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A modeling tool for multilevel physiological systems @ PhysioDesigner.org
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PhysioDesigner is an open platform that supports multilevel modeling of physiological systems in \
the field of integrated life sciences and systems biology, including physiology and neuroscience.

Users can combine and build mathematical models of biological and physiological functions on

PhysioDesigner. Users can also integrate morphometric data on a model, which is used, for )

example, to define a domain in which partial differential equations are solved. Sitemap NG
- , S @Japau Mods

The models developed by PhysioDesigner are stored in PHML (Physiological Hierarchy Markup

Language) format, which is an XML-based specification, to describe a wide variety of models of

biological and physiological functions with a hierarchical structure. PHML fully inherits the

specifications from insilicoML (ISML). PhysioDesigner can act as an editor and browser of the

models written in PHML and ISML. It is also possible to import models written in CellML format and

export models to CellML (some model expressions in PHML cannot be exported to CellML).

Another distinguishing feature of PhysioDesigner is that it provides a user function to create SBML-
PHML hybrid models, which is a novel way to create multilevel physiological systems. In addition,
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The PH database (PHDB) at www.physiome.jp currently includes three databases, i.e. a database for PHML models, and databases for morphological and time
m} series data. In the PHML framework, it is possible to integrate morphological and time series data in a PHML model. These three databases can interoperate to

each other to support such models including morphological and time series data.
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Principle ldea of PhysioDesigner

@ Multiple scales and levels of physiological structures and functions
can be explicitly expressed in models based on Modularity.

¢ Each physiological entity in a model is represented as a module.

¢ A model is an aggregate of “module”’s linked by “edge’’s
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Principle Idea of PhysioDesigner

@ Multiple scales and levels of physiological structures and functions
can be explicitly expressed in models based on Modularity.

¢ Each physiological entity in a model is represented as a module.

@ A model is an aggregate of “module”s linked by “edge”’s
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Structure of Mathematical Expressions in a Model

Simple example) Hodgkin-Huxley model in ODEs

Do _ I —1
dt

-1, +1

L ext

Na

INa — gNam3h(Vm _ ENa)

I, = gL(Vm _EL)

Iy = gKn4(Vm —Ey)

dm
o a,V,)Ad-m)- BV, m

dn
i a,V,)A-n)=B,V,)n

dh
O V,)A—h)—B,(V,)h



Structure of Mathematical Expressions in a Model
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Reuse of Modules

Replacement of a channel module
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Example of Simulations

Model
Name: FSK 2008 Endocardial Ventricular Myocyte with Vesnarinon
MID: 632 in Model DB @ Physiome.jp

Template/Instance
framework for large scale

T modeling S '
. - T . ol ,
""‘. '"m ."""""l Integrating '""'.""""'w?"".m
”' Morphological dat

Celluar membrane
dynamics

Pharmacodynamics

\ Parallel computing

With vesnarinon Without vesnarinon

Ventricular morphological model
Name: human_ventricles_shape_data
MID: 7 in Morphology DB @ Physiome.jp



Modeling with Morphology
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SBML-PHML
Hybridization
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Plasma Alprazolam (ug/L)

Drug-Drug Interaction
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SBML-PHML Hybridization

A <is:module type="functional-unit">
<is:physical-quantity-set>
</1s:physical-quantity-set> M
- - odule
<ils:import type="sbml">
< :sbml xmlns:sbml="http://www.sbml.org/sbml/level2/version4" physical-quantity in PHML

refers the value of species in
SBML

:model 1d="model">
L:11stOfSpecies>

L:1istOfSpecies>

PHML.

“—SBMLj—
¥
)]

L:11stOfReactions> /
. listOfReactions> .;..Q K .°..get ..o
. :model> .'. :. .'.
bml:sbml> :Set . '..
</is:import> The value of physical- . )

W </is:module> quantity in PHML is used
by species in SBML

@ Include a whole SBMIL model in an
PHML module

<ils:implementation>
<is:bridge type="sbml" sub-type="species" direction="put">
<ls:connector type="species">k</1s:connector>
</1s:bridge>
<ils:definition type="ode" format="mathml">
m e ma+ i - % mema+ ~ . . .
SEMath> . ..dk/atime = =S%k ... </mEmaths @ Values of species and parameters of SBML are available in

</is:definition> . . . . L
</is:implementation> the simulation via physical-quantities of PHML



SBML Connections in PHML

v / u
Information of a SBML model can be ﬂ.

¢
W transferred by edges of PHML.
>,»-- '\ Information of a PHML model can be
- ; \ utilized in a SBML model.
¢

N PHML module wrapping a SBML
model can be located in a tree
structure of an PHML model

Physical-quantity referring
SBML can go out via a port

Using edges, SBML models can be
connected to each other indirectly. It is
possible to create a hierarchical SBML
model.



Model of CYP3A4 Induction by Rifampicin

Yamashita, F., et al. (2013). Modeling of rifampicin-induced CYP3A4 activation dynamics for the prediction of clinical drug-
drug interactions from in vitro data. PloS One, 8(9), €70330. doi:journal.pone.0070330
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Pharmacokinetics

Physiologically Based Pharmacokinetics (PBPK) model
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Pharmacokinetics of Rifampicin
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Pharmacokinetics of Alprazolam
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PHML-SBML Hybrid Simulation for Dynamics of In Vivo

Pharmacokinetic Drug-Drug Interaction

CYP3A4_induction_mediated_drug-drug_interaction.phz
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Implementation of Pharmacokinetic Interaction of
Alprazolam with Rifampicin
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PHML-SBML Hybrid Simulation for Dynamics of In Vivo
Pharmacokmetlc Drug-Drug Interaction
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Simpler Model -- One Compartment Model --
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Example: Pancreatic Beta Cell

LE Fridlyand, N Tamarina, LH Philipson (2003)
Modeling of Ca2+ flux in pancreatic beta-cells:
role of the plasma membrane and intracellular
stores. American journal of physiology.
Endocrinology and metabolism. vol. 285

.
.
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Example: Pancreatic Beta Cell

Chicago_2003_pancreatic_beta-cell_with_SBML.phz
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Simulation
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Flint K3

Interface Server is at somewhere in the
internet.

Receive simulation requests from users.

Send jobs to simulation servers distributed

on clouds or HPCs. PH Database

—

Garuda alliance member
applications can send
simulation jobs to Flint K3
via Garuda APls.

There is a web interface of
— Flint K3 to submit requests

as well.

Simulation Servers are on each
cloud or HPC.

«Run parallel computations
«Store simulation results.

NIl cloud
Amazon cloud

Google cloud
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