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Abstract—Medline articles are rich resources for discovering
hidden knowledge for the treatments of liver specific parasites.
Knowledge acquisition from these articles requires complex pro-
cesses depending on biomedical text mining techniques. In this
study, name entity recognition and hierarchical clustering tech-
niques were used for advanced drug analyses. Drugs were ex-
tracted from the articles belonging to specific time periods and
hierarchical clustering was applied on parasite and drug
datasets. Hierarchical clustering results revealed that some para-
sites have similar in terms of treatment and the others are differ-
ent. Our results also showed that, there have not been major
changes in the treatment of liver specific parasites for the past
four decades and there are problems associated with the develop-
ment of new drugs. Both pharmaceutical initiatives and health-
care providers should investigate major drawbacks and develop
some strategies to overcome these problems.

Index Terms—Biomedical Text Mining, Clustering Analysis,

Liver, Parasite.

MEDLINE articles are rich resources for discovering and
tracking medical knowledge. Biomedical text mining

techniques play an important role to acquire knowledge from

these articles and they are applied for numerous studies in bio-

medical domain so far.

Parasitic diseases affect hundreds of millions of people
worldwide and result in significant mortality and devastating
social and economic consequences [1]. Parasitic diseases are
especially harmfully on the liver which supports almost every
organ and liver specific parasites also affect many people [2].

In this study, we developed a knowledge discovery on the
treatment of parasites affecting liver and we hope that our
study makes substantial contributions to all scientists and
medical experts working on parasites affecting the efficiency
of the liver’s mechanism.

I INTRODUCTION

IL.

We used the Medline distribution available through the
PubMed Web portal at the National Library of Medicine
(NLM)' as well as on the in house distribution at the EMBL-
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EBI?. In the first phase of our article analysis procedure, two
clinicians proposed a list of species which induce liver-specif-
ic diseases. They also proposed classes of drugs that could be
used in the treatment of these diseases.

Medline is a collection of biomedical documents and ad-
ministered by the National Center for Biotechnology Informa-
tion (NCBI) of the United States National Library of Medicine
(NLM). PubMed web site provides a service of the National
Library of Medicine that include over 20 millions bibliograph-
ic citations from Medline and other life science journals for
biomedical articles back to 1950s. The full text of articles are
not stored; rather, links to the provider’s site to obtain the full-

text articles are given, is available [3-4].
TABLE I
NUMBER OF ARTICLES FOR SELECTED PARASITES

Parasite Number of Articles
Clonorchis Sinensis 178
Echinococcus Multilocularis 229
Echinococcus granulosus 400
Entamoeba histolytica 1075
Fasciola Hepatica 917
Schistosoma Japonicum 446
Schistosoma Mansoni 1731
Opisthorchis Viverrini 213
Total 5189

Medline abstracts are in XML format and they contain logi-
cal markup to organize meta information such as the journal,
author list, affiliations, publication dates and related MeSH
headings [5].

We used a complex query for the retrieval of the Medline
abstracts that are relevant for the liver specific parasites. The
query resulted in a document set of 17,377 articles and all arti-
cles were processed with the text minig solution available at

? http://www.ebi.ac.uk/citexplore/
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the EBI (European Bioinformatics Institute) called “Filter
Server”. In EBI architecture, a filter server specializes in rec-
ognizing the vocabulary of a particular terminology and re-
ceives a stream of text and annotates it with XML tags [6].

In our study, the filter servers identified the species men-
tions and its variants and the mention of drugs in the text.
Species in the articles were annotated and parasites’ names af-
fecting liver were selected by two medical doctors. The fre-
quencies of parasites were calculated. The frequency of the
parasite provides the number of times a considered parasite
appeared in the selected articles. Most ranked eight of them
were used for analysis. Relevant articles for each parasite be-
longing to specific time periods (e.g., 1970-1980, 1980-1990,
1990-2000 and 2000-2009) were collected from PubMed. Ta-
ble 1 shows the number of articles for selected parasites.

After retrieving the articles in specific time periods, drugs
names were found by using drug filter server which tags
drugs’names from DrugBank. The DrugBank database is a
bioinformatics and cheminformatics resource that combines
detailed drug data with comprehensive drug information® [7].

Drugs have some variations such as synonyms and brand
names. DrugBank was searched for each drug, synonyms and
brand names of drugs were found. After finding variations,
these names were mapped to one specific name.

A. Clustering Analysis

Clustering analysis is one area of machine learning of par-
ticular interest to data mining. It provides the means for the or-
ganization of a collection of patterns into clusters based on the
similarity between these patterns, where each pattern is repre-
sented as a vector in multidimensional space [8].

Hierarchical clustering methods produce a hierarchy of
clusters from small clusters of very similar items to large clus-
ters that include more dissimilar items. Hierarchical methods
usually produce a graphical output known as a dendogram or
tree that shows this hierarchical cluster structure. Some hierar-
chical methods are divisive; those progressively divide the one
large cluster compromising all of the data into smaller clusters
and repeat this process until all clusters have been divided.
Other hierarchical methods are agglomerative and work in the
opposite direction by first finding the clusters of the most sim-
ilar items and progressively adding less similar items until all
items have been included into a single large cluster [8].

The Euclidean distance is one of the common similarity
measures and it is defined as the square root of the squared
discrepancies between two entities summed over all variables
measured [9].

