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Abstract
It requires great effort to search through huge number of published articles that provide information we need. Therefore it is necessary to
find a solution that helps researchers in gaining accurate and deep understanding about diseases. Thus drug discovery and drug repurposing are gaining significance with the current onics tools. Traditional Medical practices like Ayurveda needs to be more visible to practitioners with evidence based approach. The clinical trials conducted have to be shared with the world for attaining the very philosophy of
Ayurveda.. This paper presents a survey on various text mining technologies developed to classify theories and literature pertaining to
the clinical observations of practitioners and suggests a possible solution to match a patient‘s symptoms.
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1. Introduction
Research in bioinformatics concerns the elucidation of new information management techniques that can aid in the basic life sciences. A major theme of investigation involves extracting and
encoding the knowledge of clinical-practice guidelines within
computers and the development of information technology that
can communicate these ―best practices‖ directly to clinicians at the
point of care. Researchers are seeking new ways to represent and
archive experimental data so that intelligent software systems can
interpret the results and compare experimental outcomes automatically.
With the rapid growth of available biomedical data in the postgenomic era, systems biology and poly-pharmacology have provided fresh insight into the drug discovery [1, 2]. The computational biology provides profitable approach to address the scientific suspense through efficacious modelling and theoretical exploration. In 2007, Hopkins [3] created a novel concept of network
pharmacology, which is built on the fundamental concept that
many effective drugs in therapeutic areas act on multiple rather
than single targets. Network pharmacology can be reconstructed
with molecular networks that integrate multidisciplinary concepts
including biochemical, bioinformatics, and systems biology [3]. It
affords a rewarding assistance to forecast the off-target effects at a
higher efficiency, which could improve the potency for drug discovery through a novel network mode of ―multiple targets, multiple effects and complex diseases‖
In India there is a very strong acceptance of the Traditional Medical System and Practices. Most of these have not been acceptable
to Modern Medical practitioners earlier but is soon gaining popularity. The refusal to accept therapeutic values of Traditional Medical system is the lack of scientific evidence. Even though India
has a rich heritage and history of Medical Practice very few
vaidyas have ventured into curating their clinical trials and experience.[4] There has been a lot of effort to scientifically validate the

traditional knowledge by eminent scientists. In their paper [5],
Chandran et al., explored the therapeutic properties of Thriphala
and established the anti-cancer properties using Network Pharmacological approach. Several similar researches have been conducted in Traditional Chinese Medicines. This paper tries to bring out
a design of a software tool that will help in identifying alternate
actions and formulations of Ayurvedic medicines based on Complex Networks developed through Text Mining of Ayurvedic Clinical Trials. The proposed system is not expected to perform as a
diagnostic tool. The objective of the tool is to search for ayurvedic
remedies for symptoms or indications given. The results are obtained on the basis of the clinical trial reports and literature published. A classification of the results are made using MeSH and
stored in a database.
The paper explores the state of the art in the next section. The
model is discussed in the third section, it‘s implementation, results
and conclusions in the remaining sections of the paper.

2. Literature Survey
Over the past decades, drug discovery has followed the dominant
paradigm of the ―one gene, one drug, one disease‖ and mainly
focused on designing exquisitely selective ligands which could
avoid side effects [1]. [6] reviews the recent boom in network
methods helping hit identification, lead selection optimizing drug
efficacy, as well as minimizing side-effects and drug toxicity.
Successful network-based drug development strategies are shown
through the examples of infections, cancer, metabolic diseases,
neurodegenerative diseases and aging. As a summarization of
greater than 1200 references, it also suggests an optimized protocol of network-aided drug development, and provides a list of
systems-level hallmarks of drug quality.
Network pharmacology has emerged as a new topic of study in
recent years. It aims to study the myriad relationships among proteins, drugs, and disease phenotypes. Numerous research propose

