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“Why am | muted?”

Don’t worry. Everyone is muted
except the presenter and host.
Thank you and enjoy the show.

Contact ACS Webinars ® at acswebinars@acs.org
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Join a global community of over 150,000 chemistry professionals

Connecting Chemists Since 1876.

Strengthen Your Bond.

Join us today!

AMERICAN CHEM ICAL SOCIETY

Find the many benefits of ACS membership!

http://bit.ly/ACSmembership
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Benefits of ACS Membership

Chemical & Engineering News (C&EN)
R w ran Tt The preeminent weekly digital and print news source.

— NEW! ACS SciFinder
— ;
e Vg SCI FIN DER ACS Members receive 25 complimentary

S | 5 SOLUTION - L.
SciFinder® research activities per year.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.

http://bit.ly/ACSmembership

_ o CE
Join the Division Today! - ﬁ&i;iﬁﬂs{?;ﬁjm%'v's'o”

2617 MEDICINAL For $25 (S10 for students), You Will
CHEMISTRY REVIEWS Receive:
e A free digital copy of our annual
medicinal chemistry review volume
(over 600 pages, $160 retail price)

EDITOR-IN-CHIEF: JOANNE J. BRONSON

e Abstracts of MEDI programming at
national meetings

e Access to student travel grants and
fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org ¢




2017 Impact Factor
JOURNAL OF 3.804
AND MODELING O Total Citations

14,365

Journal Scope
The Journal of Chemical Information and Modeling publishes papers reporting new methodology
and/or important applications in the fields of chemical informatics and molecular modeling.

Special Issues Accepting Submissions!

CALL FOR PAPERS

MATERIALS JCIM Special Issue on
INFORMATICS
s

- Machine Learning in Drug Discovery

RS
INE: MAY 1ST = SUBMISSION DEADLINE: OCTOBER 1

CHEMICAL INFORMATION
Ao MODELING

SPECIAL ISSUE

Editors Women

Kenneth M. Merz Jr., Michigan State University, Editor-in Chief in Computational Chemistry
Zoe Cournia, Academy of Athens o

Matthias Rarey, University of Hamburg
Alexander Tropsha, UNC Chapel Hill
Habibah A. Wahab, Universiti Sains Malaysia
Renxiao Wang, Chinese Academy of Sciences

Guest Editors: Habibah Wahab,
Rommie Amaro and Zoe Cournia

https://pubs.acs.org/journal/jcisd8

NOV 4-7,2018 « WASHINGTON, DC
Walter E. Washington Convention Center

ADVANCING PHARMACEUTICAL SCIENCES, CAREERS, axo COMMUNITY

Phaiggci <

November 4 -7, 2018 | Washington, DC

YouTube video:

Chemical Entity and Biomolecule Scientific Program Tracks:

e Preclinical (including Discovery)
¢ Bioanalytical ¢ Manufacturing & Bioprocessing
o Clinical Pharmacology ¢ Formulation & Quality

Website:
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Celebrating 4 years & Over 40 Drug Discovery Webinars!
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HOW has ACé We |£Lars beneflted you? W Chemistry for Life

“I just recently started
working as a postpartum
nurse. | love that this ACS
Webinar on human milk
oligosaccharides will help
me bring a new aspect
into my discussions and
encouragement of
breastfeeding for new

mothers” http://bit.ly/MilkChemVideo

Fan of the Week

Michelle Nadeau
Registered Nurse

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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ACS Webinars

CLICK « WATCH « LEARN -« DISCUSS

u LIVE | Thursdays at 2pm ET

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars continue to be available to the general public
every Thursday from 2-3pm ET!

www.acs.org/acswebinars
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Upcoming ACS Webinars ACS
www.acs.org/acswebinars R cremistyforlie®

Thursday, November 1, 2018

An Evolutionary Mystery: Mirror Asymmetry in Life and in Space
Co-produced with the ACS Subdivision of Astrochemistry

Brett McGuire

Mational Radio

Experts Astronomy

Mississippi

Observatory

Thursday, November 8, 2018

Social Media 102: Twitter, Facebook, Linkedin, and Blogs
Co-produced with the ACS External Affairs & Communications

Een Pershing Antheny Pitagno
Experts Natienal Journal American Chemical
Society
Contact ACS Webinars ® at acswebinars@acs.org
p .
ACS Technical Division ] HHDS
v Medicinal Chemistry (MEDI) American Association of

