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Overview	
•  MembranePlus™	–	a	so:ware	pla<orm	for	simula1on	of	drug	

transport	in	cell	assays.	

•  Development	of	Hepatocyte	Transport	Model	
–  Sandwich	and	plated	hepatocytes.	
–  Suspended	hepatocytes.	

•  Model	Case	Studies	
–  Sodium	Taurocholate	transport	
–  Sta1ns	(uptake+metabolism)	
–  IVIVE	with	combina1on	of	MembranePlus	and	GastroPlus	



MembranePlus	

•  Instant permeability output from molecular structure or experimental data. 
•  Unbound Intracellular concentrations (Membrane, cytosol, lysosome, etc.) 
•  In vitro Km and Vmax for enzymes and transporters 
•  Parameter sensitivity analysis (on logP, shaking rate, pH etc.)  
•  Sandwich and suspended hepatocyte model (version 2 imminent) 
•  DDI predictions (Coming Soon in Version 3) 

Data Analysis 

Assay Prediction 
•  Permeability 
•  Intracellular concentrations (Membrane, cytosol, lysosome) 
•  Virtual Trials (coming soon) 



MembranePlus	–	SoCware	Overview	

Applicable only 
to cell-based 
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MembranePlus	–	Membrane	Entry/Exit	Rate	
Structure	Based	Model	

•  Observed	vs.	Predicted	on	44	training	datasets	
( ) ( ) HBAoCHBDHBDHCRNGMClogPCInterceptVlog i ×+−+×+×+= 43_21

Membrane	entry	and	exit	rates	for	anions	and	ca1ons	
are	determined	based	on	logD	vs.	pH	profile	

All	experimental	
1me	points	to	2	hr	



lysosome 

Lysosome 
membrane 

Vi and Vo correspond to 
the membrane/water 
entry and exit rate 

pH = 4-5 

pH = 7.4 

MembranePlus	–		
Lysosomal	Trapping	Model		

Cell 

Kazmi	F.,	Drug	Metab.	Disp.	41(3):897	(2013)	

Lipophilic	
Amines	
LogP	>	1	
pKa	>	6.5	



Enzymes	and	Transporters	-	Equa-ons		
•  Kine1cs	of	carrier-mediated	transport	and	metabolism	is	calculated	

using	Michaelis-Menten	kine1cs:	

		

•  Vmax	units:	µM/s	(µmol/L/s)	
•  Km	units:	µM	(µmol/L)	
•  General	units	converter	allows	conver1ng	these	into	different	types	of	

units		
•  Transporter	types:	Influx	and	Efflux	
•  Transporter	loca1ons:	Apical	and	Basolateral	
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Sandwich	and	Suspended	Hepatocyte	Model	

•  New	to	version	2.0	(expected	May/June	2017)	

•  Model	non-linear	drug	uptake	and	metabolism	in:	
–  Sandwich	Hepatocytes	
–  Plated	Hepatocytes	
–  Suspended	Hepatocytes	

•  Inclusion	of	intracellular	protein	binding	(free	frac1on)	
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•  Collagen	is	assumed	to	not	affect	transport	processes	
•  Model	is	also	applicable	for	plated	hepatocytes	when	bile	volume	is	not	considered	
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Physiological	SeUngs	

•  Plated	hepatocytes	can	be	modeled	by	seing	bile	volume	and	area	percentages	to	0.	
•  Bile	pockets	contract	and	open/release	drug	to	the	media	thus	a	first	order	bile	efflux	

rate	is	available		



Case	Study	1:	Sodium	
Taurocholate	Uptake	Into	Bile	



Sodium	Taurocholate	

•  Experimental	data	from	Qualyst	
Guo,	ISSX	2014	

•  All	proper1es	except	Km	values	
from	ADMET	Predictor	

Property	 Value	
S+IS	(mg/mL)	@	pH	2.78	 0.0184	
S+pKa	(Acid)	 1.1	
S+SF	 906	
S+pH	 2.78	
S+logP	 0.82	
S+Peff	(x10-4	cm/s)	 0.36	
DiffCoef	(x10-5	cm/s)	 0.53	
S+fumic	 0.911	

AP 7.2 = ADMET Predictor v. 7.2 
S+ stands for properties predicted with 
Simulations Plus models 
S+Sw = solubility in pure water 



Model	of	Sodium	Taurocholate	Bile	
Canalicular	Uptake	in	Sandwich	

Hepatocytes	

•  Guo,	2014	ISSX	Poster	

OST	alpha/beta	



Na+	Taurocholate	Model	Assump-ons	

•  Assump1ons	
–  No	protein	binding	for	Na	Taurocholate	
–  No	s1rring	
–  Complete	monolayer	of	cells	(100%	viability)	
–  ADMET	Predictor	values	for	proper1es	and	transport	model	

parameters	calculated	using	calibra1on	

•  Literature	values	for	Km	were	used	as	a	star1ng	point	for	
building	the	model.	

