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Outline 

• The evolution of drug discovery… A bird’s eyeview

• Computer aided drug discovery

• Disease-Health

• Disease Specific Web Portal Development (MPDS)

• Some thoughts on how things may evolve



Diffferent Stages in Drug Discovery
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Hormones, 
Vitamins, 

Sulfamides, 
Antibodies

CNS agents,
Semisynthetic 
antibiotics,

Cardiovascular 
agents

Enzyme 
inhibitors, Bio-
pharmaceuticals

Alkaloids, 
organic products

Sera, Vaccines, 
Analgesics, 
Hypnotics, 
Arsenicals

1st Generation

2nd Generation

3rd Generation

4th Generation

5th Generation

Drug Discovery

Organic 
Chemistry

Chemical 
Analysis

Pharmacology

Bacteriology



Drug Discovery….the evolution
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Small compounds

QSAR

Human Insulin

Drug for a 
disease

FDA &

Regulatory 

Control

ADMET
Drug delivery
Clinical failures

Machine
Learning
&
Molecular 
Modeling
Bio-, chemo-, 
Pharmaco-, 
Clinical-
INFORMATICS

Personalized 

therapeutics

Health,
Wellness
Disease

Vaccines
and 

serums
Strong Proliferation

of algorithms, new 

methods and 

software

Target based 
& 
Anlog Based

Genetic

Epigenetic

Metabolic disorders 

Structural
Biology

Drug repurposing
AI, ML & deep insights
Into biology
Personalized medicine
Mechanism of drug action?

Random hit and serendipity

Try your luck

Reasonable clarity on what is the objective?

More emphasis on how it works,

Regulatory, safety and ambiguity

Due to the question of genetic factor

In disease manifestation in individuals 

Chemoreceptors

Chemotherapy

One P(B)ill may not fit all

Every individual is different

Disease-Health



Looking Back…A cursory look at how things evolved
First  

product of 
recombinant 
technology 
- Human 
insulin

Complete 
map of 
human 
genome

1815

Isolation of 
opium

1865

Theory on the 
structure of 
aromatic organic 
molecules 
(Benzene theory)

1870

Development 
Of 

Chemoreceptors

1872

Evolution 
of dye 

chemistr
y

Birth of 
Chemotherapy

Establishment
of 

Periodic table

1905

A new concept 
introduced in 

pharmacology –
theory of receptive 

substances

1910

Synthetic 
drug

1929

Discovery
of 

Penicillin

1953

Elucidation 
of DNA 
double 
helix

1960

QSAR

1970

Molecular 
cloning

Emergence 
of public 

DB’s

1973

Recombinant
technology

1975

Monoclonal 
antibody

1982

1990

Molecular 
modeling

Combinatorial 
chemistry

1998

Isolation of 
Human

embroyonic
cells

2000

Rough draft
Of human 
genome 

announced

2003

2006

Biogenerics

Human 
genome seq
using NGS

2008



Target

Selection

Target

Validation

Lead

Discovery

Lead

Optimization

Pre-Clinical

Trails

Clinical

Trails

Approval?

Bioinformatics

Pharmacophore Mapping

Protein Structure Prediction

Computational Systems Biology 

Drug-Like Properties

Molecular Docking

Pharmacophore Modelling

QSAR

Molecular Dynamics

In silico ADMET Prediction

Phase I

Phase II

Phase III

Computational Drug Discovery



Conceptual map on experimental and computational 
methodologies for drug discovery process

FDA 

Approval

Clinical 

trials

Pre-clinical 

Studies
Physiologically Based 

Pharmacokinetic Modelling

In silico ADMET 

analysis

Experimental 

ADMET AnalysisLead Generation 

and Optimization

De novo 

Design

Hit 

identification

Target 

Identification and 

Characterization

Low/High-Throughput 

Screening

Molecular 

Docking

Pharmacophore 

search

Chemical Similarity 

Search

Lipinski’s 

rule of 5

Quantum 

Mechanics

QSAR 

Modelling

Scaffold 

Hopping

Viral 

Combinatorial 

Chemistry

Biochemical 

Pathway Analysis

Assay 

Development

X-ray 

Crystallography

Protein Structure 

Predication

Molecular 

Modelling

Molecular 

Dynamics



Disease Pathophysiology

Disease manifestation in any organism is inhenerently dependent on 
number of factors: Unravelling the working strategy is key?

