
Sri Devaraj Urs Academy of Higher Education and Research 
Comprising Sri Devaraj Urs Medical College 

 

(A Deemed to be University) 

Research and Development Cell 
 

Central Ethics Committee Re-registered under CDSCO -Registration No. ECR/425/Inst/KA/2013/RR-20 dated 28.4.2020 

Books 2024-25 
 

Sl.N

o 

Title of the Book/ 

Chapter 

Authors name Year Book/ 

Chapter 

Publishers Page No 

1.  

 

 

Arts and Science of 

Surgical Grossing 

Techniques 

ISBN. : 978-93-5747-

339-2 

Nikhil 

Subhashish Das 

Kalyani R 
2024 Book 

Interactive 

International 

Publishers 

Selfypage 

developers Pvt 

Ltd. 

Chikamangalore

, Karnataka, 

India 

 

 

 

 

 

1 

2.  

Book: Traditional 

Resources and tools for 

Modern drug Discovery 

Chapter: Different Tools 

for Modern Drug 

Discovery Research 

ISBN. : 978-981-97-

4600-2 

 

Manjunatha B 2024 

Chapter in 

Book 

Springer Nature, 

Singapore Pte 

Ltd. 2024 

 

 

 

2-23 

3.  

Book: Marine Greens 

Chapter: Interaction 

between Soil microbioms 

and Plants 

 ISBN. : 978- 3-031-

71844-1 

 

Manjunatha B 

 
2024 

Chapter in 

Book 

Springer 

Publishers 

 

 

 

24 

 

 

 

 

 

4.  

Book: Marine Greens 

Chapter: challenges of 

soil microbioms and food 

safety 

 ISBN. : 978- 3-031-

71844-1 

Manjunatha B 

 
2024 

Chapter in 

Book 

Springer 

Publishers 

 

25 



 

5.  

Serum Biomarkers for 

pain in knee osteoarthritis: 

A review of current 

evidence and future 

directions. 

ISBN: 978-93-7020-845-2 

K. Vinay Kumar 

MPT 

2025 Chapter in 

Book 

IIP Iterative 

international 

publishers 

 

 

26-27 

6.  

Exercise for postpartum 

pelvic girdle pain: 

Scoping Review 

ISBN:978-93-7020-845-2 

 

Saniksha Sudhir 

Revandikar 

2025 Chapter in 

Book 

IIP Iterative 

international 

publishers 

28-29 

7.  

Effect of Mckenzie 

exercises on H reflex in 

lumbar radioculopathy 

ISBN:978-93-7020-845-2 

 

Shashwath P 

Naidu 

2025 Chapter in 

Book 

IIP Iterative 

international 

publishers 

 

30-31 

8.  

Interprofessional skills in 

telehealth simulation 

among health sciences 

interns: An Observational 

study 

ISBN:978-93-7020-845-2 

 

Dr Sarulatha 2025 Chapter in 

book 

IIP Iterative 

international 

publishers 

 

 

32-33 

9.  

Revolutionising Health 

Professional Education: 

The power of Interactive 

Tools. 

ISBN:978-93-49729-85-8 

Naveen Kumar 2025 Chapter in 

Book 

BP International  

34 

10.  

Techniques in 

cytogenetics & molecular 

biology 

ISBN:978-93-6418-922-4 

Dr 

Venkateshwarul

u Raavi 

2025 Chapter in 

book 

Blue Duck 

Publications 

36 

11.  

Flaxseed Bioactive in 

Oncoprevention: 

Investigating Omaga-3 – 

Enriched Nutraceutical 

Straregies for Cancer Risk 

Reduction. 

ISBN No. :  978-93-49-

307-15-5 

Gulshan Kumar, 

Vedamurthy 

Joshi, 

Ashok kumar. 

B. S, 

Deeksha Singh, 

Ujashkumar 

Shah. 

2025 Chapter in 

Book 

Mantra 

Publications 

(DeepScience) 

 

 

37-39 

12.  

Pharmacological Profiling 

of ginger – Derived 

Bioactive Constituents: 

Anti-Inflammatory and 

Pro- Apoptotic 

Anil Kumar 

Rashmi Sharma 

N. S. Dhisha, 

Dhiraj Kumar 

Reetesh Malvi 

2025 Chapter in 

Book 

Mantra 

Publications 

(DeepScience) 

 

40 



Interventions in Cancer 

Pathophysiology. 

ISBN No. : 978-93-

49307-16-2 

 

13.  

Awareness of Cancer 

among Adults in a rural 

health field practice 

area: A cross sectional 

study from a tertiaty 

medical college 

ISBN No. : 978-93-

48388-32-2 

 

Sudhakar S 

Pradeep TS  

 

 

2025 Chapter in 

book  

 

 

 

BP 

International, 

West Bengal, 

India 

 

 

 

41 

14.  

Phytopharmacological 

Insights into Aloe 

Vera:Bridging 

Cytoprotective 

Mechanisms and 

Therapeutic Applications 

in Cancer and Tissue 

Repair. 

