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where the anatomic relationships between cardiac cells are modeled by a set of
coupling relationships between nodes of a network. Each node represents a physical

20 subunit of tissue. A separate set of equations define the electrophysiology of the
individual cardiac cells and these equations are used to compute an action potential
(AP) at each node. The time course of the action potential may be represented
graphically and compared with physical measurements made experimentally.

In this architecture, each node of the model has two computationally

25 separate types of information associated with it. A distinct advantage of the model is
the ability to compute the local and global portions of the model simultaneously and
independentiy while allowing the local and global processes to interact.

Since the network itself reflects the global anatomic relationships between
cells or groups of cells and the nodes represent the metabolic actions at the local level

30 the model paradigm allows for the integration of interaction between the local
physiological data and the global coupling relationships. As a consequence the
cellular activity is propagated in a realistic way over the whole organ and whole organ

behavior flow directly from the model.
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In general, experimental measurements of molecular properties, single cell
activity or protein function in normal or genetically altered cellular systems are
gathered and expressed as equations which describe the observed action potential of

20  isolated cells or tissues.

This information is combined with anatomic data in the model. In general,
virtual “cells” are constructed and then assembled together into the network. Each
node location in the network reflects a different physical location. The virtual cells
that occupy various sections of the model network will typically differ in the node

25  equations that describe the action potential. It is also common that the coupling
relationships differ between regions of the network.

The protein computations impact the action potential of all cells but
depending on the actu/al 1ocation' in the network the actual time course of an
individuals cells action potential may vary dramatically from its neighbors.

30 This technique is useful for determining the impact of a mutation or sex on
the performance of an otherwise equivalent organ. The ability to model some sex
based changes and to ignore others within the model domain is a very useful and a

feature not easily available in physical models.
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BRIEF DESCRIPTION OF THE DRAWINGS

Throughout the variodus figures of the drawing identical reference numerals

indicate identical structures or processes. The embodiments of the invention shown
.0  are illustrative and should not be taken as limiting the scope of the invention, wherein:
FIG. 1 has a panel 1A that is a simplified flow chart describing the
creation and computation of the model, panel 1B is an alternate schematic
representation of the model and the model building process; |
FIG. 2 includes panel 2A which is a schematic representation of an organ,
25 and panel 2B which is a schematic representation of a network model showing a lattice
of nodes and relationships between nodes;

FIG. 3 is graphic representation of action potentials presented as panel 3A

and panel 3B;
FIG. 4 includes panels 4A, panel 4B, and panel 4C, which are computed

30  action potentials related to sex;

FIG. 5 is a computed action potential related to sex based differences in

the effect of a drug;
FIG. 6 is presented as panel 6A that shows experimental data and panel 6B

that represents simulation; and
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specifically, the impact of mutation on protein function, and secondarily, the impact on
the transmembrane potentials and other features of cell activity are explored in detail,
including biophysical changes in the ion pumps, transmembrane channels, receptors
and signaling pathways. Experimental data provide the parameters needed to model a
20  single cell containing proteins having both “normal” and “aberrant” functionality. The
profile of cellular functionality is thus developed and the general set of equations is
extended to model complex behaviors of the cell.
In this step of the process, molecular properties of the gene or protein are
measured and alterations in expression levels or patterns of expression for a partiéular
25  gene or protein are noted. For example certain proteins appear to increase the number
of channels that are open. Other proteins are responsible for the magnitude of the
current across the membrane.
The resulting physiologiéal properties of the mutation are characterized by
alterations in the time course of the membrane current, transmembrane potential, ion
30 flux, or biochemical reaction rate. At the conclusion of this data collection and

representation step the impact of protein function on the action potential can be shown

graphically and used computationally.
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Data Collection

20 FIG. 1 is a flowchart that shows a stepwise sequence for both a single cell

model and an organ level model. In general, processes 10 through 16 represent the
data collection and construction of a single cell model. Processes 24 through 28
involve the creation of the network model of the organ or a part of the organ, while
process 20 reflects the computation of a single cell model. Process 30 reflects the
25 output of either simulation and typically both graphic data and data in tabular form are
created. Although process 18 represents a choice between single cell and multi cell
models it should be understood that simulations at the cellular level may be used to
validate the single cell model against experimental data while network level organ
simulations can be used to validate the organ level description against experimental

30  tissue experiments.
In process 10 experimental data concerning the behavior of the altered cell
type, and the specific functional properties of the target proltein are collected. Thisis a
very labor intensive step because the data are presented in various formats and may

require substantial searching to uncover the appropriate literature or source for the
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those data collected in step 10 are used to nodif i

