Best Practices for Membrane & Biphasic In Vitro
Dissolution with DDDPlus™ & GastroPlus®
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Reimagining how companies design and analyze in vitro dissolution studies
* Now utilized by >50 companies globally plus the US and China FDAs

Provides models for most dosage forms and experimental conditions

* Immediate/delayed/controlled release oral products plus long-acting injectable formulations
* USP, ASD, biphasic, membrane dissolution apparatus

Significant momentum behind the DDDPlus/GastroPlus marriage to capture
IVIVE of precipitation kinetics and establish product specs

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS

®



e What is DDDPlus
e How can it be utilized in drug development?
e  What can DDDPIlus predict?
«  What inputs are necessary?
What results can be obtained?

e (Case Study — synergy of DDDPIlus and GastroPlus
* Biphasic and membrane dissolution experiments for determination of
precipitation kinetics.
 In Vitro to In Vivo (IVIVE) extrapolation of precipitation

SimulationsPlus
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* How can | design my in vitro experiment to correlate with the in vivo release?

¥ ®m Human-CR-Slow-Abs. Bioav.
¥ © Human-CR-Fast-4bs. Bioav.
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Formulation Design
*  How do | modify my formulation to produce an in vitro dissolution rate that meets my target?
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simulation computer program that contains
equations to account for the following:

Dissolution rate for active
pharmaceutical ingredient (API) and
excipients

Multiple particle size distribution for
APl and excipients

Variety of dosage form models

Solubility-dynamic microclimate pH
calculation for APl and excipients

pH of buffers from composition of
acids, bases, and salt equivalents.

Selection of USP and biorelevant
experimental apparatus and
conditions
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Apparatus Type

Medium Volume (mL): 00

Medium pH: =
Medium Viscosity (o/tem=s): [ 0007
Instument Speed (RPM): | 7
[

Fluid Velacity (cm/s):

Dissolution Phase |

Medium Composition |
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Compression force Porosity
Tablet diameter Matrix dimensions (for controlled-release)
Disintegration time

Ingredient(s):

Name Type (API, wetting agent, disintegrant, other)

Salt type (if any) Mol. Weight

Diffusion coefficient pKa(s)

Solubility factor Solubility @ reference pH

Particle size distribution (type, mean, standard deviation, # bins)
Dissolution Method:

Vessel Type Speed

Medium Volume Initial pH

Buffer Surfactants

Different experimental phases

IMPORTANT: applying measured in vitro dissolution data to optimize model parameters is a key step in

developing a validated model!
SimulationsPlus
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Powder
* Solution (for precipitation studies)
* Tablet

* Capsule

* Bead Coating

Delayed Release (DR)
* Coated Tablet

Controlled Release (CR)

*  Polymer Matrix (Swellable)

*  Polymer Matrix (Non-Swellable)

* Bilayer Tablet

* Bead Coating

* Long-Acting Injectable (LAI) Microsphere

Bead Core

API Particle

N

IR Tablet

Al -

IR Layer CR Layer
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* USP 2 Paddle
* USP 4 Flow-through

v" Open or closed loop
* Pion uDiss Profiler™

* Artificial Stomach Duodenum (ASD)

*  Membrane Dissolution

e Biphasic Dissolution

File Database Simulation Setup Tools Medules Help

Formulalion Dissolution Method I Simulation

Fenafibrate Sdmg Diw/
.
Apparatus Type: ©
UISF Paddle *| | Medium Type: |water -~
Medium Yolume (mL) 1000
Medium pH: 7

Medium Viscasity [g/(cm™s)): 0.007
Instrument Speed (RPM): 5
7504

Fluid Yelocity (cm/s):

Dissolution Phase |

Medium Composition |

Plus(TM

File Datzbase Simulation Setup Tools Modules Help

Fomulation T Dissolution Method 1 Simulaion
Fenofibrate Gdmg D
i ion P
Apparatus Type: D
USP Basket ~| | Medium Type: [water ~
Medium Volume [mL): 1000
Medium pH: 7