ISBN No. :  978-93-

49307-16-2 

Gulshan Kumar, 

Vedamurthy 

Joshi, 

Ashok kumar. 

B. S, 

Deeksha Singh, 

Ujashkumar 

Shah. 

2025 Chapter in 

Book 

Mantra 

Publications 

(DeepScience) 

 

 

42 

15.  

Essentials of Geriatrics 

Dementia in Elderly 

ISBN No. :  978-93-

92348-97-6 

Dr B 

Vengamma 

2025  Hams 

Publications 

house 

43-45 

16.  

Tata Memorial Centre   

 Textbook of oncology 

Chapter:  Prostate 

Cancer 

ISBN No. : 978-981-99-

3378-5 (print) 

ISBN No. : 978-981-99-

3377-5 (e print) 

Abhay K 

Kattepur 

2024 Chapter in 

Book 

Springer Nature, 

Switzerland AG 

2024 

46-68 

 

 

 

 

 

 

 

 

 

17.  

Book :Ethno  medicinal 

plants for drug Discovery  

Chapter: Advancement 

of analytical techniques in 

some ethno medicinal 

plants: current and future 

perspectives. 

L Sunil 

Sadashivaiah 

R.Chandrakanth 

Akhileswar 

Kumar 

Srivastava 

CS Shivakumar 

2024 Chapter in 

Book 

Springer  

 

69 



  

ISBN No. : 978-981-97-

3404-7 (print) 

ISBN No. : 978-981-97-

3405-4 (e-print) 

 

18.  

Book:  Shock indices as 

prognostic indicators 

Chapter: Shock indices 

as prognostic indicators 

among sepsis and septic 

shock patient with & 

without comorbidities 

presenting to Emergency 

Department 

ISBN No. : 978-620-7-

80575-4 

Devendra 

Prasad KJ 

2024 Chapter in 

Book 

LAP 

LAMBERT  

Academic 

Publishing 

 

 

 

70 

19.  
 “Metabolic Syndrome – 

On Overview 

Dr. K Prabhakar  Chapter in 

Book 

Jaypee 71-78 





55© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2024
A. Das Talukdar et al. (eds.), Traditional Resources and Tools for Modern Drug 
Discovery, Interdisciplinary Biotechnological Advances, 
https://doi.org/10.1007/978-981-97-4600-2_3

Different Tools for Modern Drug Discovery 
Research

Srinivasan Kameswaran, B. Swapna, Mandala Ramakrishna, 
Bellamkonda Ramesh, and Manjunatha Bangeppagari

Contents

1  �Introduction�   56
2  �Software for Creating, Finding, and Developing Drugs�   58

2.1  �Pharmacokinetic Parameters�   58
2.2  �Interactions Between Ligands and Molecular Dynamics�   60
2.3  �Structure-Activity Connection and Molecular Modeling�   64
2.4  �Visualizers and Image Analysis�   67
2.5  �“Data Analysis”�   70
2.6  �Behavioral Study�   72

3  �Conclusion�   73
�References�   74

Abstract  The least amount of pharmaceuticals that complete clinical studies makes 
it to market. Drug discovery, which includes drug creation and development, is a 
complex and expensive endeavor. Over the past three decades, technologies for 
finding and developing drugs using software played a significant role in the produc-
tion of biologically active molecules. The pharmacokinetic and pharmacodynamic 
properties of drugs, as well as the structural interaction between the ligand and its 
target that determines how well they work together, can all be examined with the 
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help of cutting-edge software-based techniques such as molecular modeling, 
“structure-based” online testing, a molecule interaction, “structure-based” drug 
design, and molecular simulation. Through the interactions of tiny compounds with 
structural macromolecules, computational techniques like docking enable hit detec-
tion and lead improvement. These techniques are quicker and more precise, and 
they offer insightful information on the results and workings of experiments. 
Additionally, the effective application of these strategies can lower the price of med-
ication developing and development. These software are currently playing a crucial 
part in the various stages of drug development in the biomedical sciences. The most 
popular software for medication development and design is discussed in this chapter 
along with its successful uses.

Keywords  Drug discovery · Pharmacokinetic · Docking · Drug designing · 
Pharmacodynamic · Bioactive compounds

1 � Introduction

To find and develop new bioactive pharmaceuticals for a variety of therapeutic indi-
cations, the pharmaceutical industry now heavily relies on the use of software and 
model-based techniques. The process of finding new drugs has sped up, and various 
obstacles have been lessened with the proper usage of software and computer-based 
current technologies (Fig. 1). Modern medicinal chemistry techniques, like “molec-
ular modeling,” “structure-based drug design,” virtual screening using structure, 
“ligand-based” modeling, and “molecular dynamics,” offer helpful “tools” for 
understanding the pharmacokinetic and pharmacodynamic properties, as well as the 
structural activity relationship between ligands and their targets (Ferreira et  al. 
2015; Sliwoski et  al. 2014). The use of simulations and modeling, like “ligand-
based computer-assisted drug designing” (“CADD”), offers an effective model for 
modern therapeutic research conception and evaluation (Kimko and Pinheiro 2015; 
Gill et al. 2016). By using these methods, fewer animals will be required for research 
and preclinical drug discovery phases, handling large amounts of data will be easier, 
and study results will be more accurate (Hodos et al. 2016; Liu et al. 2016).

