Rule of Five — Afferraalyecabbeadf

Drug-liikemy

Nature Reviews Drug Discovery 6, 853 (November 2007)

“Applications of the concept of drug-likeness, which
Involve consideration of how properties of chemicals
such as lipophilicity compare with those of approved
drugs, have become widely accepted as a way to reduce
attrition in the past decade. However, a recent analysis

Indicates that this acceptance is not completely reflected
In the properties of potential drugs synthesized in recent
years, perhaps increasing the likelihood of future
failures.




ATTRITION IN DRUG DEVELOPMENT
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e An analysis of the major cause of attrition in drug development

revealed that about 50% of all failures can be attributed to poor
pharmacokinetics (absorption, distribution, metabolism and

excretion, ADME) and toxicity (together called ARMET).




DRUGGABILITY - ADWIET/ DIMIPK
| PK-PD

A — Albbsonptiom
D — Distribution
M — Metabolism

E — Excretion

T — Toxicology




DRUG PATHWAY - Bamiers

Oral delivery ( most preferred)

. Acid Pool in the Stomach

. Absorption thru’ the lining of small intestine

. Blood carries drug into liver

. Hepatocytes metabolize drugs — “First Pass ”

. A fraction escapes into blood — “Bioavailability ”

. Protein Binding — Albumin & a 1 acid Binding GP
. Target Cell Membrane & Permeabillity

. Efflux P-Glycoproteins
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Pharmacokinetics & Pharmacodynamics

After a single dose of a medication, its plasma concentrations

and clinical effects will increase, reach a maximum, and then
decline with time

Pharmacokinetics : deals with the time-course of drug
concentration

Pharmacodynamics : refers to the time-course and intensity
of drug action or response




Drug Absorption
Oral Delivery — titeemoss todssiadibder oniiée
Transport Mechanisms of Intestinal absorption

1. Paracellular

- passsive dififtissoonidstivesan Intestinal lumen
cell junctions (polar)
. Transcellular
- soluble in the membrane
(liphophilic)
. Carrier - mediated
- specific transporters

. P-glycoprotein mediated

- Increased absorption of
P-gp suhsttatesty inhibitors , |
of P-gp, Faracellar — Transcellular Carrier-
tranapart transport  mediated mediated
transport  efflux

Oy Disonwary Today




Surrogate Model for Intestinal Permeability:
Caco-2 Scrreemn

Caco-2 lime denved firom human colom adadeno
carcinoma cell

Confluent monolayer with tight junctions grown on
membrane (inner compartment)

Protocol : Add 50 uM afftéeesst Aol ide

compound to inner well.
After 1 hr, harvest cells and
guantify the uptake by
extraction and LC-MS

Apparent Permeability Coefficient
Papp (CM /sec) = o
amount transported Sermipermasbie
area X initial concentration X time Mmerbran

Basolataral side




Absorption Values Classification

Papp

Fraction
Absorbed(%)

Absorption
Classification

<10

<10

Low

Medium

High




Drug Distribution




AUC - Best Curve Is a straight line

AUC : Area Under the Curve

- measures total exposure

to the drug ; is also related to
control of the pathogen - higher
the AUC, better the control.

Best Curve Is a straight line

- Ideal situation is a constant level of drug
In the body — enough to control the pathogen
but not enough to cause intense side effects

Oral delivery — Always Peaks & Troughs

IV / Pump device —




Drug Distribution — Glossary

AUC: Area under the curve, a measure of
total exposure to a drug over a 24-hour period.

Bioavailability : A measure of how much drug
makes it into the bloodstream, compared to
how much we swallow.

Cmax: The maximum concentration of drug in
the blood. It occurs shortly after taking a dose.