Medium Viscosity (g/[cms)): 0.007
Instrument Speed (RPM): 75
7504

Fluid Yelocity (cm/s):

Dissolution Phase |

Medium Composition |

File Database Simulation Setup Tools Medules Help

Formulalion Dissolution Method I Simulation
Fenafibrate Sdmg Diw/
Dissolution P

Apparatus Type:
USF Flow Thiu *| | Medium Type: [uater -

@ Closed Loop © Open Loop

Medium Volume (mL) 1000
Medium pH: 7

Medium Viscasity [g/(cm™s)): 0.007
Fluid Flow Rate (ml/min): 5
7504

Fluid Yelocity (cm/s):

Dissolution Phase |

Medium Composition |
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Redesigning in vitro experiments can help when an in vitro-in vivo correlation cannot be achieved
— in vivo environment sometimes cannot be accurately reproduced using standard in vitro conditions

DDDPIlus lets you optimize in vitro experimental conditions to produce a desired dissolution
profile by incorporating multiple “phases”
— Instrument speed, medium volume, and pH can vary for each “phase” you define, as well as the start
and end times for each phase

— New! Fully mechanistic pH buffer and microclimate pH calculations based on buffer compositions and
if replacement or mixing of buffers is occurring

-« Dissolution Phase

Digsalution Phase

Start Time
[mir)

End Time
[min]

Buiffer Media File

Buffer?

Replace  IngtSpesd mulative: ed
RPM] ‘olurme {ml] r

By adjusting:
Medium volume

Add

Delete

» Phase 1 [ o [ 120 |USF Hydrochlaric Acid 1.2 ~
Phase 2 | 120 [ 20 [FasSIF 6.5 ~ W

SiTiE

pH

Close |

Instrument Speed

Full pH calculations of all the buffer
mixtures are accounted for or you can
replace the media with fresh buffer.
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* Leverage DDDPIlus to determine dissolution, precipitation kinetics, and
formulation solubility for:

 Compounds:
* Dipyridamole

e Ketoconazole
e |traconazole

* Theory of membrane dissolution, biphasic dissolution, and precipitation models
* DDDPIlus precipitation model results for biphasic and membrane dissolution

e  Utilize GastroPlus to predict In Vivo PK with DDDPIus precipitation kinetics
from DDDPlus

SimulationsPlus
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* Membrane dissolution is a useful tool for:
* Assessing formulation solubility for amorphous or enabled formulations vs.
crystalline drug
* Fitting precipitation kinetics for weakly basic compounds with simultaneous
absorption.

* Input Parameters:
* Donor and receiver diffusion layer thickness
* Partition coefficient into membrane lipid phase
* Solubility in receiver solution (assumes sink — proprietary buffer).
* System parameters — membrane area, thickness, and porosity.

e Qutput Results:

* Formulation solubility determined from drug absorption rate
* Precipitation kinetics
SimulationsPlus
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— Formulation Composition

File Structure Import Tools
Selection and Preview Grid

4 4 4 Ingredient Name Ingredient Type | Amount [m: MWt (g/mol Diff. Coeff. (cm™2/s |De
I S S o u I o n p I O n S Hyduocorieone _[Active 150 £S5 0507 i
K1 | D]
Physicochemical Information
Ingredient Name Ingredient Type Mol Weight [g/mol]
[Hydrocottisone clive ;] |362.47
ion with Membrane Flux Ref. Solubilty (mg/ml)  pH for Ref. Solubility
|0.361 |72
Membrane Flux Parameters 1 Density (a/ml) Diff. Coeff. (cm2/+~1°5) Receiver Sol. (mg/mi)
. [izz [o5e7 [100
: +- z 5
v Tum on M Flux Dissolution: logP @pH T B (o
Receiver Yolume [mL): | 20,00 Dift. Coeft. Mem. [cm2/s*10°5)  Diff. Coeff. Rec. [cm2/s10°5)
0587 [0587