A single new drug’s successful discovery, development, and introduction onto 
the market costs over $1 billion and takes almost 12 years to complete. The main 
challenges in developing new medications include prohibitively expensive, time-
consuming, and inadequate risk, results-ambiguous, and using incredibly compli-
cated processes. To address these challenges, novel and more cost-effective 
approaches to drug design and discovery—such as “molecular docking,” software, 
and machine-learning drug design—must be used (Hodos et al. 2016; Wasko et al. 
2015). This evaluation focuses on frequently used software and its possible applica-
tions in the field of novel medication development (Fig. 2).
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Fig. 1  Modern methods for finding new drugs

Fig. 2  Novel methods and approaches for drug discovery
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2 � Software for Creating, Finding, and Developing Drugs

Based on the tasks that the software performs and how they work, other categories 
include software for evaluating “pharmacological parameters,” drug connections 
and “molecular dynamics,” “molecular modeling” and “structural activity relation-
ship,” visualizations and “visualizers,” “data” analyzers, and behavior “analysis 
software.”

2.1 � Pharmacokinetic Parameters

2.1.1 � “Software for Dose Dissolution and Disintegration,” or “DDD Plus”

DDDPlus (“Dosage Disintegration and Dissolution” Plus) is used to study the dis-
integrating and dissolving pattern of dosage forms and active compounds. Using a 
complex computer program, formulation specialists simulate the dissolution and 
disintegration of additives and “API,” or “active pharmaceutical ingredients,” 
in vitro under a range of experimental conditions. A single calibration experiment 
is often needed when formulating a new API. The rate of dissolution is then pre-
dicted by DDDPlus based on changes to the formulation or the testing setup. With 
this program, you may precisely determine the rate of dissolution and disintegra-
tion, eliminating the need for conventional “cut” and “try” methods to finish the 
composition model (Almukainzi et  al. 2015; Uebbing et  al. 2017; Kollipara 
et al. 2023).

With DDDPlus, you may choose from five different dosage forms and five differ-
ent mathematical models that show how a chemical dissolves. The computational 
approaches used in the in vitro dissolving modeling describe the impact of the fol-
lowing parameters on dissolution:

•	 Physical and chemical characteristics of the formulation components being 
examined, including density, solubility, diffusion coefficient, and pKa values

•	 Producing qualities for dosage formulations with instantaneous release
•	 The distribution of particle sizes for every ingredient in the mixture
•	 Various fluid velocities and flow patterns for every experimental equipment
•	 The interaction between a mixture of ingredients and the drug’s active 

component
•	 The reliance of the solubility, collapse, and “precipitation” on the pH of the 

microenvironment

The dissolution of micelles is aided by the addition of surfactants to the media.
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2.1.1.1  Applications

•	 Uses the instrument speed and kind of apparatus to autonomously determine the 
liquid movement.

•	 DDDPlus features an optimization module that uses a single experimental data 
set to calibrate the dissolution rate of a medication.

2.1.2 � Drug Development and Discovery Simulation Program, 
or GastroPlus

GastroPlus is software designed to simulate many absorption routes, including 
“intramuscular,” “oral,” “oral cavity,” ocular, “intranasal,” and “pulmonary,” as well 
as “pharmacokinetic” and “pharmacodynamic” effects in animals and people. Its 
foundation is mechanistic theory.

It is possible to fit the model parameters to the data for one record at a time or for 
several records at once. Every time a record is entered, the program does a single 
simulation and modifies one or more model parameter values. Typically, for every 
hundred iterations, N simulations will be executed, where N is the total amount of 
data whose outcomes are compared to the measured results. The most popular 
weighting strategies are included in user-defined objective function weighting 
(Honório et al. 2013).

2.1.2.1  Applications

•	 Interactions between drugs based on transporters.
•	 Induction of metabolism and/or transporters.
•	 Associated with the “1-ranked dissolution/absorption (ACAT) model” in the 

industry.
•	 When appropriate, use physiological-based pharmacology or “compartmental 

pharmacokinetics.”
•	 Employ competitively along with dependent on-time inhibitory kinetics for the 

“parent and/or metabolite.”
•	 Either “simulate DDIs” for humans, beagles, rats, mice, rhesus monkeys, cyno-

molgus monkeys, rabbits, cats, or any other species.
•	 Take into account variations in the levels of enzyme expression in different 

populations.
•	 An integrated tool for quickly calculating the portion of in vitro experiments that 

are metabolized.
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2.1.3 � MapCheck

The results of the ion chamber are compared with the absolute dosage measure-
ments of both systems using MapCheck. It contrasts the Portal Dosimetry from 
Varian and the MapCheck IMRT QA procedure from Sunnuclear.

