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Introduction to PBPK Modelling and Simulation
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PBPK M&S ?

o

Physiologically Based Pharmacokinetic Modelling & Simulation

O A mathematical modelling technique for predicting the absorption,

Q

distribution, metabolism and excretion (ADME) of synthetic or natural
chemical substances in humans and other animal species

O Wikipedia

A PBPK model is defined as one that simulates the concentration of a
drug over time in tissue(s) and blood, by taking into account the rate of
Its absorption into the body, distribution in tissues, metabolism and
excretion (ADME) on the basis of interplay among critical physiological,
physicochemical and biochemical determinants.

O EMEA guideline (EMA/CHMP/458101/2016)
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What's happening in vivo? (after oral administration)

Fa% FDp% =,

Dose

Buspirone PK - Plasma Concentration

_iiiiii

PK,

Solubility vs. pH Liver metabolism

Hepatic uptake

Biorelevant solubility & Transcellular permeability Biliarv secretion Plasma protein binding
Precipitation kinetics @& Paracellular permeability ¢ Blood:plasma concentration ratio
logD vs. pH Tissue distribution
Carrier-mediated transport Systemic clearance
Gut extraction
To faeces Metabolism Metabolism

* Modified from van de Waterbeemd, H, and Gifford, E. ADMET In Silico Modelling:
Towards Prediction Paradise? Nat. Rev. Drug Disc. 2003, 2:192-204
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What's defined in a PBPK model?

¥ PBPK Model Editor: C:\Documents and Settings\Viera1\Desktop\GPversions\GP8.0\GP8.0.0019-Devel... (2 |[EX]
File Model

Size Parameters

>

Age
[years]:
Weight

[kal:
Height

[em]:

enous Return
Q=1002

patic Arte Arterial blood

€
- Q=8279

Venous blood

Extracellular Space “ Cellular membrane

AP T Metabolism/Clearance

QxC{xRbp_CL C.fxfup
Kp mt.u Kp

Flasma Parameter:

Vg ’W
Vphp: ’m
Vg ’W
Het: ’W
Pratein %: ’W

Blood Cells Faram: 4@::
Vb ’W W= 326.902]
T — Each compartment represents a tissue:

Vibe: [15603 v-25714 - O Specific volume(s)

Q=38838T

Cap: |05 e W = 1921.38

Capillary membrane

Diffusion/Transport "‘
h{tracellu{r Space

Adiposs
0 =57323
W= 282855

. | Vf@ =
dr

Q= Chi—

Q9

[=]
Q

Blood perfusion rate

u ,. IER— O  Enzyme/transporter expression levels
Q=18535
SpecPSte V=3306.91 = . . . . .
- ~ I O Volume fractions of lipids & proteins
W = 13544 2]
Close ‘ I 5 ~ -
54 — (@

Tissue:plasma partition coefficient (K)

Slide courtesy of Simulations Plus Inc.

© 2018 SPARC 8



Sparco
Key components of a PBPK Model

O Model structure
O Each compartment is defined by a tissue volume (or weight) and tissue blood flow rate
O Perfusion rate limited: e.g. small lipophilic molecules, where the blood flow to tissue becomes
the limiting process
O Permeability rate limited: e.g. larger polar molecules, where the permeability across the cell
membrane becomes the limiting process
O System-related inputs
O Mouse, rat, dog, human etc.
O Hepatic blood flow, CYP, liver volume etc.
O Diseased states, pregnancy, obesity, elderly, paediatrics etc.
O Include sources of physiological and biochemical variability
O Drug-specific inputs

© 2018 SPARC 9
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Dosage forms in a mechanistic way within ACAT™ model

) —"@ D ( v D | Stomach
»  Gastric release:  —
" " - v v
— Unreleased drug remains in Yop . R e
stomach
i 0 DD o J Dx g D" “E UUD“ Jf_‘,_’lllﬂu.ﬂl].
« Integral tablet:
: . ¥ r L/ T ¥y uUu ¥ .
— Unreleased drug remains in - > __{—P @j D ;Yo up| Jejunum?
]
tablet — moves from one __‘_,.{"" <
¥D D i U D
compartment to the next D )/ vo Y v, |Ileuml
(e.g.. erosion tablet, pulsed,
1- D Tleum?2
multi-layer systems) 0 / - L 2% |Heu
e
D D
+ Dispersed: // D ;| Hleum3
— Unreleased drug disperses Y 3 1 T ¥V o i
among compartments D \\ ? Caecum
(e.g.. beads) -
| | I = | o Colon
' ' ! v Jg,ﬂmufaﬁons Plus~"s
U = unreleased D = drug in solution {+.COGNIGEN“