Organisms

Gene

Protein 

target

Epigenetic 

changes

Clinical 

implications

Metabolic 

pathway

Protein - protein 

interaction

Gene - gene 

interaction
Disease Disease

relationship

Gut 

microbiota

Small 

molecules

Biologics
Mechanism of 

action

Disease 

pathophysiology

Organisms

Disease 

pathophysiology



A drug development cycle

 Is expensive, prolonged and

risky affair?! 9
GNSastry@CSIR-IICT, 15th Nov, 2014



The market landscape is highly fragmented with several new entrants; majority 

of the companies offer structure-based drug design focused on early stage drug 

discovery.

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



The overall opportunity is anticipated to be well-distributed across the various steps of 

drug discovery steps, type of molecules and the concerned sponsors

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



The majority share is expected to be held by North America and Europe; however,

Japan, China and certain other emerging markets are likely to grow at faster rate.

Source: Computer-Aided Drug Discovery Services Market, 2018-2030 (2018).



I identified a 

drug to cure 

cancer

I modified 

that drug to 

improve the 

potency and 

selectivity of 

that cancer 

drug

I applied network 

pharmacology and 

machine learning 

methods to identify 

potential drug targets 

and small molecular 

lead molecules for 

cancer.

Data Science - A Game changer in Drug Discovery???



Bottlenecks in Drug Discovery – In recent times! 

Challenges

Solutions

Drug 
Development

Costs

~ 1 billion to 11.8 billions

Slow pace

~ 7 to 10 years to reach 

market place

Duplication Reproducibility

New formulation of 

existing drugs

Partnerships

Government

Research 

institutions

Funders

Clinicians

Pharma

industries

Crowd Sourcing

science

Faster Approval protocols

for drug development

Rapid delivery of 

Novel, affordable and 

effective therapeutics



– Delivery route 

• Oral, parenteral, topical, inhaled…. 

Drug - Drug interactions

Differentiation from 

current therapies

(Safety, Cost, Efficacy )

Dosing frequency 

(Every day, every week)

Cost of Drugs

Risk of Misuse/Controlled substances 

Tolerable side effects 

Safety in 

pregnant/breastfeed

ing populations 

Dose adjustment in 

pediatric patients

Monitoring – specialist 

use, liver function tests,… 

Drug Product Profile 

&

Challenges

Drug Product Profile & Challenges



Disease – A Perturbation in Health: A Mathematical Model

WHO Definition for Health 

Health is a state of complete physical,  mental and social well-being and not merely the 

absence of disease or infirmity

Post-COVID WHO Definition for Health !

Health is a state of complete physical, mental, social, emotional and spiritual well-being and 

not merely the absence of disease or infirmity

Disease = Health + Perturbation

Health = PW + MW + SW

Disease ≠ Sickness ≠ Illness ≠ Malady 

PW = Physical well-being

MW = Mental well-being

SW = Social well-being



”Health is a state of complete physical, mental and social 
wellbeing and not merely the absence of disease or infirmity”

Health

Health-Ageing-Disease Relationship
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• Nutrition

• Exercise

• Sleep

• Alcohol and Drugs

• Weight Management

• Skills, Behaviors, 

and Knowledge

• Self-confidence, 

Awareness, and Self 

Perception

• Public Health

• Family Relationships

• Peer Relationship

Biological Age, Chronological Age, Psychological Age 

Physical

Mental

Social

Data driven, structural biology and molecular modeling
Unraveling the pathophysiology of degenerative diseases and disease progression

