter in the efflux mechanism of the substarare extensively described. The effect of thg P-g
on the substances with P-gp mediated efflux meshamian differ due to the permeability class of the
substance. Since bi-directional assays may faiidemtify highly permeable compounds as P-gp
substrates, the failure to identify highly permeabbmpounds would not be a concern because in this
situation P-gp is not likely to be significant barrfor these compounds to cross the membrabeigs
were considered as P-gp substrate when it showed BERER is the ratio of the permeability of the
drug substance from basal to apical chamber arudlajei basal chamber. High ER values indicates that
the drug substance is actively secreted by P-gpet@pical chamber thus this molecule is a sulestoat
P-gp. 5 P-gp substrates were selected as theoiagtozinds to be used in the project.

There are 2 other transporter proteins that arentakto consideration, MRP2 and BCRP.
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MRP2 is mostly involved in resistance mechanismtugfor cells to the chemotherapeutics. In
most occasions even the molecule is a substrat®RIP2, this protein is not involved in the gastro
intestinal absorption of the molecules. Secondlgsinof the studied substrates for the MRP2 transpor
are not only and specifically transported with MRERZher P-gp or BCRP are also involved in the
transportation of these molecules.

BCRP is also mostly involved in the resistance me@ms of the tumour cells and decreases
the intracellular accumulation of antineoplasicrageBut role of BCRP in limiting the absorptiontbé
drugs was also reported in previous works.

1.4. COMPOUND CANDIDATES

1.4.1. Celiprolol

Tnn,
Ay g
P

Figure 1: Chemical Structure of Celiprolol

Celiprolol is a hydrophilicb-adrenoreceptor blocking drug with intrinsic synfpmahimetic
activity and a weak vasodilating property

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Studies performed in Caco-2 monolayers showedQGedéprolol is actively transported across
the human intestinal epithelium and that the trpiiselial basal-to-apical transport of celiprolohsv
inhibited by typical P-gp substrates (vinblastinerapamil and nifedipiné)

Studies in Caco-2 cells and in situ rat model hakiewn that the intestinal secretion of
celiprolol is mediated by multiple transporterslimting P-gp5.

Studies in MDR cells that overexpress P-gp showeddaction in drug uptaRe After i.v.
administration of“C-celiprolol to bile duct-cannulated rats, approaiely 9% of the dose was found to
be associated with intestinal tissue and its castemhich is a strong evidence for carrier-mediated
absorption of celiprolé

b) Effect of efflux on in vivo pharmacokinetic peapes:

Rifampicin pre-treatment reduced plasma concepotratbf orally administered celiprolol
(AUC,.33n reduced 0.44-fold) and unaltered eliminatigp, orobably by inducing P-gp expression in
intestinal walt®.

P-gp inhibitor itraconazole increased the mean Adcof celiprolol by 80% as a result of P-
gp inhibition in the intestirt&.

Orange and grapefruit juice substantially decreélasanean Gax and AUG 33, of concomitant
admin§islt1ezred celiprolol by about 80% and 95%, reSpely probably caused by physicochemical
factors™

" Excipients (P-gp inhibitors) changed PK profilecefiprolol in animals without effecting total
AUC-.

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human bioavailability: 30-709%.
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Celiprolol exhibits dose-dependent non-linear apigon in humans after oral dosing with
bioavailabilities ranging from 30% at a 200 mg des&0% at a 300-400 mg dd3&° The area under
the plasma concentration-time curve (AUC) afteraménous administration is linear with dose and the
terminal half-life remains unchanged with increasitose after oral as well as after intravenousngpsi
These are not caused by altered dissolution, fizss metabolism or changes in excrétidrus the
combined pharmacokinetic characteristics of the pmmd imply incomplete non-linear uptake from
the gastrointestinal tract, caused by a saturdbiecenechanism in the intestinal waif".

d) Analytical methods:High Performance Liquid Chadography Analysis:

Matrix: blood

Sample preparation:

Dilution of stock solutions drug and internal stardl (propranolol) dissolved in methanol at 1
mg/mi81°,

Extraction using methyl-tert-butyl-ether as an oigaolvent. Propranolol served as an internal
standard’.

Guard column: g column

Column: 4.6x200 mm, Bm

Mobile phase: 1.2% triethylamine (w/v) in acetaletwater (29:71, v/v), adjusted to pH 3.0
with 85% orthophosporic acit

27% of acetonitrile and 73% of buffer solution (20 KH,PO;,, pH 3.8)°.

Acetonitrile [0.1% trifluoroacetic acid (20:80, yabl)]%°.

Detector: Spectrophotometric detection at 232-281 n

Limit of quantitation: 50 ng/mt®; 2 ng/mf°.

e) Physicochemical data:
MW 379, logP (exp.) 1.92, logP (cal.), basic dpla 9.4
Soluble: Sw (exp., HCI) 138 mg/ml, Sw (cal., instic) 0.13 mg/ml, Sw (cal, pH 7.4) 12.8
mg/ml (34 mM)

1.4.2. Paclitaxel

Figure 2: Chemical Structure of Paclitaxel

Paclitaxel is a taxoid antitumor agent used intineat of breast and ovarian cancer, non—small
cell lung cancer and Kaposi’'s sarcofifa®3*

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Studies performed in Caco-2 showed highly polarizedsport:
BL-to-AP flux rate of fH]-Taxol (0.04 mM) 10-20 times faster than in the-fo-BL direction
and inhibited by 0.2 mM verapamil (P-gp inhibitdsjt not by 1.0 mM probenecid (MRP inhibitor)
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BL-to-AP flux rate of fH]-Taxol (0.5-20m\) 4-10 times faster than in the AP-to-BL direction
and efflux inhibited by 5@M verapamil. Km 16.5 M, Vm 1.05 nmol/h/crh Pappas(pH 7.4, 0.5-20
uM) 4.4+ 0.4*10° cm/<°.

BL-to-AP flux rate of paclitaxel (M) 12 fold greater than in the AP-to-BL directiohP-to-
BL flux increased twofold when 2&M verapamil was added to the apical side. Furthesmthe
addition of 25mM verapamil analog KR-30031 to the apical sideéased AP-to-BL flux twofofd.

2 Pappas(PH 7.4, 30 uM) 2.2 0.9¥10° cm/s. Km 65 M, Vm 4.9 nmol/h/crf. Ratigsaag 4.1 +

0.

Studies performed in MDCKII-MDR1cells showed patad transport with Ratigas>108°.
Recent studies in MDCKII cells and MDCKII-MRP2 cks showed that MRP2 transports
paclitaxel and that this transport is stimulatecpbybenecitf.

Not substantially transported by BCRP or murinepBzt.

b) Effect of efflux on in vivo pharmacokinetic peaes:

Numerous mouse studies and clinical trials shovirad toadministration of a P-gp inhibitor
such as KR300031 (verapamil analog), cyclosporineS®Z PSC 833 (Valspodar), GF120918
(Elacridar), verapamil, and others increased dra\ailability of paclitaxel’ 3233343536

Using paclitaxel as model substrate, P-gp was stiowdnastically limit intestinal absorption of
orally administered substrafég®

Significant difference in plasma concentration,C(2-8 fold) and AUG (6-8 fold) in
mdrla/b(-/-) and wild type mié&*®

Another group of research used mdrla(-/-) micerolento study the effect of P-gp on the
pharmacokinetics of paclitaxel. The area underplasma concentration-time curves was 2 and 6 fold
higher in mdrla(-/-) mice compared to wild type eniafter i.v. and oral drug administration,
respectively. Consequently the oral bioavailabilitymice receiving 10 mg paclitaxel per kg body
weight increased from 11% in control mice to 35%nidrla(-/-) mice. Thus it is concluded that P-gp
limits the oral uptake of paclitaxel and mediatega excretion of the drug from systemic circudati
into intestinal lumett.

In another study inhibition of P-gp on the oraldyailability of paclitaxel was investigated on
wild type mice. The plasma level of paclitaxel inldvtype mice receiving the drug by oral route
remained very low. The plasma levels hardly exced¢de 1 uM (85 ng/mL) level, which is considered
of therapeutic relevance. The plasma AUC howeveneesed significantly by 6.6 fold (P<0.001) when
GF 120918 was given orally 10-20 minutes beforeatth@inistration of paclitaxel. This result indicate
that GF120918 at this dose level selectively andpietely blocks P-gp in the intestines and does not
notably interfere in the elimination of paclitasl metabolism or other transport€rs

MRP2 has a marked effect on paclitaxel plasma paeokinetics equal to the P-gp effect on
i.v. administration but also on oral administrati@specially when P-gp activity is inhibited (stesli
performed in mdrla/b/MRP2(-/-) mice showed that &kidCoral increased 2 fold compared with
mdrla/b(-/-) mice and 14 fold compared with WT nifce

Effect of P-gp on the efflux of paclitaxel was sed on intestinal fragments isolated from
mdrla(-/-) mice. These intestinal fragments doauwitain P-gp since these mice do not have the igenet
information required for the expression of the P-gptial studies used two compounds known to
interact with P-gp, paclitaxel and digoxin, to istigate the effects of P-gp on drug permeability in
different regions of the mouse intestine. An inseeap to 5 fold in the absorption of paclitaxel wasn
in mdrla(-/-) mice compared to mdrla(+/+) mice.cAlke efflux activity was completely abolished in
mdrila(-/-) tissues in all regiotts
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¢) Human bioavailability, PK and non-linear absaget mechanisms:

Human bioavailability: Low oral bioavailability (%) due to its poor solubility and its affinity
for the P-gp efflux pump and presystemic extractiothe liver by cytochrome P450 in both the liver
and epithelial cells of the small intestifig**344

Non-linear pharmacokinetics explained by saturalig&ibution and elimination proces&®

Pharmacokinetics: Large volume of distributiontire body. Highly bound by the plasma
proteins, primarily albumin (95-98%6)'®

Metabolism: Livef?*344

Excretion: Biliar. Less than 6—10% of the paclitazdministered is recovered in the urine of
treated patients as the unchanged trify

Total fecal excretion approximately 70% of the do6e-hydroxypaclitaxel is the major
metabolité®.

d) Analytical methods:
Analytical determination of amount of paclitaxel dene with HPLC and the method is as
shown below:

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min™] 1,5
Injection volume [uL] 10
Eluent acetonitrile: water 9:11
Column 4,6X25 L43.
Detection UV 227 nm

Table 2: HPLC method for Paclitaxel

e) Physicochemical data:
MW 854; logP (cal) 3.95, neutral drug
Poor solubility Sw (cal.) 0.012 mg/ml (14).

1.4.3. Saquinavir

Figure 3: Chemical Structure of Saquinavir
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Saquinavir is an antiviral drug. It is known thiistmolecule is a good substrate of P gphis
molecule is also used as a mesylate salt in theuiations with an induced solubility and permeapili
which is classified in Class | according to BCSeTholecule saquinavir that is taken into considenat
for thisf;&)_)goject is classified in Class Il whichdicates the low permeability and high solubilifytioe
product™<

a) Reported in vitro efflux by P-gp, MRP2 or BCRP

Studies performed in Caco-2 showed polarized améx with an average 23 to 25 fold
higher apparent permeability in the BL-to-AP tharthe AP-to-BL direction. Secretory transport highl
temperature sensitive indicating the presence efexgy dependent active transport. Cyclosporine A,
verapamil and GF120918 (P-gp inhibitors) increadieel net absorption by decreasing efflux and
increasing influx™°3

Although Saquinavir is mainly transported with B-gps also proved that MRP2 is involved in
the efflux mechanism of Saquinavir. Saquinavirwefftatio was found to be 6.0£0.9 in MDCKII-MRP2
cell monolayer. The effect of concentration wasoa#nalyzed in this study. Cell lines showed
decreasing basical to apical permeability and exirgy apical to basical permeability with the irase
in the saquinavir concentration. However the transg/as not saturable in the studied concentration
range up to 47 uM. This apparent concentration nidge behaviour suggested the involvement of a
carrier mediated transport process or processesoiifirm that MRP family transporters mediated the
transport of saquinavir in the MDCKII-MRP2 cellshibition studies were conducted in the presence of
MK-571 a specific MRP inhibitor. The efflux rati@gere found as follows. 7.2 (no MK-571), 3.9 (35uM
MK-571) and 1.2 (75uM MK-571). Complete and concatibn dependent inhibition of saquinavir
transport by MK-571 indicated that an MRP family mier was responsible for the saquinavir
transport. Also in the same study it is showed M&P 1 has a minor contribution to the efflux of
Saquinavit*.

The specific directional efflux was measured fogusaavir using HCT-8 cell monolayers.
Saquinavir and saquinavir mesylate was placed enatbical or basal side of the monolayer and drug
transport was quantified over 6 hours. For saquindw nmol 7% of the initial drug concentratiomsv
transported from the basolateral to the apical @ingent, whereas 1.6 nmol, 3% of the initial drug,
was transported in the reverse direction. The sl to apical Pe was 1.83X10-6 cm/sec, whereas i
the reverse direction, the Pe was 6.24%tfh/sec, with a ratio of 2.9. Addition of CsA orrapamil
reduced the transephitelial flux of Saquinavir apgnately 5 fold so that 1.4% of the initial drug
concentration was transported into the apical cotnmnt. These data demonstrate that saquinavir is
vectorially transported across the epithelial maget and suggest that this flux is mediated by P-gp

Apical to basal and basal to apical Papp valueséguinavir were reported as 1.5 and 395
nm/s using MDRI-MDCKII monolayer bidirectional peeability assays. These results indicated the ER
ratio of 261.1. In the presence of 2 uM GF120918 thtio is decreased to 220 which proves that
saquinavir is a substrate for P2ggMIDCKII- MDR1 cell monolayer (polarized transpoB-to-A/A-to-

B ratio >100). Inhibition of efflux with GF12091%8

Permeability
Papp (caco-2, pH 7.5, 7.81) — 2.2*10° cm/<®.

b) Effect of efflux on in vivo pharmacokinetic peajes:
Increased AUCO0-24 by coadministration with ritomraVi
After oral administration of saquinavir, plasma centrations were elevated 2-5-fold in mdrla

(-/-) mice®.
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¢) Human bioavailability, PK and non-linear absaget mechanisms:

Saquinavir's low and variable bioavailability is irparily attributed to metabolism by
cytochrome P-450 3A4°° However, there is increasing understanding thambrane transporters
contribute significantly to the biopharmaceutic r@weristics of saquinavir and this entire class of
drugs.

Human intestinal absorption (HIA): 33%

Bioavailability: Mean oral bioavailabilities rangjnfrom 4 to 16% and highly variable, as
indicated by area under the concentration timee(AUC) coefficients of variation that ate30%+%°

Metabolism: Very extensive metabolism and firstgpametabolism (good CYP 3A4 substrate).

Excretion: Excretion of the drug is predominantiynrrenal. After i.v. administration dfC-
lableled saquinavir 81% of the dose was recoverdedes™ >

d) Analytical methods:
Analytical determination of amount of saquinavirdsne with HPLC and the method is as
shown below:

Column temperature [°C] 20
Sample temperature [°C] 25
Flow [mL min™] 1
Injection volume [pL] 20
Triethylamine phosphate : tetrahydrafuran: acetitait
Eluent 1451
Column 4.6 mm X 25 cm L1
Detection UV 210 nm

Table 3: HPLC method for Saquinavir

e) Physicochemical data:
MW 671, logP exp. 4.7, logP cal. 3.77, weak h#sa 6.8
Sw exp. 2.2 mg/ml, Sw cal. (intrinsic) 0.17 mg/@ly cal. (pH 7.4) 0.21 mg/ml (310V)

1.4.4. Fexofenadine

Figure 4: Chemical Structure of Fexofenadine
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Fexofenadine is used as an antihistamine. It issdlad in Class Il according to the BCS
system. In other words it has a high solubility dmat permeability®. Fexofenadine hydrochloride is a
racemate and exists as zwitterions in aqueous nadmnysiological pH. According to the common
document for the Registration of PharmaceuticatsHoman Use, the recovery of total radioactivity
after intravenous administration of Fexofenadin@3s% in rats. It has been suggested that traresgort

play an important role in the disposition of fextdeline. Fexofenadine has been shown to be substrate
for P-gp*%4%3

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Substrate. P-gp mediated polarized transport atio8sPK11/MDR1 cell monolayefé,

Vectorial transport of fexofenadine in the basahpacal direction was observed in Caco-2 cells
and this was inhibited by inhibitors of P-gp suck erapamil and ritronavir. In a study it is
demonstrated that ritonavir and verapamil redubedotgp mediated transport of fexofenadine by more
than 80 %. Results from this in-vitro study demaatst differential transport of fexofenadine across
Caco-2 cell monolayers and inhibition of fexofemmediransport by established P-gp inhibitofa

In another study it is demonstrated in humans siragle dose of St John's Wort significantly
(p<0.05) increased the maximum plasma concentradiofexofenadine by 45% and significantly
(p<0.05) decreased the oral clearance by 20 %, witthange in half-life or renal clearafite

Permeability
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s.

b) Effect of efflux on in vivo pharmacokinetic peaes:

Effect of P-gp on PK properties of fexofenadineurxlear. In the in vivo perfusion system
verapamil increased the bioavailability of fexofdime, but intestinal permeability was unchanged.
Authors suggest that the changes of bioavailabiigre due to decreased first-pass liver extraction.
Possible mechanism — decreased sinusoidal uptak®&WP or canalicular secretion by P%gp
Verapamil increased bioavailability in other stuatyd inhibition of OATP have no effé&tInduction
of P-gp with rifampin reduce bioavailabilf/

The antihistamine Fexofenadine is a sensitive plggp substrate; in clinical trials, P-gp
inhibitors erythromycirand ketoconazole increased fexofenadine AUC >2-fatdrasentan is not a P-
gp substratéyut inhibits P-gp with an 16 ~12 puM®.