Pharmaceutical Scientists

How to Predict
uman CNS

Preclinical Experiments and
Advanced Mathematical Modelling

THIS ACS WEBINAR WILL BEGIN SHORTLY...
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‘How to Predict Human CNS PK/PD: Preclinical Experiments
and Advanced Mathematical Modelling”

Alexander Tropsha Elizabeth CM de Lange
Associate Dean for Pharmacoinformatics and Professor in Predictive Pharmacology, LACDR,
Data Science, University of North Carolina Leiden University

Slides available now! Recordings are an exclusive ACS member benefit.

www.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry and 13
the American Association of Pharmaceutical Scientists
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How to Predict Human CNS PK/PD: Preclinical
Experiments and Advanced Mathematical Modelling

Elizabeth CM de Lange
Professor in Predictive Pharmacology, LACDR,

] Universiteit Leiden University, The Netherlands
13 eiden ’ .
T TheNehetands ecmdelange@lacdr.leidenuniv.nl LACDR

cover the world at Leiden University
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Pharmacology in Human

' h \Patient group/ M
¢AY Toxic
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Beneficial NOT beneficial

LW

Same prescription
NOT Toxic NOT Toxic

NOT beneficial

Beneficial

;¢ Universiteit

G reicen LACDR

wver the world at Leiden University

Audience Challenge Question %

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

Given patients having the same diagnosis and same drug prescription:

What is the most important reason for differences in effects among the patients?

A) Not all patients take the drug according to the instructions with regard to when and
how to take the drug

B) Not all patients take the drug according to the instructions with regard to the
amount: they take too little or too much

C) Not all patients are the same. Rate and extent of body processes differ, so do the
drug effects

D) It is still unknown what the reason is for interindividual differences of drug effects
between patients

16
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Outline

Interrelationships of body processes

Factors in CNS drug effects

Need for knowledge on unbound CNS conc-time profiles

Microdialysis as key technique

Mastermind Research Approach

Drug vs. systems properties

Prediction of the PKPD of a CNS drug in human

Prediction of human CNS PK for a single drug

Prediction of human CNS PK for multiple drugs

CNS PK prediction for any small drug without the need for in vivo data?

Universiteit

Leiden LACDR

Discover the world at Leiden University
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@ Interconnections and Relationships

Driver + = Car Performance

= CNS Drug Effect
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Factors in CNS Drug Effects

Homeostatic feedback

Homeostatic
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* Dose

* Plasma PK

* Target tissue (site) distribution

* Target binding kinetics

e Cellular response & homeotstatic feedback

* Body response & body homeostatic feedback
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Factors in CNS Drug Effects
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l The Blood-Brain Barrier (BBB)

Influx Paracellular transport
sion ..
f) =
MY

diffusi
r 2

-~

10/18/2018

11



10/18/2018

Audience Challenge Question~ \%

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

BBB transport of drugs depend on:

A) The drug’s properties

B) BBB transport just generally restricts transport of drugs into the brain
C) The BBB characteristics

D) Combination of drug properties and BBB characteristics

E) None of the above
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Factors in CNS Drug Effects

Blood-Brain Barrier - Modes of Transport
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Factors in CNS Drug Effects

Blood-Brain Barrier - Simple Diffusion
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Factors in CNS Drug Effects

Blood-Brain Barrier - Facilitated Diffusion
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Blood-Brain Barrier - Vesicle Based Transport
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Factors in CNS Drug Effects

Homeostatic feedback
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Factors in CNS Drug Effects

Simulations on plasma, and brain, PK

BBB transport — simple cases

Model for CLin = Clou CLy, # CLyy,
simulations § §
: 5
g E
Clin % £
Cf[EE :’:Free 5 ;
| rain = =
plasma CLuut '% E
JFL § E

Hammarlund-Udenaes,
Paalzow, & De Lange.
Pharm Res (1997)

2 Universiteit
i Leiden

Time

C|in = Clout
Varying: 1.0 - 0.01

Time

Clout = 0.5
Varying CL, : 0.5 - 0.01

LACDR
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Factors in CNS Drug Effects

Simulations on plasma, and brain, PK

BBB transport — simple cases

Model for c"in = c"out CI'in # CI'out
e A0S
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Pharm Res (1997) Clin = Clout Clout= 0.5
Varying: 1.0 - 0.01 Varying CL;,: 0.5 - 0.01

