Met hods for determ ning Sodi um Proton- Exchanger Ligand Efficiency The
present invention relates to nethods for determning the efficiency of an
i on chanmeb 2biogsmds The Na7H +- exchanger or sodi um pr ot egTaredangaes ( NHE)
famly of nenbrane transporters utilizes the extra-to-intracellular Na+
gradient to drive H+ efflux fromcells. Anbngst the essential functions
performed by these groups of transporters (or ion channels) are the
regul ati on of cell volunme and pH, a perm ssive role in cell proliferation
and a trans-epithelial transport of Na+. The manmalian NHE is an integral
menbMdeisogs deredefetrniming SadiinbRsotoo-EsahiaaggelLigaadibfficieoey | ul ar proton for
one extracellular sodiumion. By its involvenent in ion fluxes, NHE serves
to regulate intracellular pH and cell volunme, and to initiate changes in
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NHE serves inportant roles in human pathol ogy. Transport y NHE plays a

pi votli§Bn€ol e in the damage caused to the human nmyocar di um during and
following a myocardial infarction and it is considered to represent a key
step in the oncogenic transformation of cancerous cells. Therefore, NHEs
have TeenNa'tHir@eahahget her caodium-pestoniexchangeon(NMgENi ¢amip eaf cimémbrame
nunber of years and thousands  of corrBagund have been screened faor NHE
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I nvestigation by pharnmacokinetics, in vivo proof of |ligand etc. However,
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pl asphysidlodical s, RBIFe sé@es important roles in human pathology. Transport by NHE
plays a pivotal role in the damage caused to the human myocardium during and following
a myocardial infarction and it is considered to represent a key step in the oncogenic
transformation of cancerous cells. Therefore, NHEs have been a target in the cardio-
vascular and oncogenic research for a number of years and thousands of compounds

have been screened for NHE inhibition and selectivity.

The standard method to determine potency of NHE antagonists is an in vitro assay
described by Schwark and co-workers (Schwark et al., 1998, Pflugers Arch., 336(5):797-
800) and Wiemann and co-workers (Wiemann et al., 1999, Pfligers Arch., 436(3):255-
262). After determination of the ICso of the ligand on the NHE of choice, the selectivity
against other NHEs may be measured with the same assay. In general, potent ligands with
good selectivity were selected for further investigation by pharmacokinetics, in vivo proof
of ligand etc. However, some very potent compounds showed only slight effects in in vivo
studies. The reasons could be a high protein binding, a low bioavailability or other effects
decreasing the effective concentration of compounds in blood plasma. It is desirable to
exclude those compounds very early in the drug development process in order to save

time and resources.



excl ude those conpounds very early in the drug devel opnent process in order
to save tinme and resources.Due to the discrepancy between the in vitro | C50
and t he phenurasksagi cal potency (efficiency) of several pcomposn@si42¢ here
was a need to develop a nethod for determ ning or sinulating the efficiency
of NHE ligands or ligands of other ion channels in the body. Accordingly,
it was the first object of the present invention to provide a nethod for
determ ning ion channel ligand efficiency. Preferably, this test should be
time- and costeffective. In the context of this application, the termion
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an animal and the ion channel ligand. In this test, it was possible to

determ ne the effect of the ion channel | i gand on the cell, wherein this
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the effect of the ion channel ligand on the cell, wherein this effect reflects in vivo efficiency

of the ligand.

Accordingly, in a first aspect the present invention provides a method for determining the
efficiency of an ion channel ligand comprising the steps of:
a) contacting a cell expressing the ion channel with

i)  plasma of an animal and

i)  theion channel ligand;

and

b) determining the effect of the ion channel ligand on the cell.

In brief, the method may be carried out as follows: A suitable cells expressing the ion
channel in question is maintained (e.g. cultured) under suitable conditions and contacted
(incubated) with the plasma of an animal and the ion channel ligand. Both components
may be added simultaneously or concurrently. After a time sufficient to allow for an effect
on the cell, the effect on the cell is determined. After or simultaneously with the contacting,
an effect (signal) is observed, wherein the detection of an effect is indicative of the effect of

the ion channel ligand on the cell.



the ion channel ligand on the cell.The term"efficiency of an ion channel

| igand” in the context of the present invention relates to the

phar macolwgiealo3pmiency of an ion channel ligand. |n comrCrarbo®woeiss vitro
assay in the absence of plasma, the nethod of the invention carried out in
the presence of plasma accounts for the quantity of protein binding, extent
and rate of absorption, distribution, netabolismand excretion of the
ligand availability and/ or other effects decreasing the effective
concentration of conpounds in blood plasma. Wien the |igand has been
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target such as an intracellular target, the determnation of the anount of
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cell function (such as induction of apoptosis or cell circle arrest) etc..
plasma and/or the living animal. This allows for more convenient identification of suitable
drug candidates e.g. for in vivo therapy and/or exclusion of compounds with low in vivo

efficiency.

Effect of the ligand on the cell may be any effect on the cell, including without limitation
altered morphology, viability or composition of intracellular compounds. The effect may be
at any level of the signal transduction of the ion channel including binding of ligand to the
ion channel, the flux of the ion, the binding of a respective ion to a target such as an
intracellular target, the determination of the amount of a cellular compound such as a
second messenger (e.g. cAMP, cGMP, Ca*, IPs, diacylglycerol etc.), the determination of
the activation state of an intracellular protein such as protein kinase A, protein kinase C, or
a MAP kinase, the determination of the amount of mRNA or a protein, any altered cell
function (such as induction of apoptosis or cell circle arrest) etc..

This method may be used in order to determine or simulate the ion channel’s ligand

efficiency in vivo. Examples of the range of application of the method include the following:



This method may be used in order to determine or sinmulate the ion channel's
ligand efficiency in vivo. Exanples of the range of application of the
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channel ligands in a plasma sanple de#ived fromanimals adm nistered with
ion channel |igands nmay be neasured (see for exanple Exanple 2). If the
ligand is admnistered to an animal, |low |ligand plasma concentrations in
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8usgh t hose gates and the nunber of pores. If classified by the
gating, channels are divided into two classes, voltage-gated ion

An ion channel is a protein, in general pore-forming, that helps to establish and control the
flow of ions across the plasma membrane. It is an integral protein or, more typically, an
assembly of several proteins. Such multi-subunit assemblies usually involve a circular
arrangement of identical or homologous proteins closely packed around a water-filled pore
through the plasma membrane. While some channels permit the passage of ions based
solely on charge, the archetypical channel pore is just one or two atoms wide at its
narrowest point. It conducts a specific species of ions, such as sodium or potassium, and
conveys them through the membrane. In some ion channels, passage through the pore is
governed by a “gate” which may be opened or closed by chemical or electrical signals,
temperature, or mechanical force, depending on the variety of the ion channel.

Usually, ion channels are specified depending on the gating, the species of the ions
passing through those gates and the number of pores.

If classified by the gating, channels are divided into two classes, voltage-gated ion
channels (activation/inactivation depending on the voltage gradient across the membrane)
and ligand-gated ion channels (activation/inactivation depending on binding of a ligand to

the channel).



channel s (activation/inactivation depending on the voltage gradi ent across
the nmenbrane) and |igand-gated ion channels (activation/inactivation
dependi ngworzotw/azagong of a ligand to the channel). Exanpl esTaP2000l065g€- gat ed
channel s i ncl ude vol t age-gat ed sodi unschannel s, voltagegated cal ci um
channel s, vol t age-gat ed potassi um channels, sonme transient receptor
potential channels, hyperpol arization-activated cyclic nucl eoti de-gated
channel s and vol t age-gated proton channels. Exanples of |igand-gated
channel s include potassium channels, such as inward-rectifier potassium
channel s, cal ciumactivated potassi um channel s and two-pore-domain
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ions including most transient receptor potential channels.