Receiver Yiscosity [g/(cm*s)): | 0.01000

Receiver Diffusion Layer Thickness [um]: | 10,00

Biorel Surf Precipitati
Solubilit Solubilit Model

Donor Diffusion Layer Thickness [um): | 10,00

Formulation S pecific Information Constants

Membrane Thickness [um): | 125.00 Amount (mg) Salt Type No. Moles Calibration Constant
= — = T 1 Add Ingredient
Membrane Area (cm™2): 1.54 naciern
Membrane Porosity [fraction): | 0.760 SR b, Delete Ingredient
Mean Radius [um] Stan. Dev. Num. of Bins
[17.38 za— [ie Import Excipients
~Membrane Partition Coefficient C. sion Distibution Type Rmin  Rmax Diestinghin
Log Normal [G -—1 .2938 -—243.033
LogPmem:w = ID.EBIJ X LogPow + |1_1?IJ
Carcel l Close I SimulationsPlus
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CPK ,=C" and C*K,k =CRK

Concentration in donor compartment
Concentration at donor/membrane interface
Concentration in organic/donor interface
Concentration in organic/receiver interface
Concentration at receiver/membrane interface
Concentration in receiver compartment

Diffusion coefficient

Diffusion layer thickness in donor/organic/receiver
Organic to donor partition coefficient

Organic to receiver partition coefficient

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



* Biphasic dissolution is a useful tool for:

* Assessing formulation solubility for amorphous or enabled formulations vs.
crystalline drug

* Fitting precipitation kinetics for weakly basic compounds with simultaneous
absorptive phase

* Input Parameters:
* Aqueous and organic diffusion layer thickness
* Partition coefficient into organic phase (LogP surrogate for decanol)
* System parameters — aqueous to organic contact area

e QOutput Results:
* Formulation solubility determined from drug absorption rate
* Precipitation kinetics

SimulationsPlus
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', Biphasic Dissoluton

aqueous phase while drug can be extracted into
organic
This will hopefully lead to better in vitro to in vivo
extrapolation for precipitation

IR formulations only

Organic

[v Turn on Biphasic Dissolution?

Organic Yolume (mL): 40.00
Organic Viscosity (g/(cm™s)): 0.0484
Organic Density [g/mL): 0.830

Aqueous Diffusion Layer (um): 50.00
Organic Diffusion Layer (um): 50.00
Interfacial Area [cm™2): 1963

Cancel

queous N
\\ c
C,
______ N
\
\\ Organic
Cl

d kk K C

mo — A0 " ow A] CA_ o
dt kA + koKo:w Ko:w

Mass in organic

C,  Concentration in Organic

Concentration in Aqueous

Mass Transfer Coefficient in Aqueous and Organic
K,  Organic/Water Partition Coefficient

4, Interfacial Area

SimulationsPlus
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Schematic diagram of “Spring and Parachute”

* C/S —Supersaturation Ratio
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Brouwers J, J. Pharm. Sci. 98(8):2549 (2009) SimulationsPlus
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.., Precipitation Settings

Precipitation Model:  [First Order

-Mechanistic Model Options

Mucleation Type: [ Homogeneous Model Version: |Lir-dlu:rs

r General HNucleation Inputs:

Nucleation Model  |Diffusional +| Interf Tension [J/m"2)
Surface Integration Factor
[Lambda, um)

0.06

0.0189

Exp Cormection Factor: |D.I]E

Precipitation Time Model Options:
Mean Precipitation Time [sec] |BSB
-~ Precipitate Will:

(+ form new particles with radius [um]; |4_2?

" “grow” particles in first bin only

" "grow" all particles

19

Cancel

First order precipitation:

Precipitate will form new particles with user-
defined radius.

Precipitate will “grow” in smallest particle size
distribution bin only.

III

Precipitate will “grow” all particles.

Default precipitation time (900 s) determined from
exponential fit to transfer assay data for
dipyridamole from Kostewicz, 2004.

Precipitation time as function of lumenal pH.