2 Universiteit
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LACDR

Discover the world at Leiden University

Experimental Approach Y

Dialysate Perfusate

Microdialysis: a key technique

Microdialysis probe- semipermeable membrane

Cin —Flow 1 : _._ ________ ‘Cout
i Reflection of unbound

Extracellular tissue
concentrations

Tissue / external

2 Universiteit
E Leiden

LACDR
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Prediction of CNS Drug Effects in Human

Differences in:
* rate of PK and PD processes
* sizes, and surfaces of physiological compartments, and flows

Homeostatic feedback

Homeostatic
fe

Drug Brain PK “. *Trans- »

DOS:‘,’ [ duction
@

Trans-
duction =) EFFECT

Universiteit
W e LACDR

Discover the world at Leiden

Pharmacokinetics
* Plasma kinetics
« Barrier transport

* Intractissue distribution

; o \\ Systems Parameters:
," Drug Characteristics: \ @  Blood flow
H ¢ Molecular weight \ @  Barrier permeabilities
H @ LogP /logD \\I * Dorter] o
i @ pKa/charge at pH 7.4 ! * Vol (intra- / extracellular)
I @ PSA (polar surface area) } & Blood /i
1 i ood / tissue pH
“ ¢ H-bond donor / acceptor ll 4 Capillary surface area
\ 9 P-gp / MRP (etc) substrate ; piflary )
\\\ @ Receptor affinity Y €  Receptor density
\\ & etc ,,’ @ Signal transduction
s\ /,' 9 Homeostatic feedback

Pharmacodynamics

« Target occupancy
*Efficacy

Universiteit
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Discover the world at Leiden
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Pharmacokinetics
* Plasma kinetics
* Barrier transport

* Intractissue distribution
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« Barrier transport
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Pharmacodynamics
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To crack the code:
need for an integrated
systems approac

¢ Move away from reductionism and face complexity
e Obtain connected data at multiple levels
e Reveal interactions & interdependency

Apply

* Cross-compare designed studies

* Advanced mathematical modeling

to dissect contributions of individual mechanisms in

animals to provide information that can be used for
extrapolation to the human situation.

De Lange. The mastermind approach to CNS drug therapy: translational prediction of human

Universiteit
Leiden

discover the world at Leiden University

brain distribution, target site kinetics, and therapeutic effects. Fluids Barriers CNS. 2013

LACDR
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Mastermind Research Approach
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1. Prediction of PKPD of a CNS Drug in Human
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Prediction of Human PKPD of a CNS Drug

Prolactine as a translational biomarker of
the dopaminergic system

FOTRALANTS Pituitary lactotrophs
: release prolactin into blood

Daly

@ Dopamine high > inhibition of release of prolactin
O Dopamine low = induction of release of prolactin (~ use of DA antagonist o

Universiteit

B Loiden LAGDR

er the world at Leiden University

Prediction of Human PKPD of a CNS Drug

Remoxipride plasma and brain PK in the rat

Intravenous administration
Dy @ Remoxipride = Dopamine D2 antagonist = Induces Prolactin Release
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Stevens et al. Systemic and Direct Nose-to-Brain Transport PK Model for
, Universiteit Remoxipride after IV and IN Administration. DMD 2011

G Leiden | LAGDR

over the world at Leiden University
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Prediction of Human PKPD of a CNS Drug

Remoxipride PD in the rat

@ @ Insight into rate of synthesis of prolactin in lactotrophs in rats
DDD
Rat plasma PRL concentrations (+/-SEM) after different interval

dosing regimens of 3.8 mg/kg REM IV (IV, 30 min)
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Prediction of Human PKPD of a CNS Drug

PK-PD Model Remoxipride in rat
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Prediction of Human PKPD of a CNS Drug

Translation on species:
Prediction of PKPD relationship of REM in human

;¢ Universiteit

G reicen LACDR

Discover the world at Leiden University

Prediction of Human PKPD of a CNS Drug

POP-PK Model of remoxipride in rat versus human
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POP-PK Model of remoxipride in rat versus human
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Prediction of Human PKPD of a CNS Drug

PRL human — data and translational model prediction
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PRL human — data and translational model prediction
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Prediction of Human PKPD of a CNS Drug
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Use of CSF to predict CNS target site PK?

