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It’s all about…

IINFORMATION NFORMATION 

OOVERLOADVERLOAD

HHURDLESURDLES

PPARADIGM ARADIGM SSHIFTHIFT

HHOLISTIC OLISTIC 

VVISIONISION
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NNEEDS:EEDS: User driven technologies
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Finding

NNEEDS:EEDS: Current research paradigm
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Deeper Analysis

Building Context
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HHURDLESURDLES:

Too much information

Too many 
documents
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Books Conferences Dissertations

Patents documents

Journal Articles

News PR
Audios

Videos

Wikis

Web Pages

Blogs

Databases
DatabasesOpen 

Access
Databases
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HHURDLESURDLES: Too much information, too many interfaces….

PubChem

DrugBank

ChemSpider

Etc…

Internet Search
e.g. Google & OA 

etc…

Multiple 
interfaces 

Limited 
access

Diverse 
Output

Aggregators
e.g. SciFinder

& OVID

PubChem

Provides
Citations

Patent Authorities
e.g. USPTO,

ESPACE etc…

Conference Web Sites

Limited
Full Text

Note:
Publisher Sites

Etc…

Biomed Central
Chemistry Central

Full Text
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HHURDLESURDLES: Inaccessible information

Chemical 
Information 
can be both 

text & 
images

Textual and/or 

images mixed 

together

Diverse 

document 
formats

Some are 

images only!

Copyright / 

Licensing 

restrictions
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HHURDLESURDLES: Inaccessible information

Chemical 
Information 
can be both 

text & 
images

Patents are 

PDF/TIFF image 

files

OCR 

conversion, 

removes 

formatting…

and 

generates 
errors!!

•Many patent are not text 
not images!!
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HHURDLESURDLES: Inaccessible information
Chemical 

nomenclature 
is not easily 
standardized

Abbreviations

Systematic

Acetylsalicylic acid
salicylic acid, acetate
2-acetyloxybenzoate
2-carboxyl phenylacetate

Common/generic

Company
Codes

Trade
names

Index & Ref.Anaphors

Compound 10…

Generic
& fragmented

Chemical
Structures

How many ways How many ways 
can you say can you say 
“aspirin”?“aspirin”?
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HHURDLESURDLES: Inaccessible information

Chemical 
Ambiguity O
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HHURDLESURDLES: Inaccessible information

Biomedical 
Ambiguity Ambiguity Example

PCA has >60 expansions
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HHURDLESURDLES:

Too much information

Is it the right volume of information 
(coverage)? 

Is it the right type of information 
(content)?

What are you doing with the 
information now (analysis for decision 

making)?

How do you manage this information 
over time (management)?

Note:  Reproduction rights to this graphic  were obtained 
from www.CartoonStock.com for purposes of this public 
presentation only.

•Limited access

•Multiple interfaces

•Diverse Output
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PPARADIGM ARADIGM SSHIFT HIFT fromfrom……

Hard copy => e-Journals/e-Books

OAOA

ODOD

OSOS

Multiple search => Single search interfaces

–Federated Search & Mash-ups 

Traditional publishing => e-Models

Closed => Open systems

Manual only => Automated curation
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J. Weizenbaum (MIT) & Eliza in 1966
Eliza - computer program for…natural language communication between man and 

machine

PPARADIGM ARADIGM SSHIFTHIFT:
Natural Language Processing (NLP) does not understand 

human speech…

Communications of the ACM 9 36-45 (1966)

Conversation between Researcher and his computer program:
Eliza:  How are you today?

Res:  Not so good?
Eliza: Why do you say not so good ?
Res :  I suffer from allergies
Eliza: That’s interesting

Etc…
Eliza: you are being a bit negative
Res :  No I’m not
Eliza: How long have you been not

•Ambiguities
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PPARADIGM ARADIGM SSHIFTHIFT: NLP over 30 years later

Syntactic
Analysis

Part of Speech
tagging

Nouns, Verbs etc…

Tokenization

Words & sentences

Name Entity
Recognition

Is this a compound, a 
symptom/disease, a protein, 
etc…? Noun Phrase

Chunking

Identifying noun phrases

Syntactic & 
semantic 

analysis is 
done by the 
researcher
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PPARADIGM ARADIGM SSHIFTHIFT: NLP today focused on NER
Royal Society of Chemistry’s (RSC) Project Prospect.  

Evidence of a shifting paradigm in the publishing world.