The MapCheck system calibrates the diode array, generates an approval strategy 
for every area, and exports the estimated dose “map” (“Frontal”) for every area 
before collecting data. Plan complexity raises the standard deviation. The average 
measured dose is not affected by the complexity of the strategy. It is an easy-to-use 
data analysis program that facilitates the commissioning process and produces thor-
ough reports (Jursinic et al. 2010).

2.1.3.1  Applications

•	 MapCheck is utilized for verifying IMRT.
•	 MLC is detected by tiny sensors.
•	 The use of MapCheck for dose-based EPID IMRT quality assurance.

2.2 � Interactions Between Ligands and Molecular Dynamics

2.2.1 � AutoDock

An automated tool called AutoDock is used to forecast interactions between ligands 
and proteins, or biomacromolecular targets. Bimolecular X-ray crystallography is 
constantly developing, which aids in the provision of structural data for complex 
biomolecules including proteins along with genetic materials. In addition to being 
utilized as goals for innovative medications to treat ailments in people, animals, and 
plants, such frameworks may also be employed to understand fundamental biologi-
cal principles.

There are several steps involved in AutoDock calculations:

•	 Using AutoDock tools to prepare coordinate files
•	 Atomic affinities are precalculated with AutoGrid
•	 Using AutoDock for ligand docking
•	 Utilizing AutoDock Tools for outcome analysis

2.2.1.1  Organize the Preparation of the File

AutoDock4.2 has optimized the protein and ligand model to include polarized 
“hydrogen atoms” rather than “hydrogen atoms” bonded to “carbon atoms.” An 
enhanced “PDB format” called “PDBQT” is used to store collaborative data, includ-
ing atom charge partials and atomic types. Currently, the “AutoDock force field” for 
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the most common atoms uses multiple atomic kinds: various varieties of “aliphatic” 
and “aromatic carbon atoms,” and a variety of “polar atoms” that form bonds with 
hydrogen as well as the ones that do not. The “PDBQT files” additionally contain 
the “torsional degrees of freedom.” When some side chains in the peptide are 
thought to be flexible, a separate “PDBQT file” is additionally created for those 
chain locations. With “AutoDock Tools,” the visual user experience for “AutoDock,” 
and “PDBQT” files can be generated from standard PDB files.

2.2.1.2  AutoGrid Calculation

Precalculated “atomic affinity” possibilities are used to forecast fast energy evalua-
tion for each type of atom throughout the ligands component getting coupled. 
Within this three-dimensional protein-embedded grid, an inspection atom appears 
at every “grid point.” An AutoGrid affinity grid has been constructed for each kind 
of element inside the molecule; these networks primarily comprise electromagnetic 
and dissolution possibilities as well as carbon, oxygen, nitrogen, and hydrogen. The 
AutoDock computation uses the grid values to evaluate the kinetics of a particular 
“ligand” combination.

2.2.1.3  “Using AutoDock for Docking”

For docking, there are numerous techniques. One of the most effective techniques 
among them is the Lamarckian genetic algorithm (LGA). Genetic algorithms and 
simulated annealing traditionally accomplish docking. The optimal solution is 
found by combining the study of the anticipated energy and consistency of data 
obtained from running AutoDock multiple times, which produces multiple docked 
conformations for typical systems.

2.2.1.4  AutoDock Tools Are Used for Analysis

Tools for “visualizing confirmations,” “ligand-protein interactions,” “affinity poten-
tials” produced by “AutoGrid,” and grouping results based on conformational simi-
larity are all included in the AutoDock Tools suite of methods for evaluating the 
outcomes of docking simulations (Rizvi et al. 2013).

2.2.1.5  Applications

•	 Aromatic ring identification.
•	 This applies to the investigation of a flexible ligand’s conformational states; the 

ligand-protein interaction is assessed at every stage of the docking simulation 
using the maps produced by AutoGrid.
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2.2.2 � Schrodinger

Most of the problems these biomolecules will present can be resolved by using the 
extensive variety of applications available in Schrodinger software. It focuses on 
specific developments in biologics, ligand-receptor docking, molecular dynamics, 
and molecular modeling that were made to address these issues. The “hydrophobic-
ity” and change in conformation of structure can be analyzed with this software, 
along with other structure-based properties of molecules.

Macrocysteine confirmation for biomolecular systems is carried out using an 
advanced virtual reality system which includes rapidity and precision. This program 
provides information about the atomic movements of macrocycles, which is utilized 
to gain a deeper understanding of energies, form, and durability. For setting up sys-
tems, executing simulations, and examining trajectories, Schrodinger offers robust 
and user-friendly graphical interfaces.

Molecular dynamics simulation software is used to study an array of stabilized 
folded “α-helical peptides” at various temperatures. The circular dichroism melting 
curves seen experimentally and the expected α-helical propensities generated from 
the simulations agreed well. Different stapled peptide binding affinities to MDM2 
may be associated with the local flexibility of critical residues. These simulations 
investigate novel methods for creating “α-helical folded peptides” and creating 
strong inhibitors of α-helical protein-protein interactions (Kumar et al. 2010).