_ y the system of nonlinear
ordinary differential equations (ODEs) defined at each node of the lattice,
and to nuodli fMdﬁ.B_uddmg currents of the cellular nodel. These equations

cardiac 1 ssue and  (BPBBETo AR S B3R Sk 1R U
includes: a) opaulindansrdiefry diffegeriabpgrations (ODES) defmed at eearcg nodet: o% tshesigtflgg m
and to modify the ionic currents of the cellular model. These equations define the
biophysical processes giving rise to the unique properties of cardiac tissue and the
20  various cardiac cells. In general, this system includes: a) equations defining properties
of nonlinear, voltage-gated transmembrane currents; b) equations describing properties
of jon pumps, exchangers and other features in the cell; ¢) equations describing the
buffering, uptake, storage, transfer, and release of calcium ions by 1ntracellu1ar
organelles; d) equations describing time- -varying changes of intracellular ion
25  concentration, and e) equations describing the effects of neurotransmitters, hormones
and second messengers on these components.

A useful paradigm for modeling cellular dynamics is a
battery/resistor/capacitor model where the membrane currents are the sum of a set of
voltage sources in parallel with a capacitancence. The voltage sources are modeled as

30  a battery in series with a resistor. The battery represents the driving force for ionic
flux through the channel provided by the ionic gradient across the membrane. The
resistor represents the resistance to ionic flow through the pore of the chanmel.

Mathematical models for most ionic currents can be taken directly from data collected

in step 10. The general form of the equation is Ichannel=Iop.mchanel(V)“‘Pop‘m where the
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Process step 14 relates to making the ionic current calculations

20 computationally efficient. Many techniques are available to compute sets of ordinary
differential equations. Process 16 relates to the selection of the particular simulation
methodology used to analyze the data. For example, some a priori knowledge may
allow the user to ignore some variable or make other simplifying assumptions for a
particular simulation. In a typical setting a user may have several “single cell” mode]

25 available and each will “work”. The specific choice for a particular study may be
simply a user preference.

In process 18 a single cell or network model is selected. Users may begin
with a series of single cell simulations and then select a network model without
redesigning the single cell model.

30 Processes 24 through 28 relate directly to structuring the network model
by defining the location of altered cells in the physical representation of the organ.
Typically a finite difference lattice work of nodes are preferred to represent physical
structure of the heart and the physical locations for mutated cells. This spatial

placement is based upon anatomic knowledge. It is important to note that all or just



before inclusion into the organ and system nodel. Fine tuning of the nodel
can be acconplished nore easily because of this partitioning and
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corresponding to trace 43 are the result of pacing at about 5s intervals and the shorter

duration typified by trace 41 represents “fatigue” and non linear behaviors at faster

20  pacing rates corresponding to about 500ms intervals.
The A, B and C types of tissue can depolarize giving rise to a Voltage.
Currents associated with this voltage can be communicated to the companion tissue
groups. This coupling relationship is the fundamental requirement of the organ model.
The relationship between the tissues is represented in the Figure can give rise to
25 superficial or surface waveforms that follow the surface of the tissue wedge. In this
fashion local events in tissue groups are communicated to neighboring tissues. It is
common to begin the model at time T=0 with a current stimulus to initiate
depolarization of one or more cells. This initial perturbation causes the dynamic
features of the model presentation seen as the depolarization waveform 47 in FIG. 2A.
30  The duration of the response is extremely sensitive to the time between stimuli. Once
the model is running the states of the various virtual cells diverge in 2 manner that may
be difficult to predict under some circumstances. The various displayed durations for
the activation potentials seen in panel 2A “B” for example reflect cycle to cycle

variations. Each of the different traces of action potential seen in the figure arises at a



for the corresponding tissue type. The wide variation in the duration of
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substantially different action potentials waveforms. The female trace 62 shows an

20  extended repolarization time. Panel 3B is labeled with the name of the current tracked
for sex based differences in protein expression. There are no uniformly followed
naming conventions for proteins although the labels in the figure are in common
usage. The B.Ito current is the transient outward current. The C.IKr current is the
delayed rectifier current. The D.IK1 current is the inward rectifier current. E.JIKs

25 current is the slow delayed rectifier current. The disparity between male 66 and
female 68 in the IKr channel provides an insight into the morphology of the tissue
elecfrophysiology seen in panel 3A. This output represents the ability of the model to
display important electrophysiologic consequences of modest allele or sex based
variations in protein expression.