•  Km	values	are	similar	across	species		
–  Swi:-Mol-Pharm-2010-7(2)-491–500	

Cell	Assay	Inputs	
Feed	Solu1on	Conc.	 1,2.5	 µM	

BSA	 4	 %	
Well	size	 24	 well	
Volume	 0.3	 mL	
Cell	Vol.	 6.46	 pL	

Cell	Layer	Thickness	 18.6	 micron	
Cell	Den	 0.4	 Mcell/well	

Transporter	 Km	(µM)	 Cells	 Literature	Source	
OST	alpha/beta	 25.8	 Human	 Swi:-Mol-Pharm-2010-7(2)-491–500	
Overall	Uptake	 19	 Rat	 Schwarz-Eur-J-Biochem-1975-55-617-623	

NTCP	 6	 Human	 J-Exp-Biol-2001-204-1673-1686	
BSEP	 5	 Rat	 J-Exp-Biol-2001-204-1673-1686	



TCA	Results	1	µM	Donor		
Experimental	Km	Values	

Transporter	 Type	 Km	(Exp)	(µM)	 Vmax	(µmol/s/L)	
BSEP	 Efflux	 5	 6.83E-03	

OST	alpha/beta	 Efflux	 25.8	 9.63E-02	
NTCP	 Influx	 6	 3.88E-02	

•  Experimental	Km	values	u1lized	from	literature	and	Vmax	values	fit	to	data.	

Efflux	
Phase	

•  We	have	obtained	superior	model	
results	with	new	datasets	but	they	
can	not	be	shown	un1l	published.	



Case	Study	2:	Quan-fica-on	of	
Influx	Transport	vs.	Metabolism	

Sta-n	Compounds	
	

Suspended	Hepatocytes	



Quan-fy	the	Rela-ve	Importance	of	Influx	
Transport	(OATP1B1)	vs.	Metabolism	

•  Media	and	whole	cell	concentra1on	data	for	atorvasta1n,	
cerivasta1n,	and	indomethacin.	

•  Used	a	simple	compartmental	model	to	extract	clearance	values	

Paine,	DMD	(2008)	36:1365–1374		



Atorvasta-n	

•  Solubility	
–  S+	Sol	=	0.18	mg/mL	@	pH	4.5	
–  Sol	(water	exp)	=	0.11	mg/mL	
–  Sol	(pH	1.2)	=	0.01	mg/mL	
–  Sol	(pH	7.4)	=	0.70	mg/mL	

•  S+SF	=	285	
–  SF	(Exp)	=	70	

•  S+	LogP	4.28		
–  LogP	exp	=	4.18	(biobyte)	

•  S+	pKa	(Acid)	=	4.71,11.05	
–  pKa	Exp	=	4.51	(Schonherr_Eur-J-Pharm-Biopharm_2015-155-170)	

•  OATP1B1	Substrate	(Km	=	0.77	µM)	
Vildhede_Drug	Metab_Disp_2014_42.7_1210-1218	

•  Caco-2	Papp	(MembranePlus)	=	4.80E-05	cm/s	
•  S+	Metabolism	(2C9)	

–  Experimental	(3A4)	(Km	=	44.9	µM)	
	Park_Xenobio'ca_2008_38.9_1240-1251	

•  Solubility	
–  S+	Sol	=	0.2	mg/mL	@	pH	4.92	

•  S+SF	=	280.7	
•  S+	LogP	3.04	

–  LogD	exp	=	3.26	@	pH	5	(biobyte)	

•  S+	pKa	(Acid/Base)	=	4.39,	5.39	
•  OATP1B1/1A1?	Substrate	(Km	=	5.86	µM)	

Xenobio-Metabol-Dispos-2000-15(3)-219-225	

•  Caco-2	Papp	(MembranePlus)	=	7.5E-08	
cm/s	

•  S+	Metabolism	(3A4)	(Km	=	11.8	µM)	

Cerivasta-n	

AP 7.2 = ADMET Predictor v. 7.2 
S+ stands for properties predicted with 
Simulations Plus models 
S+Sw = solubility in pure water 



Model	Results	
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Lipid	bilayer	permeability	
model	was	fit	due	to	poor	
predic1on	from	structure	



Model	Results,	Cont.	