Some ion channels influence intracellular pH, like the Sodium Bicarbonate Cotransporter
and the sodium proton exchanger (NHE). The activity of ion channels may be influenced
by natural or non-natural occurring ligands which bind to the ion channels in question.
Well-known examples of those include tetrodotoxin, saxitoxin, lidocain and novocain
blocking sodium ion channels as well as dendrotoxin, iberiotoxin and heteropodatoxin

blocking potassium channels.

In accordance with this, an ion channel ligand is any chemical which binds specifically to
an ion channel. “Specifically binding to an ion channel” according to the present invention
includes, without limitation, binding with a dissociation constant Kp of not exceeding
10 mol/l, preferably not exceeding 10° mol/l. The dissociation constant Kp may be
determined in e.g. competition binding experiments as well-known to the skilled person
according to the following equation:

BIL] = [L]/ {IL] + Kou (1 + [L VKo,



according to the follow ng equation: B[L] =[L] / {[L] + KDL ( 1 + [L ]/K
DL*},wherein [L] and [L*] represent the concentration of the ion channel
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channel ligand, such as a radioligandefor the ion channel, respectively.
KDi _ and KDi _ are the dissociation constants of the ion channel ligand in
question and the detectable |igand, respectively, and B[L] (fromO %to 100
% is the binding at a particular concentration of the ion channel |igand.
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In a preferred embodiment of the invention the ion channel is a Sodium-Proton-Exchanger
(NHE) or a Sodium-Bicarbonate-Cotransporter. Since the structure of a protein such as an
enzyme which functions in cells is greatly affected by pH, there is an optimal pH for the
protein function. For that reason, maintenance and regulation of an intracellular pH is
extremely important to cells for maintaining homeostasis of the cellular function. NHE as
well as Sodium-Bicarbonate-Cotransporter are involved in the regulation of a cell's pH. A
Sodium-Bicarbonate-Cotransporter is driven by the concentration gradient of Na * inside
and outside a cellular membrane, and take one Na " into a cell together with one or more
HCOj3; ions. Since a Sodium-Bicarbonate-cotransporter exists in the cell membrane and
HCO3™ taken into cells by a Sodium-Bicarbonate-cotransporter neutralizes H* in the

cytoplasma, it plays an important role in regulating an intracellular pH.

Also NHEs play an important role in the regulation of intracellular pH. To date, nine
isoforms (NHE1 to NHE9) have been identified within the mammalian NHE family. The
isoforms share approx. 25 to 70 % sequence identity, with calculated relative molecular
masses ranging from approx. 74000 to 93000. Structural analysis of the exchangers

suggests that they have similar membrane topologies, with an amino-terminal membrane
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stomach, but is SO expressed in intestine, kidney, brain, uterus and
skel écid imaxehangenies exdracellular sodium. The increased intracellular sodium is removed
by regulatory membrane proteins, including the Na*/K* ATPase and the Na*/Ca®*
exchanger. Problems arise in the myocardium with the increased production of protons

that occurs in the human myocardium during and following a myocardial infarction.

The NHE1 isoform is the ‘housekeeping’ isoform of the exchanger and is ubiquitously
expressed in the plasma membrane of virtually all tissues. It is the primary NHE isoform
found in the plasma membrane of the myocardium. The NHE2 to NHES isoforms are also
localized to the plasma membrane, but have more restricted tissue distributions. NHE2
and NHE3 are predominantly located in the apical membrane of epithelia and are highly
expressed in kidney and intestine. In contrast thereto, NHE4 is most abundant in stomach,
but is also expressed in intestine, kidney, brain, uterus and skeletal muscle, whereas
NHES is expressed predominantly in brain (but may also be present at low levels in other
non-epithelial tissues, including spleen, testis and skeletal muscle). The isoforms NHEG to
NHE9 are ubiquitously expressed and are present in intracellular compartments. These
organellar membrane NHEs are presumed to regulate luminal pH and the cation
concentration of the intracellular compartments. NHEG expression is highest in heart, brain
and skeletal muscle and is localized to early recycling endosomes. The NHE7 isoform is
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be localized to late recycling endosonmes. NHEs are targets for inhibition
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benz Iydj vat. ) ri the different NHE isoforns
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foll ow ng order of sensitivity under simlar experinental conditions: NHEl
NHE2>NHE5>NHE3>NHE4. Because NHE1l is the isoformthat is npbst sensitive to
i nhi BIE®Rre dzrgeleirdnkipitios hbendisteticrRirpaiiid pEWPHEtmaNdais aralpge’® AN n
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par 1501 Pt e} Con e A 2R N oRNBE4. Encating NTERGS i
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l ength, with residues 1 to 500 representing the nmenbrane donain and
r esi doetsisspreseot 81 1% pigsnes engrinbranenef dye opyasandion, dhe . seferiiveepriopariesdotai n

of NHEl1 is,hoth n sary..an fficient for ion transport, whereas the
cyt o§ ??e(:'ng |r?1Cgé%f%n@(gh%gdtp%%peeé@él”on of the activity of the
exchanger. lon flux via the exchanger is driven by the transnenbrane Na+

gradi ent and appears to re?uire no direct netabolic energy input.
In a preferred embodiment of the present invention the ion channel 1S an NHE, such as

NHE1, NHE2, NH3, NHE4, NHES5, NHEG, NHE7, NHES8 or NHE9, preferably NHE1, NHE2,
NHES3 or NHES, particularly NHE1 or NHE3, especially NHE1.

The NHE1 isoform is the best characterized isoform of the NHE family. NHE1 is 815 amino
acids in length, with residues 1 to 500 representing the membrane domain and residues
501 to 815 representing the cytoplasmic tail. The membrane domain of NHE1 is both
necessary and sufficient for ion transport, whereas the cytosolic domain is involved in
regulation of the activity of the exchanger. lon flux via the exchanger is driven by the
transmembrane Na* gradient and appears to require no direct metabolic energy input.

As detailed above, the ion channel ligand is preferably an agonist or an antagonist.
However, due to the importance of clinical importance of NHE, the ligand is preferably a
NHE agonist, more preferably an NHE antagonist. If the ion channel in question is inactive
in the absence of a ligand, it may be necessary to monitor the effect of antagonist in the
presence of an agonist. In this case, the effect of the antagonist is the inactivation of the
agonist-activated ion channel.