Slide courtesy of Simulations Plus Inc.
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Other routes

o

Mechanistic
absorption models
(MAM) coupled with
compartmental/PBPK
modelling have been
extended to cover all
major routes of
administration

O
sparc

Slide courtesy of Simulations Plus Inc.
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The Big Picture — Drug Inputs

sparc

Structure —» In vitro IV/Oral
in silico Experiments PK data

In vitro Structure »
metabolism in silico

Formulation -
Dose, dosage
form, particle size,
release profile

Physical properties
- Peff, Sw, pKa,
logP, fup, Rbp

In vitro constants:
Viax(S), K (s), Ki(s), EC50, etc...

GastroPlus™

Scaleto
in vivo processes

Fa%
Plasma/tissue concentration profiles
Nonlinear kinetics (and DDI)
PBPK/PD modeling

K12, K21, K13, K31
PBPKPlus™ - CLint

PKPlus™- Vd, CL,

Therapeutic/Adverse
Effect Data

Slide courtesy of Simulation
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IVIVR/IVIVC: Traditional Vs PBPK approach
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Common approaches for IVIVR/IVIVC

O IVIVR/IVIVC / IVIVE

O A mathematical link

O Deconvolution
O Plasma concentration profile to in-vivo fraction

O Convolution
O In-vivo fraction to plasma concentration profile

O Traditional Methods
O Compartmental (Wagner-Nelson, Loo-Riegelman)
O Numerical

© 2018 SPARC 14
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Classical compartmental Vs PBPK approach

- FraCtiOn
(Bssume, - te™Mic BA
O Plasma concentration to in-vivo % systernic avalability Vs Time profile  1550lution p)
. . Deconvolution by 100
fraction of systemic BA (top-down) g ssical compartmental L
O Compartmental, Numerical approach 5
O K, constant across GIT $
O Slmpler apprOaCh Plasma conc. Vs Time profile :f 23
O In-silico plus in-vitro to In-vivo  §w= e
dISSO|Utlon and plasma/ tlssue Ezz % in-vivo release Vs Time profile In‘ViVo ReleaSel
concentrations (bottom-up) 2 o0 :
O Mechanistic: ACAT, PBPK e ) 3 7
O Detailed, scientific approach | 12 0
O Ability to 'simulate’ / ‘extrapolate’ . " ¥
(IVIVE) Deconvolution by 10
mechanistic absorption o 3 e s m1s 1 :
approach Time ()
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Mechanistic absorption based PBPK approach

O Inputs (in addition to the data required for the traditional methods):

O Physiological parameters

O Drug properties (solubility, P log P, pK,, etc.)

Q

Outputs:

O A model that combines all available in-silico, in-vitro and in-vivo information and provides:
O In vivo dissolution, absorption and bioavailability vs. time profiles
O Description of site dependent absorption

O Description of tissue contributions to first pass extraction

Slide courtesy of Simulations Plus Inc.
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IVIVR/IVIVC Case Studies
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Case Study 1: Effect of PK modelling approach

O NDA- Modified generic product [502(b)2]

O IR Tablets of ‘Compound A

O BCS Class: |

O API: Water soluble salt

O pKa: 8.0to 85

O clogP: 2.0 to 2.5

O Permeability (Peff, ADMET Predictor 8.1): ~4.0 x 10 (-4) cm/s

O Product design: Modify the release profile to marginally meet the bio-equivalence
with a C,,, %T/R ratio of close to ~85%.

O PBPK Modelling platform: GastroPlus™ 9.5

© 2018 SPARC 19
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Case Study 1: Effect of PK modelling approach (contd.)

O Results of 15t pilot PK study

PK Parameter Pilot #1

C 67%

max

AUC,, 102%

O Initial model was developed using ACAT coupled with Compartmental PK model
based on only Oral human PK data (Solution and Tablet).

O Vd and Cl estimated by I.V. route, as well as absolute oral BA estimates were not
available in literature.
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Case Study 1: Effect of PK modelling approach (contd.)