Mechanistic Nucleation and Growth (MNG)

precipitation model

SimulationsPlus
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Dipyridamole Transfer Assay - 1st Order Precipitation ppt Time vs Pump Flow

s 3000 - y = 62.852x” - 878.29x + 3499.5
) o i 1\ R?=0.9649
B 0.5 mL/min
- 140 ——0.5 mL/min Calc - 2500 \. -
EI 120 A 20 mL/min ;’ 2000 B ppt Time | i
OH 2 100 ~——2.0 mL/min Calc £ \ —Poly. (ppt Time)
E @ 4.0 mL/min : 1500
% 80 ——4.0 mL/min Calc % \
. 60 < 9.0 mL/min 1000 .\
? l 40 ——9.0 mL/min Calc. 500 v}
- 2
W : o | | | |
b 0 50 100 0 2 4 6 8 10
Time (min) Flow mL/min

@ 4.25 mL/min the ppt. Time =900 s
penerhese Feceptor phase GastroPlus First Order Precipitation:

Figure 2 Experimental set-up to examine precipitation.

dM v M, — Mass in compartment i C;— Concentration in compartment i
Tt’: T—’ (Cl. —S,-) V, - Volume of compartment i S; — Solubility in compartment i
precip Tp— Precipitation Time SimulationsPlus
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Rodriguez-Hornedo N, J. Pharm. Sci. 88(7):651 (1999)
De Yoreo JJ, Rev. Mineralogy Geochem. 54:57 (2003)

Lindfors L, J. Colloid Interfac. Sci. 325 (2):404 (2008)

Sugano K., Int. J. Pharmaceut. 378:142 (2009))

The nucleation rate J (the net production of critical clusters per unit time
and unit bulk volume) is a function of the steady state concentration of the
critical clusters and the transport of monomers to the critical clusters.

D,.ono = diffusion coefficient of the monomer (3.42E-4 cm?/min)
N, = Avogadro’s number (6.02E+23 molecs/mole)
¢ = Conc. of free monomer (moles/cm”3)
S = Solubility at the current pH
k, = Boltzman’s constant (1.38E-21 cJoules/Deg. K)
(Note: Joule = Newton-meter)

v = Interfacial tension (Newtons/cm)
Vy, = Molecular volume = (V, /N, = XX cm3®/molec / 6.02E+23 molec/mole)
R" = Critical radius (cm)

A = Effective radius from Lindfors (cm)

: . SimulationsPlus
ExpCorr = exponential correction factor

&%
n 7 N
g AGsystem = AGcluster + AC;bulk
Lost O
< 06}
04 /
02} 6)
00 0I5 i 1.5 2
Reduced radius, R/R,
J=Pre-exponential Term * gfxponentialTerm
Pre-exponential Term: .
1/2 N .
l)mono]vAvc2 kBT 1n(£) *]a *
¥ S)R +4 .
Exponential Term: «  T=310°K
3 2 *
— ExpCorr tom| v Vi >
3 kT ( c )
In| — *
21 S .
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pharmaceutics

O’Dwyer, Pharmaceutics 12.3 (2020): 272.

Article

On the Usefulness of Two Small-Scale In Vitro Setups
in the Evaluation of Luminal Precipitation of
Lipophilic Weak Bases in Early

Formulation Development

I’atnck] O'Dwyer 1200, Georgios Imanidis *4, Karl J. Box ! and Christos Reppas *

2

3

4

#*

Pion Inc. (UK) Lid., Forest Row, East Sussex RH18 5DW, UK; patrick.odwyer@ucc.ie (PJ.O.);
kbox@pion-inc.com (K.J.B.)

Department of Pharmacy, School of Health Sciences, National and Kapodistrian University of Athens,
GR 157 84 Zografou, Greece

School of Life Sciences, Institute of Pharma Technology, University of Applied Sciences Northwestern
Switzerland, Hofackerstrasse 30, 4132 Muttenz, Switzerland; georgios.imanidis@fhnw.ch

Department of Pharmaceutical Sciences, University of Basel, CH 4056 Basel, Switzerland
Correspondence: reppas@pharm.uoa.gr; Tel.: +30-210-727-4678; Fax: +30-210-727-4027

Comprehensive dataset for biphasic and membrane dissolution with
corresponding iv vivo predictions