Aging

Psycho
logical
factors

Life 
style

Environ
mental
factors

Nutrient
deficiency

Genetic
factors

Life 

Style

diseases

Congenital and 

genetic 

diseases 

Neurodegenerative 

diseases

Infectious 

Diseases



Health

Age

Env. 

factor

Mental 

health

Population

Nutrition Physical 

health

• Chronological age

• Biological age

• Pschycological age

• Diet

• Life style

• Gut bacteria

•Immune status

• Drug use

•Physical activity

• Stress level

• Loneliness

• Grief 

• Pollutant exposure

• Parasites

• Disease vectors

• Geographical 

region

Interactions between Genes and the Environment and 

Their Effects on Health



IMMUNITY
Genetic 

Determin
ants

INFLAMMATION

Genetic

Factors

Physical 

Factors

Environmental 

Factors

Nutrition & 

Life style

Cognitive 

Factors

Age associated Diseases

Altered:

• Macrophage activation

• T – cell-antigen-specific 

expansion

• Antibody production Ageing



Life style 

diseases

Metabolic 

disorders

Rare

Diseases
Infectious 

diseases

Small population

• Diet 

• Obesity

• Hypertension

• Circadian clock

A large number of

metabolic disorders

are rare diseases

Insufficient 

nutrient intake

• Overcrowding

• Poor water, 

sanitation, hygiene

• Inadequate shelter

• High exposure to 

and/or proliferation of 

disease vectors

Some infectious diseases are rare

diseases

Factors Connecting Rare Diseases, Metabolic Disorders,

Lifestyle Diseases, And Infectious Diseases



Genesis of Molecular Property Diagnostic Suite: MPDS

MPDS-TB published in the 
year 2017

MPDS disease-specific web portals are
aimed to gather, find & discover all
possible information on a particular
disease from all possible resources along
with CADD tools at one place.

MPDS idea was 
conceived by GNS in 

2004

While MPDS Team 
started working in 2011

Various brainstorming MPDS 
workshops were held at, 

CSIR- IICT, CSIR-NCL and 
CSIR-NAL in the years 

2014-2016

More MPDS-Disease 
specific portal for HIV, 

Metabolic disorders, 
etc., were under 

development in the year 
2017

Drug-like filters, toxicity filters, membrane 
permeability filters are developed for advanced 

AI modules in 2021

Advanced AI modules 
for MPDS included in 

2019

MPDS-Covid-19 and 
MPDS-MD developed in 

2020



Molecular Property Diagnostic Suite (MPDS) is being developed with 
the purpose of strengthening computational drug discovery in India.  

Development of Open Source Drug Discovery 
Software

Architecture of MPDS Disease-specific Web Portals

•Target library
•Literature
•Gene library
•Compound library

•File format 
converter
•Descriptor 
calculations

Data library Data processing

Data analysis Advanced modules

•Molecular docking
•2D-QSAR
•Virtual screening
•Drug repurposing
•Visualization
•Active site prediction

•Machine learning tools
•Text mining
•Predictive computing
•Multi-scale modeling

MPDS modules

MPDS – Tuberculosis
MPDS – Diabetes
MPDS – COVID19
MPDS – Metabolic disorders
MPDS - HIV

•Disease dependent
•Disease independent

http://mpds.neist.res.in





A Knowledge based approach to drug repurposing 
for socially important and rare diseases

Co-PIs: G. Narahari Sastry, Ph.D. (CSIR - NEIST, jorhat)

Vladimir Poroikov, Dr. Sci. (IBMC, Moscow)