In-VITRO (with 10 min lag) Vs In-VIVO release using
Compartmental PK model with only Oral PK parameters

In-VIVO release using Compartmental PK model with
only Oral PK parameters

100 100
=X
S —e—Pilot 1: In-VIVO & 80 1 —e—Pilot 1: IN-VITRO
o release % Dissolution
T 60 g . _
—— - IN-
E —e—REFERENCE: In- S Pilot 2: IN-VITRO
9 = Dissolution
g 40 VIVO release : ]
2 T 40
z = —e—Pilot 1: In-VIVO
= 20 ; 20 A release
=

I
0 025 05 075 1 125 15 175 2
Time (h)

o

o

0 025 05 075 1 125 15 175 2
Time (h)

In-vitro dissolution | In-vivo release | In-vivo release

at 10 min (%) at 20 min (%) at 40 min (%)
Pilot 1 58 51 65
Pilot 2 88 77 98

(predicted) (predicted)
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Case Study 1: Effect of PK modelling approach (contd.)

O Results of 2" pilot PK study only ~3% rise in

Pilot #1 Pilot #2 the ratio!!!
C... 67% =)70% o ©

AUC,, 102% 99%

O Dissolution method was guided by PK model
O Absence of true estimates of Vd and systemic Clearance

O Model re-developed by ACAT coupled with PBPK model, which was optimized using
plasma and urine analysis data of active and metabolites

O Vd was estimated to be 194 L, compared to ~320 - 400 L
O Oral BA was estimated to be ~55%

© 2018 SPARC 22



Case Study 1: Effect of PK modelling approach

(contd.)

In-VIVO release by Compartmental Vs PBPK model

® --0--Pilot 1: In-VIVO release
by Compartmental PK
model

—e— Pilot 1: In-VIVO release

by PBPK model

100 A & & & &

In-VIVO by Compartmental

0
o

=)
o

—&— Pilot 2: In-VIVO release
by PBPK model

In-vivo release (%)
I
(]

—e— REFERENCE: In-VIVO
release

)
jam]

100 +

—o—Pilot 1: In-VIVO release

80 41 |n_V|VO by PBPK model
—e—Pilot 2: In-VIVO release

60 1 by PBPK model
—e—Pilot 1: IN-VITRO disso.

40 7 - by new method
50 - t —8— Pilot 2: IN-VITRO disso.

New In-VITRO guided by PBPK by new method

In-vivo/In-vitro release (%)

Optimized ACAT+PBPK model

-
O‘

Concentration (ng/mL)
0
Mass (mg)

10" v v T v v T N T T . v v v ~+0
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Simulation Time (h)

(with 5 min lag) Vs In-VIVO release using PBPK model

Time (h)
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Case Study 2: Formulation switch for a NCE

Q

NDA- NCE

IR Capsules of ‘Compound B’

BCS Class: Il

API: Practically insoluble in water

pKa: Base = 2.5 t0 3.0, Acid = 9.0t0 9.5
Log D: 3.0to 3.5 @ pH 7.45
Permeability (Caco-2): 3.5 x 10® cm/sec

Q 0 0 0 90 90 09

Product design: Enabling formulation for improved solubility and oral bioavailability.

Q

Study objective: Identify a bio-relevant dissolution condition for screening
formulations for formulation switch.

PBPK Modelling platform: GastroPlus™ 9.5

Q

© 2018 SPARC 24
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Case 2: Formulation switch for a NCE (contd.)

O Does the capsule release complete drug in-vivo?
O Is there any possibility of in-vivo precipitation?
O Is the QC method under/over discriminatory?

Plasma conc. Vs Time profile for Capsule under Dissolution profile of early prototype of Tablet Vs
Fasted State (healthy human volunteers) Capsule in QC method
300 i i

8

t  =275h(1to4h)

—e—Capsule

g 8

-s—Tablet (early
prototype)

S8 88
% Dissolved

Concentration (ng/mL)
I

=

o

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Time (h)

T T T T T T T T
0 025 05 075 1 125 15 175 2
Time (h)
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Case 2: Formulation switch for a NCE (contd.)