30 FIG. 4 illustrates the impact of cell type on the cardiac action potential for .
“male” 71 and “female” 69 cells of various cells within the wedge model. The wedge
model accurately displays significant variations in action potential duration and
morphology based on differences in protein to expression in cells which differ solely

by “sex”. This illustration points out that the simulation allows the user to “fix” a set



10 the nodel that it can solve |ocal equations and conpute the interaction
of the local data to give rise to overall activity of the organ. The
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of heterogeneous tissue structures using,,identical cell types.
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corresponding to an “overdose” of drug. The computer model is substantially more

20 tolerant of overdose than an experimental preparation. The results provide a
mechanistic explanation for the prolonged electrocardiographic QT, and for the
increased incidence of drug-induced proarrhythmia interval typically observed in
females vs. males.

Figure 6 shows in panel 6A classic data of the type collected in prdcess

25 step 10. The data show variations in myocytes based on location and based on pacing
rate. The simulations of panel 6B are taken under the same conditions and they show
good agreement with the experimental data thus validating the model. The ability to
test the model and various scales in time and space is an important attribute of the
architecture of the model.

30 Figure 7 has a panel 7A which represents a normal (wild) genotype ECG
96 taken from a network model. Corresponding panel 7C shows the action potentials
of mycoyte at various levels in the simulated wedge epicardial cells are shown by trace
90, midmyocardial cells are shown by trace 91 and endocardial cells are shown at 92.

Panel 7B shows a mutation that impacts the surface ECG 97. The individual behavior



"mal e" duration is the shorter of the two durations as typified by trace
75. In this conplex 77 the longer trace 73 is "female". The figure shows
the diffeaevent/dsaBsi npact of a drug acting on these cells. P&BUBHIEIYI8Ug dose
i ncreases, the percent of channel bIockﬁge increases, resulting in a
proarrhythm c response as indicated by the 10 appearance of early
depol ari zations especially in femal es. The alternan xhi bi t i t he 60%
bl ocked chamﬂhempmﬂgrlmb’ﬁ@’t$seﬁﬁépénrﬁ?&%l%bgﬁ ﬂl&f 9§ H& w@%ﬁwt e
alternans is_nhot [ ; | exes 79, 81, 83, 85
and 77. The 01fﬁéggg%%%gggﬁ@h%gP#g%ggg%§%§ﬁgggﬁﬁgﬁgﬁtials is the hall mark
of the arrhythma. Although this illustration is nodeled with d-sotol it
is likely valid for all potassium 15 bl ocking drugs. The figure shows
mul ti ple events paced at an interval of approximately 2.5 seconds. The
mul ti-di mensi onal inpact of these gender-based differences, alone and in
conbi nation with drug, can be illustrate using a sinul ated

el ectrocardi ogram as the read-out. This illustration shows channel

bl ockages corresponding to an "overdose" of drug. The conmputer nodel is-
substantially nore 20 tol erant of overdose than an experi nental
preparation. The results provide a nechanistic explanation for the

prol onged el ectrocardi ographic QI, and for the increased incidence of
drug-induced proarrhythma interval typically observed in females vs.

mal es. Figure 6 shows in panel 6A classic data of the type collected in
process 25 step 10. The data show variations in nyocytes based on | ocation
and based on pacing rate. The simulations of panel 6B are taken under the
sanme conditions and they show good agreenment with the experinental data
thus validating the nodel. The ability to test the nodel and various
scales in tinme and space is an inportant attribute of the architecture of
the nodel. 30 Figure 7 has a panel 7A which represents a normal (wld)
genotype ECG 96 taken from a network nodel. Correspondi ng panel 7C shows
the action potentials of nycoyte at various levels in the sinulated wedge
epicardial cells are shown by trace 90, m dnyocardial cells are shown by
trace 91 and endocardial cells are shown at 92. Panel 7B shows a nutation
that inpacts the surface ECG 97. The individual behavior W 01/98935

PCT/ US01/ 19918 of the correspondi ng nyocytes seen in trace 93, 94, and 95
in panel 7D shows the corresponding action potentials for the mycoyte

| ocati ons.