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 100%
Bioavailability: Unknown (but probably greater tha@s)°.
Metabolism: Only about 5% of oral dose is metalealiz
Excretion: Approximately 80% of radioactive doseeicreted in feces, however it is unclear
whether it represents unabsorbed drug or it isehtt of biliary secretioft.

d) Analytical methods:

Analytical determination of amount of fexofenadisedone with HPLC and the method is as
shown belowW?.
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Column temperature [°C] 35
Sample temperature [°C] 25
Flow [mL min™] 0,2
Injection volume [pL] 30
10 mM ammonium acetate containing 0,1% formic acid
Eluent
pH 3,2
Column 100X2,14 um Genesis C18
MS Spray interface, positive ion mode, needle gat§,2 kV,
Detection nebulizer gas air at 60 psi, curtain gas nitrogetDapsi, collision

cell gas at 40 psi, turbo ionspray heater 375 @tdregas flow 7L
min

Table 4: HPLC method for Fexofenadine

e) Physicochemical data:
MW 502, logP cal. 4.35, zwitterion pKa 4.3, 8.8
Sw cal. (intrinsic) 0.012 mg/ml, Sw cal. (pH 7®P12 mg/ml (25 M)

1.4.5. Digoxin

CHa CHs

HO H 0, CHs
. o ' ' o)
5 OH
HO o - HO' a

Figure 5: Chemical Structure of Digoxin

Digoxin, a cardiac glycoside, is the most frequentked antihypertensive agent in the
treatment of congestive heart failure and atriattdir or fibrillation’®’*" It also had been proposed that
digoxin can be used for testing a drug for the iagy that it may be an inhibitor/inducer of P-gnce
it is a specific P-gp substratdigoxin is classified in Class | according to B€S classification which
indicates that this molecule is highly permeablé has a high solubility.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Well-known good P-gp substrates in many differentizo and in vitro studie& 67778 103

The rate of bidirectional transport of digoxin im€0-2 cells was determined for a low donor
concentration of 59 nM and a high concentratio®2% nM which is the solubility limit for digoxin in
the presence of 1 % DMSO. The transport rate inatteorptive direction was slower than that in the
secretory direction, resulting in efflux ratios 7ahd 1.8 for the low and high concentrations
respectively’.

Polarized transport Ras — 2.6, 30 M) in Caco-2 (inhibitable with GF12091%)

Km 73 M, Vm = 3.4 nmol/h/crfi?®).
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Permeability
Papp,Caco-2 (pH 7.5, 30M) — 1.1*10°cm/s, 1.1*1F cm/s (pH 7.4, 500 rpri}

b) Effect of efflux on in vivo pharmacokinetic peajes:

Significant difference in plasma concentration@lf and AUC (2.4) in mdrla/b(-/-) and wild
type micé®. P-gp efflux in the study of permeability in ifwsintestinal perfusion with mdrla/b(-/-)and
control micé®. The effects of the inhibition of the P-gp on fhigoxin absorption were studied in rat. It
was shown that inhibition of the P-gp with ketocomla reduced the mean absorption time from the
intestines from 1.1 to 0.3 h which is due to intidsi of P-gp efflux”.

Elevated digoxin plasma concentrations had beerereed not only after administration of
quinidine in humans but also during concomitantrapg with multiple other drugs, including
clarithormycin, ritonavir, quinidine, amiodarondtaconazole, verapamil, cyclosporine, propafenone,
nifedipine, nitrendipine, amiodarone and spirontae. Many of these agents are now recognised as P-
gp inhibitor§*8?

Substances as quinidine, clarithromycin and pepaie reduce the renal secretion of digoxin
by blocking P-gp activity in the renal tubule. lddition, quinidine interacts with digoxin absorption
the small intestine of rats. It is also shown tinaibition of the P-gp activity by quercetin wheiven
together with digoxin to pigs dramatically increddke plasma concentration of the pigs which reslult
in the death of 2 out of the tested 3 pigs

Digoxin concentration and oral bioavailability ieased (1.7 fold-increase of Aldgs)
during concomitant administration of clarithromyciand this effect is dose-dependent on
clarithromycin, probably due to inhibiton of intiEstl and renal P-glycoprotéfh®®

Multiple-dose treatment with St. John’s wort extraesulted in a significant decrease of
digoxin AUC (0-24) and Gax values compared with placebo probably due to #imadon of the efflux
function in the intestinal waf.

Mean steady-state digoxin concentrations followadministration of digoxin with 80 mg
atorvastatin were slightly higher compared withotig alone and result in an increase of Cmax and
AUC(0-24) of 20 and 15%, respectiv&lyAtorvastatin (106M) inhibited digoxin secretion by 58%
equivalent to the extent of inhibition observedhaierapamfl’.

In another publication Ritonavir significantly (p€Q) increased digoxin area under the plasma
concentration-time curve from time O to infinity 86% and its volume of distribution by 77% and
decreased nonrenal and renal digoxin clearanceBbly @nd 35%, respectively. Digoxin terminal half-
life in plasma increased by 156% (p<0.01) in healtblunteers, this is also due to the inhibitiortloé
P-gp activity by ritonavff.

Oral coadministration of 100 mg talinolol increadbd area under the concentration-time
curve (AUC) from 0 to 6 hours and the AUC from Or@hours of digoxin significantly by 18% and
23%, respectively (5.85 t 1.49 versus 7.22 = 1.9 h/mL and 23.0 + 3.3 versus 27.1 £ 3.7 ng.
h/mL, for both p <0.05) and the maximum serum lsviey 45% which is clearly due to the
competition in binding to the P-gp between talinalod digoxiri®.

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA)
Incomplete 60-90%, formulation-dependent absorppwabably solubility limited)
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 95%
Bioavailability: 75 (60-90)%% 1%
Metabolism: Only 16% of oral drug is metabolizedtdchromes P450 does not involved in
metabolism.
Excretion: Mainly eliminated by the kidneys.
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d) Analytical methods:
Analytical determination of amount of digoxin isrdowith HPLC and the method is as follows
according to USB.

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min™] 1
Injection volume [uL] 50
Eluent water: acetonitrile 55:45
Column 3,9 mmX30 cm that contains packing L1
Detection UV 218 nm

Table 5: HPLC method for Digoxin

e) Physicochemical data:
MW 781, logP (exp) 1.26, (cal.) 1.38, neutral connpua
Poor solubility: Sw (exp.) 0.05 mg/ml (69/1)

1.4.6. Talinolol

NH NH
CH, j‘/
H_C
e °
NH/\hO
H.C
3
OH

Figure 6: Chemical Structure of Talinolol

Talinolol is a cardiovascular agent. It is knowratthP-gp affects the in-vivo absorption of
talinolol from the intestines.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized (Baas 7, 40 uM), saturable, verapamil-inhibited (GF1289dh.) transport across
caco-2 cell monolayef$®
Km 100 M, Vm 5.5 nmol/h/crfi®®),
Permeability
Papp,caco-2 (pH 7.5, 40M) — 1.5*10°cm/<?®.

b) Effect of efflux on in vivo pharmacokinetic peajes:
Intravenously administered talinolol is activelycssed into the human small intestine. This
secretion is reduced by the intraluminal supplyefapamit*.
Verapamil-inhibited intestinal secretion was obserin rats (in situ intestinal perfusich)
Significant difference in plasma concentration (@!d) in mdrla/b(-/-) and wild type mi¢&.
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Oral coadministration of 100 mg talinolol increaskd area under the concentration-time curve
(AUC) from 0 to 6 hours and the AUC from 0 to 72ute of digoxin significantly by 18% and 23%,
respectively (5.85 t 1.49 versus 7.22 = 1.29 ngnlLhand 23.0 + 3.3 versus 27.1 £ 3.7 ng. h/mL, for
both p <0.05) and the maximum serum levels by Abt#6h is clearly due to the competition in binding
to the P-gp between talinolol and digdXin

Rifampin is a inducer for P-gp expression. Effemtsifampin on talinolol were studied on 8
healthy volunteers. During rifampin treatment thheas under the curve of i.v. and oral talinolol ever
significantly lower ( 21 % and 35 % p<0.05). Thussiconcluded that rifampin induces P-gp mediated
excretion of talinolol in the gut wafl

TPGS is used as a surfactant in oral tablet fortimns. This surfactant is known to inhibit P-
gp. So the effects of TPGS were investigated andiall. It was found that TPGS inhibited the P-gp
mediated talinolol transport in Caco-2 cells. Iralttey volunteers TPGS increased the area under the
plasma concentration-time curve with extrapolationinfinity of talinolol by 39% (90 % confidence
inter\)égll, 1.10-1.75) and the maximum plasma comaéoh by 100 % (90 % confidence interval 1.39-
2.88)".

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 100%
Bioavailability: HIA 55% (40-60Y".
Metabolism: Not significant metabolism.

d) Physicochemical data:
MW 363, logP (cal.) 3.32, base pKa 9.4
Soluble: Sw (cal. intrinsic) 0.163 mg/ml, Sw (gai 7.4) 17 mg/ml (45 mM)

1.4.7. Loperamide
Q-+
N
HO \
o~ XN O

Figure 7: Chemical Structure of Loperamide

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Good P-gp substrate in BBBand transport across cell monolayers stddieBolarized
transport across MDCKII-MDR1 cell monolayers (rat®). Efflux is inhibited by GF1209%8
Loperamide, an opioid with minimal CNS levels imggcally intact mice, becomes a psychotropic in
knock-out (mdr) mice, with brain levels of drug 3&igher in knock-out-micé*®

Permeability

Pe, cal (Caco-2, 500 rpm) >10*36m/s

b) Effect of efflux on in vivo pharmacokinetic peajes:
6 Significant increase (3 fold) of intestinal permiigb in in situ perfusion system in mdrla/lb(-/-)
mice .
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¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrlited, not biased by first-pass) 100%
Bioavailability: 40944 >°.
Metabolism: Extensivé,
Excretion: Biliary/rendf.

d) Physicochemical data:

MW 477, logP cal. 3.86, base pKa 8.5
Sw exp. 0.02 mg/ml, Sw cal. (intrinsic) 0.07 mg/@y cal. (pH 7.5) 0.9 mg/ml (1.9 mM)

1.4.8. Quinidine

Figure 8: Chemical Structure of Quinidine

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Very good P-gp substrate in many different studi®©CKII-MDR1(polarized transport,
inhibition with GF120918Y. mdrla(-/-) mice (increased distribution to br&iA}* and many others.
Brain/Plasma distribution ratio = 36, CSF/Plasnritiution ratio = 10 (AUC 0-5, 10 mg/kg, HPL®)

Permeability
Pe (pH 7.4, 1 M GF129018) >10*10 cm/s [9], Pe app (caco-2) 20*i@m/s%2
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peojes:
Probably P-gp effects permeablity of quinidine asr®BB, but have no or small effect on
other PK properties of drug.
But: P-gp efflux was observed in the study of peailgy in in situ intestinal perfusion with
mdrla/b(-/-) and control miég

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Absorption >8H9%.
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 100%
Bioavailability: 85 (56-95) %" %

d) Physicochemical data:
MW 324, logP exp. 2.64, logP cal. 2.29., base pka 8
Soluble: Sw exp. 0.14 mg/ml, Sw (cal. intrinsic®.mg/ml, Sw (cal. pH 7.4) 10 mg/ml (30
mM)
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1.4.9. Ritonavir

L
IRo

Figure 9: Chemical Structure of Ritonavir

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Studies performed in MDCKII-MDR1cells showed patad transport with Ratias>165".

Studies performed in LLC-PK11, parental, and tracsints L-MDR1 and L-mdrla cells
showed polarized transport inhibited by cyclosperi®®

Studies performed in Caco-2 showed polarized amtfadx with an average 2.1 to 15 fold
higher apparent permeability in the BL-to-AP tharthe AP-to-BL direction. Secretory transport highl
temperature dependent. Cyclosporine A, verapanil @R120918 (P-gp inhibitors) increased the net
absorption by decreasing efflux and increasinguift>3

Permeability
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peajes:

Ritonavir increased the AUC of saquinavir more tl2énfold attributed to inhibition of the
metabolism and, at least partially, to competitionefflux mechanism during drug absorption and/or
eliminatior?™.

P-gp efflux was observed in the permeability stundiy situ intestinal perfusion with mdrla/b(-
/-) and control mic®.

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human bioavailability: 70 (60-80)%%
Metabolism: Extensive (CYP 3A4, CYP 2D86)
Excretion: Elimination: fecal 86% (34% unchangedhal 11% (4% unchangéd)

d) Analytical methods:
High Performance Liquid Chromatography Analysfé:
Matrix: blood
Sample preparation: Evaporation-reconstitution
Guard column: g
Column: 4.6x250 mm, Bm
e Mobile phase: MeCN:40 mM disodium hydrogen phospltaintaining 4% octanesulfonic acid
50:50~
75:25 acetonitrile and 2 mixture containing 0.01% trifluoroacetic acid
Detector: UV 220
Limit of quantitation: 50 ng/mL
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e) Physicochemical data
MW 720, logP cal. 5.64, neutral (very weak base gKa
Sw cal. (intrinsic) 0.017 mg/ml, Sw (pH 7.4) 0.0hg/ml (230 M)

1.4.10.Vinblastine
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Figure 10: Chemical Structure of Vinblastine

Vinblastine is a vinca alkaloid antineoplasic agdite vinca alkaloids are structurally similar
compounds comprised of 2 multiringed units, vindeland catharanthine. Vinblastine is known as a
substrate for P-gp, MRP1 and MRP2 and frequentby uis the studies related to MRP2 activity.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Cytotoxicity and accumulation of drug is signifitgriower in P-gp overexpressing cefi$***
Polarized transport across P-gp-overexpressingnoetiolayers (ratio >16}'%® P-gp-effect = 2.7 (in
situ brain perfusion model, mdrla(-/-) and wildeymice}®>. MRP substraté&®.

Permeability

Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peojes:

Only bordeline effect of P-gp - in situ intestinaérfusion experiments with mdrla/b(-/-)
mice’®. Cyclosporine increase intestinal absorption tg'fa

Vinblastine was found to be secreted by both MDQOKilt type and MDCKII-cMOAT cells.
Permeability of MRP2 transfected cells (MDCKII-cM@Ato vinblastine was greater than in the wild
type cells. The magnitude of this increase varlgghdy between the A to B (5 fold increase) anddB
A (3 fold increase) directions. This secretion wgasatly inhibited by cyclosporine A in the MDCKII
cells. In contrast sulfinpyrazone treatment de@dasecretion (shown only by an increase in A to B
permeation) in this cell line as well as in thedatype®®.

The broadly similar efflux kinetics was observedmeans of P-gp mediated transport both for
vinblastine and digoxin in Caco-2 cells and raume Efflux values at 100 uM vinblastine in colon
(0.9+0.2 nmol.H.cm™) were approximately 3 fold lower than those obedrin ileum, suggesting that
the difference is due to the unequal P-gp contenthé different parts of the intestine. 25 % effloix
vinblastine was inhibited using MRP specific intilos probenecid and MK571 in Caco-2 c8fls

¢) Human bioavailability, PK and non-linear absagest mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrlited, not biased by first-pass) 100%
Bioavailability: Bioavailability unknown but susped to be very low. Dug used only
intravenously*.
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Metabolism: Extensive (CYP 3A4)

d) Analytical methods:
Analytical determination of amount of digoxin isrdowith HPLC and the method is as follows
according to USB.