O Mechanistic deconvolution based on
ACAT coupled with PBPK modelling

O In-vivo precipitation followed by slow and
sustained dissolution

O C,,. is resulting from dissolution of only 20-
40% of drug

Q

Bio-relevant dissolution method
O Non-sink conditions

O Optimization of tablet formulation for
bridging study

% in-vivo release

100

20
80
70
60
50
40
30
20
10

Deconvoluted in-vivo release profile of Capsules

% in-vivo release

8

100
90
80
70

0 1
Time (h)

14

In-vitro Vs in-vivo release profile of Capsules

16

18 20 22

24

O
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In-vivo release (Capsule)

—=—|n-vitro release (Capsule)

—s—|n-vitro: Prototype Tablet

—e—|In-vitro: Final Tablet

© 2018 SPARC 26
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Case 2: Formulation switch for a NCE (contd.)

O Bridging PK study

O Tablet was bio-equivalent to capsule

Dissolution profile of final Tablet Vs Capsule Plasma conc. Vs Time profile for Tablet and
in QC method 500 Capsule under Fasted State (bridging PK study)
— 700
% 600
g5 —s—Capsule < 500 —e—Capsule
T;n -2 400
3 —=-Tablet (Final) £ 300 —+—Tablet
* £ 200
8 100

T T T T T T T T
0 025 05 0.75 1 125 15 175 2
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Regulatory acceptance




PBPK@US-FDA and EMEA

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICIMNES HEALTH

21 July 2016
EMA/CHMP/458101/2016
Committee for Medicinal Products for Human Use (CHMP)

Guideline on the qualification and reporting of

physiologically based pharmacokinetic (PBPK) modelling
and simulation
Draft

...the format and content of PBPK
analyses that are submitted to the

FDA vary significantly across drug
developers

O
sparc

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

DRAFT GUIDANCE

U5, Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Fesearch (CDEER)

December 2016
Climical Fharmacolozy

....can facilitate FDA’s efficient
assessment, consistent

application, and timely decision
making during regulatory review

© 2018 SPARC
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General PBPK Model Applications for Generic Products ~#<" c”

in the OGD, CDER, US-FDA

Gl local

conce ﬂtrﬂtlﬂ’
Waiver -

vivo studi

Locally acting
uct assessment

BE: bioequivalence;
PPl : proton pump
inhibitor; Gl:
gastrointestinal ; DDI:
Slide courtesy of L. Zhao, E. Tsakalozou (OGD, CDER, FDA; 2017) drug-drug interaction

_—
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Highlights of PBPK M&S Impacts (Year 2016) in the 0GD,SParc”
CDER, US-FDA

O lbrutinib: PBPK Supported Detailed Actions for CYP3A Inhibitors in Drug Label

O "..strong CYP3A inhibitors which would be taken chronically...is not recommended. For short-term use
(treatment for 7 days or less) of strong CYP3A inhibitors (e.g., antifungals and antibiotics) consider
interrupting IMBRUVICA therapy until the CYP3A inhibitor is no longer needed...Reduce IMBRUVICA dose to

140 mg if a moderate CYP3A inhibitor must be used...Patients taking concomitant strong or moderate
CYP3A inhibitors should be monitored more closely for signs of IMBRUVICA toxicity."

modulation

Ketoconazole Strong inhibitor Observed

Erythromycin  Moderate inhibitor SIMULATED 8.6 7.5
Diltiazem Moderate inhibitor SIMULATED 5.5 5.0
Rifampin Strong inducer Observed 0.08 0.06
Efavirenz Moderate inducer SIMULATED 0.38 0.38

Slide courtesy of Vikram Sinha, (Office of Clin. Pharmacology, CDER, FDA) at MISG Forum, ABPI, MHRA 2014.
© 2018 SPARC 32
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Number of Compounds Assessed Using Absorption sparc:

Modelling in the OGD, CDER, US FDA

Number of Drugs Involving Absorption Modeling

IR (15), MR (19)
Ranking: BCS 2/4>BCS1>BCS 3

10

2015

2012 2016

2014

2013

2011

2010

Slide courtesy of L. Zhao (OGD, CDER, FDA; May 2016)
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Application areas in the OGD, CDER, US FDA (2008-2016)

b e RS T B Justify/support bio- * Use the verified PBPK/absorption model combined with bioequivalence clinical
and Acceptance predictive dissolution study and dissolution profiles generated to show that the proposed dissolution
Criteria method method can reject non-BE (bioequivalence) batch

Set clinically relevant  * Allow dissolution acceptance criteria to go beyond target £10% range
dissolution .
acceptance criteria

Additional evidence (data) needed to validate model and confirm predictive

performance
Set clinically CMAs (particle size, * Predict particle size distribution (PSD) limits which would result in similar in vivo
relevant drug polymorphic form) performance to the target (clinical batch)

product .

specifications for
CMAs and CPPs CPPs (milling method, * Predict the effect of milling method on the bioequivalence of drug product (e.g.

pressure pre- and post-change of milling method)
force/hardness) .