WO 01/98935 PCT/US01/19918 -12 CLAIM5S 1. A nethod of conputer nodeling a
portion of an organ conprising: defining a first set of nodes and a second
set of nove@e19d3said first set of nodes representing a fiPET/URNyP18al
subunit of the organ; said second set of,nodes representing a second

physi cal subunit of the organ different %Fom said first physical subunit;
said first set of nodes having a first égi gf bi ophysi cal equati ons
expressing the transnenbrane current jated with action potentials
related directly to the to expression of protein nodeled at the node; each
node having a set of coupling current equations representing the anatony
of the organ at the 1.ocAmethodoff compuieo dwdelied & pomignaf ae ovganlcolmprising: a node
at each vertex of the_network Igt%i ce vvckllereb t he node | ocation and

coupl ing current eqUatPEH* Mahich QLAY AR Féﬁcé%fiﬁﬁt%f?n R& 15 node in the
organ; activating theidmgedet BYnSdedédeiinga Sitdt oY atd] @b GHH feRd od@hy vat i on
event at a set of nodes, said set of nodes being a subset of all nodes in
the network; sol vi ngaghpefoséisst of npdespieprisentinged saeangnphysisal et el theode -
currents for__each:.n ; ; 1ng. sald node currents to determne the

vol t age pr esERL. g‘?fe@eglgﬁm%%gﬂggh%%a%g%ﬁgﬁhg a representation of said

conput ed vol tage. 2.safh@rstest bogodek haliag @ firstdee bEbidph yitcad ofitiofs Sipeessing
iterates the nodel 25 over conputation cycles that nodel the tine caourse

of the acti dhe pBnSREMEIaNE fUIIGHE MgSOCiRieh Wathj aciiondrptenfialy elafpd) diregibi & fheat i on

event s efi)te%?&si%ﬁ%@bwénin%cfe{eﬁ!atﬁf;etﬂ'o g.’ti on event. 3. The nethod of claim
ac

2 wherein e action potential is used to define 30 a single conputation
cycle. 4. The net hockaoh mdaihavihgwheete bh ceaplihgactiretat équatienserdprassntapgpllieed at
a single node, V\Dfoy 98935 PC'Il'/ US01/ 19918 .
anatomy of the organ at the location of the node;
defining a network having a node at each vertex of the network lattice
whereby the node location and coupling current equations represent the location of the
15 node in the organ;
activating the model by simulating a stimulation current activation event at
a set of nodes, said set of nodes being a subset of all nodes in the network;
solving said sets of biophysical equations to determine node currents for
each node;
20 summing said node currents to determine the voltage present at each fode;

and

displaying a representation of said computed voltage.

2. The method of claim 1 wherein the solving step iterates the model
25  over computation cycles that model the time course of the action potential including
depolarization events and repolarization events extending from the initial activation

event.

3. The method of claim 2 wherein each action potential is used to define

30  asingle computation cycle.

4, The method of claim 1 wherein said activation event is applied at a

single node.



-13 5. The nmethod of claim 1l wherein said activation event is applied to a
set of nodes at the exteriors of said network lattice. 6. The nethod of
claiml1l wheoepssaid first set of nodes represents 5 epiearas@al/19esr di ac
cells and said second set of nodes repreggnts mdmyocardial cells. 7. The
met hod of claim1 wherein said first set of nodes represents endocardi al

cardiac cells and s& d {ROGAGHLESE ciaim NWHRFeih SRESSEM: DBV EPIOGASIR—IRb aGEE | S-

10 8. The nmethod of claim®6 wherein said first set of nodes represents
epi cardi al cdmodecatdhet exgerdord of sdidinewoohthitiest of nodes represents
m dnyocardial cells. 9. A conputational nodel of a portion of the heart

conprising: a three dinensional netywrk_ representi a crqQss section tissue
wedge of a 15 vent rﬁqcl ’gﬂ%@eéh%aftc\,{a\?@d deEFé‘FWP{i E‘g% 34 03 %‘@gs SPPIRIES
each nodg fOéplfeawgl?é&?cg}(@gééﬁxagelfsaih@econ@%kwﬂﬁde@répkésaﬁts %ﬁamgsca?@iqieéeus.

representing epic ocated in a first "portion o t he networKk;
20 a second set of nodes representing mdnyocardial cells located in a
second portion of the Thd wthod ofitciagmoliswivarein sadd dirsti ses tof pordes aeprefentshe

network; a third set of nodes representjn ndocardial cells logated.in a
Thi 1 por £ 1 GRGORIGHEEE o SR SO PE PGS R e e T B SR hGaES o
the network; a set of node coupling relationships that share current and

vol tage |25 variations Bptween adi agent ggtge?gihaﬁéqﬁstoget erbgdﬁodteg 3 ane

current equations that represent the ro el e bas variations 1n
prot ei n exprepicuirdial candibe egibrandbaidecadrseeolt nodosapresdnts atidmgecdrdiabekdls. a
conput er process for calculating the node current equations and for 30
conmputing the node coupling relationships and for summ ng the resultant
currents and vol t ades d¢enpaptionshmadshels pogtean af themsat 6PMBHEBESs f or