As detailed above, the ion channel ligand is preferably an agonist or an
ant agoni st. However, due to the inportance of clinical inportance of NHE,

t he | i gamwoi2e10psedoer ably a NHE agoni st, nore preferabl ypamprbitoasisagoni st .
If the ion channel in question is inagtive in the absence of a ligand, it
may be necessary to nonitor the effect of antagonist in the presence of an
agonist. In this case, the effect of the antagonist is the inactivation of
t he agoni st-activated ion channel.Iln accordance with the present invention
a cell is incubated with a ligand and plasma. The cell may be any suitable
cel | lexascerssingg wittetheopreshahingention guedtis orcubatdd witeepligssst and plasmanThe

h Li d i t' b | I.s which t ] t he |
chanietl ma?Barar s PliRTE Bl eXBrendcs e BnaticRel B didhtioh SeRs St k.
i on GhargmehnellNgas@!ih qrastiba mMag! l@é%élléo\nhicﬁnﬁétiﬂalgeéﬁbﬂe%§| fhe imdbfﬁamah
mai nt ai ned and cul tured as known to the skilled person. Aside from

t enpeterpativeln seljasna ke geeetically medified soreuprepsag iaichamnedr in cel |

culture systens is the growth nedium Recipes for growmh nmedia can vary in
pH, gl ucose concentration, growmh factor and the presence of other nutrient

conpamentell anandeotidutated @ptivhally geheticallys abdifizd)s upihtained anddéwdteee a8 t en
der| ved from ani mal bl ood such as calf serum Cenetically nodified cells

Y 1K0u: @i HEKIIp PRIEPD ABTEHE lePeEyEnAd Grn gnibiiacheeBr! CHEMOBH
v chan %hed FactORHRel Culie ?“';Véltér'néqs Eﬁ’é g?&NthTI}?]%dﬁJH‘l | I’?@?ng@@rféto rdwth (rH&d %réan

knows how to derive a nuc c acl guence codin ran on channel
pr ot efany dndpiHp\gluases obad:@wtr:a‘tiqnc cg]‘owm Sactor aanrdehel presence safgatier enwisieng

tandard tech f | ar_bi Thi b i shed, f
o amSPBIPASEA BRED GHETE AL PORFS FoBil et PP ERSTCARELe FEP o e4eTVad  on
enzyigsm aHiRalWidc Sudsids BRY pumotenaran trHO(fjlﬁéél "I En@YEsE Dbt&indd :by2

pronoter and a transcription start and stop signal and a tfanslation start
and dnsgrtisg dhel fulldengitiecodiog meﬂuaﬂ@ef of the porsatiapnebfas Heowm te Hherslilled

20538 T, AN ELATH B B0 MEPRLAE RB ERp]

el ectigopArieh i dhannBE pot&iR0SHd hoRd ieisdiget droprodiide | rhegtiuesiardid Bequéseeof
transfection agents. Optionally, the cell _may be part of a tissue; however,

the Msineatapdatdteghmiqtas ehmoieauarasiology. This can be accomplished, for example,
by the use and combination of existing sequences using restriction enzymes. The nucleic

acid may be combined with further elements, e.g., a promoter and a transcription start and
stop signal and a translation start and stop signal in order to provide for expression of the
ion channel’s sequence. The resulting nucleic acid sequence may be introduced into cells
e.g. using a virus as a carrier or by transfection including e.g. by electroporation, heat
shock, magnetofection, nucleofection and the use of transfection agents.

Optionally, the cell may be part of a tissue; however, the method of the invention is an ex
vivo method. In a preferred embodiment of the invention the cell is from a cell line (many of
which are well characterized and provide for constant conditions and convenient handling),
particularly a mammalian cell line, more particularly a human or mouse cell line, especially
mouse LTK-cell line LAP1 (Franchi et al., 1986, Proc Natl Acad Sci U S A. 83(24): 9388—
9392). Examples of suitable cell lines are include but are not limited to HEK 293, 745-A, A-
431, BxPC3, C5N, Caco-2, Capan-1, CC531, CFPAC, CHO, CHO K1, COS-1, COS-7,
CV-1, EAHY, EAHY 926, F98, GH3, H-295 R, H-4-1I-E, HACAT, HACAT A131, HEK, HEL,
HelLa, Hep G2, High Five, Hs 766T, HT29, HUV-EC R24, HUV-EC-C, IEC 17, IEC 18,
Jurkat, K 562, KARPAS-299, L 929, LIN 175, MAt-LYLU, MCF-7, MNEL, MRC-5, MT4,



vivo nethod. In a preferred enbodi nent of the invention the cell is froma
cell line (many of which are well characterized and provide for constant
condi t i onsoandy/esweni ent handling), particularly a mampralrieeeocesbiss i ne,
nore particularly a human or nouse cefol |ine, especially nouse LTK-cell
line LAP1 (Franchi et al., 1986, Proc Natl Acad Sci U S A 83(24): 9388-
9392). Exanples of suitable cell lines are include but are not limted to
HEK 293, 745-A, A- 431 , BxPC3, C5N, Caco-2, Capan-1 , CC531 , CFPAC, CHQ
CHO K1, COs-1, COs-7, CV-1 , EAHY, EAHY 926, F98, GH3, H 295 R H4-11-E,
HACANG64HANATCA2344, NBEK IHENgureie2A, NH BTG NH/BH , A\ SHS SiediT-1HBI9,SW
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NI H 3F3kiINT244rt, P 19, SF9, SK-UT-1 , ST, SW480, SW,2 OS, U 373, U 937,

and Y-1 . O her suitable cells are those known to the one of skill in the
art. Preferred cell lines are HEK 293 ceIIs (primary human enbryonal
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lies close to the surface of the skin, and there is not a large nerve

supply. Mst blood collection in the industrialized countries is done with
an Inorder to provide for most significant results for human medicine, the plasma may also be

derived from a human. For this, venous blood may be obtained by venipuncture from a
human donor, wherein usually only a small sample, e.g. 5 ml to 25 ml sample, of blood is
adequate for the method of the present invention (see Examples). Blood is most
commonly obtained from the median cubital vein, on the anterior forearm (the side within
the fold of the elbow). This vein lies close to the surface of the skin, and there is not a
large nerve supply. Most blood collection in the industrialized countries is done with an
evacuated tube system consisting of a plastic hub, a hypodermic needle, and a vacuum
tube.

In accordance with the method of the invention efficiency of an ion channel ligand is
determined. Efficiency is determined by determining the effect of the ion channel ligand on
the cell in the presence of plasma. As detailed above, the effect on the ligand on the cell
may be assessed at each level of signal transduction including binding of ligand to the ion
channel, binding of a respective ion to a target, the determination of the amount of a
cellular compound such as a second messenger, the determination of the amount of
MRNA or a protein, any altered cell function (such as induction of apoptosis or cell circle
arrest) etc.. Methods of determining binding of a ligand to a target are well known to the



evacuat ed tube system consisting of a plastic hub, a hypoderm c needle, and
a vacuum tube. In accordance with the nethod of the invention efficiency of
an i on chaonelodsisgwand is determned. Efficiency is deterarmedodoyme2428
determning the effect of the ion channel Iigand on the cell in the
presence of plasma. As detail ed above, the effect on the ligand on the cel
may be assessed at each | evel of signal transduction including binding of
ligand to the ion channel, binding of a respective ion to a target, the
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for determ ning the anmount of or protein are also well known to the
ski | Iskdlegdrrgelitiongst hods of observi ng changed cell function |argely depend
on the type of cell function and are also well known to the skilled
practitioner. The nethod for determ ning the effect of an ion channel

| i garmtheomethadlidr d@terinining tiee 2ffeet ef ageibaatimnpiel ligang eneausllanagynvdise used
herein, a heterogeneous assay i s an assay which includes one or nore
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fl uorescence resonance energy transfér) assay, | uor escence
pol arassay), om)DEEEHY, (d@ﬁomanem Qramﬂqeﬂu mthamdﬁefhmat lrrpmumo nagsayhoaog8hdus

assay, EFC (enz [id _assay
or o oo lienBERI Saseh LRa SR, R ARench: oo EReldy
t he nrinkest) besa@erRMERED (fite- r%%blN@dG%Yeé@)hcbﬂ‘é@bN@nce energy transfer) assay,
a FP (fluorescence polarisation) assay, an ALPHA (amplified luminescent proximity
homogenous assay), an EFC (enzyme fragment complementation) assay, a two hybrid

assay or a coimmunoprecipitation assay.

