


Pharmacological Data Integration for 

Drug-Drug Interactions
Recent Developments and Future Challenges

María Herrero-Zazo, PhD (KCL)
Isabel Segura-Bedmar, PhD (UC3M)
Paloma Martínez, PhD (UC3M)

The 5th UK Ontology Network Meeting
April 14th 2016 (Newcastle)



Drug-Drug Interactions (DDIs)

DDIs are serious adverse drug 

reactions (ADR) occurring when one 

drug affects to the levels or effects

of another drug, leading to 

unexpected and undesirable 

consequences (toxic effects, 

therapeutic failure…)



DDIs information resources
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Tools to filter and find 
the desired information 

Tools to predict unknown 
DDIs

Knowledge representation of the domain

Information Extraction 
systems

Inference systems

inhibits(?othery, ?z), 

metabolizes(?z, ?y), -> 'may 

interact with'(?othery, ?y)

IE



The Drug-Drug Interactions Ontology − DINTO

Our aim:

• Global and detailed representation of the DDI domain.

• Different applications

• Information Extraction

• Inference of DDIs and their mechanisms

• Great visibility, maintenance and updates



The Drug-Drug Interactions Ontology − DINTO

Neon Methodology[*]:

Iterative process for the creation of

ontologies from scratch and reusing

information from ontological and non-

ontological sources.

Conceptual Model in DINTO: represents the general
concepts of the domain and the relationships between
them.

*Suárez-Figueroa et al. Ontology Engineering in a Networked World. Springer Berlin Heidelberg; 2012. p. 9–34



The Drug-Drug Interactions Ontology − DINTO

Ontologies (concepts)

ChEBI Ontology
• Drugs and roles

Pharmacokinetics Ontology (PKO)

• PK parameters

Biomedical Resource Ontology (BRO)

• Information sources

Ontology of Adverse Events (OAE)

• Adverse Drug Reactions (ADR)

Databases (relations)

DrugBank

• Drugs
• Proteins
• Drug-protein interactions
• Drug-drug interactions

SIDER

• Drug-ADR relations

Integration of information sources
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Semantic Web Rule Language (SWRL) rules (DDI mechanisms)

'inhibits' (?z, ?x), 'is metabolized by'(?y, ?z) 

DifferentFrom (?x, ?y) -> 'may interact with'(?x, ?y)
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SWRL 
rules



Applications

1. Information Extraction

• Drug Named Entity Recognition (NER)

• Relation Extraction (RE)

• Combination with current IE systems

2. Prediction of DDIs

• Inference of a possible DDI

• Inference of the DDI mechanism



1. Information Extraction[*]

Ensemble with current IE systems:

- DDI corpus as a gold standard

- Comparison with participants at the 2013 SemEval DDI Extraction task.

- DINTO increased performance of DDI relation extraction in scientific papers.

*Herrero-Zazo et al. Int J Inf Retr Res. 2015;5(3)



2. Inference of DDIs and their mechanisms

?
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2. Inference of DDIs and their mechanisms[*]

*Herrero-Zazo et al. J Chem Inf Model. 2015, 55(8)



Conclusions & Future Work

DINTO is the largest and most comprehensive ontology in the DDI 

domain and it has proven to be useful in different applications.

Future work lines:

• To maintain and update the current version.

• To include more information from other databases: physicochemical properties, 

drug-protein binding affinity, drug therapeutic index, etc.

Could this knowledge be integrated in the SWRL rules?

• To combine inferences with machine learning techniques to identify clinically 

relevant DDIs.

• To collaborate with the current shared effort for the development of a minimal 

information model for drug interaction evidence and knowledge, led at the 

Department of Biomedical Informatics (University of Pittsburgh)
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