Which concentration in the human What CNS sites in human are
brain is most representative to the accessible to obtain
brain target site concentration? information about brain PK?
blood
target -
bAG /
\'\‘ Bty

CSF <

Universiteit De Lange. Utility of CSF in translational neuroscience. JPKPD. 2013
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Audience Challenge Question~ \%

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

For prediction of human CNS target site PK for a target that is facing the brainECF:

A) CSF concentrations can be used as it is in quick equilibrium with brainECF

B) We can use in vitro and animal data to build a mathematical model by which we can
calculate brainECF concentrations

C) We can make direct use brainECF concentrations as measured in animals

D) CSF concentrations can be used, if taken from the ventricles in the brain, as CSF in
the brain ventricles is the closest to the brainECF
E) We can make use of brainECF concentrations measured in humans

¢ CSF = cerebrospinal fluid

e BrainECF = brain extracellular fluid 54
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ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

For prediction of human CNS target site PK for a target that is facing the brainECF:

A) CSF concentrations can be used as it is in quick equilibrium with brainECF

B) We can use in vitro and animal data to build a mathematical model by which we
can calculate brainECF concentrations

C) We can make direct use brainECF concentrations as measured in animals

D) CSF concentrations can be used, if taken from the ventricles in the brain, as CSF in
the brain ventricles is the closest to the brainECF
E) We can make use of brainECF concentrations measured in humans

* CSF = cerebrospinal fluid
* BrainECF = brain extracellular fluid 55

2. Prediction of Human CNS PK for a Single Drug
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CNS Properties

Physiological brain compartments, flows, membranes, active transporters,
metabolic enzymes, subcellular compartments, pH values, targets
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Experimental Approach
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Overview- How to Predict CNS PK?

Animal experiment

" il E;l;:;&ltmt Westerhout et al. PBPK Modeling to Investigate Regional L A GDR
Brain Distribution Kinetics in Rats. AAPSJ. 2012
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Overview- How to Predict CNS PK?

Animal experiment Animal PK profiles
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Overview- How to Predict CNS PK?
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Overview- How to Predict CNS PK?

Animal experiment

W The Netherlands
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Overview- How to Predict CNS PK?

Animal experiment

Validation on human data

1000002

et —
BanEcTpescess

§
§

10002

Predictedumanicetaminophent
Concentrationfing/ml)a

o2 1200 2402 3602 4802 6003 7202

Timetmin}a
Observed (Bannwarth et al. Br J Clin Pharmacol. 1992)
and predicted human acetaminophen

concentrations in plasma (®, ....) and CSF (o, - ---)

Animal PBPK
Animal PK profiles model
L ->
§: g 15

¥ Plasma

Periphery, Periphery,
rapid slow
Ly .:\\ =7

10.6 mli}

ECF

Brain
o l

% 0.175 ml/min 2.2 ml/min
CSFy
—~« Plasma

“+0.4 ml/min

CSFrey

291
%= 0.4 ml/min y
el o8y % :
“'-J U”"UA ml/min ) \ \ L
i—“_- Translation to human model
0.4 ml/min

Westerhout et al. PBPK Modeling to Investigate Regional LAGDR

Brain Distribution Kinetics in Rats. AAPSJ. 2012

10/18/2018

32



10/18/2018

Overview- How to Predict CNS PK?
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3. Prediction of Human CNS PK for Multiple Drugs

2 Universiteit

B Loiden LAGDR

over the world at Leiden University

33


http://www.megagadgets.nl/Virtual+Laser+Keyboard-im1-377.jpg

Audience Challenge Question~ \%

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

CNS target site concentration-time profiles (PK) depends on:
A) BBB permeability (rate of crossing the BBB)

B) BBB permeability and all aspects of intra-brain distribution
C) BBB permeability and cellular accumulation (brain binding)

D) The ratio between unbound plasma and brain PK
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CNS target site concentration-time profiles (PK) depends on:
A) BBB permeability (rate of crossing the BBB)

B) BBB permeability and all aspects of intra-brain distribution
C) BBB permeability and cellular accumulation (brain binding)

D) The ratio between unbound plasma and brain PK
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Generic Drug Modeling Approach
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Prediction: Human CNS Morphine
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Prediction: Human CNS Morphine
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Use of CSF to Predict CNS PK?
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4. CNS PK prediction for any small drug without the

need for in vivo data?
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Prediction without in vivo data?
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Simulations and Actual Data
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General Conclusions (1)

Can we use animal data on brainECF, and CSF and/or human CSF PK
to predict human brainECF (off) target PK?