2.2.2.1  Applications

•	 Studies using molecular dynamics simulations
•	 Quantum mechanics
•	 Estimating binding affinity

2.2.3 � Genomics-Oriented “Ligand Docking” or “GOLD”

“GOLD” (“Genetic Optimisation for Ligand Docking”) is a genetic approach that 
makes it easier to dock adaptable ligands with a substance that possesses dynamic 
“hydroxyl groups.” The Cambridge Structural Database’s favorable conformations 
and empirical findings about weak chemical interactions serve as the foundation for 
the score function used by this software. The balance between GOLD’s speed and 
the accuracy of its forecasts are managed by varying the genetic algorithm’s param-
eter settings. It provides accurate atom typing for both ligands and proteins with 
dependable findings.

Gold is a component of the GOLD Suite program, which also consists of Hermes 
and GoldMine. GOLD offers all the capability needed to dock ligands into protein 
binding sites from prepared input files. The docking results are visualized, 
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descriptors are calculated, and input files are prepared for docking with GOLD 
using the Hermes visualization. Protein residues’ tautomeric states and appropriate 
ionization can be defined by adding hydrogen atoms, which can be retrieved from 
Hermes along with other input data. Additionally, the binding site and constraint 
settings are defined using the Hermes visualizer in the interactive docking setup. An 
analytical and post-processing tool for docking findings is called Gold Mine. The 
creation and editing of initial models will probably be done using GOLD in tandem 
with a modeling program (Yurieva et al. 2011).

2.2.3.1  Applications

•	 The genetic algorithm is employed for protein-ligand docking.
•	 Predicting binding modes.

2.2.4 � BioSuite

Algorithms, chemoinformatics, macromolecular sequence analysis, and structural 
analysis are all used by BioSuite to support drug discovery. Across a large range of 
“bioinformatics” usage, it provides most of the few all-inclusive packages available. 
There are 79 distinct programs inside each of the four major sections that comprise 
it. “Molecular Dynamics Simulations,” “Drug Design,” “3D Modelling Structural 
Analysis,” and “Genome and Proteome Sequence Analysis” are four of the core 
parts. Each has an intuitive graphics-user interface, ample documentation, and 
tutorials.

The BioSuite “Genome and Proteome Sequence Analysis module” handles 
applications for analyzing protein and nucleic acid sequences, including those of 
entire genomes and proteomes as well as single molecules. This module would 
make it possible to annotate genomes, forecast the secondary structures of proteins, 
determine the evolutionary relationships between animals, and compare two 
genomes to look for gene or protein similarities.

Building, analyzing, and forecasting the “3D structures of macromolecules” 
and “macromolecular complexes” are all possible with the 3D modeling and analy-
sis module. The “Simulations” package successfully simulates a molecule’s behav-
ior in terms of its 3D form (NMITLI-BioSuite Team 2007; Bhattacharya et  al. 
2023). The following structural functionalities are available through the drug 
design module:

	(a)	 To forecast the biological functioning of unidentified compounds, use QSAR.
	(b)	 Discovery of pharmacophores with physiologically interacting compounds.
	(c)	 Molecular set superimposition in three dimensions using alignment.
	(d)	 Docking is used to identify the ligand’s posture in three dimensions when it 

binds to a target.
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2.2.4.1  Applications

•	 Studying sequences and genomes.
•	 Comparative genomics, 3D modeling, simulation, structural alterations, drug 

design, route modeling, and SNP analysis.

2.3 � Structure-Activity Connection and Molecular Modeling

2.3.1 � Maestro

A fully functional molecular visualization program is available for free called 
Maestro. For managing, sharing, and analyzing the outcomes of computer experi-
ments, Maestro is an effective tool. Creating, displaying, and exchanging three-
dimensional chemical models are made easier with its aid.

The foundation of Schrodinger’s computational technology is Maestro. It is an 
effective and adaptable tool for computational chemistry molecular modeling. It 
oversees the gathering, organizing, and analysis of data. Calculations are simple and 
easy to set up because of Maestro’s user-friendly interface. Projects requiring addi-
tional research automatically receive the computed results back. Gaining knowl-
edge of detailed intermolecular interactions and molecular characteristics is made 
feasible by Maestro’s extensive visualization options (Sabitha and Habeeb 2011; 
Hussain et al. 2023).

2.3.1.1  Applications

•	 Analysis of structures quantitatively.
•	 Molecular properties, electron density, and vibrational modes can all be 

visualized.

2.3.2 � ArgusLab

The genetic modeling, imagery, and formulation program “ArgusLab” are available 
for Windows operating systems. Using an MS window-operated system PC, a kine-
matic study, like a geometrical optimization study, was performed using ArgusLab.

This program helps with the calculation of possible energy sources, molecular 
shapes, geometrical improvement, “atom coordinate vibration frequencies,” “bond 
length,” “bond angle,” and “reaction pathways.” It is based on the ideas of quantum 
mechanics. ArgusLab uses the geometry convergence function to get the least 
potential energy (Naz et al. 2009; Mathew et al. 2012).
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2.3.2.1  Applications

•	 Calculations for molecular docking.
•	 It is utilized in the building of compounds.
•	 Molecules are constructed utilizing a model design.
•	 For the package of molecular modeling.