Predict the effect of polymorphic form on in vivo performance of drug product

Justify specification range of compression force based on the predicted in vivo
performance

Evaluation of therisk ¢ Quantitative assessment

Slide courtesy of L. Zhao (OGD, CDER, FDA; May 2016)
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FDA Voice by Commissioner

FDA Voice blog: July 7t, 2017

gf_ U.S. Department of Health & Human Services

p2Y U.S. FOOD & DRUG

FDA Voice by Commissioner Scott Gottlieb, M.D
ADMINISTRATION

Blog Home Categories » FDA gov Contact Us

«— Previous Next —

How FDA Plans to Help Consumers Capitalize
on Advances in Science

Posted on July 7, 2017 by FDA Veice

O
sparc

Today we announced our detailed work plan for the steps
we’re taking to implement different aspects of Cures. | want
to highlight one example of these steps, which we’re
investing in, and will be expanding on, as part of our
broader Innovation Initiative. It’s the use of in silico tools in
clinical trials for improving drug development and making
regulation more efficient.

To build upon such opportunities, FDA will soon unveil a comprehensive Innovation
Initiative. It will be aimed at making sure our regulatory processes are modern and
efficient, so that safe and effective new technologies can reach patients in a timely
fashion. We need to make sure that our regulatory principles are efficient and
informed by the most up to date science. We don’t want to present regulatory
barriers to beneficial new medical innovations that add to the time, cost, and
uncertainty of bringing these technologies forward if they don’t add to our
understanding of the product’s safety and benefits.

FDA’s Center for Drug Evaluation and Research (CDER) is
currently using modeling and simulation to predict clinical
outcomes, inform clinical trial designs, support evidence of
effectiveness, optimize dosing, predict product safety, and
evaluate potential adverse event mechanisms. We’'ll be
putting out additional, updated guidance on how aspects of
these in silico tools can be advanced and incorporated into
different aspects of drug development.

© 2018 SPARC 35
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FDA reviewers/scientists continue to publish/present  SP¢/C

their internal research

RESEARCH ARTICLE — Pharmacokinetics, Pharmacodynamics and Drug Transport and Metabolism

Research Article

Application of Physiologically Based Absorption Modeling for

Amphetamine Salts Drug Products in Generic Drug Evaluation Utility of Physiologically Based Absorption Modeling in Implementing Quality
by Design in Drug Development

ANDREW H. BABISKIN, XINYUAN ZHANG

Division of Quantitative Methods and Modeling, Office of Research and Standards, Office of Generic Drugs, Center for Drug Evaluation
and Research, US Food and Drug Administration, Silver Spring, Maryland 20993

Xinyuan ?Jlmg,l Robert A, I.i(mhurgu.u Barbara M. Davit,' and Lawrence X. Yo'

Received 30 January 2015; revised 8 April 2015; accepted 9 April 2015 Received 16 Sepember 2010; accepted 14 Decanber 2010; publivhed online 3 Jamsary 2011

7.4 Abstract. To implement Quality by Destgn (ObD) in drug development, scientits need tools that link
. . . drug produck properties to in wvo performance. Physiologically based absorption models are poientially
Using M&S to predict virtual BE and wsetul tools, yet, ther wtily of OAD has not been discusmed or expiored much in the
used for the treatment of attention deficit literature. We inetics (PE) of (CBZ) after ion of four

. . . re . salts ER capsules and dextroamphetamine oral formulations, -relesse (IR) susy . IR tablet, extended-relese (XR) tablet and PrE—
assess dissolution s peci ications eillance and bicequivalence (BE) guidance capaule, under fasted and fed condifions and presented s general diagram of a modeling and smulation
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GastroPlus™ user interface: Compound