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min™] 1
Injection volume [uL] 10
Buffer:Acetonitrile:2-aminoheptan (70:30:0,5)
Eluent Buffer: 8,82 g Sodium acetate+ 33 mL glacial acatid /1

L

Column 4.6 mm X 15 cm column L1

Detection UV 278 nm

Table 6: HPLC method for Vinblastine

e) Physicochemical data:
MW 811, logP exp. 3.83, logP cal. 5.42, base pHKa 7.
Solubility: Sw exp. (HSOy) 89 mg/ml, Sw cal. (intrinsic) 0.19 mg/ml, Sw cgH 7.4) 0.39
mg/ml (470 M)

1.4.11. Topotecan

Figure 11: Chemical Structure of Topotecan

Topotecan is an anti-neoplasic drug. It is normadlgministrated by intravenous route since
oral administration of topotecan is accompaniedalgubstantially increased interpatient variabiirty
systemic exposure. Topotecan is a BCRP substrateanery low affinity to P-gp. BCRP is the most
plausible explanation for the limited absorptioroddlly administered topotecHfi*

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across caco-24R: =3.5, 40 uM). Km 170 M, Vm — 7.2 nmol/h/crf{?®.

Permeability

Papp,caco-2 (7.5, 4(M) - 1¥10° cm/<?®.
Pe cal. (pH 7.4, 500 rpm) 2.5f@m/s (lactone)
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b) Effect of efflux on in vivo pharmacokinetic peajes:
@ Difference in plasma concentration (2.3 fold) and@\(2 fold) in mdrla/b(-/-) and wild type
mice“".

Preclinical studies on knock out mice not exprags$ie P-gp and wild type mice which were
treated with oral topotecan in combination with iagke dose of GF120918, have shown that the
systemic exposure of oral topotecan increased alh@sfold due to the BCRP inhibition in the
intestines and does not have an effect on the chealancE".

In a study on 16 patients oral GF120918 is givgetioer with topotecan. As a result of BCRP
inhibition in the intestines oral bioavailability the molecule was increased from 40 % to 97.1%0Al
the results of the patients treated with intraventapotecan with or without GF120918 show that
GF120918 had a small but significant effect of agpnately 10% on AUC and systemic clearance of
total topotecan, but no effect on t ¥ and Cmaxraf mpotecah®.

To confirm that the bioavailability of topotecan iats isalso limited by the expression of
BCRP, a study was conducted to evaluate the efééc®-120918 on topotecan pharmacokineticSD
rats. Coadministratioof 50 mg/kg GF120918 significantly increased the@U,o(the AUC from time
0 to 720 min, which is the last time pofot blood sampling) [from 1.74 + 0.8&1(0" to 7.65+ 3.78
(x10% ng/mL.min,p < 0.01], the AUG. [from 1.80 + 0.89%10%) to 7.91 + 3.56X10% ng/mL.min,p <
0.01], and the bioavailability (fror29.7 + 14.8% to 130 + 58.89%,< 0.01) by more¢han 4-fold. The
meanCnax Was also increased 3-fold (from 8&442.9 to 257 + 154 ng/mp < 0.05) Thetnax and
terminalty, were not significantlighanged by GF120918. These results inditatethe bioavailability
of topotecan in rats is indeed limiteg the expression of BCRP and, therefore, inhibittd BCRP
should increase the bioavailability of topotecathiese animafs®

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 78%.
Bioavailability: 30 (21-45)%"4

d) Analytical methods:
Analytical determination of amount of topotecandsne with HPLC and the method is as
shown beloW'?

Column temperature [°C] 25

Sample temperature [°C] 25

Flow [mL min™] 1

Injection volume [uL] 50
Eluent 10 mM phosphate buffer pH 3.74, 25 % methanol, 2| %

trimethylamine
Partisphere C18 125X4.6 mm

Column

Fluorimetrically excitation wavelength 361 nm ernoss

Detection wavelength 527 nm

Table 7: HPLC method for Topotecan

e) Physicochemical data:
MW 421, logP 0.29, amphiprotic (base pKa 8.6)
Sw cal. (intrinsic) 0.25 mg/ml, Sw cal. (pH 7.490ng/ml (2mM).
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Figure 12: Chemical Structure of Sparfloxacin

1.4.12. Sparfloxacin

Sparfloxacin is an anti-infective agent. Fluoroguiames are only slightly metabolized in the
organism, and external routes have been considemgartant for their elimination. In this regard the
fraction of fluoroquinolones eliminated in the isti@e following oral administration was estimated
between 10 and 25% of the dose ingested in hunmatssand rabbits and this elimination is due to the
affinity of this molecule to P-gp.

a) Effect of efflux on in vivo pharmacokinetic pedges:

Sparfloxacin accumulation in the cells was studirethe presence of P-gp inhibitors verapamil
and progesterone. Addition of 100uL verapamil aygasterone during 1 hour incubation significantly
increased the level of accumulation of sparfloxacindifferentiated Caco-2 cells by 30 and 60 %
respectively. These two inhibitors also induced faind 6 fold increases in the level of accumulatbn
vinblastine respectively suggesting that similachanisms are involved in the efflux of these drugs.
order to determine the involvement of P-gp the affef P-gp inhibitors was also tested with
undifferentiated Caco-2 cells. Neither 100 puL psigeone nor verapamil effected the accumulation of
sparfloxacin in the cells. Taken together theseltesupport the existence of common pathways of
sparfloxacin and vinblastine secretion and thase¢hgathways involve P-4fj.

b) Analytical methods:
Analytical determination of amount of sparfloxacsndone with HPLC and the method is as
shown below'®.

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min-1] 1
Injection volume [uL] 20
acetonitrile—0.035 M perchloric acid 28:72,
Eluent v/v, adjusted to pH 2.0 with 0.015 M
triethylamine
Column Luna C18 5-m.
Detection UV 300 nm

Table 8: HPLC method for Sparfloxacin
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1.4.13. Methotrexate
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Figure 13: Chemical Structure of Methotrexate

Methotrexate is an antineoplastic anti-metabolati-metabolites masquerade as purine or
pyrimidine - which become the building blocks of BNThey prevent these substances be-coming
incorporated in to DNA during the "S" phase (of el cycle), stopping normal development and
division. MRP2 plays an important role in the remi€e mechanism, clearance and absorption of
methotrexate.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Functional characterization of various MRP homokgjvevealed some common features with
those of methotrexate (MTX) efflux systems. Thedoéllular accumulation of MTX was measured in
the presence and absence of 0.5 mM probenecid wdiatknow MRP inhibitor. Co-incubations with
probenecid increased the intracellular concentmabiboMTX 2 fold in 2008, 2008/MRP1, 2008/MRP2
which are human ovarian carcinoma cell liftés

MTX has been shown to be a substrate of MRP2 UsiBR rats that does not encode MRP2
prostlcleén. Cmax values both systemic and portal v2efeld higher than (p>0,05) in EHBR than control
rats .

It is clearly shown in another publication that MTiX a substrate for MRP2. In this study
membranes isolated from sf9 cells either encodifRP¥ or MRP2 were us&d.

b) Analytical methods:
Analytical determination of amount of vinblastire done with HPLC and the method is as
shown below:

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min™] 1
Injection volume [uL] 10
Eluent Phosphate buffer:acetonitrile 50:50
Column 4.6 mm X 15 cm column L1
Detection UV 305 nm

Table 9: HPLC method for Methotrexate

c) Physicochemical data:

The following table shows the physicochemical pripe of Methotrexafé® 2122
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Category Antineoplastic agent
Formula CyoH2oNgOs
Molecular weight 454.44
Solubility Practically insoluble
Availability SA
Log P 0.94
Log D na
pKa 4.7
In-vivo absorption (permeability %) 60 %
Protein binding 50%
Minimum dose /maximum dose (mg) 2.5/2.5
BCS Classification Class Il

Table 10: Physicochemical properties of Methottexa

1.4.14.Verapamil

Figure 14: Chemical Structure of Verapamil

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Highly permeable P-gp substrate. Verapamil is gétlhby P-gp at BBB*?*but usually there
is no net secretion in cell monolayers, at leashigh concentrations > 10M (but transport across
MDCKII-MDR1cells is polarized at low concentration® M)**®

Caco-2 cells — no net secretion at 20

Permeability

Papp (caco-2, pH 7.5, 30M) — 14.7*10° cm/<®.

b) Effect of efflux on in vivo pharmacokinetic peojes:
P-gp has no effect on PK properties of verapamil.
Plasma concentration is the same in mdrla(-/-) mickwild type mic#.
But, significant increase (3 fold) oftestinal permeability in in situ perfusion systen mdrla/lb(-/-
) mice’®. But, P-gp effect = 6.6 (in situ brain perfusion rebandrla(-/) and P-gp competent nifée

c) Human bioavailability, PK and non-linear absdgst mechanisms:
Human intestinal absorption (HIA): Complete absiompt
Bioavailability: 22 (14-30) %, low bioavailabilitgue to extensive first-pass metaboltér?
Metabolism: Extensive (CYP 3A4, 2C8).

d) Physicochemical data:
MW 454, logP exp. 3.83, cal. 4.86, base pKa 9.1
Moderately soluble — Sw (exp.) 77 mg/ml (*HCI), $eal. intrinsic) 0.009 mg/ml, Sw (pH 7.4)
0.4 mg/ml (900 M).
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1.4.15.Cyclosporine A
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Figure 15: Chemical Structure of Cyclosporine A

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Good P-gp substrate in many different studies (pEd transport across MDR1 transfected
cell monolayers, increased brain distribution iggPdeficient mice and others)’”7876124
Generally used as an multiple inhibitor for the i?-0MRP1, MRP2, OATP-C (recently
published FDA draft Guideline on Drug interactigndiesy.
Km 8 M, Vm 2.4 nmol/mg protein/h (LLC-GA5-COL30HY.

Permeability
Pe app (Caco-2) 1.05
Pe cal. (Caco-2, 7.4, 500 rpm) 4,6®16m/s

b) Effect of efflux on in vivo pharmacokinetic peajes:
Effect of P-gp on PK properties of CsA is unclear.
Amlodipine (CYP3A4 and P-gp inhibitor) increasedXJsral) AUC'*
P-gp efflux in the study of permeability in in sitotestinal perfusion with mdrla/b(-/-) and
control micé®.

¢) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Complete absiomtL00%4%°,
Bioavailability: Variable bioavailability 30 (10-6% probably due to concentration of CYP
3A4 and P-gp %4127
Metabolism: Extensive (CYP 3A4)

d) Physicochemical data:

MW 1202, logP cal. 1.02, neutral drug
Solubility: 0.591 mg/ml (490 M)
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1.4.16. Rifampin

Figure 16: Chemical Structure of Rifampin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across Caco-2 cell monolayRgz s = 4.2, 20 M). GF120918 inhibited
efflux. Km 55 M, Vm 4.3 nmol/h/cri®®
P-gp inducer (Rifampin treatment increased intesfiagp contentf®
Permeability
Papp (caco-2, pH 7.5, 20M) — 2*10° cm/<®.

b) Effect of efflux on in vivo pharmacokinetic peaes:
Difference in plasma concentration (3.5 fold) and@\(6.4 fold) in mdrla/b(-/-) and wild type
mice’®. Oral treatment with increasing doses of rifampisulted in elevated drug levels in the livers
of mdrla (-/-) mice compared with mdrla (+/+) mitell dose&>.

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Well absorbed%8*.
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 100%
Bioavailability: 70 (68-93)96* 94130
Metabolism: Biotransformation - hepatic; rapidly adetylated by microsomal oxidative
enzymed*’*
Excretion: Elimination - biliary/fecal (enterohejgatirculation}*"*

d) Physicochemical data:
MW 823, logP cal. 2.39, amphiprotic (base pKa&ak acid pKa 7.9)
Sw exp. 3.3 mg/ml, Sw cal. (intrinsic) 0.55 mg/@ly cal. (7.4) 0.11 mg/ml (14QV).

1.4.17. Daunorubicin (daunomycin)
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Figure 17: Chemical Structure of Daunorubicin
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a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Good substrate. MDR type anti-cancer df&g* Polarized transport across MDCKII-
MDRZ1cell monolayers (ratio 14).
Permeability
Pe, cal (Caco-2, 500 rpm) 1.2*36m/s.

b) Effect of efflux on in vivo pharmacokinetic peapes:
P-gp efflux was observed in the permeability stundiy situ intestinal perfusion with mdrla/b(-
/-) and control mic®.

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 45%
Bioavailability: Not reported, but probably is vdow. Used only intravenous.
Metabolism: Rapid to active metabolite doxorubfhol
Excretion: Elimination - in the urine, 25% in artige form; an estimated 40% is eliminated by
biliary excretiod

d) Physicochemical data:
MW 528, logP exp. 1.83, logP cal. 1.01, base pKa 10
Sw cal. (intrinsic) 0.16 mg/ml, Sw cal. (pH 7.498.mg/ml (1.8 mM)
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Figure 18: Chemical Structure of Etoposide

1.4.18. Etoposide

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Moderate substrate. MDR type anticancer §ftf® Only slightly polarized transport across
MDCKII-MDR1cell monolayers (ratio 2.8). Estimated efflux Km MDCKII-MDR1cells 2.55
Permeability
Pe, cal (Caco-2, 500 rpm) 5*2@m/s
Pe (pH 7.4, 1 M GF129018) >10*18 cm/s3*

b) Effect of efflux on in vivo pharmacokinetic peajes:
Polarized transport of etoposide was reduced buabolished in mdrla (-/-) tissues. Residual
ETOP efflux in mdrla (-/-) tissues was abolishedh® MRP inhibitor MK571, indicating involvement
of both P-GP and MRP”.

¢) Human bioavailability, PK and non-linear absagest mechanisms:
Human intestinal absorption (HIA): HIA-50% variabland dose-dependent absorption,
probably due limited solubilify.
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 97%
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Bioavailability: 52 (17-70)%. Decreases at oralatogreater than 200 g% *3®.

Metabolism: No evidence of first-pass metabolism.

Excretion: Urinary recovery of etoposide after idasing is about 35-50% of the dose. The
glucuronide conjugate accounts for up to 20% ofuttieary recovery dosé

d) Physicochemical data:

MW 588, logP exp 0.6, logP cal. 0.44, neutral
Sw exp. 0.1 mg/ml (170M)

1.4.19.Vincristine
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Figure 19: Chemical Structure of Vincristine

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
MDR-type anticancer drddf**® Polarized transport across MDCKII-MDR1cell monaes/
(ratio 6.3%°. No P-gp effect (in situ mice brain perfusion mipdedria(-/-) and wild-type micé
Permeability
Pe, cal (Caco-2, 500 rpm) >10*36m/s
b) Effect of efflux on in vivo pharmacokinetic peojes:
c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 100%
Bioavailability: Not reported. Probably very lowri used intravenously.
Metabolism: Rapid and extensive (CYP3A4)
Excretion: Primary route of elimination — biliar§q%)*

d) Physicochemical data:
MW 825, logP exp. 2.82, logP cal. 3.71, base pHKa 7.
Sw exp. (*HBSQy) 440 mg/ml, Sw cal. (intrinsic) 0.19 mg/ml. Sw.cgH 7.4) 0.5 mg/ml (570
M)
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1.4.20. Erythromycin

Figure 20: Chemical Structure of Erythromycin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across MDR1 transfected and-2azell monolayefS 83’ BA/AB ration
14 in MDCKII-MDR1cell$®. Studies in mdrla disrupted mice confirmed thgtheomycin was a P-gp
substrat®’.
Permeability
Pe 1.13*1F cm/s (pH 7.4, 500 rpm¥.
Pe cal. (pH 7.4, 500 rpm) 5.6¥f@m/s

b) Effect of efflux on in vivo pharmacokinetic peaes:
¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Unknown
Predicted maximum HIA (no efflux, not solubilityrlited, not biased by first-pass) 97%.
Bioavailability: 30 (10-60) 95°%1%°
Metabolism: CYP3A4
Excretion: Primarily elimination — biliary (moreah 60% of i.v. dosé)

d) Physicochemical data:

MW 734, logP exp. 2.54, logP cal. 1.87, base pl6a 8.
Sw exp. 2 mg/ml, Sw cal. (intrinsic) 12.8 mg/ml, 8al. (pH 7.4) 180 mg/ml (>100 mM)

1.4.21. Tobramycin
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Figure 21: Chemical Structure of Tobramycin
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a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Can be P-gp substrate {%)
Permeability
Pe cal. (pH 7.4, 500 rpm) 0.08*t@m/s.

b) Effect of efflux on in vivo pharmacokinetic peajes:
Inhibition of P-gp with copolymer CRL-1605 increddaioavailability of drug in micg®.