RSF/DST Project # 16-45-02012/ INT/RUS/RSF/12 



Web Portals Integration

MySQL 
Database with 

Common Access 
Biological Activity 
Prediction Tools in 

Way2Drug

MPDS Compound 
Library with 

Properties and Drug 
likeness Filter

Results 
Obtained 

from  both 
the Web 
Portals

http://www.pharmaexpert.ru/passonline/http://mpds.neist.res.in/

Integrated Platform

http://www.way2drug.com/dr/dst/

Galaxy Based 
Platform

Developed on 
Bootstrap 
Front-end 
Framework



Integrated Web portal

MPDS                       WAY2DRUG

Available at: http://www.way2drug.com/dr/dst/

http://www.way2drug.com/dr/dst/


Instilling the mindset to write and develop 
software for drug discovery

Ideate

Collaborate

Formulate

Develop

Assess

Share to 
Public

General Purpose 
Libraries for 

Computational Drug 
Discovery

TeachOpenCADD

RDKit

CDK

Lilly-MedChem-
Rules

Mol2Vec

DocKin

Gromacs

OpenMM

MDTraj

Machine Learning 
modules

DeepChem
ChemML

OpenChem
Pytorch-geometric

Visualization
Kekule.js
3Dmol.js

JChemPaint
Nglviewer



Learning from Successful Open Source 
Developments

Few 
Successful 

Open Source 
Projects

• Linux OS

• The World Wide Web

• Apache Software 
Foundation

• Android

• Python

People

Process

Open 
Source

Science

•Security

•Affordability

•Transparency

•Perpetuity

•Interoperability

•Flexibility

Transforming the 
features of Open 

Source Software for 
Tangible Benefits in 

Computational 
Sciences

• Chemical and biological data 
repositories

• High performance computing 
clusters

• Cloud computing
• Virtual Machine
• Containers



Architecture of MPDS



Open source drug discovery tools in MPDS Platform

MPDS 
Homepage

MPDS  server

USER 
INPUT

GET
OUTPUT

•Macromolecules
•Small molecules
•(different file formats)

•ADME Properties
•Drug likeness properties
•Docking score
•Docked complex

Hosted @ CSIR - NEIST

Open source drug 
discovery tools

Molecular docking
Virtual screening

DruLito
PASS analysis

PaDEL Descriptor

Indigenously 
developed 
Scripts



J.Chem.Sci., 2017,129, 515-531

J. Biomed. Inform.,2018, 85, 114-125

SAR QSAR Environ. Res., 2017, 28, 11, 913-926

Comput. Biol. Med., 2021, 138, 104856

ACS Omega, 2021, 6, 27, 17472–17482

Selected Publications of MPDS



Some thoughts…



> 5000 years of Knowledge/Wisdom
&

~ 100 years of Modern Science

• Ethnopharmocology

• Health-nutrition-traditional practices.

• Can we gain by looking back in the not so recent
past…(may be a few centuries of human
existance)

• Sustainability...Asking the right questions

•Doing things correctly vs. Doing
correct things 34

G. Narahari Sastry, CSIR-NEIST, Jorhat, Assam



Liquid crystals to control
light and images

Anaesthetics enabling 
advanced surgery

Fertilizers, are essential to 
modern food production

Fibrous material made from 
carbon nanotubes

The invention of vulcanized rubberThe discovery of bronze led to the 
creation of stronger weapons

Modeling &
Computation 
is essential 
to design 

novel 
molecules 
for unmet 
needs of 
Science & 
Society 



On understanding…....

What contributes to better comprehension in
understanding and analysing the computational drug
discovery results ?

INPUT OUTPUT Mostly hidden
Black Box

OR

INPUT 

out1 out2 out3

OUTPUT 



Computational Intractability 
Reality can only be measured to the limit derived by Heisenberg.

We attempt to model the reality of an analog world with digital 
computers. 

Hence, our models, however accurate, will only be depicting the 
epistemological (and not ontological) reality. In other words, our 

models, however honest, will always be approximate.

Having said that, the innate motivation of any model has been to 
mimic the objective reality, as closely as it can be perceived.



Computer Aided Drug Discovery
How disease and health can be subjected 

to mathematics?

Identify the cause based on 
pain and symptoms to treat the 
disease : Need basedThen

Now

What's 
next?

Diagnosis with modern testing 
facilities to find what is the 
problem : Logic based

Personalized health focusing 
disease symptoms and 
progressions at individual level:
Purpose based



“A Model must be wrong, in some respects, else it will
be the thing itself. The trick is to see where it is right”!

---Henry A. Bent 



Thank You!