4] 4 |Fropranclal HCI

3 | ng Sl Tranz Time [h] = 3.228

tean Abz Time [h] = 0.5E2
Longest Digs. Time [h] iz @ pH 1.0 =0.001 howrs

|Eunent= 1; Total=13

tar Abz Doge [S+]=1.194E+6 mg. b ax Abz Dosge [lit] = 7.52E+5 mg.
Support Files

Propranalol HCLopd

j @ r Effective Permeability

Source: |[gIEER -
Initial Dosze [mg): 140,28 _I
Subzequent Dozes [mg]:l 0 Peff [omds » 10°4] W

Desing terval () 0 Sim Peff #10°4 (Humar) [ 281

Dosage IR Tablet
Farm:

olecular Formula: |

tolecular wWeight [g/mal]:

pKa Table

CIEHZIMOZ

I 25834
Reference IDgD:I 154 (E@pH: I 7.4

Dose Yolume [mL]:I 230 Convert from User Data |
pH far Reference Solubility: | 3
Solubility [ma/mL @pH=3); m Biarelevant Solubilities |
Mean Precipitation Time [sec): | 300

Enzyme Table

Diff. Coeff. [cm™2/s = 1076]: I 0829
Dirug Particle Density [g/mL): I 1.2

Transporter Table

Particle Size: R=25.00, D=50.00 |

.7 GastroPlus(TM): GastDemo.mdb (C:\Users\Public\Simul.\Gastr..\) o= E
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)  Help
it T Gut Physiology-Hum T Pharmacokinetics T Simulatiorn T Graph
~Selected Compound
wer, 00008 - -

Biorelesant zolubilities from ADMET Predictor +6.1

Dizg Model: Johnzon

pk.a Table [ logD: Struct-6.1

PartSize-Sol OM | BileSalt-Sol: OW | Diff: OM | ConstRad: ON “ Frecip: Time Ppara; OFF |EHI:: QOFF |
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GastroPlus™ user interface: Gut Physiology

. GastroPlus(TM): GastDemo.mdb (C:\Users\Public\Simul.\Gastr..\) o= E
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)  Help
Compound T { Gut Physiology-Hum T Pharmacokinetics T Simulatiaor T Graph
Compartmental Parameters
| Frapranolal HCJ H\?set Al [~ Ewxcrete all un-al.nmrbed T:Irug at the end af gut transit time
alues I Zero-order gastic emptying
Compartment Data Enzyme and Transporter Regional Distributions
Compartment | Peff | ASF | pH TT“'I:":’[‘;:] ""[’r':lf']"-‘ L'[’;"ﬂ;h “[C‘.':'fli“]‘* SEF Bi;;&;"“

o no 1.30 0.25 4892|2919 (987 1.000 (0.0
o 2727|600 0.26 4457 (1453|156 4235|2800
o 2678|620 0.34 1666 |B0.26  |1.43 3943|2330
Jejunum 2 o 2675|640 0.74 131.0  |B026  |1.32 3483|2030
lleum 1 a 2640 |EEO 0.58 1020 |B026  |1.1E 023 140

a

o

o

o

Duodenum

Jejunum 1

2621 |BA0 0.42 78356 |B026  (1.00 2569 |1.160
2583 740 0.29 5357 |B026 (084 2109 |0.740
0352 640 436 5043 (1350|345 1.730 |00
0823 |E80 13.07 5355 (2835|245 2430 |00

Ileum 2

lleum 3

Caecum

Aszc Colon

< | 1
C1-C4: |EI.IZIEE|44 |D.43I328 012147 046632 Gh [L/min]: 15
Physiology: |Human - Phyziological - Fasted j Petrered (Ao s | E Colon: |10
ASF Model: [OptlogD Madel SA/ 6.1 ~|
Biorelesant zolubilities from ADMET Predictor +6.1 -

pk.a Table [ logD: Struct-6.1 Dizz Model: Johnzon PartSize-Sol OM | BileSalt-Sol: OW | Diff: OM | ConstRad: OM || Precip: Time Ppara; OFF EHLC: OFF
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GastroPlus™ user interface: Pharmacokinetics