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): 1%
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 3%.
Bioavailability: 1 96**3¢
Metabolism: Not metabolized or non-significant nivetisn.
Excretion: Rendf.

d) Physicochemical data:

MW 467, logP<2, base pKa 9.9
Highly soluble Sw exp. 650 mg/ml

1.4.22. Ilvermectin

Figure 22: Chemical Structure of Ivermectin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
P-gp substrate in BBB permeability studies in viltegp deficient mice displayed increased
sensitivity to the centrally neurotoxic pesticigterimectin (100-foldfy*.
Permeability
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peojes:
c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Rapidly absorl@@Po (incomplete absorption probably
due to poor solubility or reported HIA vale biagedfirst-pass metabolisrif)
Predicted max. HIA (no efflux, not solubility lined, not biased by first-pass) 100%.
Bioavailability: -
Metabolism: Metabolized (demethylation)
Excretion: The major route of excretion is in tkeds.
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d) Physicochemical data:
MW 875, logP 3.25, neutral,
Poor solubility Sw 0.0038 mg/ml (4.6V)

1.4.23. Doxorubicin
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Figure 23: Chemical Structure of Doxorubicin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Pharmacokinetic analyses indicated that, compacedandrla(+/+) mice, mdrla(-/-) mice
showed a significantly higher accumulation of daswcin**.
Permeability
Pe app Caco-2 0.16*fam/3%.
Pe cal. Caco-2 (pH 7.4, 500 rpm) 0.3*1€m/s.

b) Effect of efflux on in vivo pharmacokinetic peoes:
P-gp substrate. MDR type antican@&®® Studies in mdrla disrupted mice confirmed that
doxorubicin was a P-gp substrate
Not polarized transport across MDCKII-MDR1cell mémyers<®. Probably transport across P-
gp expressing cells is not polarized (slightly piakd) at high concentrations (181 and >) and can be
polarized at lower concentrations.

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Dose-limited ahgtion (about 1098).
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 12%.
Bioavailability: 596413°
Metabolism: Rapid biotransformation to active metib doxorubicinof*
Excretion: Biliary/renal

d) Physicochemical data:

MW 543, logP cal. 0.32, base pKa 8.1
Sw cal. (intrinsic) 0.26 mg/ml, Sw cal. (pH 7.4% Ing/ml (3 mM)
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1.4.24.Tacrolimus

Figure 24: Chemical Structure of Tacrolimus

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across caco-24 =7.5, 40 uM). Efflux not saturable in 0-4% [4].
Permeability
Papp,caco-2 (7.5, 40M) - 2.1*10° cm/s®
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic pedjes:

Difference in plasma concentration (8.3 fold) and@®\(8.2 fold) in mdrla/b(-/-) and wild type
mice’®
c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 97%.
Bioavailability: 16% (9-23)%%">1%
Metabolism: Extensive (CYP 3A4)
Excretion: The majority of the dose (>90%) is exedeas metabolites in urine and féées
d) Physicochemical data:

MW 804, logP 4.45,. neutral
Sw 0.059 mg/ml (70 M)

1.4.25. Nadolol
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Figure 25: Chemical Structure of Nadolol
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a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Decreased accumulation in P-gp-overexpressing KaBg cells’.
Permeability
Pe 1.13*1F cm/s (pH 7.4, 500 rpri}
Pe cal. (pH 7.4, 500 rpm) 1.3*f@ml/s.

b) Effect of efflux on in vivo pharmacokinetic peaes:
¢) Human bioavailability, PK and non-linear absaget mechanisms:

Human intestinal absorption (HIA): Variable, Dosspdndent absorption 57% 30-70%
(absorption from the ratio of urinary excretion dfug related material following oral and
i.v.administration}”.

Predicted maximum HIA (no efflux, not solubilityrlited, not biased by first-pass) 58%.

Bioavailability: 30-40%* 4% Non-linear pharmacokinetit®é.

Metabolism: Not metabolizéd

Excretion: Excreted unchanged by the kidney (736¢) ile (27%)".

d) Physicochemical data:
MW 309, logP cal. 0.54, base pKa 9.4
Highly soluble: Sw (intrinsic) 4.2 mg/ml, Sw cabH 7.4) 240 mg/ml (>100 mM)

o‘ OH
HoN
NH
HO
CHg

Figure 26: Chemical Structure of Labetalol

1.4.26. Labetalol

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across MDRI-MDCKII cell monatay (B-A/A-B 8.8). Inhibition of efflux
with GF120918".
Permeability
Pe app Caco-2 - 9*10cm/s%
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s.

b) Effect of efflux on in vivo pharmacokinetic peapes:
¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Absorption 9586i(ary excretion data}
Predicted maximum HIA (no efflux, not solubilityrlited, not biased by first-pass) 100%
Bioavailability: 18 (13-50)%" 92:13¢
Metabolism: Elimination of labetalol is mainly by epatic biotransformation to
glucuronode¥’®.
Excretion: Less than 5% of labetalol is excretedhamged in urine. Its metabolites are mainly
excreted in urine (55-60%) but 12-27% are excritddces>®.
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d) Physicochemical data:
MW 328, logP 2.24, amphiprotic: base pKa 8.6, waeikl pKa 7.5
Soluble: Sw cal. (intrinsic) 0.7 mg/ml, Sw cal (@H) 0.2 mg/ml (500 M)

1.4.27.Docetaxel

Figure 27: Chemical Structure of Docetaxel

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Good P-gp substrate, MDR-type anticancer tttig
Polarized transport across caco-2 cell monolayRga g 20). This polarized transport was
inhibited by verapamil, chlorpromazine and reses{fh
Permeability
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peaes:
Coadministration of cyclosporine A (P-gp and CYP43Ahibitor) strongly enhances the oral
bioavailability of docetaxef®

¢) Human bioavailability, PK and non-linear absaget mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 100%
Bioavailability: 8 (2-14) %"
Metabolism: Extensive metabolism (CYP3A4)
Excretion: Primarily biliary/fecaf

d) Physicochemical data:

MW 808, logP cal 3.60, neutral
Poor solubility Sw cal. 0.0065 mg/ml (81)
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1.4.28. Lincomycin
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Figure 28: Chemical Structure of Lincomycin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Moderate or weak substrate. Polarized transpordsacMDCKII-MDR1cell monolayers (50
uM, efflux ratio 3.25*

Permeability
Pe cal. (pH 7.4, 500 rpm) 1.6*f@ml/s.

b) Effect of efflux on in vivo pharmacokinetic peojes:
c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Absorption 20985,
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 51%
Bioavailability: 20-3096¢
Metabolism: -
Excretion: -

d) Physicochemical data:
MW 406, logP cal 0.72, base pKa 7.7
Highly soluble, Sw cal (intrinsic) 9.5 mg/ml, Sw ¢gH 7.4) 30 mg/ml (70 mM)

1.4.29. Indinavir

Figure 29: Chemical Structure of Indinavir

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Good substrate in many different studies
Indinavir showed polarized transport in the BBB mipd.LC-PK11:MDR1 and Caco-2 cell
line. PSC 833, verapamil and LY335979 inhibitedapialed transpot{®
Permeability
Pe cal. (pH 7.4, 500 rpm) >10*f@m/s
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b) Effect of efflux on in vivo pharmacokinetic peaes:
¢) Human bioavailability, PK and non-linear absagest mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 100%
Bioavailability: 18-30%".
Metabolism: Metabolized by CYP3A%
Excretion: -

d) Physicochemical data:
MW 614, logP cal 2.69, weak base pKa 6.8
Sw cal (intrinsic) 0.06 mg/ml, Sw cal. (pH 7.4) D./hg/ml (120 M)

1.4.30. Sulpiride

o! S—NH,

Figure 30: Chemical Structure of Sulpiride

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Moderate substrate.

Polarized transport acroos Caco-2 cell monolayetsbition of efflux with verapamif'®. The
B-to-A transport is mediated by the basolateraltipepransporter and organic cation transporter OCT
on the basolateral membrane and by P-glycoprotrirthe apical membrane (Cacd-?) Increased
distribution (2 fold) to the brain in P-gp defictemice®.

Permeability

Pe caco-2 0.39*Ibcm/s (pH 7.4, 500 rpm’.

Pe app caco-2 0.39*f@m/s%

b) Effect of efflux on in vivo pharmacokinetic pedyes:
Quinidine and verapamil increased bioavailabilifysolpiride after intestinal administration in
rats™!

¢) Human bioavailability, PK and non-linear absagest mechanisms:
Human intestinal absorption (HIA): Moderate absimB80-7098°">2
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 78%
Bioavailability: 18-36%"1°3
Metabolism: Not extensive metabolism (5-oxypyrrislid sulpiride)".
Excretion: Up to 50% of sulpiride is excreted unuded in urine. 50-70% of dose was
eliminated in fecés.

d) Physicochemical data:

MW 341, logP cal 0.6, base pKa 9.3
Sw exp 0.54 mg/ml, Sw cal (intrinsic) 0.56 mg/mly &al (pH 7.4) 10 mg/ml (30 mM)
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1.4.31. Azithromycin
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Figure 31: Chemical Structure of Azithromycin

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Polarized transport across Caco-2 cell monolayBAAB ratio 67 at 50 mkM. Significant
inhibition of efflux with verapamif*.
Permeability
Pe cal. (pH 7.4, 500 rpm) 0.3*f@m/s

b) Effect of efflux on in vivo pharmacokinetic peojes:
Drug-drug interactions with nelfinavir and CSA®

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): 37% dose limitdasorptior’.
Predicted maximum HIA (no efflux, not solubilityrited, not biased by first-pass) 9%
Bioavailability: 379%6*°7
Metabolism: Moderately metabolized (demethylattéf)
Excretion: A large fraction of the absorbed dosezithromycin remains unmetabolized. The
major route of elimination is biliary excretion fe unchanged compoufid

d) Physicochemical data:
MW 749, logP 1.98, base pKa 9.7
Highly soluble Sw cal. (intrinsic) 25 mg/ml, Sw ¢aH 7.4) >1 g/m (>100 mM)

1.4.32. Salbutamol

HO
HaC

CHs
HO. ><
NH

CHg
OH

Figure 32: Chemical Structure of Salbutamol
Salbutamol is a respiratory agent normally usethhglation. Oral tablet formulations are also

present for salbutamol. It has been previously dotivat salbutamol absorption from the intestines is
limited by P-gp.
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a) Reported in vitro efflux by P-gp, MRP2 or BCRP:
Possible substrate (based on only one sttifly)
Permeability
Pe cal. (pH 7.4, 500 rpm) 1.1¥f@m/s

b) Effect of efflux on in vivo pharmacokinetic peojes:

Possible P-gp substrate - in vivo absorption steffect of verapamil and absorption
correlation with P-gp expression). The intrinsicatption of salbutamol in different intestinal seats
of the rat was measured and related with the qooreting intestinal P-glycoprotein (P-gp) expression
levels. The apparent absorption rate constantitk observed in each fraction by means of thesitu
rat gut absorption method after perfusion of a O isotonic solution of salbutamol were used as
absorption indexes. In a separate series of stualissmiquantitative analysis of the mRNA exprassio
of P-gp by means of polymerase chain reaction aedt¥vn blot with an antibody raised against the P-
gp were also performed. The in sitw Values determined in the different segment§ §howed that
the absorption is not homogeneous along the intgstiact, that is, 0.499 = 0.054 for colon, 0.474
0.052 for the proximal segment, 0.345 + 0.014 far tnean, and 0.330 + 0.023 for the distal fraction.
Addition of verapamil to the perfusion fluid didgside a better absorption of salbutamol in theatlist
segment. The analysis of the mRNA expression aneldeof P-gp showed that the enzyme content in
each section of the intestine was inversely relsaezhlbutamol absorptioif.

In another study, the objective was to developraifgleysiological population pharmacokinetic
model that describes the complex salbutamol sudpladsorption in rat small intestinén situ
techniques were used to characterize the salbutaniphate absorption at different concentrations
(range: 0.15-18 mM). Salbutamol sulphate at comagah of 0.29 mM was administered in presence of
verapamil (10 and 20 mM), grapefruit juice and satdiazide (NaN3) (0.3, 3 and 6 mM). Different
pharmacokinetic models were fitted to the datasetguNONMEM. Parametric and non-parametric
bootstrap analyses were employed as internal medaluation techniques. The validated model
suggested instantaneous equilibrium between satlmltssulphate concentrations in lumen and
enterocyte, and the salbutamol sulphate absorptias best described by a simultaneous passive
diffusion (k. = 0.636 ht)) and active absorption (Myx = 0.726 mM/h, Km = 0.540 mM) processes from
intestinal lumen to enterocyte, together with ativaccapacity-limited P-gp efflux (Vmax = 0.678
mM/h, Km = 0.357 mM) from enterocyte to intestinamen. The extent of salbutamol sulphate
absorption in rat small intestine can be improvedBNs, grapefruit juice and verapart.

c) Human bioavailability, PK and non-linear absagst mechanisms:
Human intestinal absorption (HIA): Predicted maximtIA (no efflux, not solubility limited,
not biased by first-pass) 49%.
Bioavailability: 50% (45-55)% 60161
Metabolism: Considerable (sulphate conjugattdnj
Excretion: Elimination renal 69 to 90% (60% as rbetie), fecal 4%".

d) Physicochemical data:

MW 239, logP 0.23, base pKa 8.6
Highly soluble: Sw cal. (intrinsic) 10 mg/ml, SwicgH 7.4) 110 mg/ml (>100 mM)
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1.4.33. Sulfasalazine

OH
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Figure 33: Chemical Structure of Sulfasalazine

Sulfasalazine is an anti-inflammatory agent indidafior the treatment of ulcerative colitis and
rheumatoid arthritis. BCRP protein is an importdaterminant for the absorption of the sulfasalazine
And it is stated that sulfasalazine has the paétdibe utilized as a specific in-vivo probe of BE.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Permeability coefficients of sulfasalazine acrose@2 monolayers were approximately 342,
261 and 176 fold higher from basolateral to apitedction than from apical to basolateral direction
100, 200 and 500 uM sulfasalazine respectivelyhis study also effect of the transporters on &fthé
sulfasalazine was investigated by using selectnrebitors. Inhibition of P-gp with verapamil and
Rhodamine 123 did not affect the transport of salf@zine in both directions. On the other hand 3-4
fold decrease was observed in the permeabilitpsatihen MRP protein is inhibited with indomethacin
and calcein. Hence it is decided that the effluswafasalazine in Caco-2 cells was dependent on MRP
but not on P-gp transporté?s

Recent studies using the T-cell line (CEM) havewshdhat sulfasalazine is a substrate for
BCRP. After oral administration of 20 mg/kg sulfiagine, the area under the plasma concentration
profile in Berp2(abcg2)(-/-) KO mice which can netpress BCRP protein was 13 fold higher than in
control mice expressing BCRP protein. Moreovertimest of control mice with single dose of gefitinib
(50 mgl/kg), a known inhibitor of BCRP, given 2 higorto administering a single oral dose of
sulfasalazine(20 mg/kg), resulted in a 13 fold @éase in the AUC of sulfasalazine compared to the
AUC in vehicle treated mice. Since gefitinib is alan inhibitor of P-gp the impact of P-gp on
sulfasalazine absorption was also investigatedvia:-VI he sulfasalazine AUC in mdrla(-/-) KO versus
control mice did not differ significantly after kér oral or intravenous do$a

b) Human bioavailability, PK and non-linear absagst mechanisms:
Bioavailability: Sulfasalazine is absorbed poorlghaan estimated bioavailability of 3-12'84

c) Analytical methods:

Analytical determination of amount of sulfasalazis done with HPLC and the method is as
shown below,
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Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min-1] 1
Injection volume [pL] 10

acetonitrile:

Eluent water:isopropanol:glacial acetic acid
7:22:11:0.4:
Column 4.6 mm X 25 cm column L1
Detection UV 254 nm

Table 11: HPLC method for Sulfasalazine

1.4.34. Rosuvastatin
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Figure 34: Chemical Structure of Rosuvastatin

Rosuvastatin is a statin used as an antilipemiotagied a competitive HMG-Co0A reductase
inhibitor effective in lowering LDL cholesterol aridglycerides.

a) Reported in vitro efflux by P-gp, MRP2 or BCRP:

Rosuvastain is known to be a BCRP substrate. dlss proved that P-gp does not appear to
play a role in rosuvastatin dispositi6h

A study was designed to determine whether rosutrastaa substrate for MDR1, MRP2, or
BCRP. Rosuvastatin transport was measured at ctvatens of 10 and 50 uM in the absence or
presence of 2 uM GF120918 using MDCK-MDR1 cellssR@statin transport in both B to A and A to
B directions was similar, with Papp value of 8 nrmawv&l was not affected by the inhibitor. This proves
that rosuvastatin is not a substrate for P-gp. Mamgs isolated from Sf9 cells either containing MRP
or not were used for the investigation of rosuvastaansport. It was shown that ATP dependent
transport of rosuvastatin between control and MBF2-membranes was not significantly different
(p>0.05). Thus it was concluded that rosuvastaimat carried by MRP2. Whereas in MXR-M-VT
membranes isolated from mammalian cells expreBERP rosuvastatin transport was inhibited by 89
% (p<0.05) when GF120918 was u&ed

b) Effect of efflux on in vivo pharmacokinetic peojes:

