
PhysioDesigner:	  A	  versa1le	  pla4orm	  for	  mul1level	  
modeling	  of	  physiological	  systems	  network 

Yoshiyuki Asai, Takeshi Abe, Li Li, Hiroaki Kitano 

Okinawa Institute of Science and Technology 
Integrated Open Systems Unit 



Mul$level	  Physiological	  Systems	  

Time

Bl
oo

d
C

on
ce

nt
ra

tio
n

Circulation

Drug-Protein
interaction

Cellular-level 
electrophysiology

Organ-level 
electro-kinematic 

physiology
Medication



PhysioDesigner	  and	  relevant	  tools	  
PH Database

Flint K3

PhysioVisualizer

PH Plotter PHDB Client

ImageViewer

MorphoSpace



PhysioDesigner.org	  





Principle	  Idea	  of	  PhysioDesigner	  

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

  Multiple scales and levels of  physiological structures and functions �
can be explicitly expressed in models based on Modularity.
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  A model is an aggregate of  “module”s linked by “edge”s
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Structure	  of	  Mathema$cal	  Expressions	  in	  a	  Model	  

IK = gKn
4 (Vm − EK )

INa = gNam
3h(Vm − ENa )

IL = gL (Vm − EL )

C
dVm
dt

= −IK − INa − IL + Iext

dm
dt

= αm (Vm )(1− m) − βm (Vm )m

dn
dt

= αn (Vm )(1− n) − βn (Vm )n

dh
dt

= αh (Vm )(1− h) − βh (Vm )h

Simple example) Hodgkin-Huxley model in ODEs



Structure	  of	  Mathema$cal	  Expressions	  in	  a	  Model	  

gion = gionr

IK = gKn
4 (Vm − EK )

INa = gNam
3h(Vm − ENa )

IL = gL (Vm − EL )

C
dVm
dt

= −IK − INa − IL + Iext

dm
dt

= αm (Vm )(1− m) − βm (Vm )m

dn
dt

= αn (Vm )(1− n) − βn (Vm )n

Hodgkin Huxley Model

Membrane 

Ionic Currents 

Channel 
Gate Variables 

Conductance 

dh
dt

= αh (Vm )(1− h) − βh (Vm )h



Reuse	  of	  Modules	  
Replacement	  of	  a	  channel	  module	  

Replaced	  



Example	  of	  Simula$ons	  
Model	  
	  	  	  Name:	  FSK	  2008	  Endocardial	  Ventricular	  Myocyte	  with	  Vesnarinon	  
	  	  	  MID:	  632	  in	  Model	  DB	  @	  Physiome.jp	  

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

Integra$ng	  	  
Morphological	  data	  

Template/Instance	  
framework	  for	  large	  scale	  
modeling	  	  

Parallel	  compu$ng	  
With	  vesnarinon	   Without	  vesnarinon	  

Celluar	  membrane	  	  
dynamics	  

Pharmacodynamics	  



Modeling	  with	  Morphology	  

Simula$on	



SBML-‐PHML	  
Hybridiza$on	  



Modeling	  target	  
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Drug-‐Drug	  Interac$on	

Rifampicin 	 Alprazolam	
CYP3A4 induction	



SBML-‐PHML	  Hybridiza$on	  

  Include a whole SBML model in an 
PHML module

SB
M

LPH
M

L

Module

Ｋ 

SBML
s

k
r

Ｓ 

The value of physical-
quantity in PHML is used 

by species in SBML

physical-quantity in PHML 
refers the value of species in 

SBMLPHML

set
get

  Values of  species and parameters of  SBML are available in 
the simulation via physical-quantities of  PHML



SBML	  Connec$ons	  in	  PHML	  

Information of a SBML model can be 
transferred by edges of PHML.   

Information of a PHML model can be 
utilized in a SBML model. 
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SBML
m
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Physical-quantity referring 
SBML can go out via a port

M 

U 
V 

PHML

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

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



Model	  of	  CYP3A4	  Induc$on	  by	  Rifampicin	
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Yamashita,	  F.,	  et	  al.	  (2013).	  Modeling	  of	  rifampicin-‐induced	  CYP3A4	  ac$va$on	  dynamics	  for	  the	  predic$on	  of	  clinical	  drug-‐
drug	  interac$ons	  from	  in	  vitro	  data.	  PloS	  One,	  8(9),	  e70330.	  doi:journal.pone.0070330	  



Pharmacokine$cs	  

Physiologically	  Based	  Pharmacokine$cs	  (PBPK)	  model	  



Pharmacokine$cs	  of	  Rifampicin	

Concentra$on	  in	  
Hepatocyte	  

Concentra$on	  in	  	  
blood	  

Absorp$on	  



Pharmacokine$cs	  of	  Alprazolam	

Absorp$on	  

Concentra$on	  in	  	  
blood	  

Concentra$on	  in	  
Hepatocyte	  



PHML-‐SBML	  Hybrid	  Simula$on	  for	  Dynamics	  of	  In	  Vivo	  
Pharmacokine$c	  Drug-‐Drug	  Interac$on	

Rifampicin 	 Alprazolam	
CYP3A4 induction	



Implementa$on	  of	  Pharmacokine$c	  Interac$on	  of	  	  
Alprazolam	  with	  Rifampicin	

Rifampicin 
Pharmacokinetics	

Alprazolam 
Pharmacokinetics	

Induction 
of CYP3A4	

Fold Increase  
in CYP3A4-Mediated  
Intrinsic Clearance 
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Simpler	  Model	  	  	  -‐-‐	  One	  Compartment	  Model	  -‐-‐	  



Example:	  Pancrea$c	  Beta	  Cell	  

Na K 
Ca pump 

Na/Ca  
exchange 

Na/K  pump 

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

N	  Jiang,	  RD	  Cox,	  JM	  Hancock.	  (2007)	  A	  kine$c	  
core	  model	  of	  the	  glucose-‐s$mulated	  insulin	  
secre$on	  network	  of	  pancrea$c	  beta	  cells.	  
Mamm	  Genome.	  18(6-‐7):508-‐20.	  



Example:	  Pancrea$c	  Beta	  Cell	  

ATP

Cytoplasm



Simula$on	  	  
Flint	  



Simula$on	  

Supports	  SBML	  as	  well	  as	  PHML	  

Supports	  SBML	  +	  PHML	  hybrid	  

Export	  to	  C++,	  JAVA	  	  
Export	  to	  FreeFEM	  format	  	  

Simulator	  Flint	  



	  	  	  	  	  	  Flint	  K3	  

Simulation Servers are on each 
cloud or HPC.
 Run parallel computations
 Store simulation results.

Interface Server is at somewhere in the 
internet. 
 Receive simulation requests from users.
 Send jobs to simulation servers distributed  
on clouds or HPCs.

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

There is a web interface of 
Flint K3 to submit requests 
as well.

NII	  cloud	  
Amazon	  cloud	  
Google	  cloud	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  etc…	  	  
	  



Flint	  K3	  
hgp://flintk3.org	  



Physiome.jp	  and	  PH	  Database	  

hgp://physiome.jp	  



On-‐line	  Tutorials	  @	  YouTube	  
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