O 9,0, oS S ST, LA P9 ot o TRl o
set of npdesvenidlOdf HBEBE PCT/ USO1/ 19918

said network having a set of nodes, each node forming the vertex of the
network;

a first set of nodes representing epicardial cells located in a first portion of
the network;

20 a second set of nodes representing midmyocardial cells located in a second
portion of the network contiguous with said first portion of the network;

a third set of nodes representing endocardial cells located in a third portion
of the network contiguous with said second set of nodes of the network;

a set of node coupling relationships that share current and voltage

25  variations between adjacent nodes;

a set of node transmembrane current equations that represent the role of
allele based variations in protein expression on transmembrane current computed for
each node;

a computer process for calculating the node current equations and for

30 computing the node coupling relationships and for summing the resultant currents and
voltages over all the nodes; and

a computer process for displaying the results of the summing calculation.

10. A method of computer modeling a portion of an organ comprising:

35 defining a first set of nodes;



-14 said first set of nodes representing a first physical subunit of the
organ; defining a first set of biophysical equations for said first set of
nodes ewW0ersdddy the transnmenbrane currents associ at ed W€TYUSEH 19918
potentials related directly to the exprggsion of protein nodeled at the
node; 5 collecting said first set of nodes into a lattice |ike network,

sald network —navind.p ARGt ngd’e%'ile%rg%etngg%gfﬁr& fiy B4 ¥BEdnit St iht Gatther by

t he node | ocation an coupling curr ations’represent t ocation of
the node in the orgadefinigd aViadsi sg dfhbiophykidal gustions| fat isagl firss tsemof atodemn
current activation event at one of said nodes, said activatjon event

defi ni ng t heS*PEaENEothe, TABTRRIRRIANG FUrtehis, 3spCigled q Wit o%@%@?@ﬂ“@ﬁr@?ﬁt%;

S0l viing Sai dupglis 9l BRRNSH SRpRENAIBRY of MedBlier i ne node currents for

each node; summ sai e currents to determne the voltage present at
each nodes and 15 dicdipbténg sajd dirsteset of eodatinna bitticealike sempdt, sdid/nétvage at

said nodes evolving as a tine course over .said co tation jnterval, [11.
The net hod olFaV(’:rFf?faP rﬂ%f?) W@?}bi"ﬁ“eé(af’{jﬁ‘fc?q\{vg{lﬁ 1%t rl'Fli%y &}bep%%c{ee]g?c or Fltédl
concl usi on Oéou%ﬁhgcﬁ@émléhaéddh@rép?és%hmleJoo%_aoxlaft_hén@@ém%abk%mal nodel of a
portion of the heart conprising: a three dinensional network representing a

cross section ti ssueacivdies & nsodel by simudatingof stunation curkeaf actiyation Fxemali ng

f des, de f ' h . - : '
St of “nodasohpeONER g iR Y i Bt R B s B 4 SBrifFalBh el o 4

t he netwgy K; selectCitgigitt of nodes representing mdnyocardial cells |ocated
in a second portion of the network contiguous with said first portiaon of
the network; 30 a t h#aleingsidofetneigbioph §avationy t@ dasEming nede CHPRs| gt at ed
inathird pQchin%He of the network contiguous with said second set of nodes
of the netvvorzk; a Set of node coupling relationships that share current and
vol t age summing said node currents to determine the voltage present at each node;

and
15 displaying a representation of said computed voltage at said nodes

evolving as a time course over said computation interval.

11. The method of claim 10 wherein said activation step is repeated at the
conclusion of said computation interval.

20
12. A computational model of a portion of the heart comprising:

a three dimensional network representing a cross section tissue wedge of a
ventricle of a heart; ‘
said network having a set of nodes, each node forming the vertex of-the
25  network;
a first set of nodes representing epicardial cells located in a first portion of
the network; . ‘
a second set of nodes representing midmyocardial cells located in a second
portion of the network contiguous with said first portion of the network;
30 a third set of nodes representing endocardial cells located in a third portion
of the network contiguous with said second set of nodes of the network;
a set of node coupling relationships that share current and voltage

variations between adjacent nodes;



vari ati ons between adj acent nodes; WD 01/98935 PCT/ US01/ 19918 -15 a set of
node transnmenbrane current equations that represent the role of sex based
vari ati o0 0n9g98Ht ei n expressi on on transnenbrane current PCONRUYBHLSE Or

each node; a conputer process for calculging the node current equations
and for 5 conputing the node coupling relationships and for summng the