Ketoconazole is known to inhibit both CYP3A4 andg®- Thus ketoconazole was
administrated together with rosuvastatin to heatthlgjects to investigate if P-gp and CYP3A4 play a
role in the absorption and disposition of rosuvastdollowing the Coadministration of ketoconazole
with rosuvastatin there was no change in the pheokiaetics of the drug compared to the placebo.
Therefore, these results suggests that rosuvaiatot a ligand for P-dgp°.
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The ATP dependent activity of BCRP on rosuvastati@is also evaluated using BCRP
expressing membrane vesicles. The results ardlewsdor the members of the group statin

c) Analytical methods:

Analytical determination of amount of rosuvastasndone with HPLC and the method is as
shown below:

Column temperature [°C] 25
Sample temperature [°C] 25
Flow [mL min™] 1
Injection volume [uL] 50
Eluent 0.05 M formic acid:acetonitrile 55:45
Column Kromasil KR 100-5C18 4.6 x 250 mm, 5 pm.
Detection UV 240 nm

Table 12: HPLC method for Rosuvastatin

d) Physicochemical data:
The following table shows the physicochemical prtips of Rosuvastati’ 24122

Category Antilipemic agent
Formula C,oHoeFN3O6S
Molecular weight 481.539
Solubility Sparingly soluble in water
Availability VWR
Log P 3.135
Log D -0,88
pKa na
In-vivo absorption (permeability %) 20%
Protein binding 88 %
Minimum dose /maximum dose (mg) 5/40
BCS Classification Class I

Table 13: Physicochemical properties of Rosuvastin
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1.5. SUMMARY TABLES

The following tables show a summary of differenogerties and studies conducted on the
compound candidates:

Drug MW logP lonization Sw (pH 7.4) Sw (intrinsic)
M mg/ml
Celiprolol 379 1.92 pizsg A >1000 0.13
Paclitaxel 854 3.95 neutral 14 0.012
Talinolol 363 3.32 pizsge . >1000 0.163
Digoxin 781 1.26 neutral 69 0.05
Verapamil 454 3.83 pizsg . 900 0.009
Cyclosporin A 1202 1.02 neutral 490 0.59
Quinidine 324 2.64 pE:sge 5 >1000 0.14
Vinblastine 811 3.83 WSEZ l;aje 470 0.19
Fexofenadine 502 4.35 ig'ze?f'OS”S 25 0.012
Saquinavir 671 4.7 ng'; zage 310 0.17
Ritonavir 720 5.64 neutral 230 0.017
. . amphiprotic
Rifampin 823 2.39 Kb 7.9, pKa 8 140 0.55
Loperamide 477 3.86 pigsg . >1000 0.07
Daunorubicin 528 1.83 p?(?‘;o >1000 0.16
Etoposide 588 0.6 neutral 170 0.1
Vincristine 825 2.82 pi"f? A 570 0.19
Erythromycin 734 254 pizsse ] >1000 2
Tobramycin 467 <-2 base pKa 9.9 >1000 >5
Ivermectin 875 3.25 neutral 4.6 0.04
Doxorubicin 543 0.32 pigsg . >1000 0.26
Tacrolimus 804 4.45 neutral 70 0.06
Topotecan 421 0.29 g;“spg'}?;"é'% >1000 0.25
Nadolol 309 0.54 pﬁzsg A >1000 4.2
amphiprotic
Labetalol 328 2.24 pKb 8.6, pKa 7.5 500 0.7
Docetaxel 808 3.60 neutral 8 0.067
Lincomycin 406 0.72 pi‘:ff? , >1000 >5
Indinavir 614 2.68 WSZ'; téage 120 0.06
Sulpiride 341 0.6 pizsg 3 >1000 0.54
Azithromycin 749 1.98 pizsg , >1000 >5

Table 14 : Physico-chemical properties of seveaabaates
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Max
Drug Dose % Fora Abosorpion (HIA) HIA* Metabolism Excretion
(cal)
. 100-200 30-70%, . .
Celiprolol mg 30-70 dose-dependent 100 minor (no) biliary, renal
. 4 extensive o
Paclitaxel 60 mg/m2 (first-pass) na 100 (3A4) biliary
Talinolol 50 mg 40-60 40-60% 100 minor (no) -
Digoxin 0.25 60-90 60-90% not extensive -
9 ' formulation dependent
. 14-30 complete extensive
Verapamil 80 mg (first-pass) 100% 100 (3A4, 2C8)
Cyclosporin Variable complete extensive )
A 700 10-60% 100% 100 (3A4)
Quinidine 160 mg good >80% 56-95% 100 - -
. . na extensive
Vinblastine 7 mg (v used only) na 100 (3A4) -
Fexofenadine 60 mg na na 100 minor (5%) biliary
0, 1 -
Saquinavir 600 mg 4 /poagst 30% 100 extensive biliary
extensive biliary (renal
. . ano
Ritonavir 600 mg 60-80% na 100 (3A4, 2D6) small
amount)
Rifampin 600 mg 68-93 good >80% 100 ez(rt:pr)]i?jl)v € biliary
Loperamide 2-4 mg 40% na 100 extensive biliaryaren
- na extensive o
Daunorubicin 45 mg/m2 (iv used only) na 45 (rapid) biliary, renal
Variable 17-
70%,
Etoposide 100 mg decreases with variable 97 moderate renal
doses >100
mg
o na extensive o
Vincristine 1.5mg (used iv only) na 100 (3A4) biliary
Erythromycin 250 mg 10-60% na 97 me(tggzl;zed biliary
Tobramycin - 1% 1% 3 not metabolized biliary
; 60% . -
Ivermectin - na (solubility limited?) 100 metabolized biliary, renal
.- 300 o 10% extensive -
Doxorubicin mg/m2 5% (dose dependent) 12 (rapid) biliary, renal
Tacrolimus 0.1 mg 9-23% na 97 ex(tgzésll)ve biliary, renal
Topotecan 1 mg/m2 21-45% na 78 - -
- 0,
Nadolol 40 mg 30-40% 30-70% (dose 58 not metabolized  biliary, renal
dependent)
Labetalol 100 mg 13-50% 95% 100 extensive renal
(glucuronidation)
2-14% Extensive o
Docetaxel 75 mg/m2 (first-pass) na 100 (3A4) biliary
Lincomycin 500 mg 20-35% 20-35% 51 - -
L 2010 i metabolized )
Indinavir 800 mg 18-30% 100 (3A4)
Sulpiride 102{500 18-36% 30-70% 78 not extensive biliary, renal
Azithromycin 500 mg 37% 37% 9 not extensive biliary

Table 15: Pharmacokinetic properties of severatickates

*Max HIA (cal) - predicted human intestinal absaéopt assuming that there is no efflux, no solubilitgitation
and absorption is not biased by first-pass
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Drug

Celiprolol

Paclitaxel
Talinolol
Digoxin
Verapamil
Cyclosporin A
Quinidine
Vinblastine
Fexofenadine
Saquinavir
Ritonavir
Rifampin
Loperamide
Daunorubicin
Etoposide
Vincristine

Erythromycin

Tobramycin
Ivermectin
Doxorubicin

Tacrolimus

Topotecan
Nadolol
Labetalol

Docetaxel
Lincomycin
Indinavir
Sulpiride

Azithromycin

Pe, Caco-
2 *10°
cm/s

4.4
15
1.1

14.7

1.05

>5
>5

>5
2.2

>5

>5

1.2

>5

1.13

0.08
>5
0.16

2.1

0.28
9

>5
1.6
>5
0.39

0.3

R BA/AB

5
(50 M, Caco-2)

4-10
(0.5-20 M, Caco-2)
7
(40 M, caco-2)

1
(30 M, caco-2)

>10

(MDRL1 transfected cells)
MDR1 transfected cells —

polarized
>10

(MDRL1 transfected cells)
MDR1 transfected cells —

polarized

4.2
(20 M, Caco-2)

8
(MDR1-MDCKIl)

14
(MDR1-MDCKII)

2.8
(MDR1-MDCKIl)

6.3
(MDR1-MDCKII)

14
(MDR1-MDCKII)

Not polarized (?)
7.5

(40 M, Caco-2)
35

(40 M, Caco-2)

8.8
(MDR1-MDCKII)
20
(Caco-2)

3.2

(MDR1-MDCKII)

Polarized
(Caco-2)
Polarized
(Caco-2)

67
(Caco-2)

SELECTION OF THE TEST COMPOUNDS

Vm efflux

113
pmol/1Ccells/min
Caco-2
1.05 nmol/h/crh
Caco-2
5.5 nmol/h/crh
Caco-2
3.4 nmol/h/crh
Caco-2

no net sectretion

2.4 nmol/mg
protein/h

(LLC-GA5-COL300)

4.3 nmol/h/c,
Caco-2

no net secrefigh
no saturation

7.2 nmol/h/cr,
Caco-2

Table 16: Permeability studies of several candglate
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Km efflux

1000 M
(Caco-2)

16.5 M
(Caco-2)
100 M
(Caco-2)
7.3 M
(Caco-2)

no net secretion

8 M
(LLC-GA5-COL300)

55 M

255 M
(MDR1-MDCKII)

no net secretion (?)

no saturation

170 M
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P
Drug Transport eff?epc):t In vivo Pgp effect on PK properties
in vivo
Celiprolol Possible Pg substrate ? Pgp effectlidmskhot clear (not significant data)
. Pgp substrate Proved ng.effect in \{ivo (difference in PK propestin mdrla(-
Paclitaxel Yes /-) and wild type mice). Probably Inhibition of Pgaused

very good ) . .
(very g ) increase in % Foral in humans.

Proved Pgp effect in vivo (difference in PK propestin mdrla(-
Talinolol Pgp substrate Yes /-) and wild type mice).
Possible intestinal secretion in humans.

Pgp substrate Proved Pgp effect in vivo (difference in PK propestand in situ

Digoxin (good) Yes intestinal permeability in mdrla/1b(-/-) and wiighe mice).
Verapamil Highly permeable Pgp No Pgp probably does not effect PK properties in vRiasma
substrate (?) concentration is the same in mdrla(-/-) mice arid type mice
Cyclosporin Pgp substrate Yes Increased permeability in in situ intestinal peidassystem in
A (moderate or good) (?) mdrla/1b(-/-) mice.
Pgp substrate Pgp efflux was observed in the study of permeafititin situ
Quinidine d) ? intestinal perfusion with mdrla/b(-/-) and contnoice. But effect
(very goo of Pgp on quinidine PK is not clear (good bioauaility)
Vinblastine Substrate N Only small increase in intestinal permeability insitu perfusion
(Pgp & MRP) ' system in mdrla/lb(-/-) mice. CsA increased abgmorph rats.
Fexofenadine Substrate Yes Contradictivg. Verapamil i_n_crgases %Foral, but haveffect on
(Pgp & others?) (?) intestinal permeability in human perfused system.
Pgp substrate Proved Pgp effect in vivo (difference in PK propestin mdrla(-
Saquinavir d Yes /-) and wild type mice). Bioavailability increasegth
(very good) coadministration with ritonavir (Pgp inhibitor).
Ritonavir Pgp substrate Yes Pgp efflux was observed in the permeability studinisitu
(moderate or good) (?) intestinal perfusion with mdrla/b(-/-) and contnoice

Pgp substrate

Rifampin (probably moderate) &  Yes Proved Pgp effect in vivo (difference in PK propestin mdrla(-

/-) and wild type mice).

inducer
Loberamide Pgp substrate Yes Significant increase (3 fold) of intestinal permiéipin in situ
P (moderate or good) (?) perfusion system in mdrla/lb(-/-) mice.

Pgp substrate Pgp efflux was observed in the permeability studinisitu

Daunorubicin (good) ves intestinal perfusion with mdrla/b(-/-) and contnoice
Pgp substrate Yes Polarized transport of ETOP was reduced but nolisti®d in
Etoposide (moderate or poor) & @) mdrla (-/-) tissues. Residual ETOP efflux in mdflg tissues
MRP substrate ’ was abolished by the MRP inhibitor MK571.
L Probably Pgp substrate 5
Vincristine (contradictive BBB data) ' No data
. Pgp substrate >
Erythromycin (moderate or good) . No data
. Can be Pgp substrate N o
Tobramycin (not enough data) . Not clear (not significant data)
. Pgp substrate 5
Ivermectin (probably good) 7 No data
Pgp substrate
Doxorubicin (moderate, contradictive Yes Proved Pgp effect in vivo (difference in PK propestin mdrla(-
transport data across cell /-) and wild type mice).
monolayers)
Tacrolimus Pgp substrate Yes Proved Pgp effect in vivo (difference in PK propestin mdrla(-
(moderate or good) /-) and wild type mice).
Toootecan Pgp substrate Yes Proved Pgp effect in vivo (difference in PK propestin mdrla(-
P (probably moderate) /-) and wild type mice).
Nadolol Posible substrate ? No data
Pgp substrate N
Labetalol (moderate) 7 No data
Docetaxel I?gepr;ugk;s;:ja;te \((,?)S Cyclosporine A strongly enhances the oral bioatxlity.
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Lincomycin Substrate
(moderate or weak)
Indinavir Substrate ?
(good) '
Sulpiride Substrate Yes
(Pgp, Pept, OCT1) (?)
Azithromycin S(Lék:)s(;t(rgte ?

SELECTION OF THE TEST COMPOUNDS

No data

No data

Quinidine and verapamil increased bioavailabilitgolpiride
after intestinal administration in rats

Not enough data. Drug-drug interaction with cgplarine A.

Table 17: Pgp effects on several candidates

Compound

Paclitaxel

Digoxin

Saquinavir

Celiprolol

Fexofenadine

Loperamide
Talinolol
Quinidine

Vinblastine
Topotecan
Rifampin

Verapamil

Daunorubicin

Cyclosporin A

Tacrolimus

Inclusion

ok
ok

ok

ok
ok

ok
ok
guestionable

Almost ok

questionable
questionable

guestionable

Questionable

Questionable

questionable

Notes

# oral PK data in Pgp KO and WT mice
# published estimation of Vm,Km for Pgp
# oral PK data in Pgp KO and WT mice
# published estimation of Vm,Km for Pgp
# absorption 30%, vs 6% bioavailability
# oral PK data in Pgp KO and WT mice
# published estimation Vm,Km for Pgp
# not metabolised, dose-dependent absorption
# possible Pgp substrate
# not metabolisd, bioavailability 2% in mice
# oral PK data in Pgp KO and WT mice
# good Pgp substrate
# proved Pgp efflux in intestine (intestinal paitin with KO
and WT mice)
# published estimation of Vm,Km for Pgp
# very good Pgp substrate
# proved Pgp efflux in intestine (intestinal paitin with KO
and WT mice)
# oral PK data in Pgp KO and@ mice
# oral PK data in Pgp KO and WT mice
# published estimation of Vm,Km for Pgp
# oral PK data in Pgp KO and WT mice
# published estimation Vm,Km for Pgp
# oral PK data in Pgp KO and WT mice
# control: no effect of Pgp on PK
# good Pgp substrate
# proved Pgp efflux in intestine (intestinal paitin with KO
and WT mice)
# proved Pgp efflux in intestine (intestinal paitin with KO
and WT mice)
# oral PK data in Pgp KO and WT mice
# tested Vm,Km for Pgp — no saturation

Table 18: Comments on several compound candidates
"Pgp KO and WT mice — Pgp knock out mdrla(-/-) aild type mdrla(+/+) mice
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Compound
Doxorubicin
Ritonavir
Etoposide
Erythromycin

Tobramycin

lvermectin

Vincristine

Salbutamol
(albuterol)

Rosuvastin
Sparfloxacin
Sulfasalazine

Methotrexate
Nadolol

Indinavir
Docetaxel

Labetalol

Inclusion
problematic
questionable
guestionable
problematic

problematic

problematic

problematic

almost
ok

questionable
guestionable
guestionable

problematic
questionable

problematic
problematic

guestionable

SELECTION OF THE TEST COMPOUNDS

Notes

# no data of Pgp effectRiain vivo

# proved Pgp efflux in intestine (intestinal pedan with KO and AT

mice)

#reduced but not abolished polarized transportrihla(-/-) tissues

#MRP1 substrate

# no data of Pgp effectRiin vivo

# no data of Pgp effect &nifPvivo

# no data of Pgp effect #niPvivo

# contradictive BBB studies on Pgp efflux
# no data of Pgp effect on PK in vivo
#possible Pgp substrate
# verapamil-inhibited intestinal secretion

#BCRP substrate

# possible Pgp substrate (and other transporters)
# do not find data of Pgp effect on PK in vivo (?)

# oral PK data in Pgp KO and WT mice (no Pgp effect

# BCRP substrate
# MRP substrate

# no intestinal absorption — bicarbonic acid

# incomplete dose-dependent absorption, not metool
# possible Pgp substrate (decreased accumulati®gpn cells)

# no data of Pgp effect on PK in vivo
# relevant Pgp substrate
# no data of Pgp effect on PK in vivo

# oral PK data in Pgp KO WAl mice (small effect of Pgp)

# moderate Pgp substrate
# Intestinal Pgp efflux (perfusion experimentsatsj

Table 19 : Other suggested compounds and comments
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1.6. CONCLUSION

The following is the criteria that was taken intensideration to extract from the final list of
selected compounds the studied compound candiffadés that some of the candidates are extracted
from the list for more than one reason):

Substrates of the MRP2 and BCRP transporter pteine to the final decision that the
only focus of the project will be the MRP1 proteithus compounds such as topotecan,
rosuvastatin, sulfasalazine, methotrexate, vinilasand vincristine were extracted from the
list.