Precipitation parameters were estimated based on aqueous
concentration or organic concentrations for itraconazole. A full
mechanistic interpretation was not performed. SCIENCE + SOF TWARE = SUCCESS
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Dosing Biphasic Experiment: osing Viembrane Experiment:

 Dipyridamole  Dipyridamole

. 10 mg crystalline suspension * 5 mgcrystalline suspension

«  0.25 mg/mL dose (40 mL media) *  0.25 mg/mL dose (20 mL media)
 Ketoconazole  Ketoconazole

e 20 mg crystalline suspension * 10 mg crystalline suspension

« 0.5 mg/mLdose (40 mL media) * 0.5 mg/mLdose (20 mL media)
* Itraconazole e ltraconazole

. 5 mg dose sporanox solution ° 2.5 mg dose sporanox solution

«  5mg dose sporanox capsule « 2.5 mgdose sporanox capsule

*  0.125 mg/mL dose (40 mL media) *  0.125 mg/mL dose (20 mL media)

SimulationsPlus
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— Medium Composition

— Medium Composition

Reproduced from: O’Dwyer, Pharmaceutics 2020, 12, 272

File Ingredient File Ingredient
Medium |Acetate_Phosphate_PH2 Medium |Fassif¥2_10X
Phase F'|-'|a:-';Ee 1 EI Phase F'|-'|a:-';Ee 2 EI
Ingredient Concentration [M] | Surfactant Ingredient Concentration [M] | Surfactant
Phosphoric Acid H3P04 0005 | Maleic acid 01912 |
Sodium Acetate CH3COONa 0.005 r Sodium Hydroxide NaOH 0.547 r
b |Hydrochloric Acid HCI - 0.013 I | Sodium Chloride 0.6862 I
* r Sodium Taurocholate 0.03 Vv
Phasphatidylcholine - 0.002 v
+ ™
Medium Composition pH: 2 I Medium Composition pH: 13.21
Surfactant | Calculate pH Edi | Cose | Surfactant I Calculate pH | Edi | Close |
SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



Fiber C

15 mL

— Medium Composition

— Medium Composition

25  Reproduced from: O’Dwyer, Pharmaceutics 2020, 12, 272

Eile Ingredient File Ingredient
Medium |0.01 M Hydrochloric Acid Medium |FaSSIF_V2_4X
Phase |ETE] | Phase |§ |
Ingredient Concentration [M] | Surfactant Ingredient Concentration [M] | Surfactant
Hydrochloric Acid HCI - 0.01 | Maleic acid 0.07652 I
* L] Sodium Hydroxide NaOH 017575 r
| Sodium Chioride 0.27448 r < Buffer
Sodium Taurocholate nma 72
Phosphatidylcholine - 0.0008 vV
+ I
Medium Composition pH: 2 I Medium Composition pH: 12.34
Sufactant | Calculate pH Ed . Obose Sufactant I Calculate pH | Edi | Close |
SimulationsPlus
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Free base dissolving will change the local
microclimate and solubility

Microclimate pH
Media pH

- pK,6.22(23%) ¢

DIPYRIDAMOLE

S() 20 mg/mL (23°C) Q /

Wy
HO, o~ A3 H\T/\L

pK46.34 (37°C)

PH  Avdeef, Adv. Drug Del. Rev. 59 (2007) 568-590

pH

Dipyridamole_Biphasic_FirstOrderPPT

[[¥ s W e dlium pH v

Dipyridamole Microclimate pH .

14.00

13.00
12.00
11.00
10.00
9.00
8.00
7.00
6.00 |
5.00
4.00
3.00

2.00

1.00

0.00

Intestinal Buffer Stage

Gastric Stage

20 40 60 80 100 120 140 160 180 200 220

Time {min)
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Dipyridamole

Ketoconazole

% Dissolved

~
=]

£ ] =]
e o =]

%]

% Dissolved

n
o

-
=]

o

20 mg

Time (min)

PPT Time = 396 sec
PPT Size =4.27 um

—@— Aqueous
,, —@— Organic

100 150 200

Time (min)

