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The Scientific Method

Verifiable Experimental Observations 
(facts, cumulative)

Generalisation, Concept 
(hypothesis, ongoing modification) 

Currently accepted model (theory)

Time
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Drug Discovery

High Risk Process: 
11-15 Years, $800MM+

Preclinical 
Pharmacology

Preclinical Safety

Millions of
Compounds Screened

IdeaIdea DrugDrug11 - 15 Years

1 1 -- 2 2 
ProductsProducts

DiscoveryDiscovery Exploratory DevelopmentExploratory Development Full DevelopmentFull Development

Phase I Phase II Phase III

00 151555 1010

Clinical Pharmacology
& Safety

~100 Discovery Approaches~100 Discovery Approaches~100 Discovery Approaches

Source: Pfizer
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Drug Discovery Process
! High throughput screening of millions of compounds

! Demands strong efforts to get or synthesize the test 
compounds

! Generates huge amounts of measured data, which 
have to be analyzed – difficult, error-sensitive, time-
consuming, ineffective, cost-intensive

! An early pre-selection of test candidates by analyzing  
published measured data (internal and external) allows

! Determination of more focussed libraries 

! Higher quality leads 

! Shorter drug development times
! Less resources

! Saving of time and money
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Structure / Activity Relationships

! " Availability of structure and activity data
! " Tabular focus for interpretation

! (Quantifying structure / structure relationships)
! (Quantifying activity / activity relationships)

Activity

Structure
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Combination of internal & external data

Public
Databases

Compound IndexCompound Index

Internal Data

Your SystemYour System
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Databases in the Drug Design Process

! Bibliographic “Abstracting & Indexing” databases 
! Provide qualitative information
! Demand browsing of the primary literature to find the data
! Demand manual data extraction for analysis 

! Time-consuming
! Expensive

! Factual databases
! Provide a direct access to measured data having a higher 

value than calculated data (cost-effective)
! Don’t need the time-consuming browsing of primary 

literature
! Generate smaller hit sets with more relevant result sets
! Often allow automatic data export to SAR tables

! Time-savings
! Cost-savings
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Databases in the Drug Design Process

Question: 
! How can factual databases help in the 

drug design process?
! Which commercially available databases 

provide measured pharmacological, 
metabolism and toxicological data?

! Which data in detail do they provide?
! How can their data be used effectively (e.g. in 

form of SAR tables) to make the drug design 
and screening process easier?
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Data used in the drug design process

! Pharmacological data
! Effect / Action / Activity
! Effective concentrations EC..
! Inhibition coefficients IC..
! Protein-ligand binding constants - Ki value 
! Drug-drug-interactions
! Adverse Effects
! etc.

! Metabolism Data
! Metabolites, Metabolic pathways

! Toxicological Data
! Toxic effects
! Lethal doses LD..

! Other substance data
! LogP, pKa
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Measured data in databases

XXXXMDL
Patent Chemistry 
Database*

XXPJBPHAR

XXXXElsevierxPharm*

XMDLToxicity Database*

XXMDLMetabolite Database*

X

X

Tox
Data
(LD)

XXProusDrug Data Report*

XXX
Beilstein 
Institute

CrossFire Beilstein*

pKa, 
LogP

Meta-
bolism
Data

Pharmacol.
Data

(EC, IC, Ki )
OwnerDatabase

*Note: Databases are available by licence from Elsevier MDL
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CrossFire Beilstein

Huge pool of measured data for the drug design
process 

! Pharmacological data
incl. >26,000 protein-ligand binding constants

! Metabolism Data (metabolites)
! (Eco-)Toxicological Data (broad spectrum of 

toxicological areas)
! Isolation from natural products

! Substance Dossiers: Substance records accumulate 
data from multiple sources

! Searchable via DiscoveryGate/DatabaseBrowser or 
CrossFire Commander

! Export of structures and their measured data to 
structure-activity-relationship (SAR) tables using 
CrossFire Commander
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Substance Dossiers in CrossFire 
Beilstein

Substance Dossiers:
> 400 measured 
bioactivity data 
for one substance
from different sources

Beilstein Data: Copyright (c) 1988-2005, Beilstein Institut zur Foerderung der Chemischen Wissen-
schaften licensed to Beilstein GmbH and MDL Information Systems GmbH. All rights reserved. 
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Example
Ibuprofen in CrossFire Beilstein

Beilstein Data: Copyright (c) 1988-2005, Beilstein Institut zur Foerderung der Chemischen Wissen-
schaften licensed to Beilstein GmbH and MDL Information Systems GmbH. All rights reserved. 
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MDL® Patent Chemistry Database

! Chemical Reactions and substance data from organic 
chemistry and life sciences patent publications (WO, EP, US 
since 1976/78)

! Many measured bioactivity data* from research institutes 
and universities; especially interesting:

> 16.000 Ki values (protein-ligand-binding constants)

! Pharma, agro, cosmetics
! Metabolism* data (metabolites)

! Data available earlier than in journal publications
! Searchable via DiscoveryGate or CrossFire Commander 7.0 

SP1 or SP2
! Export to SAR tables using CrossFire Commander

* from Dec. 2003 onwards
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MDL® Drug Data Report (MDDR)

! Current bioactivity data for newly launched and 
developmental drugs

! Generic names
! Action 

! Textual description incl. measured data 
(e.g. EC-, IC-, LD/LC-values)

! Classification of pharmacological effects
! Development Phase, e.g. pre-clinical, 

launched
! Trademark
! Developing company, organization

! Searchable 3D models
! Data owned by Prous Science
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Data from development drugs

Development phase and 
bioactivity data from 
MDDR via DiscoveryGate
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PHAR (Pharmaprojects)

! Drug marketing, R&D, and licensing 
information about pharmaceutical 
products under development in the 
world's major markets since 1980.
! Development status 
! Pharmacokinetics
! Pharmacological Activity Code
! Therapeutic Classification Codes
! logP
! etc.
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Pharmacokinetic data for       
developmental products

Taken from PHAR
- access via STN
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MDL® Metabolite Database

! Transformation (Scheme)
! Parent structure
! Substrate structure
! Metabolite structure
! Activity
! Species
! Enzymes (Name, Classification)
! Isoenzymes
! Excretion

! Metabolic scheme diagram 
(all metabolic transformations from a common 
parent compound in one scheme)
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Metabolic Pathways and                           
Pharmacokinetic information

MDL® Metabolite Database
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MDL® Toxicity Database

! Complete contents of the Registry of Toxic 
Effects of Chemical Substances (RTECS) 
database from the US EPA and the CCRIS 
database from the National Cancer Institute

! Acute Toxicity 
! Irritation
! Mutagenicity
! Tumorigenicity
! Reproductive Effects

! Data from GeneTox
! Searchable 3D structures
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Lethal doses from multiple species

Result from MDL®

Toxicity via 
DiscoveryGate
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xPharm®

! A comprehensive set of records linking four 
pharmacological topics:
! Agents (compounds)
! Targets
! Disorders
! Principles

! Available Data
! Pharmacokinetics
! Pre-clinical Data
! Drug-Drug-Interactions
! Adverse Effects
! Absorption and Distribution
! Metabolism
! Toxicity



24

xPharm®
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Databases in the Drug Design Process

Question: 
! How can factual databases help in the 

drug design process?
! Which commercially available databases 

provide measured pharmacological, 
metabolism and toxicological data?

! Which data in detail do they provide?
! How can their data be used effectively (e.g. in 

form of SAR tables) to make the drug design 
and screening process easier?
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Structure-Activity-Relationship 
Analysis using SAR tables

SAR tables play an important role in the pre-
selection of potential winner candidates, but 
only factual databases allow an automatic
creation of SAR tables from the data source

Analysis Process:
• Exporting structures and their activity into a 

SAR table
• Sorting SAR table by Value of effect, e.g. 

increasing EC50 value
• Looking at highest effect values
• Analysis, which scaffolds or substituents might 

be mainly responsible for high activity values
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Availability of SAR table functionality
! CrossFire Commander 

! Export to SAR tables available for CrossFire 
Beilstein and MDL® Patent Chemistry Database

! Many predefined export formats available 
(xls, doc, html, xml, sdf, tab-delimited)

! DiscoveryGate/DatabaseBrowser
! Selected MDL databases
! Export to SDfiles (sdf), which can be imported to 

ISIS FOR EXCEL to create SAR tables

! High flexibility to create own export formats by 
selection of data fields

! High flexibility in modifying table layout using 
EXCEL, ISIS FOR EXCEL



28

Export Bioactivity data to SAR table

Define your own SAR-Tables

Here: 
CrossFire Commander
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IC50 values of anti-inflammatory agents

Export from CrossFire
Beilstein to MS EXCEL
via CrossFire Commander

Beilstein Data: Copyright (c) 1988-2005, Beilstein Institut zur Foerderung der Chemischen Wissen-
schaften licensed to Beilstein GmbH and MDL Information Systems GmbH. All rights reserved. 
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Protein-ligand-binding constants

MDL Patent 
Chemistry Database:
> 16,000 Ki values 
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Analysis of SAR tables
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Summary

! Factual databases offer a huge amount of 
measured data useful in the drug design 
process

! Data can be merged and compared with 
customer internal data via SDfiles

! Analysis of SAR tables from internal and 
external data 
! allows a faster and more effective recognition of 

new test candidates (focus on winners)
! increases the quality of leads entering the drug-

development process

Usage of factual databases and SAR tables
reduces drug development times and costs