Compounds that are known to be substrate of mane ¢ime transporter protein (non-P-gp
selective substrates), thus compounds such asvipwinblastine, cyclosporine A, verapamil,
etoposide, and sulpiride were extracted from tte |i

Compounds with a lack of data or no effect of PegpPKin vivo, thus compounds such as
sparfloxacin, verapamil, erythomycin, tobramycivermectin, doxorubicin, nadolol, indinavir
and vincristine were extracted from the list.

Moderate, weak or non-clear P-gp substrates, thogpounds such as tacrolimus, rifampin,
doxorubicin, labetalol, nadolol, lincomycin, azitngcin and salbutamol were extracted from the
list.

As it was decided during Mentran&2neeting, the final list of selected model compaund
include only specific and proved substrates forpP-a total number of 8 compounds are proposed,
which would be enough for the establishment ofitrevin-vivo correlations.

For all the reasons mentioned above the list ofpmmds that will be used in MEMTRANS
project include: celiprolol, paclitaxel, saquinaviexofenadine, digoxin, talinolol, loperamide and
quinidine. Table 20 show a summary of the selectedpounds properties and their BCS classification.

Efflux Analitycal
Drug %F oral method BCS Log P
transporter :
available
Celiprolol 30-70 P-gp yes na 1.92
; 4 68
Paclitaxel (first-pass) P-gp yes 1V 5.02/3.95
0,
Saquinavir 4% P-gp/MRP2 yes o1 1169y 120121122 4.7
(first-pass)
; na 20,121,122,168
Fexofenadineg (appox. 33%) P-gp yes 1t 4.35
Digoxin 60-90 P-gp yes 54120121123, 52,168 | 1 7/1 26
Talinolol 40-60 P-gp yes Yoo 3.32
Loperamide 40 P-gp yes fib 3.86
Quinidine >80% P-gp yes 1.468.169/52 2.64

Table 20: MEMTRANS project selected compounds
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2. SELECTION OF THE INHIBITORS

2.1. GENERAL CRITERIA FOR SELECTION OF INHIBITORS

The criteria for the selection of the inhibitore disted below:

a) Selective for the transporter.

b) Inhibition with low Ki or IGg values (IC50<10uM)
c) No significant metabolism in the cell

d) Being commercially available

2.2. P-GP INHIBITION

P-gp substrates that have high affinity to thegirotan be used as inhibitors of this protein as
well as the modifiers that are not actually suliegaf this protein but inhibits the protein. Mastthe
inhibitors that were used in the previous works raoe highly specific to the P-gp and also inhilbie t
other transporters such as MRPs and BCRP. Theflsbme of the inhibitors and their substrates that
are previously used for the P-gp are given in #idetbelow.

Inhibitor Substrate
Cyclosporing"'%® P-gp, MRP1, MRP2, OATP-C
Verapamil* P-gp, various organic cation transporters
GF 120918*73170.171.172 P-gp, BCRP
LY 3357973174 P-gp

Table 21: Effect of the different inhibitor on ket carriers

Because of the high selectivity to the P-gp, LYBB3YZosuquidar trihydrochloride) is
proposed for the inhibition of P-gp. A previousdstitexamines in more detail the in-vitro properés
LY 33579. Equilibrium binding studies using radiodded LY 33579 indicated that P-gp has a very high
affinity for this molecule, with a Ki of 59 nM andd of 73 nM. It was also found that 4¢of LY33579
is 0.024 uM when used in Caco-2 célBurthermore it is demonstrated that binding efrtodulator is
ATP independent. This modulator binds to an ATRepehdent conformation of P-gp and does not
serve as a substrate of P-gp. The lack of affioitthis molecule to MRP2 and BCRP was also shown
by transport experiments using MRP transfected Iidells and Caco-2 cells. LY33579 modulates drug
resistance much longer than other P-gp modulatesapamil, even after being wash&d’™* Also GF
120918 a relatively selective inhibitor althoughaiso has an affinity to BCRP can be used alone or
together with LY335979 to determine the effect fedent inhibitors on the efflux ratios or whengp-
and BCRP inhibition is required for unselective studtes.
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Category Multidrug-Resistance Modulator

Formula CazH31FoN30;

Molecular weight 527.61 g/mol
Solubility na

Availability Eli Lilly Company

Log P na
Log D na
pKa na
In-vivo absorption (permeability %) na
Protein binding na
Minimum dose /maximum dose (mg) na
BCS Classification na

Table 22: Physicochemical properties of Zosuquidaydrochloridé®*1%1122

2.3. MRP2 INHIBITION

MRP2 functions as an efflux pump for drugs andrtigiitathione conjugates. MRP2 is quite
similar to P-gp, transporting many of the same gabes such as vinblastin, cyclosporine and verdpam
It is known that a highly specific inhibitor of MRPis clearly lackind’®. Different inhibitors for the
MRP2 transporter protein were previously studiede ©f these inhibitors is sulfinpyrazone. Inhikitio
of this molecule is highly dependent on the substsince some substrates may be sensitive to
sulfinpyrazone, whereas others are*h€ A known P-gp inhibitor GF120918 was found to be
effective on the MRP1 transporter at above 10uMceatration**®t MK571 (E)-3-[[[3-[2-(7-Chloro-2-
quinolinyl) ethenyl] phenyl]-[[3-dimethylamino)-3xopropyl]thiojmethyl]thio]-propanoic Acid) is the
most selective inhibitor to the MRP-family transigos compared to the above listed ones. It is shown
that MRP-specific inhibitor MK571 caused a concatin dependent decrease of Ochratoxin A
secretion while absorption increased. Effects afultidrug resistance-reversing agents on transuprti
activity of MRP2 were also studies in another peddion. It was stated that Ki values of PAK-104P,
CsA, MK571 and PSC833 were 3.7, 4.7, 13.1, 28.pewtively**1"1"> Although Ki observed with
PAK-104P and CsA are lower than the Ki of MK571; BIKL is proposed for the MRP 2 inhibition due
to its selectivity on MRP family.
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Category Multidrug-Resistance Modulator
Formula C26H26CIN;O5S,
Molecular weight 514.1 g/mol
Solubility soluble
Availability VWR
Log P na
Log D na
pKa na
In-vivo absorption (permeability %) na
Protein binding na
Minimum dose /maximum dose (mg) na
BCS Classification na

Table 23: Physicochemical properties of MK&? 124122

2.4. BCRP INHIBITION

Fumitremorgin C (FTC), a fungal toxin, is a potand specific chemosensitizing agent in cell
lines selected for resistance to mitoxantrone tl@atnot over express P-gp or multidrug resistance
protein. The gene encoding a novel transporter, bifeast cancer resistance protein (BCRP), was
recently found to be over expressed in a mitoxamatreelected human colon cell line S1-M1-3.2, which
was used to identify FTC. It is reported that FTi@@st completely reverses resistance mediated by
BCRP in vitro and is a pharmacological probe foe thxpression and molecular action of this
transporter. It is also shown that FTC treatmeataased the amount of daunorubicim (1.8-2.3 fahd) a
doxorubicin (1.8 fold), retained by the cells ahdncreased the toxicity of mitoxantrone (29.4 jold
doxorubicin (6.6 fold), topotecan (6.5 fotdfy'’#1">176177"18Thys FTC is proposed as a selective
inhibitor for the BCRP transporter. FTC was seldctastead of Kol143 for the project for the
availability reasons since FTC is readily available

Category Multidrug-Resistance Modulator
Formula CyoHosN305
Molecular weight 379.5 g/mol
Solubility Practically insoluble
Availability SA/Axxora
Log P na
Log D na
pKa na
In-vivo absorption (permeability %) na
Protein binding na
Minimum dose /maximum dose (mg) na
BCS Classification na

Table 24: Physicochemical properties of B¢
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2.5. CONCLUSION

Specific inhibition of the transporters is the ffippint of evaluation of the inhibitors in case the
cell lines such as Caco-2 that are able to produme than one protein, are used for the projeaisTh
the following selective inhibitors are proposed tloe transporter proteins P-gp, MRP2 and BCRP:

LY33579 Highly specific P-gp inhibitor.
MK571 Highly specific MRP2 inhibitor
Fumitremorgin Highly specific BCRP inhibitor

Table 25: Proposed inhibitors for the transportetgins P-gp, MRP2 and BCRP.

Since it was decided that the main focus of the MIEMANS project will be the P-gp, the only
inhibitor that will be used in the content of th@ject was decided to be LY33579. The inhibitorl \vé
present at the same concentration in both the Apité Basolateral compartments throughout the time
course of the permeability experiments. GF120918dcbe used as a second option.
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3. SELECTION OF THE SYSTEM SUITABILITY MARKERS

3.1. INTRODUCTION

A potential issue with cell based models is that ititegrity of the tight junctions in the cell
monolayers can be compromised. The permeabilitysacthe compromised monolayer is often much
higher compared with the intact monolayers, andpi@neability becomes high in both directions. In
that case, the efflux ratio often becomes unity #re test compound is classified as a non-substrat
even it is a true substrate. Thus cell integrity germeability should be checked before and after
conducting the experiment since in some casesslrogtances used in high concentrations may damage
the integrity of the cells. For example severduxfand efflux transporters are expressed in Cacel2
under standard cell culture conditions. Howeverftimetional expression of drug transporters in Gaco
cells may vary significantly depending on the pgesaumber and minor changes in culture conditions.
Thus activity of the transporters should also beckkd for the standardisation of the experimental
conditiong®.

Quality control markers will be selected in ordercontrol the suitability of the cell lines for
the different levels of transport levels, suchas and high permeability markers, along with thatoaol
for the level of P-gp expression are for sure ofc@l importance for the development of the nowel i
vitro system. The efficiency of the cells should ¢leecked before every experiment to ensure the
suitability of the cells for the further transpexperiments.

The selection of the markers has been based amtlite data and on the feasibility of
implementing the measurements in the partner’sr&boes.

3.2. QUALITY CONTROL MARKERS

Different quality control markers can be used te®ahif a cell barrier is acceptable for
transport studies. Markers for paracellular, trefiatar, and stagnant aqueous layer resistancebeill
selected as these parameters are used as covarfableansport modelling in order to reduce the
interlaboratory variability.

3.2.1. Trans-Epithelial Electrical Resistance (TEERmeasurement

The ability to form tight epithelial-like monolayemwill be checked by means of the trans-
ephithelial permeability measurement (TEER) witlomstick electrodes. This method provides a quick,
non-destructive and easy evaluation of monolayght tjunction integrity. The TEER value option is
particularly cost-effective in its ability to idefyt unusable membranes, thus saving the time argiame
associated with performing an assay on unsuitaldenionanes. Higher electrical resistance across a
membrane indicates well-formed junctions and athgahembrane suitable for permeability tests.The
measure will be performed before and after the pabiity experimentg®8°

3.2.2. Markers for paracellular and transcellular permeability

Paracellular flux (or permeability) represents arkem for the status of the intercellular
junctions when polarized monolayers are formed. Wdwrectly constitutes as a polarized and selectiv
barrier sealed by tight junctions, they presenonaoninimal paracellular flux leaving the transcédiu
pathway as the only way to cross the monolayer. Udee of molecules, such as Mannitol or Lucifer
Yellow, that are unable to cross transcellularlg #me study of their flux and permeability valudsw
to evaluate the barrier status of the polarizedmeholayers grown on top of mocroporous membranes.

Two permeability markers; a hydrophobic paracetluatarker (lucifer yellow or mannitol) and
a hydrophilic paracellular marker (metoprolol) skalimo demonstrate consistent permeability values
over the different passage numbér§' 182183184185 Thare s another hydrophilic paracellular
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permeability marker (Propranolol) that has beetedtan the literature but in the recent publicasiohis
marker was found to be a substrate and an inhibftBrgg™>.

The first mentioned three compounds are widely usetthe literature for controlling the cell
integrity/>79:149.181,182,183,184,185.186,187. 18§ |5 it s proposed that reproducibility of thesults for
mannitol, lucifer yellow and metoprolol, can be disathin this project for the confirmation that tbell
monolayers are not compromised with demonstratioip mon-permeability and 100% permeability
through the cell junctions respectively.

Another marker is needed that will demonstrate 508stinal permeability thorough the cell
junctions for the optimisation of the in-vitro sgst. Atenolol is previously tested in terms of
permeability using Caco-2 cellsgRvalue was found to be 0.59 + 0.056XXn/s. This molecule can
be used as a marker for the system suitabilitg Estresponding to the 50% in-vivo permeabifity

Chemical structure and physicochemical propertige@substances are as follows:

3.2.2.1. Mannitol
OH

OH
HO!-

“OH
HO

HO
Figure 35: Chemical Structure of Mannitol

Category Diuretic
Formula CeH 1406
Molecular weight 182.17 g/mol
Solubility Freely soluble
Availability SA/LGC/VWR
Log P -3.506
Log D - 3,10
pKa na
In-vivo absorption (permeability %) 7%
Protein binding 0%
Minimum dose /maximum dose (mg) na
BCS Classification na

Table 26: Physicochemical characteristics of Meahts’ 121122

3.2.2.2. Metoprolol

metoprolol

Figure 36 : Chemical Structure of Metoprolol
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Category Cardiovascular agent
Formula C15H2sNO3
Molecular weight 267.364 g/mol
Solubility Sparingly soluble
Availability SA/LGC/VWR
Log P 2.477
Log D 0,07
pKa na
In-vivo absorption (permeability %) 100 %
Protein binding 12 %
Minimum dose /maximum dose (mg) 25/100
BCS Classification Class |

Table 27: Physicochemical characteristics of Meitp[021122

3.2.2.3. Atenolol

H,N
mo/\(\’\lj\
OH H

atenolol
Figure 37: Chemical Structure of Atenolol

Category Cardiovascular agent
Formula C14H2oNL505
Molecular weight 266.336 g/mol
Solubility Sparingly soluble
Availability SA/LGC/VWR
Log P 0.5
Log D -0,54
pKa na
In-vivo absorption (permeability %) 50 %
Protein binding 6-16 %
Minimum dose /maximum dose (mg) 25/100
BCS Classification Class Il

Table 28: Physicochemical characteristics of Ater?®?11%2
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3.3. MARKERS FOR P-GP LEVEL EXPRESSION

Decision on methods to determine the level of Regpression along with the activity of this
protein was showed during MEMTRANS“2meeting. It was proposed that P-gp expressionbean
checked with Rhodamine 123 as well as with Calasing this fluorescence probes as P-gp substrates.

Functional expressions of efflux systems can be aestnated with techniques such as bi
directional transport studies demonstrating a higae of transport in the basolateral to apicegation
as compared to apical to basolateral direction gusselected model drugs and chemicals at
conc):lentrations that do not saturate the effluxesgst(e.g. Cyclosporine A, Vinblastin, Rhodamine
123y.

Other method to determine the level of P-gp expoaesslong with the activity of this protein is
the use of fluorescence probes as P-gp substiathsas Calcein Assay.

