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Drug Discovery and Development Cascade

High Throughput Screening 1,000,000

HTS Hits 2,000

HTS Actives 1,000

Discovery Program 50

Drug Candidate 10

Drug 1

12 years, $800 million, 10% Success Rate
M.M. Hann & T. I. Oprea, Curr Opinion Chem Bio, 2004, 8(3), 255-263

M. Dickson, J. P. Gagnon, Nature Rev Drug Disc. 2004, 3, 417 - 429



Importance of Pharmaceutical Profiling

Reason for Failure Percentage

Toxicity 22 %

Lack of Efficacy 31 %

Market Reasons 6 %

Poor Biopharmaceutical Property 41%

Kennedy T. Drug Discovery Today, 1997, 2, 436.



ADME-TOX Properties

n Absorption

n Distribution

n Metabolism

n Excretion

n Toxicity



Successful Drug = Potency + Properties 

OptimizationActivity

Pharmacology

Property

Pharmaceutical Profiling

In vitro

Solubility

Permeability

BBB & Pgp

Log P & pKa

Metabolism

P450 Inhibition

Stability

Pharmacokinetics

In vivo

Enzyme 

Receptor

Cell-based assay

In vitro

Animal Model

In vivo Redesign

Li Di, Edward Kerns,  Curr. Opinion in Chem. Biology, 2003, 7, 402-408
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ADME/TOX Screening: New Tool for Drug 
Discovery



Screening Paradigm in the Past

ActiveActive

Acceptable PKAcceptable PK

Efficacy Model

Good EfficacyGood Efficacy

Development

In Vivo PK

Bioassays

Activity was the sole driver for discovery programsActivity was the sole driver for discovery programs



Past:  Activity-Driven Screening

Compounds Bioassays

Ki = 7 nM !

Very Active

Long Cycle TimeLong Cycle Time
High CostHigh Cost

Low Success RateLow Success Rate Inactive
Terminated

F% = 0



Present Drug Discovery Screening Paradigm

Active

Acceptable PK
Efficacy Model

Good Efficacy

Development

In Vivo PK

Bioassays

Drug-like

ADME/TOX

ADME/TOX: Advancement CriteriaADME/TOX: Advancement Criteria



Wyeth Pharmaceutical Profiling Assays

Solution 
Stability

IntegrityPermeability
PAMPA
Caco-2

Solubility

Metabolic
Stability

CYP450
Inhibition

BBB

ProfileProfile
Solubility 

In Bioassay
Media

Pgp Efflux
MDRI-

MDCKII

Plasma
Stability

High Throughput

96-Well Format

~ 3 mg Material

Timely: 1- 2 Weeks

Modified from Edward H. Kerns, J. Pharm. Sci., 2000, 90(11), 1838-1858



Robotic Sample Preparation

Packard Robot
Microsomal Stability

CYP450 Inhibition

Tecan Robot
PAMPA, BBB

Solubility



High Throughput Sample Analysis

LC-MS-MS

Fluorescent Plate Reader

UV/Vis Plate Reader



ADME/TOX Screening in Drug Discovery

Purity

Integrity

Solubility

Solubility

Stability

Permeability

Metabolism

CYP Inhibition

Solubility

Stability

PAMPA/Caco-2

PAMP-BBB

Metabolism

CYP IC50

PK

In Vivo

TOX

Target

Validation

Drug

Development

Lead 
Series

Adv. 
Hits

Confirm 
Hits

Candidate

Pre-
Exploratory

Early 
Exploratory

Late 
Exploratory Discovery Pre-

Development Development

Ensure Quality of Development CandidatesEnsure Quality of Development Candidates



Industry Development ADME/TOX Criteria

n Solubility > 100 μg/mL

n Oral Bioavailability > 20%

n CYP IC50 > 10 μM or Cmax / Ki <  0.1

n hERG IC50 / Cmax > 30 

““You canYou can’’t manage it, if you cant manage it, if you can’’t measure it. t measure it. ””

