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ABSTRACT
Drug discovery is a lengthy, expensive and difficult process. Indentifying and understanding the hidden 
relationships among drugs, genes, proteins, and diseases will expedite the process of drug discovery. In this 
paper, we propose an effective methodology to discover drug-related semantic relationships over large-scale 
distributed web data in medicine, pharmacology and biotechnology. By utilizing semantic web and distrib-
uted system technologies, we developed a novel hierarchical knowledge abstraction and an efficient relation 
discovery protocol. Our approach effectively facilitates the realization of the full potential of harnessing the 
collective power and utilization of the drug-related knowledge scattered over the Internet.
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INTRODUCTION

Drug discovery is a process of discovering 
and designing drugs. It is generally related to 
the fields of medicine, pharmacology and bio-
technology. Despite the advances in chemical 
synthesis techniques as well as combinatorial 
and cheminformatics and understanding of bio-
logical systems, drug discovery is still a lengthy, 
expensive, and difficult process with a low rate 
of new therapeutic discovery. The process of 
drug development consists of drug compounds 
proposal, pre-clinical, clinical trial, and FDA 

review and approval (Anyanwu & Sheth, 
2003). Usually, 5000 to 10,000 compounds are 
proposed for a potential drug (DiMasi et al., 
2003; DiMasi et al., 1991; Masia 2009; Collier, 
2009). An extensive research of the proposed 
compounds is conducted to select 2.5% to 5% 
for preclinical trials to be tested on animals. 
Among the selected compounds for preclinical 
trial, only 2% may get approved for clinical trial. 
Finally, only 1 compound becomes an approved 
drug for the treatment of diseases and use on 
humans (Collier, 2009). Studies also show that 
it takes about 15 years from compound proposal 
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to FDA approval of a new drug to treat a disease, 
and the total cost is between 0.8 to 1 billion US 
dollars (DiMasi, 2003).

To overcome the aforementioned problems 
of drug discovery, drug repositioning (Sleigh 
& Barton, 2010) has been proposed. Drug 
repositioning is the application of the existing 
drugs to new indications or new diseases. An 
existing drug has passed significant pre-clinical 
and clinical tests. Its toxicity and other effects 
are already known. Hence, the cost of using it 
for some other diseases will be much less as 
compared to developing a drug from scratch 
(Hopkins, 2008; Boran & Iyengar, 2010; Druker 
et al., 1996). Conventional drug design follows 
the principle of “one gene, one disease, one 
drug”. One drug is targeted for the treatment 
of one disease caused by one gene (Sleigh & 
Barton 2010). Unlike conventional drug design, 
drug repositioning studies interactions of drugs 
with multiple targets (Hopkins, 2008; Boran 
& Iyengar, 2010). One drug can be used with 
multiple diseases. Some repositioned drugs 
have been approved with new uses that are 
different from original uses (Chong & Sulli-
van, 2007; Verma et al., 2005). Here are some 
examples. Thalidomide normally as a drug for 
sedation, nausea and insomnia is being used 
in the treatment of multiple myloma (Durk, 
2006). Acetylsalicylic acid, as a drug for reduc-
ing aches and pains and fever is being used in 
cardiology to prevent heart attacks, strokes and 
blood clotting due to its antiplatelet activity 
(Krumholz et al., 1995). Also Miltefosine for 
the treatment of Cancer has the new indication 
as Visceral leishmania (Sundar et al., 1998). 
Another very common example is of Sildenafil 
which was earlier used for hypertensionis now 
being used for male erectile dysfunction in the 
name of Viagra (Boolell et al., 1996).

Presently, most of repositioned drugs are 
developed by observing the side-effects of other 
drugs (Aronson, 2007; Ashburn &Thor, 2004). 
However, it will be more effective to study 
the polypharmacological action of drugs and 
examine proteins, genes, pathway and other 
important factors, rather than discovering the 
effects merely by observation. The hidden 

relationship between drugs and diseases could 
not be observed and identified incipiently, so 
does the information about the drug and its 
new applications.

With the development of Semantic Web 
technologies, more and more Semantic Web 
data including data related to proteins, genes, 
drugs, disease are generated. For example, the 
Bio2RDF project generates a network of the 
life science data. Different databases across 
life sciences platform have been linked using 
open-source Semantic Web technologies to 
provide support biological knowledge discovery 
(Nolin et al., 2008). The Linking Open Drug 
Data project brings the data sources about drugs, 
Chinese medicine, clinical trials, diseases and 
pharmaceutical companies together onto the 
Web of Linked Data and facilitates the integra-
tion of about 8.4 million data (Samwald et al., 
2011). To effectively utilize the large amount 
of semantic data, efficient search mechanisms 
for Semantic Web data have been proposed for 
both humans and software agents. For instance, 
the Semantic Search scans objects to capture 
instances in a given data set (Guha et al., 2003). 
By utilizing keywords, the Swoogle search 
engine retrieves semantic entities as Uniform 
Resource Identifiers (URI) (Ding et al., 2004). 
To support complex queries over Resource 
Description Framework (RDF) bases, query 
languages, such as SPARQL, have been used 
to express various restrictions on semantic 
entities and relationships (http://www.w3.org/
TR/rdf-sparql-query/). These technologies 
effectively assist human and software agents 
to locate desirable information from large 
amounts of semantic data on the Web. However, 
they may not reveal hidden knowledge large 
semantic datasets. For instance, knowledge of 
determining the complex relationships between 
multiple semantic entities, i.e., “how drugs X 
and Y are related.”

In Semantic Web, a sequence of complex 
relationship between the semantic entities forms 
a semantic association. The entities could be 
from disparate sources. More than one path 
may exist between the entities or they may be 
associated in more than one way. An entity may 
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