3.3.1. Rhodamine 123

Rhodamine 123 is a lipophilic cationic fluorescdpé that has often been used for studying the
functional activity of P-gp. When used as a probe dtudy of the P-gp activity either release or
accumulation of the substance in the presencesenale of P-gp modulators can be d&td general
efflux modifier Cyclosporine A (CsA) can be used tbe inhibition of transporters. The fluorescence
intensity after efflux in the absence of CsA istsatted that of in the presence of CsA to minintlee
effects of the transport not mediated by P-gp amd specific changes in the fluorescent activityvdis
shown that there is a good over all concordancerdsrt measurement of Rhodamine efflux and mdrl
expression which is responsible for the P-gp sexreThe Pearson correlation coefficient for theted
58 cell lines were reported as 0,788 with a p vadfie<0,0003°**°%1°! Thus Rhodamine 123 is
proposed as the control agent of P-gp expressionthen cells. The chemical structure and
physicochemical properties of Rhodamine 123 arfelbsvs:

Figure 38: Chemical Structure of Rhodamine 123
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Category na

Formula Ca1H17N20;3

Molecular weight 345.3 g/mol

Solubility Practically insoluble
Availability SAIVWR

Log P na
Log D na
pKa na
In-vivo absorption (permeability %) na
Protein binding na
Minimum dose /maximum dose (mg) na
BCS Classification na

Table 29: Physicochemical characteristics of Rhuda 12320141122

3.3.2. Calcein Assay

The Calcein Assay is an in vitro assay to asses&xpression and the activity of MDR1/Pgp
(ABCB1) as well as other non-Pgp efflux systemswaht to drug transport. This method allows each
laboratory to characterize their cell lines for MRRvity.

The functions of the multidrug resistance proteBGB1/MDR1/Pgp is assessed by measuring
the accumulation of a fluorescent dye, calceingefis e.g. by flow cytometry. In the in vitro assay
calcein AM is added to the cells, and this compoisw@onverted into free calcein by intracellular
esterases. Since calcein AM is extruded from muigeresistant cells, the reduced intracellular
fluorescence reflects MDR1 activity. The quantitatMDR1 activity factors (MAFMDR) are calculated
from the calcein AM extrusion assay by using edfitiinhibitors of the multidrug resistance protein.
This relatively simple and rapid in vitro functidressay provides a reliable quantitative measure fo
cellular multidrug resistance and the activity loé MDR1 protein. For flow cytometry measurements of
calcein uptake, cells are pre-incubated with varapar with solvent (HBSS) for 5 minutes at RT.
Thereafter 0.25 uM calcein AM is added and thesceik incubated for 10 min at 37 oC. Reaction is
stopped by rapid centrifugation. Non-living cellee adetected and gated out by propidium iodide
staining.

3.3.3. Western blot

Western blot is a technique to measure the amdumammsporter proteins in the assay system.
The method is set up and validated using recombirzarMdrlb and human MDR1 (Pgp) expressed in
Sf9 cells using baculoviral transfection. Both pios could be successfully detected using the aaib
C219 (figure 39). Then, the calcein assay is usaddnitor the activity of the transporter. HL-60-NRD
cells expressing human MDR1 (Pgp) were incubateth vid50 nM calcein AM and different
concentrations of verapamil (Pgp inhibitor). Inangsconcentrations of verapamil increased the oate
calcein AM permeability across the cell membraneldig higher rate of calcein formation and
fluorescence buildup (figure 40).
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Figure 39: Sf9 membrane vesicles (fifJlane) containing the transporter separated by SDS
page.Western blot performed using the Pgp speCRIit9 antibody.
Lane 1. control, lane 2: rat Mdrlb, lane 3:humabR\J.
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Figure 40: Fluorescence buildup (calcein formatiartjme in the presence different
concentrations of verapamil in the calcein assaygudL60-MDRL1 cells.
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4. CELL LINE SELECTION

4.1. INTRODUCTION

Cells that are evaluated in the extend of this meg@@ selected from previous studies based on
in-vitro prediction of drug absorption, initial tief the cells that are listed at the Memtrans \page,
further literature search, recently released FDiIgline'®> and Memtrans project proposal.

The main criteria for the selection of the celkliis based on transporter expression profiles of
the cells, morphological and biological similaritieo the intestinal mucosa, previous correlatioite w
the intestinal absorption that are gathered froenpihblications, availability of the cells duringdaafter
the project.

4.2. CELL LINES
42.1. TC7

These cells are cloned from Caco-2 cells and cgorivéded by ATCC. They generally share
the same characteristics with the Caco-2 cellsrathen 2-fold lower expression of the P-gp and 26
hours of doubling time which is 30 for Caco-2 cellere is also a TC7 3-day model which completes
its maturation in 3 days. Previous works on thesklioes are given below

TC7 cells cultured for 21 days differentiated isiagle monolayer of polarized enterocyte-like
cells with apical brush border, cell-to-cell tigiinctions and basolateral membrane adherent to the
support. Furthermore, the presence of a homogensgupopulation in its morphological aspect was
shown by ultra structure analysis suggesting thastmTC7 cells were at the same degree of
differentiation. These characteristics highlightdx TC7 clone as a suitable model for permeation
assays but required a time-consuming and costtyreuperiod. High levels of growth factors added in
the culture mediae(g, EGF, insulin, progesterone, butyric acid) reduat&uration from 21 to 3 d.
Observations showed that incomplete cell diffeegign occurred with heterogeneous cell aspect and
dimension, poor apical microvilli and importantentellular spaces by culturing TC7 cells with the
standard Biocoat® serum-free culture media. Thessults indicated that the 3-d model is
undifferentiated compared with the 21-d model andnethese images did not allow to conclude
whether cells are at different maturation levelswdrether they expressed various phenotypes as
described for other cell. TC7 cells cultured in wemtional and accelerated culture media, it is ¢bun
that the level of maturation of the 3-d model wasdr in both morphologic and biochemical aspects.
This indicated the limited application of TC7/3-dltares for study of the impact of metabolism inglr
absorption. The expression of carrier-mediatedspart also appeared too low to evaluate the peatenti
of absorption of compounds actively absorbed. Haweusing the TC7 cell line without fetal calf
serum, comparable results were found between tHeaBd the 21-d culture systems for passively
absorbed compounds with high potential of rank wnde of compounds. The in vitro/in vivo
correlations obtained with both systems suggeshked they are valuable tools to determine the
absorption of passively permeable compounds. Theyless time consuming and have increased
efficiency when the 3-d model is usét

The TC-7 clone exhibits morphological charactezgsimilar to those of the parental Caco-2
cell line, concerning apical brush border, micripvilght junctions and polarization of the celhd. The
TC-7 clone however appeared more homogenous irstefroell size. Both cell lineachieved similar
monolayer integrity towards mannitol and PEG-40@0nolayer integrity was achieved earlier for the
TC-7 clone, mainly due to its shorter doubling time. 26 versus 30 hours for parental Caco-2 .cells
When using cyclosporine A as a P-glycoprotein gabest active efflux was lower in the TC-7 clone
than in the parental Caco-2 cells. The Papp anchamems of transport (paracellular or transcellular
routes, passive diffusion and active transport) ewdetermined for 20 drugs. A relationship was
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established between the in vivo oral absorptiomumans and Papp values, allowing to determine a
threshold value for Papp of 2 10-6 cm/sec, aborve/fach a 100% oral absorption could be expected in
humans. Both correlation curves obtained with tive tell types were almost completely super
imp:lgflble. These studies also confirmed that theptiide transporter is under expressed in both cell
lines™.

Although the fast maturation TC7 model is time@ént, its morphological characteristics such
as leaky tight junctions and undifferentiated sinoe along with the inability to express P-gp shalaes
inappropriateness of this cell line for Memtrang. @ay cultured TC7 cells are similar in different
aspects to the parental Caco-2 cell line as mesdi@bove. But this cell line express the P-gp @-fol
less than the parental Caco-2 cell line which atsatradicts with the aim of the Memtrans projed.itS
is proposed that no further evaluation of thesedwlblines is necessary in the extent of the mtoje

4.2.2. LLC-PK1:MDR1

LLC-PK; are pig kidney epithelial cells. They are transfed with human MDR1 gene for the
construction of the LLC-PK1:MDR1 clone. These dales stably express the p-gp. It is possible to
determine if a substance is a substrate and agtiraisporter with P-gp by the comparison of appare
permeability values between transfected and notsteated cell lines. LLC-PK1 cells are available in
ATCC but the MDR1 transfected cell line is not coermally available. Previous works carried out
with this cell line is given below.

The LLC-PK1:MDR1, LLC-PK1 and Caco-2 cell lines weused to investigate whether
Rhodamine-123 or doxorubicin would be the prefersistrate to study P-glycoprotein (P-gp)
functionality in vitro. Both Rhodamine-123 and doxbicin showed highly polarized transport in the
Caco-2 cell line and the LLC-PK1:MDR1 cell linedinating that P-gp is actively transporting these
drugs. However, for Rhodamine-123 polarized trarispas also seen in the monolayers of the wild-
type LLC-PK1 cell line, indicating the presence afother active transporter for this compound.
Polarized transport of doxorubicin in the Caco-8 éme LLC-PK1:MDR1 cell lines could be inhibited
by the P-gp inhibitors SDZ-PSC 833 (PSC 833), Cymiwin A (CsA), verapamil and quinine, but not
by the inhibitors for the organic cation carriersgms cimetidine and tetraethylammonium (TEA).
Polarized transport of Rhodamine-123 in the Caceilline could only be inhibited by P-gp inhibisor
In the LLC-PK1:MDR1 and LLC-PK1 cell lines transparas also inhibited by inhibitors for the
organic cation transport systeftts

The transport behaviour of ritonavir, indinavir asehprenavir in the presence and absence of
P-gp modulators and probenecid was investigateahim vitro blood-brain barrier (BBB) co-culture
model and in monolayers of LLC-PK1, LLC-PK1:MDR1,C-PK1:MRP1 and Caco-2 cells. All three
HIV protease inhibitors showed polarized transporthe BBB model, LLC-PK1:MDR1 and Caco-2
cell line. The P-gp modulators SDZ-PSC 833, verdapand LY 335979 inhibited polarized transport,
although their potency was dependent on both tilenoedel and the HIV protease inhibitor used.
Ritonavir and indinavir also showed polarized torsin the LLC-PK1 and LLC-PK1:MRP1 cell line,
which could be inhibited by probenecid. HIV proteashibitors were not able to inhibit competitively
polarized transport of other HIV protease inhilstor the LLC-PK1:MDR1 cell line. It has been found
that P-gp inhibitors were not able to completelkilit the polarized fashion thus it is suggesteat th
other transporters also plays a role in the adiimesport of these drugs. And ritonavir as well as
indinavir showed polarized transport due to thecfbf a transporter other than P-fp

Immunoblot analysis of P-glycoprotein expressiomgighe mAb anti—P-glycoprotein C219
revealed that L-MDR1 cell expressed high level$aflycoprotein, while the parental cell line, LLC-
PK1, showed little if any detectable P-glycoprotéiig. 1). Caco-2 cells, however, had a readily
detectable, but significantly lower amount of exysex P-glycoprotein than L-MDR1 cells (Fig. 1).
Indinavir, nelfinavir, and saquinavir cellular tsdocation was markedly greater when [14C]-labelled
drug was administered to the basal side of culiuteMDR1, and Caco-2 cells and its appearance
measured on the apical side (basal-apical) comparedidition of drug to the opposite compartment
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(apical-basal). In LLC-PK1 cells, such apical bamadl basal-apical transport differences were absent
for nelfinavir and saquinavir; however with indimg\a significantly greater basal-apical versuscapi
basal transport was observed in LLC-PK1 cells,caigh the net basal-apical transport was greatrein
L-MDR1 cells. Furthermore, the addition of quinidior PSC-833 to Caco-2 cells markedly reduced the
directional transport different®

Figure 41: Expression of the P-gp in L-MDR1, LLC-BkCaco-2 celf$

Figure 42: Transport of HIV protease inhibitorditMDR1 and LLC-PK1 cell2.
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The drawbacks of the above mentioned cell linetheelack of commercial availability and
presence of uncharacterized carriers that areeactiterms of drug active transport which may lead
false results through out the project. This carobercome by comparison of the permeability profiles
with the wild type LLC-PK1 cells. But it is alsagsible to transfect parental LLC-PK1 cell linetwit
human mdrla and mrp2 and bcrp genes for the sedeetipression of these proteins. It has been also
reported that this cell line were superior to Cactells in adenovirus infection thus they can bedu$
the transduction of the Caco-2 cells is not sudeeS$. Also it is important that wild type cells doestno
contain P-gp, MRP2 or BCRP

4.2.3. LS180

LS180 cells are derived from human colon carcineells and are an established intestinal in-
vitro system of intestinal mucus to measure P-gb@WP3A4 induction. These cells are commercially
available in ATCC cell line collection. Previous ke conducted with this cell line are given below.

4.2.4. MDCK cell lines

4.2.4.1.Wild type MDCK cell lines

A non-intestinal cell line, MDCK or Madin-Darby cae kidney, has also been investigated as
an in vitro cell culture model for permeability sening. Although MDCK cells are a useful system for
investigating renal transport processes, their iegipbn as an intestinal model requires further
evaluation. The main advantage of the MDCK cellagss its potential for increasing throughput.
Unlike standard Caco-2 cells, MDCK cells may beduk® permeability studies in as little as 3 days
after seeding. MDCK cells grown for 2 days undendard conditions form confluent monolayers with
completely developed tight junction networks andnstant transephitelial electrical resistances
(TEERS). One study reported that cells seeded @it Hensities were fully polarized by this time,
whereas other studies reported that MDCK cells vpartially differentiated after 3—4 days; however,
they functionally expressed brush border alkalihegphatase and polarized amino acid transporters.
Apparent permeability values measured with 3-dayQWDcells correlate well with those from Caco-2
cells, which in turn correlate to in vivo intestirssorption. Although MDCK cells seem promisingaas
model of passive intestinal drug transport, cammediated transport will likely be different frorat in
the human intestine because of species and ordfmedices. In addition to amino acid transporters,
MDCK cells express the efflux transporter P-glyadpm (P-gp), an organic cation transporter, and
peptide transporters., Although transporters acrsgscies may share structural and functional
characteristics, differences may arise in kineticameters and substrate specificity®’ 1

Using MDCK wild type cell line in the extend of ghproject would not contribute to the aim of
the project as determination of the specific tramtgy protein for related molecules since different
proteins are expressed in this cell line. Thusehemo need for further evaluation of this ceiklifor
their use in the project.

4.2.4.2. Transfected MDCK cell lines

MDCK cell line was previously transfected with humiaadrl gene and mrp2 gene separately
for the stable expression of these proteins iredkffit clones of this cell line. MDCK cells exhibimilar
growth curves as the MDCK cells but they reachdtationary phase later (10 days after seedfiig)
Previous prediction of absorption using transfed®iCK cells are given below

P-glycoprotein (P-gp) expression in Caco-2 cellss veampared with P-gp expression in
MDCK wild- type (MDCK-WT) and MDCK-MDR1 cells usingNestern blotting methods. The
polarized efflux activities of P-gp(s) in MDCK-MDRdells, MDCK-WT cells, and Caco-2 cells were
compared using digoxin as a substrate. Apparenhadiis—Menten constant N, Vmax) for the
efflux of vinblastine in these three cell lines watetermined. Apparent inhibition constarid) (of
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known substrates/inhibitors of P-gp were determimgdneasuring their effects on the efflux of digoxi
in Caco-2 or MDCK-MDR1 cell monolayers. MDCK-MDRZlts expressed higher levels of P-gp
compared to Caco-2 and MDCK-WT cells, as estimatedVestern blots. Two isoforms of P-gp were
expressed in Caco-2 and MDCK cells migrating witblenular weights of 150 kDa and 170 kDa. In
MDCK-MDR1 cells, the 150 kDa isoforms appeared & dverexpressed. The MDCK-MDR1 cells
exhibited higher polarized efflux of [3H]-digoxihadn did Caco-2 and MDCK-WT cellKM values of
vinblastine in Caco-2, MDCK-WT, and MDCK-MDR1 cellgere 89.2 + 26.1, 24.5 £ 1.1, and 252.8
134.7 M, respectively, wherea¢max values were 1.77 = 0.22, 0.42 = 0.01, and 248.86
pmolcm??! | respectively. Known P-gp substrates/inhibitorsveéd, in general, loweK! values for
inhibition of digoxin efflux in Caco-2 cells than MDCK-MDR1 cells.