2.3.3 � “Global Range Molecular Matching” or “GRAMM”

Proteins docking are performed using GRAMM software. By utilizing the two mol-
ecules’ atomic coordinates, it makes structural predictions. It generates a list of 
high-score (low-energy) ligand locations that can be used directly or subsequently 
processed using different methods. Instead of using statistical sampling, this soft-
ware conducts a thorough search to find any complex configuration that has a high-
score steric fit.

Through the molecules’ relative translations and rotations, this software does a 
thorough six-dimensional search. The molecular pairings could consist of two trans-
membrane helices, two proteins, or a protein plus a smaller molecule. When there 
are significant conformational changes, it is employed to obtain high-resolution 
molecules for erroneous structures.

The intermolecular energy function is empirically smoothed using this method 
by varying an array of “atom-to-atom” abilities. The method determines the region 
with the world’s lowest level of “intermolecular energy” for structures with differ-
ent levels of precision. Prediction accuracy determines prediction quality. “High-
resolution” models with few structural modifications can be docked to generate 
accurate predictions, as “ultralow-resolution” models will only generate the overall 
properties of the complex (Kundrotas and Vakser 2010; Devi and Mikilli 2013).

2.3.3.1  Applications

•	 It is employed in protein-ligand and protein-protein docking.

2.3.4 � “SYBYL-X Suite”

“SYBYL-X” offers knowledge to help comprehend and assess different SARs to 
every one of the requirements that a suitable medicine candidate must meet. Using 
the analytical powers of the novel “Molecular Data Explorer” (“MDE”) in 
“SYBYL-X,” it quickly gains insights into data by examining and visualizing con-
nections between various properties. The unmatched is extended while offering 
fresh perspectives on life science molecular discovery efforts.

SYBYL-X explores multiple aspects of the drug interaction mechanism with its 
receptor, hoping to uncover novel interaction mechanisms that could result in step 
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leaps in potency or ways to enhance ADME or physical qualities without disrupting 
critical receptor connections (Dubey and Kalra 2013; Xu et al. 2014, 2023).

SYBYL-X enables anyone to:

•	 Create a three-dimensional homologous or skeletal model of the intended 
receptor.

•	 Define the features of the target protein’s cavities and the surface where the pro-
tein interacts with the ligand.

•	 Use the docking software Surflex-Dock to anticipate and rationalize possible 
drug interactions with its receptor.

•	 Build libraries of snippets so that you may virtually filter them to locate useful 
bits. After such pieces are identified, either construct forms out of them or build 
a database of forms that can be inserted into an immune system aperture.

•	 To identify possible lead candidates, use “Surflex Dock” to virtually scan data 
that comprise proprietary or widely accessible compounds.

2.3.4.1  Applications

•	 Lead optimization to molecular modeling from the sequence.
•	 Design based on ligands.
•	 Design based on structure.
•	 A protein model can also be constructed using the SYBYL-X Suite.

2.3.5 � “Sanjeevini”

The goal of this computer programming project is to provide an automated comput-
ing path for result designing. It makes use of a candidate medication and a bimo-
lecular (protein) target. Potential active sites are located, docked, and scored, and 
four alternative medicine structures attached to peptide targets in addition to attach-
ing liberated energies are returned using the software.

This software is used to upload the target protein and pharmaceutical molecule. 
The software opens a window with the results of several crucial pretests that were 
conducted based on the specifications required for the medication and protein files 
to be in an acceptable format when the file is uploaded. The software includes mod-
ules for “protein-ligand” complex synthesis, drug formulation, docks and assessing, 
and other functions (Jayaram et al. 2012; Singh et al. 2021; Alavi and Sharma 2023).

2.3.5.1  Applications

•	 It serves as a tool for creating drugs.
•	 It forecasts the affinity for binding.
•	 Estimating the affinity of protein-ligand binding.
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2.3.6 � Prediction of a Substance’s Activity Spectrum, or PSAS

By comparing a database of existing structures, this software forecasts the potential 
biological activities of a novel pharmacological compound including a lead mole-
cule. Averaging almost 95% of its predictions, PSAS predicts 4366 distinct kinds of 
biological activity. The biological activity prediction in PSAS is described in a qual-
itative “yes or no” or “active or inactive” manner. To find possible biological activi-
ties, a novel compound’s structure is converted into two-dimensional structural 
equations. The molecular structure in PSAS is represented by the set of unique 
“MNA descriptors.” Compounds with an identical array of “MNA descriptors” are 
considered similar in PSAS. Bayesian estimations of the likelihood of molecules 
falling into the groups of active and inert substances, respectively, form the basis of 
the biological activity spectrum prediction system known as PSAS. A “molecule’s 
structural formula” can be found in a MOL file, which is used to do PSAS predic-
tions (Pramely and Raj 2012; Azhaguraj et  al. 2012; Islam et  al. 2022; Talebi 
et al. 2023).

2.3.6.1  Applications

•	 Disclose novel effects and modes of action for compounds that are well-known 
in business and private databases.