Particle Size =10 um
PPT Time = 2857 sec
PPT Size =1 um

ltraconazole Solution  Itraconazole Capsule

% Dissolved

.l\ 90
5mg 5. 5mg
*.*Illl % 60
g 40
O\o 30
" ++++++++++++
+‘ T ————— 10 [q .l
Time (min) Time (min)
[ Ingredient  |[ERESE Particle Size =13 um
Tine.min __[__Prec Tine s PPT Time = 900 sec
30 350 PPT Size =1 um
PPT Size =1 um
SimulationsPlus
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PPT Size = 4.27 um PPT Size = 15 um PPT Size = 30 um

Dipyridamole Dipyridamole Dipyridamole
100 100 100
90 90 90
80 + 80 + 80 -
B 70 - o 70 1 T 70 -
@ 60 - 8 60 - ® 60
< 50 - < 50 - < 50 -
& 40 - &< 40 - & 40 -
X 30 - X 30 - X 30 -
20 - '.- 20 - 20 -
10 - 10 - 10 -
0 : : 0 0
0 60 120 180 240 0 60 120 180 240 0 60 120 180 240
Time (min) Time (min) Time (min)

Redissolution of precipitate can be an important aspect that allows =@ Aqueous

for appearance of drug in organic to be predicted correctly. —@— Organic
SimulationsPlus
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Dipyridamole

—

95 LU

% Dissolved

10 mg

100

150 200

Time (min)

Surface Integration = 0.0371 um
Exponential Correction = 0.0417

—@— Aqueous

29

—@— Organic

Ketoconazole

Epe

100 150

Time (min)

200

Surface Integration = 0.268 um
Exponential Correction = 0.3

% Dissolved

Surface Integration = 0.003 um
Exponential Correction = 0.003

Itraconazole Solution

5mg

++.*Ill

50

100

Time (min)

150

200

ltraconazole Capsule

100

20

% Dissolved

-
o

5mg
Jaet]
" Time (min)

Surface Integration = 0.05 um

Exponential Correction = 0.05

SimulationsPlus
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Dipyridamole . Ketoconazole Itraconazole Solution 10 Itraconazole Capsule

100 100 100 .ﬁ 100 + - 10
90 a 20 90 2 5 g 90 + 2 5
80 80 80 + -2 Mg 80 4 Smg s
T 70 T 70 T 70 + 70 +
(<)) [ [}
2 60 32 60 3 60 + ° 260t 6
Qv (7]
< 50 2 50 450 + 850 +
& 40 28 a0 0 40 + -4 0 a0
= 30 X 30 N30 + X 30
20 1 20 20 + -2 20
10 10 10 10
0 Giiiiiig 0 0 0 f I I 0 0
0 60 120 180 240 0 60 120 180 240 0 60 120 180 240 0 60 120 180 240
Time (min) Time (min) Time (min) Time (min)
PPT Time = 1429 sec PPT Time = 500 sec PPT Time = 450 sec Particle Size = 13 pm
PPT Size = 0.32 um PPT Size =1 pum PPT Size =1 um PPT Time = 2300 sec
PPT Size =1 um
l J
|
Amount of drug appearing in receiver is based on the solubility
—a— Aqueous difference between amorphous drug and cyclodextrin solution.
—@— Receiver Simu:‘atianstus

30 SCIENCE + SOF TWARE = SUCCESS



Dipyridamole

100
90
80 4
B 70
§ 60 3
< 50
< 40 2
X 30
20 1
10
0 0

0 60 120 180 240
Time (min)

Surface Integration = 0.0639 um
Exponential Correction = 0.0639

—@— Aqueous

5, B Receiver

% Released

Ketoconazole

100 Jﬂ
90 +

w

N
% Released

0 60 120 180 240
Time (min)

Surface Integration = 0.095 um
Exponential Correction = 0.095

Itraconazole Solution
100 ﬂ F
90 +
80 +
o L 2.5 mg i
60 +
50 + -
40 + -
30 + -
20 + -
10 + .