Cerivasta-n	Results	

Vmax	3A4	(umol/s/L)	 3.74E-02	

Vmax	OATP1B1(umol/s/L)	 295.28	

Clmet	(uL/min/Mcell)	 20	(17	Lit.)	

Clupt	(uL/min/Mcell)	 704	(413	Lit.)	

Atorvasta-n	Results	

Vmax	3A4	(umol/s/L)	 0.119	

Vmax	OATP1B1(umol/s/L)	 31.9	

Clmet	(uL/min/Mcell)	 63	(68	Lit.)	

Clupt	(uL/min/Mcell)	 471	(375	Lit.)	

Paine,	DMD	(2008)	36:1365–1374		
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Model	Comparison	
•  The	mechanis1c	model	in	MembranePlus	achieved	similar	result	as	the	

simpler	compartmental	model	with	fewer	fited	parameters	

*Paine,	DMD	(2008)	36:1365–1374		

Compartmenal	
model*	

Membrane	Plus	

Intracellular	volume	 Fited	 System	parameter	

Cell	membrane	volume	 Fited	 System	parameter	

Membrane/water	par11oning	
(kmem)	

Fited	 Predicted	from	compound	
proper1es	

Ac1ve	uptake	 Fited	 Fited	

Passive	diffusion	 Fited	 Predicted	from	compound	
proper1es	(atorvasta1n	only)	

Metabolism	 Fited	 Fited	



Case	Study	3:	In	Vitro	to	In	Vivo	Extrapola-on	
Using	MembranePlus	and	GastroPlus	



Propafenone	Metabolism	
Suspended	Hepatocytes	

•  Reports	indicate	it	is	a	CYP2D6	
substrate	and	has	saturable	dose	
dependent	kine1cs.	

•  Have	IV	data	to	compare	predicted	Km	
and	Vmax	to.	

	
	

Property	 Value	
S+Sw	(mg/mL)	@	pH	10.28	 0.49	
S+pKa	(Base)	 9.47	
S+SF	 114	
S+logP	 3.03	
S+Peff	(x10-4	cm/s)	 1.76	
DiffCoef	(x10-5	cm/s)	 0.65	

AP 7.2 = ADMET Predictor v. 7.2 
S+ stands for properties predicted with 
Simulations Plus models 
S+Sw = solubility in pure water 



Propafenone	Human	Hepatocyte	Data	

•  100	rpm	
•  2	mL	incuba1on	
•  1	Mcell/mL	

Komura,  Drug metabolism and disposition 33.6 (2005): 726-732.	



Fit	to	In	Vitro	Data	

•  Km	=	0.0146	µM	
•  Vmax	=	9.27E-02	

µmol/s/L	cytosol	

•  Vmax	Converts	to	:	
•  2.17E-02	nmol/min/

Mcell	

Km	calculated	was	lower	
than	the	paper	which	is	
indica1ve	of	the	true	
intracellular	Km	based	on	
unbound	intracellular	
concentra1on	



In	vivo	Km	/	Vmax	Conversion	
GastroPlus	



Predic-on	of	70	mg	IV	Bolus	Dose	
•  PBPK	model	with	default	parameters	(Lukacova	method)	in	

GastroPlus	with	the	in	vitro	extrapolated	CYP2D6	clearance	

Data:	Hollmann,	Cardiac	Arrhythmias,	Springer	125-132	



Conclusion	

•  MembranePlus	has	mul1ple	capabili1es	to	assess	
–  Passive	and	ac1ve	drug	transport	in	various	assays	
–  Interplay	between	metabolism	and	passive/ac1ve	drug	transport:	

•  Sandwich	Hepatocytes	
•  Plated	Hepatocytes	
•  Suspended	Hepatocytes	

–  Drug	disposi1on	in	Bile	
•  Sandwich	Hepatocytes	

–  Drug	concentra1on	within	cellular	structures	
•  Lysosomes,	lipid	bilayers	

–  Extract	relevant	parameters	for	IVIVE	in	GastroPlus	

–  Addi1onal	valida1on	with	datasets	and	so:ware	release	imminent	