V2 [L/kg): 1.3211 V3 (L/kg): i

. GastroPlus(TM): GastDemo.mdb (C:\Users\Public\Simul.\Gastr..\) o= E
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)  Help
Compound T Gut Physiology-Hum T T Simulatiaor T Graph
PK Parameters Observed Yalues
PK. Model:|C trental hd
| mrparmenta J Fa %: 94 CWax [pg/mL]: a
Body Weight (ka): 74 FDp %: i} THax [h): 2
FPE [if fixed) [%] .
F %: Kl AUCinf [ng-h/mL]: 1]
Oral: 1] Intestinal: 1] Liver: £1.84 [ng )
Hepatic Clearance [L/h]: i
Blood/plasma Conc Ratio: 0.75
" Use Exp Plasma Fup [%]: g | Fropranolal HC|
{* Use Adj Plasma Fup [Z]: 8.8323 Metabolism{/Transporter Scale Factors
EleTRos Gut Liver
Renal Clearance CLr [L/h/kg): 0 Vmax SF: Ii'l Ii'l
CL [L/h): 1] or [L/h/fkg): 075215 Km SF: 1 1
¥ [L/kg) 2491 Gut Transporters =
Apical Basolateral

U Ui (Lk 431 Influx Vmax SF: 1 1

K12 (17h) 0.291 K13 (1/h]: 0 Influx Km SF: 1 1

K21 (17h): 0641 K31 (1/h]: 0 Efflux Ymax SF- ! !

Efflux Km 5F: 1 1

Tranzfer SFs to Enz/Trans tables Liver Enzyme Tumover Rates

Biorelesant zolubilities from ADMET Predictor +6.1

pk.a Table [ logD: Struct-6.1 Dizz Model: Johnzon

PartSize-Sol OM | BileSalt-Sol: OW | Diff: OM | ConstRad: OM || Precip: Time Ppara; OFF EHLC: OFF
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GastroPlus™ user interface: Simulation

.7 GastroPlus(TM): GastDemo.mdb (C:\Users\Public\Simul.\Gastr..\) o= E
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)  Help
Compound T Gut Physiology-Hum T Pharmacokinetics T T Graph
—Simulation Mode

Propranalal HCI

* Single Simulation  PSA
= Batch Simulation = Population Simulator
Stop | Start |

~Single Simulation Input

Simulation Length [h): I 24

—Single Simulation Output

Simulation Time Elapszed [h): I

Obs Calc

Fa %: I I
FDp %: | |
F %: | |
CMax [ug/mL): I I
|

|

|

TMax [h]: |
AUC 0-inf [ug-h/mL]: |
AUC 0-t [ug-h/mL]): I

CMaxLiv [ug/mL): I Fiqure [c] Capsugel

Biorelesant zolubilities from ADMET Predictor +6.1 -

pk.a Table [ logD: Struct-6.1 Dizz Model: Johnzon PartSize-Sol OM | BileSalt-Sol: OW | Diff: OM | ConstRad: ON “ Frecip: Time Ppara; OFF |EHI:: QOFF | Y
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GastroPlus™ user interface: Graph

.7 GastroPlus(TM): GastDemo.mdb (C:\Users\Public\Simul.\Gastr.\) o= E
File Edit Database Simulation Setup Controlled Release Tools  Modules (Optional)  Help
Compound T Gut Physiology-Hum T Pharmacokinetics T Simulatiaor T Graph
Mewy Plot Propranolol HCI - Plasma Concentration
0.15
— Quick Plot—————— 0.14
Ahzorption & 0.13 1
Digzolution 042 1
. 0.1
Cp-Time -
__E_ 0.1 Rsq=0.864; 55E=2 584E-3; RM5E=1.921E-2: MAE=1.283E-2
h
Reqional Absorption 2009
eqional
? £ 0.081
[~ Semi-Log E 0.07 1
=
F:; 18.77 g 0.06
-0.119 £ 0.061
L]
[~ Hide Emar Bars 0.04
0.03 4
0.02
1 Save Al Data
0.01 | o
2 S S I d D u T T T T T T T T T T T T T
ave selected Data 0 2 4 6 8 10 12 14 16 18 20 2 24
Time (h)
Biorelesant zolubilities from ADMET Predictor +6.1 -
pk.a Table [ logD: Struct-6.1 Dizz Model: Johnzon PartSize-Sol OM | BileSalt-Sol: OW | Diff: OM | ConstRad: ON “ Frecip: Time Ppara; OFF |EHI:: QOFF | Y
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