0 | : :
0 60 120 180 240
Time (min)

% Released

OI—‘NW#MO\\I&&DB

Surface Integration = 0.011 pum
Exponential Correction = 0.011

\

Itraconazole Capsule

100 + r 10
90 1 I :
80 +
o L 2.5mg |,
60 + - 6
50 + -
40 - 4
30 3
20 2
10 1
0 : | | 0

0 60 120 180 240
Time (min)

Surface Integration = 5.60e-4 um
Exponential Correction = 5.60e-4

J

|

Slope of drug appearing in receiver is based on the solubility

difference between amorphous

drug and cyclodextrin solution.

SimulationsPlus
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Percent Dissolved (%)

First Order Precipitation
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Particle Size = 13 um
PPT Time = 900 sec
PPT Size = 0.1 um
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Precipitation
Parameters

Concentration (ug/mL)
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Molecular Weight: 504.64 g/mol

AP 10 = ADMET Predictor v.10

S+ stands for properties predicted with Simulations
Plus models

S+Sw = solubility in pure water

S+SF = solubility factor

S+Peff = human jejunal permeability

S+PrUnbnd = percent unbound in human plasma
S+Rbp = human blood/plasma concentration ratio

PBPK model adjusted to experimental Vdss
33 Dby adjusting LogP to 3.184 to calculate Kp

Exp LogP =3.71 @ pH 7 (FDA Label)

S+pKa =5.83, 3.56, 1.83, 1.63, 1.43, 1.13, 0.71, 0.29 (AP 10.0)
Exp pKa = 6.307 (Fit to multiple expérimental sources)

S+Sw = 2.34 mg/mL @ pH = 8.75(AP 10.0)

Exp Sw = 0.005 mg/mL @ pH = 11 (Fit to in vitro data)

S+Peff = Human: 0.45 x10* cm/s (AP 10.0)
EXP Caco = 1.124 x10° cm/s
Human Peff = 1.81 x 10 cm/s (Converted from Exp)

S+PrUnbnd (human) = 8.99 % (AP 10.0)
Exp PrUnbnd (%) = 0.20% (FDA Label)

S+Rbp (human) = 0.67 (AP 10.0)
Exp Rbp = 0.647 (Serebrauny 2009, calc)

Clearance (L/hr/kg) = 0.195 (Nielson-Kudsk 1979)
Clearance (L/hr) = 12 (Australian Label)
Clearance average (L/hr) = 13.59

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



34

Concentration (ug/mL)

0
0 4 8 12 16 20 24
Time (hr)
No Precipitation O Exp.

===-0bserved PPT Time = 22000 sec Membrane Disso PPT Time = 1429 sec

===-Membrane Disso Mech PPT ===-Biphasic Mech PPT

—— Biphasic PPT Time = 396 sec

. . . +=]; ;
Ricevuti, Eur. J. Drug Metab. Pharmacokinet. 1991, 16, 197-201 &5 simulationsplus
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3

o »
OO0,

Molecular Weight: 531.44 g/mol

Cl

7 BCS: Class II
1.0

0.0+

1.0+

form 1) log Solubility (mg/mL)

2.0

30 —t— —t—+—
00 20 40 B0 801007120140

pH

AP9.5= ADMET Predictor v. 9.5

S+ stands for properties predicted with Simulations
Plus models

S+Sw = solubility in pure water

S+Peff = human jejunal permeability

S+PrUnbnd = percent unbound in human plasma
S+Rbp = human blood/plasma concentration ratio

S+pKa = 6.15 (base 1), 4.22 (base 2) (AP 9.5)

Exp pKa = 6.51 (base 1), 3.4 (base 2) (Walter-JPharmPharmacol-40-689-1988)
S+Sw = 0.11 mg/mL @ pH = 8.23 (AP 9.5)

Exp Sw =0.0069 @ pH = 6.5 (Poelma-JPharmPharmacol-43-5-317)

S+Peff = Human: 3.38 x10 cm/s (AP 9.5)
Exp Caco = 1.35 x10° cm/s (Ingels-International Journal of Pharmaceutics-274-221-2004)