•	 Find fresh leads based on particular biologically active features among the com-
pounds in commercial and internal databases.

•	 Select the compounds with the most potential for a rapid screening process from 
the given samples.

2.4 � Visualizers and Image Analysis

2.4.1 � “A Medical Image Data Examiner” or “AMIDE”

The goal of AMIDE’s development was to offer multimodality volumetric medical 
picture analysis. To allow a limitless amount of such components to be exhibited, 
changed, and evaluated at the same time, regions of interest (ROIs) and data sets 
(such as PET, CT, and MRI) are logically placed inside the framework of trees.

A tree abstraction made up of a series of items, including data sets and ROIs, 
serves as the foundation for AMIDE’s data structure. This native data structure is 
located about the world data structure, and every item in “AMIDE” has an “Euclidean 
space” given to it (Loening and Gambhir 2012; You et al. 2022). The aforemen-
tioned types of objects are executed in AMIDE.

•	 Analyze the “AMIDE” root object, which functions to monitor variables that 
affect the entire study and arranges a set of related ROIs and medical images 
within an organized body.
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•	 This data collection, which is used to encapsulate volumetric medical images, 
contains the raw picture data as well as the information needed to analyze it.

•	 A portion of a region designated for statistical computations is known as a 
“region of interest object” (ROI). Currently, ellipsoids, boxes, cylinders, and 
contours (two or three dimensions) are employed as ROIs.

•	 Fiducial reference markers: These are employed for rigid body registration of 
data sets, and they only encode a place in space.

2.4.1.1  Applications

•	 Offers the community studying molecular imaging research multimodality medi-
cal picture analysis

•	 Creates complex medical imaging techniques (such as factor analysis and heart 
polar maps) with interactive “wizard” interfaces

2.4.2 � Visualizer for Discovery Studio

With “Discovery Studio Visualizer” (“DS Visualizer”), one may view, exchange, 
and analyze data related to proteins and small molecules. It is available for free and 
can be applied to both small and macromolecule applications.

It makes data analysis and transfer possible in a variety of formats, including 
images, 3D structures, SMILES, and sequences. You can get the necessary sequence 
and structures from PDB or NCBI. Through structure modification and computa-
tional work, molecular characteristics can be investigated (Rizvi et al. 2013; Sharma 
et al. 2022; Baroroh et al. 2023).

2.4.2.1  Applicability: Visual Aid

•	 Sophisticated visuals of molecules
•	 Graphics of publication quality

Macromolecule design:

•	 Editing protein sequences with many domains, such as antibodies.
•	 Secondary structure prediction.
•	 Modify and overlay protein structures.

Ligand-oriented architecture:

•	 Tools for sketching and assembling pieces
•	 Pharmacophore creation
•	 Adaptable cover ligands
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Design based on structure:

•	 Identify, highlight, and modify ligand-binding sites.
•	 Draw 2D interaction graphs between ligands and receptors.
•	 Keep an eye on interactions that do not include bonds, such as satisfied, unsatis-

fied, and favorable encounters.

Exhibit several different molecular surface characteristics, such as:

•	 Charge, solvent accessibility, lipophilicity, ionizability, aromaticity, and H-bonds.
•	 Use ActiveX Control to see 3D molecules on websites and in Microsoft Office©.
•	 Record and distribute scenes using “Storyboard.”
•	 Get access to heat maps, 2D and 3D charts, and more.

2.4.3 � SCGE-Pro Imaging Software

Comet test and single-cell gel electrophoresis are two common uses for SCGE-Pro. 
We are working with the Computer Division to develop “imaging software” for 
“cytogenetic” and DNA repair analysis. The gene toxicity of factors from the envi-
ronment such as chemicals, medicines, elevated and decreased “LET” radiation, 
and carcinogens is investigated using the comet assay. One imaging method that 
quantifies “loss of heterozygosity” (“LOH”) for a “single gene” or “gene-specific 
repair” concerning “total DNA” is “fluorescence in situ hybridization” (“FISH”). 
These experiments investigate the process of “eukaryotic cell” healing as well as 
“intracellular DNA damage” with different types of cells. The influence of “3.3 MeV 
proton beams” on “DNA damage” in rat “leukocytes from the peripheral blood” is 
one study that uses the neutral comet test (Chaubey et al. 2001; Qian et al. 2021).

2.4.3.1  Applications

•	 Clinical applications include genetic instability, diabetes, cancer susceptibility, 
prenatal diagnostics, and DNA repair deficiency syndrome.

•	 Human biomonitoring: nutrition and aging.
•	 Aquatic or terrestrial environmental biomonitoring settings.
•	 Assessing the genotoxicity of chemicals and radiation using animal and 

human models.
•	 Agricultural sciences, radiation biology, clinical, and molecular epidemiology.