Relation between drug concentrations and their time course in brainECF, CSF
in lateral ventricles, CSF in cisterna Magna, and are
* Drug dependent - -
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* Time dependent
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General Conclusions

* We need to distinguish between drug properties and system (CNS)
characteristics for being able to translate between species and/or
conditions

* Inter-relationships between PK and PD processes of drugs can be revealed
by mathematical modelling if experiments using in individual animals
include

* Measurements with time-resolution (multiple time-points)
* Measurements that reflect different processes within one single
animal (multi-level measurements)

¢ Such information from animals should be stored in mathematical models,
so that it provides knowledge, and reduces the need for animals in
research.
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Final Food for Thought

* Reductionists approaches will not bring us further ....

* We should face the complexity of processes in the living body, and
design our experiments accordingly in order to unravel
interrelationships for true understanding and translation

* Medicinal chemist need to realize that many PK processes govern CNS
target site PK- it is not only “BBB permeability”

* Thus, for optimization of drug properties, all aspects need to be
considered

* The CNS PBPK model provides a very useful tool for investigating the
relationship between drug properties and drug distribution into and
within the CNS
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NOV 4-7,2018 « WASHINGTON, DC
Walter E. Washington Convention Center

ADVANCING PHARMACEUTICAL SCIENCES, CAREERS, axo COMMUNITY

November 4 -7, 2018 | Washington, DC

YouTube video:

Chemical Entity and Biomolecule Scientific Program Tracks:

¢ Preclinical (including Discovery)
¢ Bioanalytical ¢ Manufacturing & Bioprocessing
¢ Clinical Pharmacology ¢ Formulation & Quality

Website:
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https://www.youtube.com/watch?v=1DOxLBg0Ouw
https://www.youtube.com/watch?v=1DOxLBg0Ouw
http://www.aapspharmsci360.org/

Join the Division Today!

2017 MEDICINAL
CHEMISTRY REVIEWS

VOLUME 52

EDITOR-IN-CHIEF: JOANNE J. BRONSON

ACS Technical Division

Medicinal Chemistry (MEDI)

For $25 (S10 for students), You Will

Receive:

A free digital copy of our annual
medicinal chemistry review volume
(over 600 pages, $160 retail price)

Abstracts of MEDI programming at
national meetings

Access to student travel grants and
fellowships

How has ACS Webinars benefited you?

“I just recently started
working as a postpartum
nurse. | love that this ACS
Webinar on human milk
oligosaccharides will help
me bring a new aspect
into my discussions and
encouragement of
breastfeeding for new
mothers.”

Fan of the Week

Michelle Nadeau
Registered Nurse

Find out more about the ACS MEDI Division! www.acsmedchem.org o

ACS
W Chemistry for Life®

http://bit.ly/MilkChemVideo

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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ACS Webinars

CLICK « WATCH « LEARN « DISCUSS

¥

@AmericanChemicalSociety @AmerChemSociety @AmericanChemicalSociety

L]
In e https://iwww.linkedin pany i i ociety

Contact ACS Webinars ® at acswebinars@acs.org

($)ACs Webinars S, ..
Benefits of ACS Membership

Chemical & Engineering News (C&EN)
A e I G W The preeminent weekly digital and print news source.

— NEW! ACS SciFinder
=, "
T SCIFIN DER ACS Members receive 25 complimentary

S . s soLUTION . s
SciFinder® research activities per year.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.

http://bit.ly/ACSmembership
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ACS Webinars®does not endorse any products or
services. The views expressed in this presentation are
those of the presenter and do not necessarily reflect the
views or policies of the American Chemical Society.

Mike Russell — Enik

Contact ACS Webinars ® at acswebinars@acs.org

Upcoming ACS Webinars ACS
www.acs.org/acswebinars R cremistyforlie®

Thursday, November 1, 2018

An Evolutionary Mystery: Mirror Asymmetry in Life and in Space
Co-produced with the ACS Subdivision of Astrochemistry

Brett McGuire Ryan Fortenberry

MNational Radio University of

Mississippi

Experts Astronomy

Observatory

Thursday, November 8, 2018

Social Media 102: Twitter, Facebook, LinkedIn, and Blogs
Co-produced with the ACS External Affairs & Communications

Een Pershing Antheny Pitagno

Experts National Journal American Chemical

Society

Contact ACS Webinars ® at acswebinars@acs.org
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