In another embodiment of the invention the method for detecting the efficiency may involve
measurement one or more second messengers such as cAMP or phospholipid(s),
preferably phosphatidyl-inositol-phosphate. The measuring may include the determination
of the concentration of one or more second messengers. Means and methods for
determining concentrations of one or more second messengers are well known to the
skilled person and include such involving e.g. labeled precursors, preferably labeled
second messenger precursors (e.g. [*?P]JATP or [3H]inositol), including purification by e.g.
column chromatography, or mass spectrometry. Alteration of phospholipids is usually

particularly relevant at calcium channels.

If the ion channel in question, e.g. an NHE or a Sodium-Bicarbonate-Cotransporter, affects
the pH value, the effect determined by the method of the present invention is an alteration
of the pH-value, preferably an alteration of the intracellular pH-value.



measur enent one or nore second nessengers such as cAMP or phospholipid(s),
preferably phosphati dyl -i nosi tol -phosphate. The neasuring nmay include the
det er m navoanioaf34goe concentrati on of one or nore secon@cTEPs@N@eNss Means
and net hods for determ ning concentrati ons of one or nore second nessengers
are well known to the skilled person and include such involving e.g.

| abel ed precursors, preferably | abel ed second nessenger precursors (e.g.

[ 32P] ATP or [3Hinositol), including purification by e.g. colum
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pH-value.In a preferred enbodi nent of the invention the effect of the ion
channel ligand on the ion channel in question, an NHE or a
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e rr?lrcr(;/gctogesa u(sce:cr%h intensity light sources, usually mercury or xenon lamps, LEDs, or
lasers, to excite fluorescence in the samples under observation. Optical filters then
separate excitation light from emitted fluorescence, to be detected by eye, or with a (CCD)

camera or other light detectors (photomultiplier tubes, spectrographs, etc).

Usually, a fluorescent dye or marker or label is used in order to detect the effect of a signal
in question (here the effect of the ion channel ligand). The fluorescent dye comprises a
fluorophore. A fluorophore, in analogy to a chromophore, is a component of a molecule
which causes a molecule to be fluorescent. It is a functional group in a molecule which will
absorb energy of a specific wavelength and re-emit energy at a different (but equally
specific) wavelength. The amount and wavelength of the emitted energy depend on both
the fluorophore and the chemical environment of the fluorophore. Fluorescein
isothiocyanate, a reactive derivative of fluorescein, has been one of the most common
fluorophores chemically attached to other, non-fluorescent molecules to create new and
fluorescent molecules for a variety of applications. Other historically common fluorophores
are derivatives of rhodamine, coumarin and cyanine. Examples fluorescent dyes include
without limitation 7-amino-actinomycin D, acridine orange, acridine yellow, Alexa Fluor,

AnaSpec, auramine O, auramine-rhodamine stain, benzanthrone, 9,10-



canera or other light detectors (photonultiplier tubes, spectrographs,
etc). Usually, a fluorescent dye or marker or |abel is used in order to
det ect t hwoebfoastsoef a signal in question (here the effect/Erbowheseon
channel ligand). The fluorescent dye wonprises a fluorophore. A

fl uorophore, in analogy to a chronophore, is a conponent of a nolecule
whi ch causes a nolecule to be fluorescent. It is a functional group in a
nol ecul e which will absorb energy of a specific wavel ength and re-em't
energy at a different (but equally specific) wavel ength. The anmount and
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Fl uor, ethidium brom de, fl uorescel n, Fura 2, Fura-2-acetoxynethyl ester,
green fluorescent protein, Hilyte Fluor, Hoechst st ai n, Indian yell ow,
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cells. For eff|C|ent upt ake |nto intact cells BCECF can be used in the form
of t h@permeable BCECF. The maximum of excitability for a 70 nM solution of BCECF lies at
500 nm. The intensity of fluorescence of BCECF can be influenced by several agents, e.g.:
glycerol, saccharose, polyethylenglycol or polyvinylpyrrolidon. A suitable concentration of

BCECF is 5uM (final concentration).

In the context of the present invention the fluorescent dye is sensitive for the effect of the
ion channel ligand on the ion channel. The effect may be a direct effect on the channel
itself (e.g. conformational change, change in binding characteristics etc.) or a change in
the signaling pathway downstream the ion channel in question, particularly a chance in the
intracellular concentration of the ion transported by the ion channel in question. The ion
may be, for example, H*, HCO3™, K, Na*, CI™ or Ca?". Suitable pH-dependent fluorescent
markers (for H* and HCO;3") include without limitation the H®-selective fluorescent
chromoionophore ETH 5294, S NAFL, SNARF, HPTS, fluoresceins, carbofluoresceins,
BCECF (2',7'-bis(2-carboxyethyl) 5(and 6)carboxyfluorescein) and BCPCF (2',7'-bis(2-
carboxypropyl)-5(and 6)carboxyfluorescein). Calcium ions may be detected by using



acet oxynet hyl ester BCECF/ AM which is cleaved inside the cells to formthe
nore i npermeabl e BCECF. The maxi num of excitability for a 70 nM sol uti on of
BCECF | i ewsoav10a3®@omm The intensity of fluorescence of BCE@P2@2nciaes

i nfluenced by several agents, e.g.: glycerol, saccharose, polyethyl englycol
or polyvinylpyrrolidon. A suitable concentration of BCECF is 5mM (fi nal
concentration). In the context of the present invention the fluorescent dye
is sensitive for the effect of the ion channel ligand on the ion channel.
The effect may be a direct effect on the channel itself (e.g
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|onophore X and i onophore BME-44 may be enpl oyed. Such nethods may be
car r iotd inadifferenbmesier (ecaefatailad i1 the prrisagt desaription|of tre inventien):

Cells may be obtained by isolation from tissues for ex vivo culture. For example, pieces of
tissue can be placed in growth media, and the cells that grow out are available for culture.
This method is known as explant culture. Alternatively a cell line (e.g. an established or
immortalised cell line) may be used. There are numerous well established cell lines
representative of particular cell types (see also above).

Cells may be cultured in a suitable medium (e.g. commercially available medium including
serum and antibiotics). Cells are usually cultured in a suitable atmosphere (e.g. 5% CO; ),
relative humidity (e.g. 90 %) and temperature (e.g. at 37°C). For high-through-put
screening and/or convenient handling cells may be cultivating in multiwell plates such as

96 well plates, 24 well plates etc.

As detailed above, intracellular pH change may be determined using fluorescent markers.
Suitable markers include SNARF-1, BCECF and CMFDA. Excitation and emission are Exc
485, Em 590 nm for carboxy SNARF-1; Exc 500, Em 538 nm for BCECF; and Exc 485,
Em 538 nm for CMFDA. Excitation and emission bandwidths may be 20 nm and 25 nm,



pur poses only. The skilled person will understand that one or nore steps
may be carried out in a different manner (e.g. as detailed in the present
descri pt iwo 20fo/@3@1i nvention): Cells may be obtai ned bypcsaradooossbs om
tissues for ex vivo culture. For examsl e, pieces of tissue can be placed in
grow h media, and the cells that grow out are available for culture. This

nmet hod is known as explant culture. Alternatively a cell line (e.g. an
established or inmmortalised cell line) may be used. There are nunerous well
established cell lines representative of particular cell types (see al so
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90 %dexité dexrpieeatin/tte ERamipledt 37C). For hi gh- thr ough put screening and/or
conveni ent handling cells may be cultivating in multiwell plates such as 96

well plates, 24 well plates etc. As detailed above, intracellular pH change
may be det er mi ned usi ng fluorescent markers. Suitable nmarkers include
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The following is one examplary procedure for the preparartion of cells for intracellular pH
determination: Cells may be grown to e.g. 90% confluence, harvested with e.g. trypsin,
and immediately quenched with culture medium containing e.g. 10% fetal bovine serum,
pelleted, and then rinsed once. Pelleted cells may be resuspended in fresh medium,
allowed to recover (e.g. under 5% CO2 at 37°C for 1 hour), rinsed e.g. twice with e.g.
bicarbonate-free buffer (such as 130 mM NaCl, 4.7 mM KCI, 1.2 mM MgSQOs4, 1.2 mM
KH2PO4, 11.7 mM D-glucose, 1.3 mM CaCl,, 10 mM HEPES, pH 7.4) and then loaded
with the above marker (dye). According to another embodiment, the cells are not

trypsinized prior to dye-loading.

