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ABSTRACT

Understanding the relationships between drugs and symptoms has broad medical consequences, yet
a comprehensive description of the drug-symptom associations is currently lacking. Here, 1441 FDA-
approved drugs were collected, and PCA was used to extract 122 descriptors which explained 91% of
the variance. Then, a k-means++ method was employed to partition the drug dataset into 3 clusters,
and 3 corresponding SVDD models (drug-likeness screening models) were constructed with an overall
accuracy of up to 95.6%. Furthermore, 6878 herbal molecules from the TcmSP™ database were screened
by the above 3 SVDD model to obtain 5309 candidate drug molecules with highly accept classification
of 77.19%. To assess the accuracy of the SVDD models, 8559 herbal molecule-symptom co-occurrences
were mined from Pubmed abstracts, involving 697 herbal molecules and 314 symptoms. Most of the 697
herbal molecules could be found in the accepted SVDD data (5309 molecules), showing the potential of the
SVDD for the screening of drug candidates. Moreover, a herbal molecule-herbal molecule network and a
herbal molecule-symptom were constructed. Overall, the results provided a new drug-likeness screening
approach independent to abnormal training data, and the comprehensive collection of herbal molecule-
symptom associations formed a new data resource for systematic characterization of the symptom-

oriented medicines.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Substantial research effort has focused on symptoms and
symptom-based diagnosis and treatment [2,3]. The development

Symptoms, subjective experiences reflecting changes in the
biopsychosocial functioning, sensations, or cognition of an individ-
ual [1], serve as particularly important guidelines for the diagnosis,
evaluation, prevention, and treatment of diseases. Clearly defin-
ing symptoms, accurately understanding symptom differences and
correctly recognizing the symptom-drug relationships have criti-
cal effects on reducing medication-related problems. Without an
effective system for symptom analysis, no significant benefit will
be achieved; even worse, inappropriate drug use can occur and
resources can be unnecessarily wasted.
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of multidimensional symptom models drives advancement in
symptom management research. Associations of symptom dimen-
sions with IFN-a and ribavirin were documented [4]. Differential
efficacy of drugs was found based on symptom dimensional mea-
sures for escitalopram and nortriptyline [5] and escitalopram
and nortriptyline [6]. Nosological analysis was performed for
obsessive-compulsive disorder [7], autism spectrum disorder [8]
and somatization [9].In addition, examples of symptom-based clin-
ical practice guidelines involve therapy for cardiovascular disease
[10,11], treatment of infectious diseases [12,13], and manage-
ment of cancer pain [14,15]. The symptom-based research gives an
informative picture of the clinical presentation and a quantitative
estimate of the severity of the disability, and also proposes novel
diagnostic criteria for diseases.

It is fair to say that to date understanding of symptom-drug rela-
tionships has only been partly achieved and much remains to be
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Fig. 1. Schematic representation of the herbal molecule screening workflow. 1441 FDA-approved drugs were first collected from the Drugbank database, and 1441 descriptors
were calculated for each drug. To improve the robustness of the data, PCA was used to extract the features, and 122 descriptors were obtained for each drug. Then, the k-
means++ method was employed to classify the 1441 drugs into 3 groups, and 3 corresponding SVDD models were constructed for the drug groups. Furthermore, 6878 herbal
molecules were collected from the TcmSP™ database, and the above 3 SVDD models were used to screen the herbal molecules. 5309 herbal molecules were recognized
to be candidate drugs by the SVDD models. To assess the accuracy of the SVDD models, the text-mining method was used to search the relationships of the 5309 herbal
molecules with their symptoms, and 697 herbal molecules related to the symptoms were retrieved after quality assessment. To further clarify the herbal molecule-symptom
relationships, a herbal molecule-herbal molecule co-occurrence network was constructed based on the symptom similarity of the 697 herbal molecules.

done when it comes to systematic analysis. Owing to the inherent
complex interplay between symptoms and drugs, a general under-
standing of their relationships requires a systems level view rooted
in the large-scale information retrieval.

-
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The objective of this work is to lay the ground for a system-
atic computational approach able to account for such relationships.
Typical techniques to investigate biosystems are text mining,
information extraction, and retrieval applications, techniques that
extract valuable information from large volumes of data [16]. Con-
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Fig. 2. ROC curves to compare the performance of SVDD. (A) and (B) shows SVDD with k=3 and v=0.3, k=4 and v=0.3, respectively.
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