Robert R. Robert R. RuffoloRuffolo
WyethWyeth R&D PresidentR&D President



Present: Activity and Property Driven 
Screening

Short Cycle TimeShort Cycle Time
Low CostLow Cost

High Success RateHigh Success Rate

Compounds
Compounds Rat Plasma Stability (37C) Solubility in Enzyme Assay Buffer Solubility in Cell Assay Buffer 

% Remaining after 3-hr Incubation Target Dose 100 uM  (uM) Target Dose 100 uM (uM)
AHR-6686 17 91 86
CL-260081 1 1 0

WAY-365255 1 0 0
WAY-365383 0 1 0
WYE-100654 101 52 0
WYE-101622 3 0 0
WYE-101848 85 1 0
WYE-101849 35 1 0
WYE-101852 0 0 0
WYE-102306 Poor MS 1 0
WYE-102869 72 4 0
WYE-103008 109 21 0
WYE-103010 101 13 0
WYE-103178 91 5 0
WYE-103190 99 31 0
WYE-103247 91 4 0
WYE-103488 18 1 0
WYE-103489 12 4 0
WYE-103490 10 5 1
WYE-103491 7 6 1
WYE-103492 27 5 0
WYE-103493 86 9 0
WYE-103494 7 0 0
WYE-103495 17 7 0
WYE-103530 4 9 0
WYE-103531 32 7 0
WYE-103532 Poor MS 3 0
WYE-103627 95 7 0
WYE-103759 36 4 0
WYE-103799 5 2 0
WYE-103800 5 1 0
WYE-103804 85 19 0
WYE-103859 25 4 0
WYE-103895 31 8 0
WYE-103996 106 13 0
WYE-104054 0 9 0
WYE-104215 Pending 2 0
WYE-104216 87 3 0

Data

Structural 
Modification
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O
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Bioassays
ADME/TOX



Property Screening is Incorporated into 
Compound Selection

Selection criteria: Active, Selective and Stable

Compounds

Activity Assays Selectivity Assays Microsomal Stability

In Vivo PK

In Vivo Efficacy

Development Candidates

t1/2 > 15 minKi < 100 nM

ED50 < 10 mpk

% F > 20%

> 100 x

Solubility

Permeability

BBB

CYP450 Inhib.

Pgp Efflux



Critical Factors for Successful ADME/TOX 
Profiling 

n Throughput

n Speed

n Assay Design 

n Timing



Throughput: Past - Low; Present - High

Past

n 500 / year

n Limited information

n Not enough for SPR

n Not for selection

n Profile only actives

Present

n 50,000 / year

n Rich information

n Guide SPR

n Selection criteria

n Profile all



Past: Long Turnaround Time
Present: Short Turnaround Time

Turnaround Time = 1 month Turnaround Time = 1 week

Assumes Discovery Team makes 5 compounds / week

unstable moderate stable

40 Compounds

2 months

10 Compounds

2 weeks



Past and Present Assay Design

nPast

One size fits all

Multiple time points

Multiple concentrations (IC50)

nPresent

Tier approach

Custom assays



Solubility Assays in Drug Discovery

DevelopmentLead
OptimizationHit-to-Lead

Target 
Identification

Validation

HTS
Hit Finding

Equilibrium Solubility

Past

Solubility in DMSO

Solubility in Bioassays

Kinetic / In Silico Solubility

Equilibrium SolubilityPresent

Different Assays at Different Stages for Various PurposesDifferent Assays at Different Stages for Various Purposes



Tier Approach to Blood-Brain Barrier

Rule-Based In Silico PAMPA-BBB
MDCK

B/P 
Dialysis

MDR1-
MDCKII

Library 
Design

Predict 
before 

Synthesis

Rate of 
Penetration

B/P Ratio
Free Drug

Pgp
Efflux

Determine Underlining MechanismsDetermine Underlining Mechanisms



Microsomal Stability: Single Time Point vs. 
Multiple Time Point

Validation Data t1/2 (mins) t1/2 (mins)
Compounds Wyeth Literature*
Midazolam 3 4
Verapamil 6 10
Diltiazem 15 21
Zolpidem > 30 44

Tenoxicam > 30 38
* Scott Obach, Drug Met. Disp., 1999, 27(11), 1350-1359

Good correlation between single time point and multiple time poiGood correlation between single time point and multiple time pointnt

Li Di, Ed Kerns, et al, J. Pharm. Sci. 2004, 93, 1537-1544. 