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

172

to establish comprehensive knowledge links between proteins,
targets, disease, symptoms, pathways, molecules [7]. Efficiency
and efficacy of drugs have been analysed using this approach.[8]
Several text mining services have been developed that helps biologists and researchers search through largevolume of text data.
Guang Zheng et al. [9] constructed networks associated with Chinese herbal medicine Danggui,using data slicing algorithm which
is based on the principle of co-occurrence. In this paper the authors explored the association rules of Danggui. Text mining is
used to demonstrate these rules in different networks. Said Bleik
et al. [10] represent a document as a graph that identify high level
concepts and build concept graph that contains rich representation
of documents. Text categorization is then done using graph kernel
techniques. The results show that accuracy improved significantly
compared to the techniques of vector representation based on extracted key entities. Lejun Gong et al. [11] presented a text mining
approach to extract breast cancer related information as entities
and relationship among them. For entity recognition, a system
called BerMiner is developed based on CRFs model. The experimental dataset is annotated and it will be useful for research in the
field of breast cancer. Qiyu Jiang et al. [12] identified CRF as a
suitable model for named entity recognition. They proposed a
system for mining clinical terms from TCM medical records. The
paper compares various sequence labeling methods: CRF, HMM,
ME and MEMM. The results show that, CRF has the best recognition ability compared to others. Zhenchao Jiang et al. [13] presented a system to train word embeddings using biomedical domainspecific word embedding model. They compare word embeddings
with other models using two deep learning systems, i.e., Deep
Belief Network (DBN) based DDI Extraction model and Recurrent Neural Network (RNN) based NER model. This model is
better than other general-purpose word embedding models. This
model improves performance of deep learning systems in biomedical text mining.
Thomas Evangelidis et al. [14] developed a Proteome-wide Offtarget Pipeline (POP) that helps the identification of drug offtarget and polypharmacology drug design. The process of ligand
binding site analysis and the protein-ligand docking are done automatically. POP is a valuable tool for drug discovery that performs screening of protein groups with functional similarity or
structural features at a faster rate. Yucel Kocyigit and Huseyin
Seker[15] developed a hybrid classification model to identify antibiotic drug targets. Support Vector Machine, Linear Discriminative and Naïve Bayesian classifiers are chosen. The hybrid methods proposed is able to handle highly imbalanced data sets. The
model has very high accuracy compared to previous models. Lin
Wu et al. [16] developed a graph theoretic algorithm to identify
the minimum steering node (MSS) for a given network that can be
applied to several biomolecular networks. Biomolecules identified
in the MSSs play essential roles in controlling the states of the
networks. Arezou Koohi et al. [17] introduced an approach of coclustering of drug, diseases and genes. This method is based on
the multi-view graph similarity of gene nodes. To find highly
connected gene modules, this system use gene similarity function
directly as a part of clustering optimization. The co-clustering
method presented in their work is highly scalable and can also be
used for other graph mining cases.
Dries Harnie et al. [18] proposed a system that uses well-known
machine learning technique such as Spark-driven approach that
allows quick data exploration based on Apache Spark. They are
convinced that this will yield better results faster. In another paper
Lin Wu et al. [19] investigated the MSSs of biomolecular networks by considering the drug-protein binding information. They
explain biomolecular network dynamics using linear timeinvariant dynamic model. A minimum cost maximum flow algorithm is developed to identify the MSS with steering node preference. These MSSs are enriched with known drug targets compared
to the randomly chosen MSSs. Uma Chandran et al. [20] devel-
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oped pharmacology networks of Triphala, a commonly used
Ayurveda formulation. The interaction of bioactives with molecular targets and their relation with diseases can be well understood
by analyzing these networks. Such pharmacology networks could
be used in gaining insight into the world of drug design. Catalina
O Tudor et al. [21] developed a system to get information about
specific gene from biomedical literature. This method automatically identifies key information from the gene‘s literature.
Literature retrieval in the biomedical domain is greatly facilitated
by indexing of articles with MeSH terms. MeSH, which is maintained by the National Library of Medicine, forms taxonomy of
the biomedical words. MeSH subheadings may provide additional
information for each individual article. Several works were introduced using the controlled MeSH concepts to extract information
from literatures.
Michael Krauthammer et al. [22] propose a technique that crosslinks MeSH terms with protein interaction data extracted from
natural language processor for mining biomolecular literature. The
system realizes automated information extraction and their storage
in a dedicated knowledge base with the help of MeSH‘s controlled
vocabulary. Antonio J Jimeno-Yepes et al. [23] explores the use of
automatically generated summaries of biomedical articles for text
indexing and categorization. This study compares different indexing algorithms such as MTI (Medical Text Indexer), individual
MTI components and machine learning. They state that tuning of
the summarization algorithms based on MeSH indexing performs
better. Zhong Huang[24] applied semantic based information retrieval method to mine PubMed abstracts to find genes-disease
association. This is an effective method to discover disease related
biomarker.
Guangyu Shan et al. [25] presents a MeSH based text mining
method to predict new prebiotics. The system use a systematic
feature-ranking algorithm which classifies a variety of carbohydrates into different clusters according to their chemical and biological attributes. The system is developed using the concept of
MedMeSH summarizer, a text mining algorithm that summarizes
a group of genes and describes the functionality of the group. An
exhaustive text mining method is used to get related MeSH terms
and a list is created using optimal terms and is ranked by an overall relevance score. This method used cross-validation ROC analyses to evaluate the performance of the model. The performance is
better than that of random forest method. The results show that
this method attained a specificity of 0.876 and a sensitivity of
0.838. Horacio Caniza et al.[26] proposed a method that uses the
MeSH to accurately quantify the similarity between diseases at
molecular level. This method explores the existing information
about diseases that is scattered across various biomedical literatures. The performance of this method is better than the simpler,
overlap based methods and it also obtains a high-quality score that
characterize disease similarity.
K. Jensen[27] presents a systematized approach to find fooddisease association to identify novel bioactive compounds from
natural sources. It uses text mining and Naive Bayes classification
to assemble the information regarding health benefits of vegetables, fruits and other plants to establish relationship between
foods, phytochemicals and human diseases. This will help the
repurposing of medicinal plants to other diseases and also access
the impact of food on health. H. G. G. Vaka[28] describes a text
mining process to extract associations among disease and herbs
related to Ayurveda using PubMed as literature resource. Automated Vocabulary Discovery algorithm is used to identify biological objects from extracted abstracts.