I d I I 2S >
For di opl ayi ng-t he Aohf Qo Rut it subdlf DRARs AR gL ST CRer

model of a pextbassd Qhridtivas e didtemosAPréssiondon Héndnddittrase dinremsiodalteddrwor k
representing a cross section tissue wedge of a ventricle of a heart; said
net wor k haviqﬁ}@éocg-’ét of nodes, each node form ng the vertex of the

network; a first set r esent i Rg: epi -2 I t kN a
iret portion of 1% PHAPASE pricER ERCOACMEBEIEACEtnER: SuaRiR) Sk
m dmyocarsdi alompetihg tHeowmie eduplingarettioostdps gl for swumoiing the reefd ot durcotstanguous
with said first portion of the network; a third set of nodes representing
endocar di al v&itpggs qvggglﬁlg@qqqe%ap ird portion of the network contiguous

with said second sety &)fméﬁg% o@bs fPQisPREWRthe redRitPoSBE s@thniabeaoupn ng

rel ati onshi ps that shar rent and voltage variations between adjacent
nodes; a set of node transnenbrane current equations that represent the

role of sex based variations j.n prot expr.ession,and drug.based
variations on transﬂ%’nﬁgﬁ?@pméh?qagmw%o‘#ﬁﬁdgﬂ% 8It%838ﬂgﬁ%%€sl% a conput er
process fpor cal cul atd fgbetdieRQER] GBfWRR tepRebeatin O Sroansection tistempstigerd at he
node coupling rel ationships and for summng the resultant currents and

vol t ages oveventiide @ﬁmhfw@‘fdes; and a conputer process for displaying the
esul Lo of Lhe sutmag Salbell ALl A BT HhORRL VR BLAR, 1
cross secti qtworksue wedge of a
a first set of nodes representing epicardial cells located in a first portion of
15 the network;

a second set of nodes representing midmyocardial cells located in a second
portion of the network contiguous with said first portion of the network;

a third set of nodes representing endocardial cells located in a third portion
of the network contiguous with said second set of nodes of the network;

20 a set of node coupling relationships that share current and voltage
variations between adjacent nodes;

a set of node transmembrane current equations that represent the role of
sex based variations in protein expression and drug based variations on transmembrane
current computed for each node; '

25 a computer process for calculating the node current equations and for
coniputing the node coupling relationships and for summing the resultant currents and
voltages over all the nodes; and

a computer process for displaying the results of the summing calculation.

30 14. A computational model of a portion of the heart comprising:
a three dimensional network representing a cross section tissue wedge of a

ventricle of a heart;

said network having a set of nodes, each node forming the vertex of the

network;



ventricle of a heart; said network having a set of nodes, each node form ng
the vertex of the network; WO 01/98935 PCT/USO1/19918 -16 a first set of
nodes rewesesdng epicardial cells located in a first popPCT/ORO1GMI1IS he
network; a second set of nodes representiigg m dnyocardial cells located in
a second portion of the network contiguous with said first portion of the

network; 5 a third S@ﬁrs@fsetrm%aegﬁpfeeéﬁagie aRBsiQeht HcaledGhlalfisd REAGEHF I N A
third portion of the .network conti guous th said second set of nodes of

t he net wor k;thansiwtorkf node coupling rel ationships that share current and
vol tage variations betwe

n_.adj acent nodes; a,set of. no t r ansnenbr an
current equations th%lfecpggfeésoghf’&fsﬁgpr%qn ngpnd%o%arr%i‘%eg@o@gﬁ% Sgﬁ%nﬁ?n
protein exprgsabRBf MR el Aok FBREIHS withlsaRITirsCRITRGH 80thEktw@RCh node; a
comput er process for calculating the node current equations and for

conput i ng t he node cathitd segof vadgs represantns endacargial selinipprjed Hea thiush nortien
Cur et o EhEGRAR TN hng ROl & BOMRIG, Process To
a set of node coupling relationships that share current and voltage
variations between adjacent nodes;
a set of node transmembrane current equations that represent the role of
10 drug dose variations in protein expfession on transmembrane current computed for
each node; .
a computer process for calculating the node current equations and for
computing the node coupling relationships and for summing the resultant currents and

voltages over all the nodes; and

15 a computer process for displaying the results of the summing calculation.