Correlation of Single Time Point and Multiple Time 
Point for Wyeth Compounds (5 min incubation)
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Li Di, Ed Kerns, et al, J. Pharm. Sci. 2004, 93, 1537-1544. 



Integrity

Buffer
Stability Permeability

Buffer
Solubility

Metabolic
Stability

Major
Metabolites

CYP450
InhibitionPlasma

Stability

Transporter Solubility

Profile Standard
Assays

Custom
Assays

Standard and Custom Assays

Informed DecisionsInformed Decisions



Timing: Past-Too Late; Present-Early

Hit-to-LeadHTS
Hit Finding

Target 
Identification
Validation

Lead
Optimization Development

Present

Past



Drug Structure Similar to Lead Structure

N CONH2

O

N CONH2

O

SO3Na

Et

SO3Na
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NN
O

NH

O

OF

O

Leads Drugs

J. R. Proudfoot, Bioorg. Med. Chem. Lett., 2002, 12, 1647-1650

Great opportunity to improve the properties is at exploratory stage



Hit-to-Lead: Lead Profiles

ADME/TOX
Properties

Potency & Selectivity

Calculated Properties

Chemical Series
Novelty

Project X Hit Lead 1 Lead 2
Desirable 

Profile
Enzyme IC 50 (nM) 542 161 198 < 1000

Cell Assay ( nM) 30000 19047 4823 < 10000
Selectivity > 100 > 100 > 100 > 10

MW 344 316 350 < 450
clog P 3.9 3.2 4.6 < 4.5
TPSA 62 75 62 < 80

Aq Sol. (ug/mL) 14 28 6 > 60
PAMPA(10-6 cm/s) 12 2.6 4.7 > 1.0

CYP3A4 -4 2 24 < 15
CYP2D6 -6 0 6 < 15
CYP2C9 9 13 8 < 15

RLM t1/2 (min) < 1 3 > 30 >15
MLM t1/2 (min) > 30 14 > 30 >15
HLM t1/2 (min) 12 2 > 30 >15

hERG (%) 25 39 22 < 50%
Definable Series Yes Yes Yes Yes
Definable SAR Yes Yes Yes Yes

Novelty Yes Yes Yes Yes

Decision MakingDecision Making



Goals of ADME/TOX Screening from Hit-to-
Lead

n Solubility
Diagnose erroneous SAR

Optimize bioassay protocol

n Stability
Intrinsic liabilities of chemotypes

Guide structural modification

n Metabolism, CYP Inhit., Permeability
Liability in core structure 

Areas to focus on in optimization



Strategies for Serial Dilution: Dilute in DMSO

High concentration might still precipitate, but will not affect low concentration

100 μM    33 μM    11 μM    3.7 μM    1.2 μM    0.41 μM

10 mM    3.3mM   1.1mM   370 μM   122 μM    41 μMDMSO

1% DMSO / 
Buffer

From DMSO

10 mM

100 μM    33 μM    11 μM    3.7 μM    1.2 μM    0.41 μM

DMSO

1% DMSO / 
Buffer

From Aqueous Carry precipitation from high concentration

Introduce error for low concentration

Li Di, Ed Kerns, Curr. Opinion Drug Disc. Dev., 2005, 8, 495-504 



Right Shift of IC50 due to Low Solubility
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When all the concentrations in assay buffers are lower:



Strategies for Serial Dilution: Dilute in DMSO

High concentration might still precipitate, but will not affect low concentration

100 μM    33 μM    11 μM    3.7 μM    1.2 μM    0.41 μM

10 mM    3.3mM   1.1mM   370 μM   122 μM    41 μMDMSO

1% DMSO / 
Buffer

From DMSO

10 mM

100 μM    33 μM    11 μM    3.7 μM    1.2 μM    0.41 μM

DMSO

1% DMSO / 
Buffer

From Aqueous Carry precipitation from high concentration

Introduce error for low concentration

Li Di, Ed Kerns, Curr. Opinion Drug Disc. Dev., 2005, 8, 495-504 



Stability Affects Assay Results

COOH

NH2

Low oral bioavailability

Poor Permeability

IV Administration

CONH2

NH2

Very active in vitro

Very active in vivo

But…..