Dye loading may e.g. be performed as follows: cells are incubated with 5 uM 5-(and-6)-
carboxy SNARF-1/AM (Molecular Probes, Eugene, OR) for 30 minutes at room
temperature in bicarbonate-free Krebs-Hepes buffer (pH 7.4) containing 1% (wt/vol)
Pluronic F-127 (Sigma Chemicals, St Louis, MO). Cells can e.g. be loaded with 1 uM 2-,7-
bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein (BCECF/AM) (Molecular Probes) for 45

minutes at room temperature in buffer. Cells can be loaded with 5 uM CellTracker Green



agents, e.g.: glycerol, saccharose, polyethylenglycol or

pol yvi nyl pyrrolidon. A suitable concentration of BCECF is 5mM (fina
concent r avoanjo/o3dve foll owing is one exanpl ary procedur ecr@mp2aoome62428
preparartion of cells for intracellulmr pH determ nation: Cells nmay be
grown to e.g. 90% confluence, harvested wth e.g. trypsin, and i medi ately
quenched with culture mediumcontaining e.g. 10% fetal bovine serum

pell eted, and then rinsed once. Pelleted cells may be resuspended in fresh

medi um allowed to recover (e.g. under 5% CO2 at 37C for 1 hour), rinsed
e. g. GMFPA (G-chlosoryethyifitiorésnein difaetaie) (flbtacu(as Riobas) idotiminates, at4377 Cmivi
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| oading may e.g. be perforned as follows: cells are incubated with 5 mM

5-(and-6)- carboxy SNARF-1/ AM (Mol ecul ar Probes, Eugene, OR) for 30 m nutes
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| onger (e.g. overnight). After dye |oading and recovery tinme, the cells can
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separate wells and the fluorescence intensity recorded at appropriate (e.g.20 second)
intervals. Several (e.g. five) baseline readings can be taken at appropriate intervals (e.g.
20-second intervals) prior to each injection.

At the end of each experiment, an in situ calibration procedure with a known ion channel
ligand (e.g nigericin for H'/K* exchanger) may be used to relate the fluorescence
intensities to pH value. This may e.g. be done in that the K'/H* exchanger ionophore sets
[K']o = [K']i and pHo = pHi by exposing the cells to different pH buffers in a depolarizing
high K* buffer (140 mM KCI, 1.2 mM MgSQs, 1.2 mM KH;PQO,, 11.7 mM D-glucose, 1.3
mM CaClz, 10 mM HEPES, pH 6.0 to pH 8.0, in the presence of 20 uM nigericin). To
correct for small variations in cell density and instability of illumination intensity between
the calibration and the experiments, the CMFDA concentration was measured by
permeabilizing the cells at the end of each experiment with 0.1% Triton X-100, and
adjusting the pH to 11 with KOH.

Additionally, dye leakage may be followed by separating the contributions from leaked and
intracellular dye. For this, at different time intervals, cells may be spun down e.g. for 30
seconds. Then, the fluorescence intensity of each supernatant and resuspended cell



opaque white 96-well plate (or any other suitable plate, e.g. black with
transparent botton) . Plasnma and buffer alone or buffer containing |Iigand
can be i nyecvaxh3ssmguentially into separate wells and thecTinressscanse
intensity recorded at appropriate (e.qg.20 second) intervals. Several (e.g.
five) baseline readings can be taken at appropriate intervals (e.qg.
20-second intervals) prior to each injection. At the end of each
experinment, an in situ calibration procedure with a known ion channel
ligand (e.g nigericin for H+/ K+ exchanger) may be used to relate the
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| eakage may be followed by separating the contributions fromleaked and
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| eakage may be reported as the ratio of fluorescence iIintensity
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i onophore HDOPP-Ca) or ion sensitiye enz such as

distribution of weak acids or bases, ° P-NM spec roscopy and pH-sensitive Green

fluorescent protein [GFP].

Preferably, the method is adapted for high-through put screening. In this method a large
number of compounds is screened against the ion channel in question in whole-cell
assays. Typically, these screenings are carried out in 96 well plates using automated,
robotic station based technologies or in higher- density array ("chip") formats.

In one embodiment of the method of the invention the ion channel ligand, such as the NHE
ligand, is administered to the cell together with the plasma. This may be achieved by
administering the ligand to a (non-human) animal. The ligand may be administered by in
any suitable route, including parenteral (such as intravenous, intraarterial, intramuscular,
intracardiac, subcutaneous, intradermal, intrathecal intraperitoneal), enteral (such as oral
or rectal), topical (such as epicutaneous, inhalational, nasal or vaginal) etc. Administration
via feed is preferred.

After an amount of time sufficient to allow the ligand to be present in the plasma, plasma is
taken from the animal. In order to carry out the method of the invention the plasma



pot assi um dependent urea am dol yase, pyruvate kinase (U S. Pat. Nos. 5,501
, 958 and 5, 334,507) or glycerol dehydrogenase (U.S. Pat. No. 5,71 9,036))
may be uswO 2bovostdee detection of ion flux across cell nechEep@s/0cHHRst her
pH sensitive methods include distributsi on of weak acids or bases, 3 1P-NWR
spectroscopy and pHsensitive G een fluorescent protein [GFP]. Preferably,
the nmethod is adapted for high-through put screening. In this nethod a

| ar ge number of conpounds is screened agai nst the ion channel in question

in whol e-cell assays. Typically, these screenings are carried out in 96
vel | intladieg theiliggndus addeedo aedland hesefiedt@i thadgand evhthel aglii isdedernined.
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and/or treating a cardiovascular disease or cancer. If used for screening purposes the
ligand tested may be either a known ion channel ligand or substance, the function of which
is still unknown or not yet related to the ion channel. Accordingly, the method may be used
for the identification of new ion channel ligand. Alternatively, known ion channel ligands
may be tested for their efficiency using the method of the invention. The efficiency may be
compared to the ligands action in a plasma-free system (such as the binding affinity) in
order to assess the effect of the plasma on the activity of the ligand and to estimate the in

vivo activity of the ligand.