•Name Entity Recognition 
(NER)

•Open Source & Access

•Text Mining/NLP/NER (SciBorg, 

OSCAR3)

•Ontologies (GO, SO, OBO ChEBI, Gold 

Book)

•Chemical Structure 
information (InChI, SMILES, CML)

-Unilever Centre at U of Cambridge

-Eur Bioinf Institute
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PPARADIGM ARADIGM SSHIFTHIFT: NLP today focused on NER

Examples of licensed chemical NER capabilities…

Accelrys (tool)

Fraunhofer Institute/ChemInfo (tool)

IBM (tool & patent database)

ReelTwo/SureChem (patent database)

TEMIS (tool)
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PPARADIGM ARADIGM SSHIFTHIFT: NER requires conversion tools

Name to Structure
– Licensed:  ACD/Labs, CambridgeSoft, Lexichem, OpenEye

Image to Structure
–Open Source:  OSRA (NCI Frederick)

–Licensed:  Keymodule/SimBioSys,  Fraunhofer Inst.
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•InChI &/or SMILES for chemical metadata inserted into a XML/CML formatted document:

•InChI=1/C20H23NO6S/c1-27-20(24)14-4-9-17(10-5-14)28(25,26)21-15-6-2-13(3-7-15)18-11-8-16(22)12-19(18)23/h4-5,8-
13,15,21-23H,2-3,6-7H2,1H3/t13-,15-
•SMILES: COC(=O)c(cc2)ccc2S(=O)(=O)NC3CCC(CC3)c1ccc(O)cc1O

PPARADIGM ARADIGM SSHIFTHIFT:
Where Semantic WebSemantic Web & ChemistryChemistry meet—

electronic way to capture structural information

XML/CML formatted documents are great for information exchange! 
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PPARADIGM ARADIGM SSHIFTHIFT:
Using GGooooggllee to search on chemical structures? 

Benzene & Seroquel…

InChI 
internet 

searches 
just 

starting to 
be possible
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PPARADIGM ARADIGM SSHIFTHIFT:
Assessing current state of the art with NER

MDL Reading Machine  model for NER is proving to be valid

Identify:

• Formal structure
• Physical properties
• Name Candidates
• Labels, Abbreviations, Anapher

O

OO

O

IE requires 
manual 
analysis

OH
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O P

O

OH

OH
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PPARADIGM ARADIGM SSHIFTHIFT: Assessing NLP conversion tools for information 

extraction…

Ability to automatically identify a…
� Chemical & Biological names is fairly successful

�Image are more difficult requires manual intervention

Ability to convert a chemical name/image to 
structure

� Name conversion fairly successful

� Image conversion more difficult

Syntactic analysis of biological and chemical 
information manual inspection.

NER tools can 
improve 
information 
extraction 
immensely.
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HHOLISTIC OLISTIC VVISION:ISION:
Multiple Views of the same information allow a cross-over into key areas of 

exploration:  Chemistry & Biology Space

Chemistry Space Biology Space

Drug DX

Trends

Drug Safety

�Can I find the 
compounds of interest?

�Can I find protein 
targets/diseases of interest?

�Are these drugs expected to 
have toxicity/safety issues?

�Can I find compounds linked to 
protein targets/diseases?

�Can I find trends in research or IP?
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HHOLISTIC OLISTIC VVISION:ISION: A Chemistry query can branch into Biology 

Space, to filter information…

Search

Too many hits to analyze? 
e.g. >14,000. 

=>View them in topical 
clusters/categories or 
based on toxicology 
data extracted etc…

Select Clusters of most interest 
and analyze them

Review context w/in the 
literature…

Can I find key information on a 
compound of interest?
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HHOLISTIC OLISTIC VVISION:ISION:
A Biology query can branch out into Chemistry Space, to resolve toxicity 

question…

Select citations with drug references.

Acetaminophen, highly active antiretroviral therapy and drugs for tuberculosis retained 
their preeminent position as the most commonly reported agents causing drug-induced 
liver disease, with acetaminophen continuing to be the leading cause of acute liver 
failure in the USA. While the frequency of drug-induced liver disease remains low, a 
large case-series of acute drug-induced liver disease from Spain and Sweden supported 
the observation that acute hepatocellular jaundice from a drug is associated with death
or the need for transplant in at least 10% (known as Hy's Law). With respect to using 
potentially hepatotoxic medications in patients with underlying liver disease, statins and 
second-generation thiazolidinediones were shown to be safe when used in patients with 

elevated baseline alanine aminotransferase or aspartate aminotransferase levels.

Acetaminophen, highly active antiretroviral therapy and drugs for tuberculosis retained 
their preeminent position as the most commonly reported agents causing drug-induced 
liver disease, with acetaminophen continuing to be the leading cause of acute liver 
failure in the USA. 

Which articles link drugs to acute liver failure? 

2516
citations

What compounds are known to 
cause acute liver failure?

How do these compounds 
compare structurally with 
compounds from my database?

Review & extract compounds from 75 full text articles 75

R-group 
Analysis

Search on terms related to acute liver failure.

Extract my compounds and merge for analysis
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HHOLISTIC OLISTIC VVISION:ISION: First example of biomedical text mining 

from the literature (1986)

David R. Swanson

– Raynaud’s Syndrome Episodic shutting off of blood to fingers or toes

– Syllogism -- Unknown connections bet/ symptoms/causes & possible 
cures

(A) Raynaud Patients (B)Blood factors:
High viscosity
Cell rigidity/deformity

(C) Fish oil (B)Lowers blood viscosity
Reduces cell rigidity

?
?
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“Take Home” Messages…

Remember researcher…

Paradigm Shift…

OAOA

ODOD

OSOS
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Prediction

Federated Search & Mash-ups
OH

HO

OH

O P

O

OH

OH

+ Researchers can view 

diverse information sets 
with…

- Researchers beware…
…new eyes…new eyes
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The End
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