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Drug discovery cycle
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Disease states and targets
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Quite a journey

Identify disease

Find a drug effective

against disease protein

(2-5 years) IND: Investigational New Drug
Scale-up NDA: New Drug Application

Isolate protein
involved in
disease (2-5 years)

Human clinical trials
(2-10 years)

Preclinical testing
(1-3 years)

Drug Design

- Molecular Modeling

- Virtual Screening

Formulation

FDA approval
(2-3 years)
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Smart drug discovery

Gene . Therapeutic Novel . Clinical _, Breakthrough
target target ligand candidate medicine
T * T
» Functional genomics * In vivo disease models
» Structural genomics * ADMET and drug delivery
» Proteomics and bioinformatics * Preclinical toxicology

« Structure-based drug design

« Synthetic chemistry and cheminformatics

« High-throughput biological screening

« In vitro biological mechanism of action (cellular assays)

A view of Drug Discovery road map illustrating some key multidisciplinary technologies
that enable the development of:

(a) Breakthrough medicines from promising candidates
(b) LO & generation processes that are relative to novel ligands.
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Molecular modelling

What we do

Molecular modelling:

v Molecular modeling encompasses all theoretical
methods that allows science to describe
macroscopic observations with the use of
microscopic description of matter

v Helps us to answer the two important questions; does the
molecule work, and how does it work?

v Two useful tools are employed; molecular docking and
molecular dynamics simulations
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Conceptual framework of MM
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Molecular docking

Molecular docking — Computational method that mimics the binding of a ligand to a protein

Predicts
« The pose of the molecule in the binding site
« The binding affinity representing the strength of binding of the molecule to the protein
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Molecular docking

» Docking is ultimately interested in
reproducing chemical potentials, w p—r m bound intermolecular
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Force field

The empirical potential energy function is differentiable with respect to the atomic
coordinates; this gives the value and the direction of the force acting on an atom and
thus it can be used in a molecular simulation - the study of conformational dynamics
or the “scoring” of the events contributing to molecular recognition.
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Scoring functions
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Molecular dynamics

Molecular dynamics — Computational
technique which simulates the dynamic
behavior of molecular systems as a function
of time

= Helps to determine the stability of
molecules at the binding site of a
protein

= Study structural properties of
biomolecules

=  Study the mechanism of action of
molecules
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Molecular

Bonded Non-bonded
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dynamics

Define the initial positions, velocities and the timestep

i (tg), V (fo), ot

Calculate the force

1 e Fi==-VU (r.0,...1)

Solve the equations of motion for all the particles
7 () = 1, + 8)
Vi (t) > Vi (1, + 1)
t,=1,+dt

Calculate the desired physical quantities and output

Pressure, temperature, velocity, dynamic process...

The motions of molecules can be predicted by analyzing the L i P i
position of atoms, forces acting on the atoms, interactions P
between them, and the velocities with respect to time S
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Role of CADD
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ADME-Tox

= Absorption

For efficient absorption, there must be a balance between hydrophobicity
and hydrophilicity.

Highly polar drugs will fail to cross membranes and highly non-polar ones
will be poorly absorbed.

v" Lipinski’s rule for bioavailable drugs:

A molecular weight less than 500;

Not more than 5 hydrogen bond donors and 10 hydrogen bond acceptors;
Calculated logP less than +5

v' Veber's parameters:

Polar surface area < 140A and <10 rotatable bonds.

For a drug to reach its molecular target with ease, it needs to be properly
absorbed and this requires a good balance between hydrophobicity and
hydrophilicity.
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ADME-Tox

= Distribution
Blood carries drugs to their molecular targets
The percentage reaching circulation is termed the bioavailable dose
Volume of distribution (Vd):

Vd = Dose/C, , where C, is the bioavailable dose
Most drugs bind to serum proteins such as albumin
Only free or unbound drugs can reach and bind their molecular
targets to elicit biological effects
Unbound volume of distribution:

Vdu = Vd/fu , where fu is the fraction unbound

The distribution of drugs through the blood to their molecular
targets is complex. As a result, the dosage of a drug reaching the
target is always lesser than the administered dose.
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ADME-Tox

= Metabolism
Also known as biotransformation, metabolism happens primarily in the
liver and less often in the gut walls

The purpose is for drugs to be easily excreted

Metabolites are mostly inactive, some retain similar activity, and some
are active (prodrug strategy) than parent drug

Cytochrome P450 superfamily of enzymes; CYP3A4, CYP2D6, CYP2C9
and CYP2C19

Phase I and phase II
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Figure 1. Remdesivir, a drug that relies on
the prodrug strategy

Figure 2. Drug metabolism
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ADME-Tox

= Phase I metabolism
Focuses on making the drug more polar. Generally involve hydrolysis,
oxidation, and reduction

© NI G S

CH,OH CO,H
Figure 3. Some Phase I metabolic transformations

= Phase II metabolism
They are mostly conjugation reactions. The most common is the
formation of glucuronic acid conjugates.
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Figure 4. Glucuronidation, a typical Phase II metabolic Ph
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ADME-Tox

= Excretion

Excretion can take place through sweat, or bile but the kidney is
the main organ

Kidney filter blood such that drugs and their metabolites enter the
nephron Nephron

Glomerulus

Non-polar compounds are reabsorbed into the
blood
Polar compounds are retained and excreted

Metabolism, therefore, is very important
for drug excretion

Bladder
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ADME-Tox: why should it be predicted?

= Large number of active compounds as a
result of combinatorial chemistry and
ultra-high throughput screening

= Number of approved drugs have not
increased

= Majority of clinical failures are due to
ADMET issues, not efficacy

= Addressing ADMET issues earlier in the
drug discovery timeline

Predicting ADMET properties of ligands
earlier decreases the attrition rate and

increases the chances of a drug |[EJ Phamacokinetics Bl Adverse effects in man
successfully entering the market Bl Animal toxicity Bl commercial reasons
D Miscellaneous u Lack of efficacy
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