Compound Rapidly Cyclized

CONH2

NH2

CO

NHpH 6.6, 7.4, 9

Plasma



Guide Structural Modification

CH2ONHCH2ONHCH2ONH

> >>

Stability Increased

CONH2

NH2 NH2 NH2 NH2



Isothiourea Rapidly Hydrolyzed in Buffer
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CYP3A4

C
YP

2D
6

Reverse amide 
series

BBB-PAMPA 
values > 4 and 
acceptable CYP 
3A4/CYP 2D6 
inhibition can be 
obtained

Identify Series with High Potential for 
Optimization of BBB and CYP

BBB-PAMPA

Courtesy of Adam Gilbert

MVA



Parallel Optimization of Potency 
and CYP Inhibition
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Courtesy of Neelu Kaila



Guide Structural Modification

Lead

Solubility = 0 μg/mL

% F = 0 (Tw/MC)

Efficacy: Corn Oil

Candidate

Solubility > 6 mg/mL

% F > 20 % (Tw/MC)

Efficacy: Tw/MC

Screen solubility of 500 compounds

Quality Development CandidateQuality Development Candidate



Guide Structural Modification

Lead

Met. t 1/2 < 5 min

Pgp efflux > 10

B/P ratio < 0.02

No Efficacy

Candidate

Met. t 1/2 > 30 min 

Pgp efflux < 2.5

B/P ratio > 0.60

Efficacious

Enhanced SuccessEnhanced Success

Screen ~1000 metabolic stability and ~100 Pgp



Screening of Prodrugs
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Develop Structure-Property Relationships

2-Cl Thiophene

p-Cl Benzene
ED50 12 nM
Rat  Stab.         21 min
Mouse Stab.    13 min
Human Stab.    11 min

ED50 5-13 nM
Rat Stab.         < 1 min
Mouse Stab.   < 1 min
Human Stab.    4 min

Inactive in vivo

Active in vivo

Cl

S
Cl

Improved Stability and In Vivo PerformanceImproved Stability and In Vivo Performance



Microsomal Stability: >30% Increase Per Year

2006 2005 2004 2003 2002

# 
A

na
ly

si
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Success Breeds Success



Future Prospective

n More predictive software 

n Miniaturization

n Predictive toxicity

n Earlier profiling



Enhance Predictability and Intelligence of 
Software

n Predictability

Accuracy

Coverage

Custom models

n Intelligence

Propose substituents

Design new compounds



ACD Structure Designer: Propose 
Substituents



Future: Miniaturization

Tubes  1000000 nL (1 mL)

96-wells 100000 nL (100μL)

384-wells 50000 nL (50 μL)

1536-wells 5000 nL (5 μL)

Chips 20 nL
Cost

Throughput



• > 1000x volume reduction (20 nL): savings 

• 11,200 spots / slide: throughput and speed

0.
1 

   
   

   
   

   
   

   
   

   
  1

0 
μM

Future Miniaturization: Metachip from Solidus

Moo-Yeal Lee, Jonathan Dordick, Douglas S. Clark,  



Correlation Between MetaChip and 96-Well 
Format for CYP3A4 Inhibition
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More Predictive TOX Assays

Peter McCulloch, Gentronix
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Kirkland et al, (2005). Mutat. Res. 584 (1-2), 1-256.

• Study of 554 carcinogens & 183 non carcinogens

• 93% carcinogens have positive results in >1 of 3 regulatory tests

• Only 6 non-carcinogens have totally negative genotoxicity data!



Early Metabolite Identification

n In Silico

MetaSite

Admensa

n LC-MS-MS

n LC-NMR



Impact of Pharmaceutical Profiling on Attrition

I. Kola and J. Landis, Nature Review Drug Discovery, 2004, 3, 711-715



Conclusions

Edward Kerns, Li Di, Drug Discovery Today, 2003, 8(7), 316-323

Activity & Property Focus

SuccessfulSuccessful
DrugDrug

Properties

Activity

Good Good 
LigandLigand

Activity Focus
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