The pseudo code of agglomerative hierarchical clustering
algorithm is as follows:

1. Compute the proximity matrix
2. Merge the closest two clusters
3. Update the proximity matrix to reflect the proximi-
ty between the new cluster and the original clusters
4. Repeat step 2 and 3 until only one cluster remains
Figure 1 shows an example of dendogram for A,B,C,D
and E objects [10].

? http://www.drugbank.ca/

PROCEEDINGS OF THE FEDCSIS. SZCZECIN, 2011

10

A B E C D

Fig. 1 An Example of Dendogram for A,B,C,D and E objects

II1. RESULTS

Hierarchical clustering analysis was used to post-process
the results from the co-occurrence analysis for the treatment of
parasites. R statistical software is used for clustering and
heatmap analysis. A heatmap is a graphical way of displaying
a table of numbers by using colors to represent the numeric
values.

The main categories of drugs that are used for the treatment
of parasites comprise anthelmintic, anti-inflammatory and an-
tiprotozoal drugs. Figures 2, 3, 4 and 5 show the heatmaps of
the cluster analysis.

According to the observed results, one cluster consists of
Echinococcus Multilocularis, Echinococcus Granulosus and
Fasciola Hepatica. They share the following commonality:

e Albendazole, mebendazole and praziquantel from
the standard treatment for all three parasites. This
raises the notion that drugs developed for the treat-
ment of one specie could in principle be exploited
for the other two species.

Clonorchis  Sinensis,  Schistosoma Mansoni  and
Opisthorchis Viverrini form the second cluster of the analysis.
In this cluster, praziquantel is seen as the common treatment.
Apart from this drug, these parasites show little treatment with
the other antihelmintic drugs. It is possible that these species
would still profit from treatment with any of the other drugs.

Schistosoma Mansoni forms its own cluster. In the cluster,
patients undergo treatment with antiinflammatory drugs simi-
lar to patients suffering from Fasciola Hepatica, but the type of
antiinflammatory treatment differs significantly from the treat-
ment of Fasciola Hepatica. Furthermore, patients suffering
from Schistosoma Mansoni receive additional novel an-
thelmintic drugs such as levamisole and oxamniquine from
1980 to 2000.

Althogether, the treatment of parasites seems to be fairly
stable over the past four decades with regards to the reporting
of treatments in the scientific literature.
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Fig. 2 Drug heatmap of parasites for 1970-1980 time period
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Fig. 3 Drug heatmap of parasites for 1980-1990 time period
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Fig. 4 Drug heatmap of parasites for 1990-2000 time period
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Iv. DISCUSSION

Infections with parasites are important causes of morbidi-
ty and mortality [11]. The control of parasitic disease re-
quires a complex interplay of activities in the fields of public
health, education, political will and medicine science. There
is a need for treatment, and the search for better drugs is a
perpetual process. Advances in science, especially in the
field of parasite genomics and its attended technology, have
opened up possibilities for new drugs.

We analyzed Medline abstracts to extract hidden knowl-
edge and according to our results, there are no big changes
among time periods in the treatment of liver specific para-
sites. Despite the large global burden of parasitic diseases,
there has been very little recent effort by the pharmaceutical
industry to develop agents to treat human parasitic infec-
tions [12].

Parasitic diseases, though globally massive in their im-
pact, mainly affect poor people in poor regions of the world.
As such, they would never be viewed as viable target mar-
kets for the pharmaceutical industry, particularly in today’s
post merger climate. In parallel, funding for basic research
on these organisms and the pathogenesis of the diseases they
produce has been woefully inadequate compared with fund-
ing for diseases of much lower prevalence but more direct
impact in the developed countries of Europe and North
America [1].

The protection of proprietary rights and the return of in-
vestments are also important issues for drug makers. With
the long payback period associated with these indications,
costs often are not recovered when a compound runs off
patent and generic products may be introduced [13].

Regulatory requirements are another major concern that
has a considerable impact on the length and costs of the drug
development process and, hence, on the ultimate market
price of the drug product. Paradoxically, increasingly de-
manding standards favour the larger wealthy companies
which are those least interested in tropical diseases. Never-
theless, dossiers do not always undergo the same level of re-
view worldwide, sometimes because of limited health bud-
gets, and sometimes owing to a misconception about the reg-
ulatory process [13].

Medline abstracts are generally publicly available and
therefore easy to share and distribute, while full text papers
are not always available. However, there are some works to
make them easily available and they can be public and
sharable soon. As future work, it would be of interest to de-
velop an efficient way to analyze full text papers to compare
the results of abstracts [14].

V. CONCLUSIONS

Biomedical literature provides valuable knowledge for
clinical studies and research. Medical experts can not read
all the articles in a specific medical problem and discover
hidden connections between entities. In this study, we
worked with medical doctors and considered their needs and
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the point of view of them. Liver specific parasites were se-
lected for the research. The combination of data mining and
text mining techniques were used to get some facts hidden in
Medline articles. Drugs which are based on specific time pe-
riods were extracted from the articles by using named entity
recognition techniques and hierarchical clustering techniques
were applied on parasite-drug datasets. Hierarchical cluster-
ing results revealed that some treatments of parasites are
similar and the others are different. Our results also show
that there have not been major changes in the treatment of
liver specific parasites for the past four decades. We investi-
gated the reasons for the challenge of drug discovery and de-
velopment for parasitic diseases. We believe that our results
will make an important contribution to medical research,
clinical studies and pharmaceutical research.
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