Human Peff = 3.22 x 10 cm/s (Converted from caco2 permeability value from Ingles
data (Ingels-International Journal of Pharmaceutics-274-221-2004)

S+PrUnbnd (human) = 4.38 % (AP 9.5)
Exp PrUnbnd (%) = 1 % (Daneshmend-ClinPharmacokinet-14-13-1988)

S+Rbp (human) = 0.69 (AP 9.5)
Exp Rbp = 0.6 (Matthew-PharmRes-10-3-418-1993)

Changed log D (7.0) = 2.6 to calculate Kps and then changed back to 3.73 to run simulation
Metabolism CYP3A4: Km = 15 nM with Vmax = 0.048 nmol/min/mg Prot.

Transporters Pgp: Gut Km = 4.57 mg/L, Vmax = 0.006 mg/s
PBPK Km = 4.57 mg/L, Vmax = 0.001 m/s/mg trans SimulationsPlus
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Concentration (ug/mL)

e N0 Precipitation
Q Exp.

= Biphasic PPT Time = 2857 sec

===-Membrane Disso Mech PPT

Time (hr)

e +ee« Biphasic Mech PPT
===-0bserved PPT Time = 4500 sec
Membrane Disso PPT Time = 500 sec
SimulationsPlus
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Molecular Weight: 705.65 g/mol
2. 22616

BCS: Class I

-0ge-

244

(form 1) log Selubility (mg/mL)

3.2

-4.0 e B e
00 20 40 B0 80 10.0120140
pH

AP9.5= ADMET Predictor v. 9.5

S+ stands for properties predicted with Simulations
Plus models

S+Sw = solubility in pure water

S+Peff = human jejunal permeability

S+PrUnbnd = percent unbound in human plasma
S+Rbp = human blood/plasma concentration ratio

S+pKa =4.57, 3.69, 2.93, 1.28 (AP 9.5)

Exp pKa = 3.7 (FDA SPORANOX® (itraconazole) Oral Solution Information” 2002)
S+Sw = 0.00733 mg/mL @ pH = 7.07 (AP 9.5)

Exp Sw = 0.1 mg/mL @ pH = 1.2 @ 60 min (Yin-DrugDesDevelTher-9-2801-2015)
GSE Sw = 0.000189 mg/mL (Yalkowski Equation)

S+Peff = Human: 1.85 x10 cm/s (AP 9.5)
Mem+ Caco = 2.66 x105 cm/s
Human Peff = 3.85 x 10 cm/s (Converted from MembranePlus Peff)

S+PrUnbnd (human) = 2.75 % (AP 9.5)
Exp PrUnbnd (%) = 0.20% (FDA Label)

S+Rbp (human) = 0.67 (AP 9.5)
Exp Rbp = 0.58 (Kato-PharmRes-25-8-1891-2008)

Metabolism CYP3A4: Km = 0.00275 mg/L, Vmax (gut) = 0.0764 nmol/min/mg Prot.
Vmax (pbpk) = 0.00022

SimulationsPlus
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Concentration (ug/mL)

0.5
0.4
0.3
0.2
0.1
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0 2

e N0 Precipitation

O Exp.
= Biphasic PPT Time = 350 sec
===-Membrane Disso Mech PPT

4

6 8 10 12

Time (hr)

eee« Biphasic Mech PPT

===-0bserved PPT Time = 4500 sec
Membrane Disso PPT Time = 450 sec

SimulationsPlus
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0.12

0.1
0.08
0.06
0.04

0.02

Concentration (ug/mL)

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hr)
e=mm N\ O Precipitation O Exp.
Membrane Disso PPT Time = 2300 sec —— Biphasic PPT Time =900 sec
e +ee« Biphasic Mech PPT ===-Membrane Disso Mech PPT

SimulationsPlus
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* DDDPIus provides complex models to handle:
e Membrane dissolution
* Biphasic dissolution
e Artificial Stomach Duodenum test

* |VIVE is challenging for all complex in vitro tests

* Precipitation is best optimized to experimental PK data in
our current understanding

* However, in vitro tests provide valuable information on
propensity to crystallize and formulation solubility

SimulationsPlus
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