The ligand may be provided in the form of a chemical compound library. Chemical
compound libraries include are plurality of chemical compounds and have been assembled
from any of multiple sources, including chemically synthesized molecules and natural
products, or have been generated by combinatorial chemistry techniques. They are
especially suitable for high throughput screening. They may be comprised of chemical
compounds of a particular structure or compounds of a particular creature such as a plant.
In the context with the present invention the chemical compound library is preferably a

library comprising small molecules.



standard, e.g. a standard curve (see e.g. Exanple 2). The nethod of the

i nvention may be used for screening for a medi canent for preventing and/or
treati ng wodomasssi1i nvol vi ng i on channel dysfunction, pactriepzéoantazé or
preventing and/or treating a cardi ovawcul ar di sease or cancer. |f used for
screeni ng purposes the ligand tested may be either a known ion channel

| i gand or substance, the function of which is still unknown or not yet
related to the ion channel. Accordingly, the nmethod may be used for the
identification of new ion channel ligand. Alternatively, known ion channel
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i nventjon. ,Th fficienc be ¢ ared to the ligands action in a
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effect of the plasma on the activity of the ligand and to estinmate the in
vivo activity of the ligand. The ligand may be provided in the formof a
chem cal conpound library. Chem cal conpound libraries include are
pIurqﬁ'{MQgg chem cal conpounds and have been assenbl ed from any of

mul ti pl'e sources, including chemcally synthesized nol ecul es and nat ural
products, or have been generated by conbinatorial chem stry techni ques.
They are especially suitable for high throughput screening. They nay_ he
conpfiS¥e behews cAERPrER rpMRIEEHIN sHNEe phing liHated:§liciensk ot PARFRINESsOf a
particylap\preature such as a plant. In the context with the present
invention the chem cal conpound library is preferably a library conprising
smal |l nolecules.In the follow ng, the present invention is illustrated by
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the Gal sdbpeERiEadenty. in rat plasma (ECS50 = 115 nM. Figure 2 shows the
calibration curve for a novel conpound X of the calculated efficiency in

rat plasma (EC50 = 662 nM. Figure 3 shows estimated plasma concentration
of quié@r%ré%ﬁoevrs'des?i%nﬁg& np(illasxméI Sc'oﬁ%etl\t?gtion of cariporide and compound X using the

NHE1 in vitro assay.



NHEL1 in vitro assay. EXAMPLES Exanple 1: Establishing an Assay to determ ne
the effective concentration of NHE antagonists in aninmal plasma sanpl es

Pl asnma sawpl2es/osesoe obt ai ned from mal e New Zeal and r abbipts/Hp2005/082428 kQ)

mai nt ai ned on standard rabbit chow wizoh 0.3 % cariporide (NHE inhibitor). A
bl ood sanple was taken after 1 week fromthe auricular artery for the
determ nation of the plasnma concentrations of cariporide. Determ nation of
pl asma concentration of cariporide was done as descri bed bel ow. The

NHE- Gene (SLCO9A1 , Franchi A et ai, Proc Natl Acad Sci US A, 1986 Dec;
83(2HXAGP8ESY. ) was cloned into the pMammeo-vector and introduced into
LAPL1 (nouse LTK- cell line) cells. Stable cell lines were generated from
transfected cells. LAP1 (nmouse LTK- cell line) cells stably expressing

humare dridle (1h NiffstabliswRige ahe Agedy Wot deterAfnsi the effe@ie0@Bneehtrsioreldf/ IPE
medi um (I'scove-nedi um 10 %FCS 2 mM Lglutam ne, 100 u/m

peni ci | | i ne/ st BOEAYOMESS ieansual piasma §aROies ci ne, 400 mg/m G41 8) on bl ack,
clear bottom 96-wel | microplates (Costar(r), Corning Inc., Corning, NY).
Cells were incubated overnight at 37 0C, 5 % CO2 and 90 %hum dity. The

medi tFmasma szhlmes dade @btajned Gorearle BlrRNZealadd 18bitd (20813.5 dypmhbitfthiped(c20 MM
HEPES, 4 adjusted with KOH, 20 nM NH4Cl, 115 nM choline chloride, 1 nmM
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KH2P 5 mM gl ucose), leaving 90 m of washing buffer per well. pHrecovery
was Vl‘flf ed with a FLIPR (Fluoronethc Imagi ng Pl ate Reader, Mol ecul ar

Devi ces, Sunnyvale, CA; |aser power 0.3 W aperture 4, rreasuri ng interval 2
s, time of neasurenent 120 s). During neasurenent 90 n1 of plasma sol ution

(90 %heniNtHE-Grres 1BLEPGN eﬁTBﬁefhisAf efdeld Rrac MathdeadsSei LD SoMNaA986f Per:
10{'1\/'&@(:‘55%3%3) waasdl:%% |nto the pMamneo-vector and introduced into LAP1 (mouse

LTK- cell line) cells. Stable cell lines were generated from transfected cells.

LAP1 (mouse LTK- cell line) cells stably expressing human NHE1 (hNHE1) were seeded
with a density of 25.000 cells/well/100 pl medium (Iscove-medium, 10 % FCS, 2 mM L-
glutamine, 100 u/ml penicilline/streptomycine, 50 ug/ml gentamicine, 400 pg/ml G418) on
black, clear bottom 96-well microplates (Costar®, Corning Inc., Corning, NY). Cells were
incubated overnight at 37 °C, 5 % CO2 and 90 % humidity. The medium was discarded
prior to measurement and 100 pl/well dye buffer (20 mM HEPES, pH 7.4 adjusted with
KOH, 20 mM NH4CI, 115 mM choline chloride, 1 mM MgClz, 1 mM CaClz, 5 mM KCI, 5
mM glucose, 5 yM BCECF) were added. After incubation for 20 min at 37 °C the cells
were washed 3-times with Na*-free washing buffer (5 mM HEPES, pH 7.4 adjusted with
KOH, 133.8 mM choline chloride, 4.7 mM KCI, 1.25 mM CaCly, 1.25 mM MgCl,, 0.97 mM
KoHPO4, 0.23 mM KH2P04, 5 mM glucose), leaving 90 pl of washing buffer per well. pH-
recovery was measured with a FLIPR (Fluorometric Imaging Plate Reader, Molecular
Devices, Sunnyvale, CA; laser power 0.3 W, aperture 4, measuring interval 2 s, time of
measurement 120 s). During measurement 90 ul of plasma solution (90 % animal plasma
from animals feeded w/o antagonist, 10 % Na*-buffer: 10 mM HEPES, pH 7.4 adjusted
with KOH, 133.8 mM NaCl, 4.7 mM KCI, 1.25 mM MgCly, 1.25 mM CaCly, 0.97 mM
Na,HPOy,, 0.23 mM NaH,PO,4, 5 mM glucose) were added to the wells. Due to the Na® in



with KOH, 133.8 MM NaCl, 4.7 nMKCl, 1.25 mM MCl 2, 1.25 nM CaCl 2, 0.97 nmM
Na2HPO4, 0.23 mM NaH2PO4, 5 nmM gl ucose) were added to the wells. Due to the
Na+ i nt hewbubfoaz4ddilEL starts to transport H+ out of thepceldp3govloeads ng to
an increase in intracellular pH and fdiuorescence. Hi gh control: plasma
solution w thout antagonist. Low control: plasma solution with 20 mM
cariporide ( 10 mMfinal concentration). Caripohde was added to the plasm
after preparation. Addition of 10 nmM cariporide |leads to a conplete bl ock
of NHE1l activity. For calibration different anmounts of cariporide and the
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Pl asweereliddaetiGoplasras iafter pebparsiightocdetermine tReashigieney incarlimal prdneat es a
very good assay performance. Table 2: NHEl -activity with plasnma derived
fromrabbits with 0.3 % cariporide chow Activity [%9 SD Rabbit # 1 -5.45
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Rabbi t
was calculated. The high control was set as 100 % activity whereas the low control

determines 0 % NHE1 activity. %-activity of the samples was calculated by a comparison
to the controls.

Table 1: Plasma assay example with plasma derived from rabbits.

Average SD
Low control 631 416
High control 14416 875
z 0.74

Fluorescence increase measured between the 12™ and 32™ s. Low control: Plasma with
10 pM cariporide. High control: Plasma. Z' > 0.5 indicates a very good assay
performance.

