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Systems pharmacology is an emerging area in the field of medicinal chemistry and pharmacology which
utilizes systems network to understand drug action at the organ and organism level. It applies the
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analyzes at multiple biological organization levels facilitating the understanding of both therapeutic

adverse effects of the drugs. Nearly a decade ago, the term systems pharmacology was used to define the
drug action in a specific organ system such as reproductive pharmacology [1], but to date, it has been
expanded to different organ and organism levels [2].
Network approaches are useful in organizing large biological datasets and obtaining useful information. A
network represents the relationship among the nodes, which represents proteins [3], genes [4], drugs [5],
and diseases [6,7]. The nodes are connected through the edges which represent protein-protein interaction
[3], drug- drug interaction [8], and so on (in the context of drug action).
The computation tools provide the network analysis methods for identifying potential drug targets, which
can later be used to develop drugs. Network analysis methods provide the number of proteins getting
affected by targeting a particular protein in the network and help to identify whether the protein
participates in motif or not [9]. These methods can be used to predict the positive and negative effects of
the potential drug. For example, a protein with high connectivity may cause lethal effects, and the disease
genes with low connectivity are lethal but may lead to disease phenotype [10]. The positive and negative
effects of the potential drugs can be studied by analyzing the proximity of a protein to the another protein
which is involved in the long QT interval (a measure of the time between the start of the Q wave and the
end of the T wave in the heart’s electrical cycle) event. A network algorithm applying MFPT (mean first
passage time) can be used to identify the protein that may lead to long QT interval [11]. The nearest
neighbor method can be used which assesses the distance by measuring the shortest path between the
protein of interest to any other known proteins leading to long QT event.
Another advantage of using systems network in the context of the targets involved in therapeutic and
adverse actions. Network systems can identify physiologically relevant targets and determine the other
nodes with which these targets show their action. Similarly, there are some databases available which
stores information related to all drugs and their effects such as DrugBank [8]. A database, FDA Adverse
Events Reporting System (AERS) is a publicly available database which stores drug-induced adverse
events in the patients using one or more drugs. It helps in building organ-level and organism-level
networks through which the concurrence of therapeutics and related adverse phenotype can be identified.
The network analysis can identify the potential drug targets at the macro molecular level, they need to be
filtered by structural criteria to determine their ability at the atomic-level. The development of new drugs
requires deep insight of the structures of the targets and the drugs which helps to study the atomic-level
interactions. The binding pockets of target are analyzed in order to determine the best fit pocket for the
drug, in some cases when the binding pockets does not accept the drug, then the structure of the drug is
modified. This is well-studied area in pharmacology which uses computer aided drug designing (CADD).
This helps in either activation or inhibition of the target depending on the need. Further, the ADMET
(absorption, distribution, metabolism, excretion, and toxicity) properties can be predicted.
The systems pharmacology has enormous impact on drug development and drug usage which can provide
means to develop drugs for the diseases such as type 2 diabetes, cancer, other metabolic and immune
disorders which are not susceptible to simple treatment approaches involving the use of antibiotics.
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