3. Proposed System
This paper proposes a system that enables the retrieval of information obtained from the literature by means of text mining,
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which provide a way for finding appropriate ayurvedic formulations to cure diseases. We present a MeSH based text mining
method using the large PubMed repository. MeSH terms could
represent the whole text accurately and we can extract characteristic features from vast biomedical literature using these highquality widgets.

3.1. System Architecture
The proposed system fundamentally is organised in two modules.
The Text Mining Module is vested with the responsibility of extracting information from published articles of PubMed and classifying into categories like disease, symptoms, bioactives, targets,
proteins, signalling pathways by MesH standards. These are stored
in a store.
There has to be periodical updation of this database because the
publications happen every day. From the the practitioner side, the
symptoms and patient conditions are sent along as a query to obtain disease suggestions or drug suggestions with a confidence
factor. Figure 1 represents the the architecture of the proposed
system.
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3.1.3 Query Engine

The query engine provides an interface for the users that help to
retrieve required data from the database. Users can query the database for particular indications of disease so that associated formulations can be retrieved. Query engine process user request and
results are returned from the store. Based on the indications mentioned, the formulations are ranked to find the most appropriate
formulation and the result with highest rank can be selected

3.2. Implementation
The articles are obtained from pubmed using MeSH term search.
It is reliable for positive data, as it is verified by NLM. Text mining is performed using Support Vector Machine for classifying the
documents and obtain rich data. Datas are stored in database created using MySQL. Retrieved data are loaded to the database and
are accessed through a web interface created using python.

3.3. Results
The System Proposed was given 50 clinical trial results obtained
from Therapeutic Index of a pharmaceutical which was compiled
from the traditional ayurvedic scripts.. As many as 50 drugs or
formulations were classified and stored along with the indications
or symptoms. When the system was queried with 2-3 indications
the result obtained was a suggestion of diseases and medication
for the symptoms. The suggestions were ranked according the
matching of each indication. Since this was a prototype a weighted
average method was used to obtain a rank. Higher weights were
assigned to indications, smaller weights for other parameters like
age, sex, blood type. Fig. 2 shows the screenshot of the results
obtained.

Fig. 1:. System Overview

3.1.1 Text Mining Module
Due to complex naming systems, the biomedical literature is very
difficult to explore. However, drug ontology and entity extraction
tools are becoming available. Text mining technology and the
development of biological and gene ontologies helps classify and
query data efficiently. The text mining algorithm identifies association among disease and ayurvedic formulations and also assigns a
numerical confidence score to them. Those with higher score is
expected to be more effective that that with lower scores. The
extracted results can be stored in a database and users can retrieve
them effectively through a web interface. This method can drastically reduce the total search time compared to comprehensive
search.
First step is to retrieve all articles that contain Ayurvedic terms
form PubMed. The number of articles related to ayurveda is very
small compared to the total number of articles in PubMed. SVM
classifier can be used to discriminate articles on Ayurvedic clinical trials from those of other disciplines. Then download relevant
articles and store in a local system and PubMed id‗s are noted.
Mining these data will provide association between the terms in
extracted data. The results can be stored in a database and user can
access the information by querying the required data.
3.1.2 Data Repository
Data repository is created to store the extracted information from
retrieved articles. It contains a table to store the citation details.
Each record contains the MEDLINE citation PubMed id, year,
title, and abstract. Also contains table to store disease-formulation
association details. Updation of the records should be done periodically. It is made to communicate with the front end so that the
data can be accessed by users.

Fig.2: Screenshot of obtained results for the indications fever, cold and
cough. Appropriate formulations are listed based on their ranks.

4. Conclusion
The study of the systems biology was the driver to conduct research in the area of pharmacology. Coming from a country like
India prompted the authors to study the state of art in bioinformatics related to Ayurveda and other traditional medical
knowledge base. A lack of updation of clinical experiments was
noticed in most literature. Hence an attempt towards bridging this
gap was the mission of the study. As a result a software tool was
envisaged to mine the knowledge from emerging publications
dedicated to Ayurvedic Research. A Query engine was designed
and developed to test the effectiveness of the classification tool.
Though the results obtained are not analysed, this paper can be
treated as a step forward in this direction.
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