Table 2: NHE1-activity with plasma derived from rabbits with 0.3 % cariporide chow

Activity [%] SD
Rabbit #1 -5.45 1.30
Rabbit #2 -1.53 1.10
Rabbit #3 -0.39 0.55
Rabbit #4 -2.25 4.09
Rabbit #5 -0.63 0.74
Rabbit #6 -5.45 1.30

Values were calculated in comparison to the controls. All rabbits have
sufficient cariporide in the plasma to block NHE1 activity completely.



Rabbit #6 -5.45 1.30 Values were calculated in conparison to the controls.
Al'l rabbits have sufficient cariporide in the plasma to block NHEL activity
conpl et elwoResui3t®1 As shown in Tables 1 and 2, the examrpiraErsdvowenizgood
results. The assay performance was vexy good (z' = 0.74, Table 1) . Al
probes showed conpl ete bl ock of NHELl indicating a cahporide concentration >
10 MM (Table 2, Figure 1) . Exanple 2 : Assay to determ ne the plasm

| evel s of NHE antagoni sts The aninmals used for the plasna studied were
pretreated as follows: Animals: Ml e Sprague Dawl ey rats (Mell egard) Body
wei gliiesuB30/s66hgwaniesT ablesal artd @pdhe agxaxapleTstapeetlgobaoreayltrg Tihepaysay

Respi ion: 40 Vol % Q2 Bl opd . 1.32-,40 80-.1 00 P H
7 35.PeTingaRes WAt uen] Boed 5: 038 mektodd ALRHOBT SPRASE) TPl BI9ty of
des ceNHE NGhdi@4tiitpa Xafpbede tomeditrdtioni>on0 kP (Table BoRlgurenper ature: 36.5 0C
Measur enent paraneters: nyocardial infarct nmass nean arterial bl ood

pressure heart rate conpound plasma | evels Bl ood sanpl es: single probe, 85

mn gl ainb - AsIhE e LR AN tHY pIhERENIEYSE WNIE antagonists

The animals used for the plasma studied were pretreated as follows:

* Animals: Male Sprague Dawley rats (Moellegard)
+ Body weight: 320-360 g
* Anesthesia: Thiopental-Na (Trapanal 100 mg/kg i.p.)
* Respiration: 40 Vol % O3
+ Blood gases: 32-40 mmHg pCO;
80-100 mmHg PO-
pH 7.35-7.49
Sa02 > 96 %
* Ischemia: 20 min occlusion of LAD (left anterior
descending coronary artery)
+ Reperfusion: 60 min
« Body temperature: 36.5°C

* Measurement parameters: myocardial infarct mass
mean arterial blood pressure
heart rate
compound plasma levels
+ Blood samples: single probe, 85 min after i.v. injection
(end of reperfusion)
or
single probe 200 min after oral treatment
(end of reperfusion)

Groups: 0. vehicle 1 ml/kg i.v. saline (n=8) 5 min before occlusion
l. Cariporide 1 mg/kg i.v. (n=8) 5 min before occlusion
Il. compound X 3 mg/kg i.v. (n=8) 5 min before occlusion
Il compound X 1 mg/kg i.v. (n=8) 5 min before occlusion
IV.  compound X 0.3 mg/kg i.v. (n=8) 5 min before occlusion
V. compound X 3 mg/kg p.o. (n=8) 5 min before occlusion
VI.  compound X 10 mg/kg p.o. (n=38) 5 min before occlusion
VII.  compound X 0.1 mg/kg i.v. (n=8) 5 min before occlusion

Different amounts of plasma were prepared from groups | to VIl 85 mins after injection
(groups I-IV, VII) or 200 mins after treatment (groups V-VI) and from untreated rats.

Plasma was stored at -20 °C until the analysis was performed.



single probe 200 mn after oral treatnment (end of reperfusion) Goups: O .

vehicle 1 m/kg i.v. saline (n=8) 5 mn before occlusion | . Cariporide 1
nmg/ kg i . woQnmdp4$1m n before occlusion II. conpound X ®cumpre@viosas2s (n=8) 5
m n before occlusion IIl. conmpound X2 ng/kg i.v. (n=8) 5 min before

occlusion I'V. conmpound X 0.3 ng/kg i.v. (n=8) 5 mn before occlusion V.
conpound X 3 ng/ kg p.o. (n=8) 5 mn before occlusion VI. conpound X 10
ng/ kg p.o. (n=8) 5 mn before occlusion VII. conpound X 0.1 ng/kg i.v.
(n=8) 5 mn before occlusion Different anbunts of plasma were prepared from
groups | to VIl 85 mns after injection (groups I-1V, VII) or 200 m ns
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hNHEllesee Exanpl e 1) were seeded at a density of 25.000 cells/well/100 m
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medi um_was_ di socarded pri of to nmeasurement and 100 m /well dye buffer (20 niM
HEPES! 3IH G 2 “a & QxR W Terhyidity o hhanneflidmovas discarfied IRGIor He MaasyFement 1
mv |42 ; ) . ter
cutne: 190 EVEEBG Buier CH A HERES Bt 155 38R MEKOI 2050 BIPRE 11 L o
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chloride, 4,7 KCl, 1.25 Cl 2, mnM MgCl 2, 0.9 CHPO4 .23 MM
KH2 POETeRARA, W@aw,bawew%ga St T G P%’lgs Wefe @@Sﬁ@%@? Wf'Hleﬁl asm
Pr obageNphshiRg BRACEf5 AtV Lt b RgegH A9 é’éjllﬁéféammamwfﬁs@rs M @nBid ERBEde pH
7.4 adjusted With KOH, 133.8 NaCl, 4.7 mMKCl, 1.25 mM MgCl'2, 1.25
CaCl 2.7 oM Keiv1 N midLa@l2,2B8251mM MgCl,, 0.97 mM KoHPO4, 0.23 mM KH2PO4, 5 mM
glucose), leaving 90 pl of washing buffer per well. The plasma probes were prepared as
followed: 10 % (v/v) Na*-buffer (10 mM HEPES, pH 7.4 adjusted with KOH, 133.8 mM
NaCl, 4.7 mM KCI, 1.25 mM MgCl,, 1.25 mM CaCl,, 0.97 mM NayHPO4, 0.23 mM

NaH2PO4, 5 mM glucose) were added to 90 % (v/v) rat plasma.

High controls (plasma solution without antagonist) and low controls (plasma solution with
20 uM cariporide, 10 uM final concentration) were prepared. A dilution series of cariporide
and COMPOUND X in 10 % (v/v) Na*-buffer/90 % (v/v) rat plasma was used for a
calibration curve to calculate the compound concentration in the rat plasma probes Figs 1
and 2).

The pH-recovery was measured with a FLIPR (Fluorometric Imaging Plate Reader,
Molecular Devices, Sunnyvale, CA; laser power 0.3 W, aperture 4, measuring interval 2 s,
time of measurement 120 s). During measurement 90 pl of plasma solution were added to
the wells.

For calculation of NHE1 activity, the increase in fluorescence between the 12" and 32™ s
was calculated. The high control was set as 100 % activity and the low control as 0 %
NHE1 activity. Activity (%) of the samples was calculated by a comparison of the controls.

Compound plasma levels were calculated in relation to the calibration curve.