Cmin: The minimum concentration of drug in
the blood. It occurs close to the time before
the next dose is taken

Half-life : A measure of how long a drug stays in the blood. The length of
time it takes for the blood concentration to drop to 50% of Cmax

IC50: Inhibitory concentration (50), the concentration of drug that brings
down the pathogen load by 50%

Therapeutic window : The difference or gap between the lowest drug
concentration that is helpful (controls the infection), and the drug
concentration that is harmful (causes too many side effects)




PK Measurements and Dosing

Cmax is related to short-term side effects like nausea or headache that

hit after each dose. The Cmax has to stay low
enough to keep these at a safe & tolerable leve

Cmin relates to control of the pathogen load.
If the Cmin drops too low, the pathogen can
multiply and maybe develop resistance to the
drug. The higher the Cmin, the better the
pathogen control. Most manufacturers want to

see the Cmin stay several times higher than the

The halfifie of the drug determines how often you have to take it. Drugs
with a long half-life stay in the blood longer, and might only have to be
taken once or twice a day. If a drug has a short half-life, it might have to
be taken three or more times a day.

The AUC, which measures total exposure to the drug -The higher the
AUC, the better the control.




DRUG METABOLISM

Portal Hepatic

Oral Delivery =—f» LiVer — e |'”2|'3r}|%t'/0|2dneys)

Typical Drug Metabolism:

Phase | Oxidation
- Oxidation of the parent drug
- Enzymes: Cytochrome P450 family

Phase Il Conjugation

- Conjugation of the oxidized drug (by CYP) with hig hly polar
molecules like glucose, sulfate, methionine, cystei ne etc.,

- Phase Il enzymes :
UGT - UDP-dependent glucuronosyl transferase
PST - phenol sulfotranferase

EST- estrogen sulfotransferase
GST - glutathione-S-transferase
















First Pass Metabolism : Mixed Function Oxidase
( MFO) System




N- Oxidation, S- Oxidation & Deamination
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CYP FAMILY

Twelve CYP gene families have been identified in
humans, and the categories are based upon protein
sequence homology

Most of the drug metabolizing enzymes are in CYP 1,
2, & 3 families

CYPs have molecular weights of 45 -60 kDa.

Frequently, two or more enzymes can catalyze the
same type of oxidation, indicating redundant and
broad substrate specificity

CYP3A4 is very common to the metabolism of many
drugs —mesahy 8D %, | its pyeesaToee imttee @ I ttesattiis S
responsible for poor oral availability of many drug S




Drug Metabolism Experimental Models:
Liver Microsomes & Hepatocytes

Liver Microsomal Pellet contains

smooth endoplasmic reticulum

- all CYP enzymes Phase |

- None of the cytosolic Phase Il
enzymes, except UGT

Cryopreserved Hepatocytes

|deal system for screening

- contain all hepatic DMEs, both microsomal
& cytosolic, required for phase | oxidation
and phase Il conjugation.

- Further, enzymes are present at levels
comparable with those under physiological
conditions resembling ‘in vivo’ conditions




Metabolic Stability
Screening Assay

Metabolic Stability Is
expressed as:
% Parent compound
disappearance =

1_ Drug Con (before incubation)
Drug Con (after incubation)

X 100




Drug —Drug Interaction:
Inhibitory / Inductive

Ketoconazole — ih i it YR
Adverse / Beneficial

- Co-administration of ketoconazole andl
terfenadine leads to increased plasma
levels of terfenadine, resulting In
cardiotoxicity

- Co-administration of ketoconazole amnd
cyclosporin/ antiretroviral leads to increased
AUC, decreasing required dosages




Drug—Dmug) |imteraactiom:
Inhibitory / Inductive

Rifampicin - one of the most potent
Inducers of DMES In humans

-Inducer of CYP3A4, CYP2A6, CYP2C9,
and phase Il sulfation (conjugation)

Rifampicin co-administration lowers plasma
levels of cyclosporin, erythromycin and
oral contraceptives to non-therapeutic
levels.




Drug Toxicity:
Screening Assay

Hepatotoxicity is the major

manifestation

Assay Endpoints Include:

1. Quantification of ATP content

2. Release of cytoplasmic
enzymes :LDH

3. Mitochondrial functions:
yellow dye — blue formazan

4. Lysosomal viability:
Neutral Red dye uptake

5. Macromolecular synthesis:
Incorporation of Labeled
Thymidine, Uracil & Leucine