Caco-2 cells and MDCK cells are derived from difar species (humars.dog) and different
tissues (colonic carcinoma vs. kidney) and theyeselifferent biologic roles. These different bialog
roles may lead to differences in the lipid compositof their membrane bilayers. The phenomena of
different sorting of glycosphingolipids between G#& cell and MDCK cells have been reported
previously. For example, Van't Ha@t al. observed that, in MDCK and Caco-2 cells, glucosy@oede
and sphigomyelin synthesized from the short-chaiphigolipid analog N-6-[7-nitro-2,1,3-
benzoxadiazol-4-yl] aminodecanoyl-ceramide werevdetd to the cell surface with different AP/BL
ratios of 2—4 and 0.6-0.9, respectively. Furtheendifferent strains of cells from the same tisswsgy
have different lipid composition as well. For exdeypf the total glycosysphigolipid content, MDCK
strain | cells were reported to express 56% glucesgmide and 6% galactosylceramide, whereas
MDCK strain Il cells express 28% glucosylceramided al6% galactosylceramide (In summary,
MDCK-MDR1 cells overexpressed significant amounfs Ragp, which migrated at an apparent
molecular weight of 150 kDa. The MDCK-MDR1 cellshéxted increased polarized efflux of known
substrates of P-gp compared to wild-type MDCK cellserefore, this transfected cell line may be a
useful model for qualitatively screening P-gp stddst activity of drugs/drug candidates. Howevee, th
apparent kinetics constantsMl, Vmax) and affinity constantd<() of substrates/inhibitors determined
in MDCKMDRL1 cells may be different from the valuebtained when experiments are conducted in
Caco-2 cells. These differences may result frondifierent levels of total P-gp expressed in Caas2
MDCK-MDR1 cells, different orientations of P-gp ihe Caco-2 vs. MDCK-MDR1 cell membranes, or
different partitioning of substrates/inhibitorsarthese two cell membrane bilay&fs

To investigate whether Madin-Dabny canine kidnelysceansfected with the human MRP2
gene (MDCK-MRP2) are a good model of the humanstiial mucosa MRP2 expression in Caco-2
cells was compared with the expression of thisugftransporter in MDCK-wild type (MDCK-WT) and
MDCK-MRP2 cells using Western blotting methods. Tgwarized efflux activities of MRP2 in the
MDCK-MRP2, MDCK-WT, MDCK cells transfected with theuman MDR1 gene (MDCK-MDR1),
and Caco-2 cells were compared using vinblastine sigostrate. Apparent Michaelis-Menten constants
(K[M], Vmax) for the efflux of vinblastine in Cac2-and MDCK-MRP2 cells were determined in the
presence of GF120918 (2V), which inhibits P-glycoprotein but does not atfeMRP2. Apparent
inhibitory constants (K) of known substrates/intobs of MRP2 were determined by measuring their
effects on the efflux of vinblastine in these delles. Results. MDCK-MRP2 cells expressed higher
levels of MRP2 than MDCK-WT and Caco-2 cells as suead by Western blotting technique. Two
isoforms of MRP2 expressed in Caco-2 and MDCK aailiigrated at molecular weights of 150 kD and
190 kD. In MDCK-MRP2 cells, the 150 kD isoform apped to he overexpressed. MDCK-MRP2 cell
monolayers exhibited higher polarized efflux of blastine than Caco-2 and MDCK-WT cell
monolayers. Km values for vinblastine in Caco-2 MiadCK-MRP2 cells were determined to he 71.8 +
11.6 and 137.3 £ 33.6Ml, respectively, and Vmax values were determineldet®.54 + 0.03 and 2.45 +
0.31 pmolcrifs [ respectively. Known substrates/inhibitors of MR&#owed differences in their
ability to inhibit vinblastine efflux in Caco-2 dslas compared to MDCK-MRP2 cells. These data
suggest that MDCK-MRP2 cells over express onlylt@ kD isoform of MRP2. The 190 kD isoform,
which was also found in Caco-2 cells and MDCK-WTis;evas present in MDCK-MRP2 cells but not
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over expressed. The apparent kinetics constantaféindies of some MRP2 substrates were differant
Caco-2 cells and MDCK-MRP2 cells These differengessubstrate activity could result from
differences in the relative expression levels ef BhRP2 isoforms present in Caco-2 cells and MDCK-
MRP2 cells and/or differences in the partitionirigobstrates in these two cell membrane bil&érs

The bidirectional permeation characteristics of é&dmine 123 and Hoechst 33342,
fluorescence probes of the binding sites on P-glyatein (P-gp), across monolayers of MDCK cells
transfected with the humafiDR1 gene (MDCK-MDR1) were investigated. The ratiosled apparent
permeability coefficientsRz,p) of Rhodamine 123 and Hoechst 33342 flux measurede basolateral
(BL) to apical (AP) direction versus the flux inettAP-to-BL direction Rapp sL-to-a#Papp ap-t0-8) Were
115 and 177, respectively. The P-gp inhibitor GBAIB could significantly reduce the polarized efflu
of both Rhodamine 123 and Hoechst 33342. Rhodam#$ appeared tOstimulaté the polarized
efflux of Hoechst 33342 across MDCK-MDR1 cell magdrs. In contrast, Hoechst 33342 partially
inhibited the polarized efflux of Rhodamine 123 aas these cell monolayers whereas daunorubicin
partially inhibited the polarized efflux of both Bitamine 123 and Hoechst 33342. The uptake
characteristics of Rhodamine 123 and Hoechst 33844DCK-MDR1 cells were measured in the
absence and presence of GF-120918 and known Pbgtrates (Hoechst 33342, Rhodamine 123, and
daunorubicin). The uptake of Rhodamine 123 and histe83342 in MDCK-MDR1 cells was enhanced
more than twofold by inclusion of GF-120918K®) in the incubation medium. Daunorubicin (160
M) increased the relative fluorescence unit (RFalugs of cytoplasm-associated Rhodamine 123 by up
to 30%. However, daunorubicin (40M) and Rhodamine 123 (8M) decreased the RFU values of cell
membrane-associated Hoechst 33342 by 70% and 48%gatively. To further explore what appears to
be a“stimulatory effect of daunorubicin and Rhodamine 123 on thiake of Hoechst 33342 and a
stimulatory effect of daunorubicin on Hoechst 338&&sport across cell monolayer, uptake of Hoechst
33342 into liposomes in the presence and absen€Fef20918, daunorubicin, and Rhodamine 123
was determined. GF-120918 exhibited no effect an RrU values of liposome-associated Hoechst
33342. In contrast, Rhodamine 123 and daunorublieameased the fluorescence of liposome-associated
Hoechst 33342 suggesting these molecules werer eftienching the fluorescence of this chemical
probe or displacing it from the lipid bilayer. Ioreclusion, these bidirectional transport data iagichat
Rhodamine 123 and Hoechst 33342 are excellentrsisstof P-gp in MDCK-MDR1 cells. The ability
of Hoechst 33342 to patrtially inhibit the polarizetflux of Rhodamine 123 is consistent with these
substrates binding to the same site on P-gp. Itr&st the ability of Rhodamine 123 to appareritly
stimulaté the efflux of Hoechst 33342 in both the transpamt uptake experiments suggests the
substrates might bind to different sites on P-gmweler, experimental results using liposomes
suggested that thisstimulatiori phenomenon by Rhodamine 123 on Hoechst 33342 eiptadt efflux
might simply be an artefact. Thus, the use of Hee8B8342 to probe the binding sites on a membrane-
bound protein such as P-gp might be problerfitic

4.2.5. MDCKII cell lines

MDCKII wild type cells does not express any of thensport proteins that are considered in the
extend of this project (P-gp, MRP2, BCRP). But lie fprevious literature they were transfected with
mdrl, mrp2 and bcrp genes. As a result this gihesapportunity to detect both the affinity of the
molecule to the transporter protein and to quantély determine the effect of the transporter piog
by comparison of the wild type cells to the traotdd cells. Previous works that are gathered frioen t
literature is given below.

MDCKII cell line was transfected with mdrl, cMOAmMrp2 and compared with Caco-2 cells
in terms of protein expression with blotting expeents. The results are as folldWs
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Figure 43: Over expression of P-gp MRP1 and MRP2ICKII cells*®

MDCK cells are cultured using wide-ranging condisoand can produce variable results. To
develop a standard protocol for studying saquin@ainsport using MDCKII cells, stably transfected
MDCKII cells overexpressing human P-gp (MDCKII-MDRand MDCKII wild-type cells (MDCKII-
WT) were used to evaluate the combined effectseeflisig density (6.9 x 2@or 5 x 10 cells/cnd),
substratum (polycarbonate + collagen coating) aglisavir presence on monolayer integrity, P-gp
expression, and saquinavir transport. The saquinefflux ratio (ratio of BL— AP/AP— BL
permeability) for MDCKII-MDR1 cells (6.9 x 0 cells/cnf) was 57 with variable mannitol
permeabilities. Consistent mannitol permeabilittesl higher saquinavir efflux ratios were obtained
with 5 x 1 cells/cnf on polycarbonate or collagen-coated polycarborigie. MDCKII-WT saquinavir
efflux ratio was 9. Saquinavir presence increasdqellular permeability for all treatments relatio
cells seeded onto collagen-coated membranes. @allegating caused increased P-gp expression and
saquinavir efflux ratios correlatecf = 0.96) with P-gp expression levels [MDCKII-MDR1 oollagen-
coated polycarbonate) > MDCKII-P-GP (on polycardeha MDCKII-WT (on collagen-coated
polycarbonate)]. These results directly and quaimily link interrelated differences in cell cuiéu
conditions to changes in monolayer integrity, tpater expression, and active transport; and
emphasize the critical application of controls éfl culture modef€*,

In this publication in vitro interaction of diffemé benzimidazoles with the apical ATP-binding
cassette drug efflux transporters, breast cancestamce protein (BCRP/ABCG2), P-glycoprotein
(ABCB1), and MRP2 (ABCC2) using MDCKII cell transckd with human MDR1, MRP2, and BCRP,
and Vr;()térine Bcrpl cDNAs. The results of the transmd inhibition experiments are summarized
below ™.
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Figure 44: Graphics of the transport and inhibitiexperiments on BCRP protéin
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Figure 45: Graphics of the transport experiments il of the proteirfs>.
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4.2.6. Caco-2 Cell Lines

Prediction of drug bioavailability is mostly provenabsorption experiments with Caco-2 cells
under controlled conditions. Caco-2 cells are d#fgiated cells of human colorectal carcinoma which
can be provided by American Type Culture Collect{ai CC). They form a monolayer and develop a
well-defined brush border on the apical surfaceyels as tight cellular junctions. Caco-2 cellsveeas
an in vitro model of the human intestinal epithletiells*°

This investigation describes the expression aret intlividual variability in transcript levels of
multiple drug efflux systems in the human jejunund @ompares the expression profiles in these cells
with that of the commonly used Caco-2 cell drugoapson model. Transcript levels of ten-drug efflux
proteins of the ATP-binding cassette transpowmeriy [MDR1, MDR3, ABCB5, MRP1-6, and breast
cancer resistance protein (BCRP)], lung resistaataed protein (LRP), and CYP3A4 were determined
using quantitative polymerase chain reaction iarjaj biopsies from 13 healthy human subjects and in
Caco-2 cells. All genes excefBCB5were expressed, and transcript levels varied betwebviduals
only by a factor of 2 to 3. SurprisinglBCRPand MRP2transcripts were more abundant in jejunum
than MDR1 transcripts. Jejunal transcript levels of the ddfe ABC transporters spanned a range of
three log units with the rank order: BCRP = MRPR1BR1 = MRP3 = MRP6 = MRP5 = MRP1 >
MRP4 > MDR3. Furthermore, transcript levels of 916f ABC transporters correlated well between
jejunum and Caco-2 cells?(= 0.90). HoweverBCRP exhibited a 100-fold lower transcript level in
Caco-2 cells compared with jejunum. Thus, the esgiom of a number of efflux protein transcripts in
jejunum are equal to, or even higher than, tha¥iDR1, suggesting that the roles of these proteins (in
particular BCRP and MRP2) in intestinal drug efflnave been underestimated. Also, we tentatively
conclude that the Caco-2 cell line is a useful nhoflgejunal drug efflux, if the low expression BERP
is taken into accoufff.

The expression levels of mMRNAs for MDR1 (P-glycdpmo), multidrug resistance-associated
proteins (MRP1, MRP2), and cytochrome P450 3A (CAP# Caco-2 cells were quantitatively
compared with those in human duodenal enterocytesmal colorectal tissues, and colorectal
adenocarcinomas. Caco-2 cells (passages 36—88)kimellg supplied by several laboratories in Japan.
Human duodenal enterocytes were obtained from figalthy male volunteers. Normal colorectal
tissues and colorectal adenocarcinomas were sinadtesly obtained from seven patients with primary
colorectal adenocarcinoma. MDR1, MRP1, MRP2, andP8AX mRNA levels were determined by real-
time quantitative polymerase chain reactions (PGRlative concentrations of mMRNAs for target
proteins (MDR1, MRP1, MRP2, and CYP3A) and glycgealyde-3-phosphate dehydrogenase in Caco-
2 cells were 1.00 £ 0.15, 1.02 + 0.06, 0.94 * Odi® 0.68 +0.60, respectively, and those in human
enterocytes were about 12, 3, 7, and 8000-folddritfiran in the Caco-2 cells, respectively. In castir
MDR1, MRP1, and CYP3A mRNA levels in Caco-2 cellerevy comparable to those in normal
colorectal tissue and colorectal adenocarcirfSma

Literature describing the comparison of DDI in G&aells, mouse intestine and human
intestine show that the Caco-2 model not only idiestthese interactions but also mimics closeBirth
guantitative effects. This implies that all thrgstems have similar passive Digoxin permeabilitg/an
similar expression of the transporters affectingogin permeability, primarily P-gp. The similarity
furthermore verified by the observed values fordig permeability (B [X 1¢° cm/s)), in Caco-2
2,0240,37, in mouse ileum 2,36442, in human ileum/colon 1,0#6. Experiments with Caco-2 cells are
able to predict with some accuracy both the retativcrease in absorptive,k of Digoxin on co-
administration of a number of drugs and the comeéinh range over which this effect occurs in human
intestine. But changes in Digoxin permeability ino8-2 cells appear much greater than in human. For
example quinidine increasesn& of Digoxin by 1,43-fold in human, and by 4-fold iGaco-2.
Furthermore, because interactions like inhibitioa aften concentration dependent it is important to
performin vitro interaction studies at or below the maximum catregions likely to be obtained in the
intestinal lumen in viveY®,
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4.3. CONCLUSION

The aim of this project is development of a celtune method for the prediction of absorption
and drug-drug interactions of the efflux systemssiates. In order to establish a good in-vitro ivev
correlation it is for sure of crucial importance tde human colon derived cells since there are
differences in the membrane properties and conipaositbetween the kidney cells and the intestinal
cells as mentioned above in the literature survey.

The objective to select the most appropriate aed to optimally suit the overall aims of the
proposal was addressed in multiple ways. In additiothe rigorous analysis of the relevant literatu
results of preliminary experiments were used indéeision making process.

In particular, there has been a previous charaettem of the cell lines with respect to their
MDR status. The Calcein Assay provided in vitrd tista that were used for the characterizatiomef t
functional expression of MDR transporters.

Previous results obtained by the MEMTRANS partneéesnonstrate that the endogenous
activity of MDR1/Pgp (ABCBL1) is negligible in the MCKII cell line. In contrast, Caco-2 cells exhibit
considerable MDR activity that will likely contrilbel to significant background in the transcellular
transport studies. Therefore, MDCK-2 cells seenalider the aims of the Proposal. In addition to the
deficiency of endogenous transporters, MDCKII calfe compatible with retroviral systems and the
relevant functional assays. The preliminary reswoltéained by convincingly demonstrate that the
endogenous activity of MDR1/Pgp (ABCBL1) is negligiln the MDCKII cell line. In contrast, Caco-2
cells exhibit considerable MDR activity that wiikély contribute to significant background in the
transcellular transport studies.

Thus, of the candidate cell lines originally propodsor WP1 (prevalidation) the scope was
narrowed down to Caco-2 ATCC; MDCK-II; MDCKII-MDR1.

In conclusion, the following cell lines were sektfor the evaluation of the P-gp substrates:

The first choice for the in-vitro experiments shbiriclude Caco-2 cells.
The second choice is the MDCKII cell line that ist expressing any of the transporter
proteins in the wild type cells but can be consgddo express one of the proteins specifically.

The drawbacks of this cell line are first the diffieces in the membrane properties and

compositions compared to the colon cells since dhikline is derived from kidney tissue and

second the apparent kinetic constants and subsiffatety can be different in MDCKII cell
lines due to the differences in the partitioning spibstrates into these two cell membrane
bilayers.

The third choice is the transfected MDCKII-MDRL1 thae stably expressing one of the
transporter proteins with the maximum level expessf the transporter.

Properties of the above mentioned cell lines that affect the permeation studies are given in
tables below.

4.3.1. Caco-2 cells

Species Human

Tissue colon
Days after the seeding to begin the

; 20-26
experiments
Culture medium DMEM
Teer values 220 .cnf

Table 30: Properties of Caco-2 cells
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4.3.2. MDCKII cells

Species dog
Tissue kidney
Days after the sgeding to begin the 3.8
experiments
Culture medium DMEM
Teer values 150-200 .cn?

Table 31: Properties of MDCKII cells
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