NaH2PO4, 5 nM gl ucose) were added to 90 % (v/v) rat plasma. High controls
(plasma sol ution w thout antagonist) and |low controls (plasma solution with
20 nmM carwpaniods48010 mM final concentration) were preparet/ErLoodiobzas on
series of cariporide and COVWOUND X iz 10 % (v/v) Na+-buffer/90 % (v/v) rat
pl asma was used for a calibration curve to calculate the conmpound
concentration in the rat plasm probes Figs 1 and 2). The pHrecovery was
measured with a FLIPR (Fluoronetric |Inmaging Plate Reader, Mblecul ar

Devi ces, Sunnyvale, CA;, |aser power 0.3 W aperture 4, neasuring interval 2
s, time of measurenment 120 s). During neasurenent 90 m of pl asma sol ution
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was SgéadifedeBtdo activity and the | ow control as 0 % NHE1 act| vity.
Activity (9% of the sanples was cal cul ated by a conparison of the controls.
Conmpound pl asnma | evels were calculated in relation to the calibration
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Low cariporide - 3110 301 0 -

I cariporide 1 mg/kg i.v. 7392 1625 49.95 18.06

Il compound X 3 mg/kg i.v. 6067 919 35.23 10.22

M compound X 1 mg/kg i.v. 8223 1300 59.19 14.45

v compound X 0.3 mg/kg i.v. 13337 1429 84.38 12.04

V compound X 10 mg/kg p.o. 6301 1579 25.09 13.31

VI compound X 3 mg/kg p.o. 9208 1909 49.59 16.09

Vi compound X 0.1 mg/kg i.v. 12193 1580 87.51 9.36

Activities were calculated from the relative fluorescence increase in comparison to the controls. The eight
probes per group were averaged.

The exemplary calibration curves for cariporide and compound X are shown in Figures 1
and 2.



VI compound X 3 ng/ kg p.o. 9208 1909 49.59 16.09 VIl conpound X 0.1 ng/kg
i.v. 12 193 1580 87.51 9.36 Activities were calculated fromthe relative

f | uor escewoeoionzugase i n conpari son to the controls. Theceirpbéoopsmbes per
group were averaged. The exenplary calsi brati on curves for cariporide and
conpound X are shown in Figures 1 and 2 .Additionally, calibration curves
were used to cal cul ate the conpound plasma |levels in the probe sets. The
calibration curves were calculated using follow ng fornula: The vari abl es
were set as shown in table 4 : Table 4 : Fit paraneters used to cal cul ate

t he daditinnedly oealibnatirscuryas iwase iused togrROUNIDe Xhe\cornpaynd plasma kvels Bathe47
100. 146, C 0. 189 0..662. D - 1 239 -0.91 38 The .C ound plasma | evel s were
cal ¢ CTaPEaclr ARESAIPATE] Gupkes BoI5 ColGHRIET YR Mo NG T WaS U t 5 vier o
multiplied by two because of the dilution of the plasma probes. The
cal cul ated pl asma conpound | evels are shown in Figure 3 . Accordingly, it
is possible to determ fhe the efficacy of NHEL inhibitors in rat plasm
usi ng the NHEl1 assay o %ﬂgApr sent invention. It is also possible to

cal cyhpte the agct) vwesp centration of these conmpounds according to
the calibration curves| K Thé 1 inhibitors were active in rat plasma after
preparation. The data HBE%a good dose dependency of NHELl inhibition.d ains
1. A nethod for determini hg‘tHe efficiency of an ion channel I|igand
conprising the steps of: a) contacting a cell expressing the ion channel

with i) plasma of an animal and
The variables were set as shown in table 4:

Table 4: Fit parameters used to calculate the calibration curves.

cariporide COMPOUND X
A -7.947 -12.752
B 86.547 100.146
C 0.189 0.662
D -1.239 -0.9138

The compound plasma levels were calculated from activity (Table 4) using formula
2. The results were multiplied by two because of the dilution of the plasma probes.

(2) x=

The calculated plasma compound levels are shown in Figure 3.

Accordingly, it is possible to determine the efficacy of NHE1 inhibitors in rat plasma using the
NHE1 assay of the present invention. It is also possible to calculate the active plasma
concentration of these compounds according to the calibration curves. The NHE1 inhibitors
were active in rat plasma after preparation. The data show a good dose dependency of
NHE1 inhibition.



ii) the ion channel ligand; and b) determ ning the effect of the ion
channel ligand on the cell. 2 . The nethod of claim1l, wherein the ion
channel iwoaofsadissem Pr ot on- Exchanger (NHE) or a PCT/EP2009/062428
Sodi um Bi car bonat e- Cotransporter. 3 .26The nethod of claiml1 or 2, wherein
the NHE is NHEL , NHE2, NHE3 or NHE5, particularly NHEL or NHE3, especially
NHEL . 4 . The nethod of any of clains 1 to 3, wherein the ion channel
| igand, particularly the NHE |igand, is an agoni st or an antagoni st,
especially s NHE antagonist. 5 . The nethod of any of clains 1 to 4,
wher g gimidre cell is a cell line, particularly a manmalian cell |ine,
particularly a human or nouse cell line, especially nouse LTKcell |ine LAP1
6 . The nmethod of any of clains 1 to 5, wherein the aninmal is a
vertebrate, particularly a mammal, especially a rat, nouse, rabbit, guinea
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alterati oft of the pHvalue. 9 . The nethod of any of clains 1 to 8, wherein
the effe i i : g I pH val ue. 10 . The net hod
%t)cl g:loﬁ%c?h%;? (géll %)reésuﬁ&‘i’né [ ne!JW?th

of any o . erern“the effect 1s term ned by
f1 uor escencei1. Plasnaef ap@nénalangd of clains 1 to 6 and 8 to 10, wherein

the NHE |igam§l hase ppechaahel [p!%em@red the animal, wherein the animal is a
non- human ani rT%I 12 . The nethod of any of claims 1 to 11, wherein the

nmet hod is us@4Y% n determined plasma concentration of a ligand. 13 . The
met hod ofb)anyetdrmihiagrtee Effeot d2hevdre ceamndl igangtonateiceliused for screening
for a nedicanent for preventing and/or treating a disease involving ion
channel dysfunction. 14. The nethod of any of clains 1 to 13, wherein the
met hdd i dhesetethod afcelaini hgwhereia the ion channel is a Sodium-Proton-Exchanger

(NHE) or a Sodium-Bicarbonate-Cotransporter.

3. The method of claim 1 or 2, wherein the NHE is NHE1, NHE2, NHE3 or NHES5,
particularly NHE1 or NHES3, especially NHE1.

4. The method of any of claims 1 to 3, wherein the ion channel ligand, particularly the
NHE ligand, is an agonist or an antagonist, especially s NHE antagonist.

5. The method of any of claims 1 to 4, wherein the cell is a cell line, particularly a
mammalian cell line, particularly a human or mouse cell line, especially mouse LTK-

cell line LAP1.

6. The method of any of claims 1 to 5, wherein the animal is a vertebrate, particularly a
mammal, especially a rat, mouse, rabbit, guinea pig, or cat.

7. The method of any of claims 1 to 5, wherein the animal is a human.

8. The method of any of claims 1 to 7, wherein the effect is an alteration of the pH-
value.

9. The method of any of claims 1 to 8, wherein the effect is an alteration of the
intracellular pH-value.

10. The method of any of claims 1 to 9, wherein the effect is determined by fluorescence.



medi cament for preventing and/or treating a cardiovascul ar di sease or

cancer.

11.

12.

13.

14.

WO 2010/034801 PCT/EP2009/062428
27

The method of any of claims 1 to 6 and 8 to 10, wherein the NHE ligand has been
administered the animal, wherein the animal is a non-human animal.

The method of any of claims 1 to 11, wherein the method is used in determined
plasma concentration of a ligand.

The method of any of claims 1 to 12, wherein the method is used for screening for a
medicament for preventing and/or treating a disease involving ion channel
dysfunction.

The method of any of claims 1 to 13, wherein the method is used for screening for a
medicament for preventing and/or treating a cardiovascular disease or cancer.