2.4.4 � Software for Xenogen Living Images

“Wave Metrics IGOR Pro1,” an efficient statistical analysis and computer device, is 
used by “Xenogen Living Image Software.” The program creates a unique environ-
ment that is used for data collection and analysis. The software functions on both 
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Macintosh® and Windows®. Among the software’s functional elements are a lab 
book window, a visual projection and interpretation window, an entire system con-
dition and communication window, and an image acquisition control panel. The 
“Living Image” and IGOR Pro software tools are situated in the upper section of the 
“menu bar.” To prevent interface clutter and confusion, the remaining menu items 
supporting Living Image software stay dormant while Igor Pro software operates.

A distinct image window display is displayed by software when opening or 
acquiring a Living Image data collection. The operable portion of the window over-
lays a luminous or fluorescent pseudo-color image on top of a photographic image. 
Unless otherwise noted, the software operates similarly for fluorescent and lumi-
nous images. The analysis tool that controls how the image is shown and measured 
is located at the top of the image. The image’s right side features a color bar that 
illustrates the correlation between the image’s pseudo-colors and its numerical data 
values. At the bottom of the window display, labeling information produced by the 
imaging system and the user together describes how to utilize each of the various 
controls in the image window (Xie et al. 2007).

2.4.4.1  Applications

•	 Applications for in vivo imaging
•	 Imaging at low light levels, including binning and sensitivity, calibrations and 

measurements, light sources in the background, and “dark charge management”

2.5 � “Data Analysis”

2.5.1 � GeneSpring

GeneSpring offers an overview of the info and analytical models that are accessible 
in the program, as well as definitions of terms related to important organizational 
features in the user interface.

Utilizing arrays to test hypotheses related to a certain scientific subject, this soft-
ware represents a set of samples. Out of a chosen project, a fresh experiment is 
made in this. In a new experiment, specimens of a specific method are loaded and 
put through several common preliminary processing steps, including normalization, 
summarization, and baseline transformation, to retrieve the raw data in a format that 
is ready for analysis. The experiment that gave rise to it contained several samples, 
multiple interpretations that categorized the samples according to user-specified 
experimental criteria, and all additional objects that were produced as a conse-
quence of different analysis stages in the experiment (Dey et al. 2023).

The three components of the software are the file system, database, and user 
interface layer. All objects are physically stored in the file system. These are kept in 
the installation folder’s app/data subdirectory. All annotations (searchable attributes 
such as names, notes, and other details) connected to different file system objects 
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are stored in an SQL database, which facilitates quick searches. Ultimately, perti-
nent objects are arranged into projects, experiments, analyses, etc. via the UI layer 
(Trivedi et al. 2023).

2.5.1.1  Applications

•	 Correction for batch effects
•	 Segmenting binary circles
•	 Filters for region of allelic imbalance and copy-neutral LOH events 

identification
•	 Find recurring patterns in a collection of samples

2.5.2 � “QSARPro”

Using reliable statistical modeling, this program determines the relationship 
between a molecular activity or property and architectural factors, examines the 
association, and generates predictions quickly. Approximately 1000 molecular 
descriptors are evaluated with it, including physicochemical, electro-topological, 
topological, information theory-based, electrostatic, quantum, hydrophobic proper-
ties, MMFF atom types, etc.

Common tasks related to QSAR modeling include characteristic collection and 
estimation, empirical assessment for the calculated descriptions, assigning test and 
training groups, regression analysis, and outcomes analysis. To find the solution 
most suited for a given project, it evaluates several alternatives for test set, regression 
approach, linear or nonlinear regression, and classes of descriptors (Hung et al. 2014).

2.5.2.1  Applications

•	 Learn about and practice a range of variable selection and regression technique 
combinations.

•	 Creating a base for the ligand’s position by lining up a specific group of atoms in 
the peptide that are active in the “co-crystal” molecule.

•	 Protein-protein interaction studies.

2.5.3 � REST 2009 Software

REST 2009 Software is one program that can be used to analyze data on gene 
expression using qRT polymerase chain reaction investigations. Gene expression of 
reference genes is employed in compared gene activity analysis or quantification to 
standardize the activity levels of “genes of interest” (GOI) across different samples. 
This technique makes it possible to modify quantitative PCR data, for instance, to 
account for changes brought on by variations in sample loading.
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The PCR efficiency of the reference genes and the gene of interest vary, and this 
software accounts for this variation using a mathematical model. When one refer-
ence gene is compared to several reference genes for normalization, the reliability 
of the results is increased (Ismail et al. 2011).

2.5.3.1  Applications

•	 Analyze whether there is a discernible difference between the samples and the 
controls.

2.6 � Behavioral Study

2.6.1 � Ethowatcher

Changes in behavior are thought to be a key indicator for diagnosing a variety of 
diseases. An experimental animal’s complex behaviors are linked to changes in its 
morphology and physiology. These changes are commonly seen in the lab or “free-
ranging animals” for a variety of biochemical or biological research-related causes, 
such as “ecology,” “physiology,” “neurosciences,” “psychology,” “genetics,” “phar-
macology,” and disease. Advanced automated techniques capture specific behaviors 
indirectly by detecting their impacts through the use of “pressure” or “infrared” 
sensor activation or “image processing” techniques like those employed in the 
“video-tracking analysis.” It is easy to collect a variety of data using video-tracking 
analysis, including variations in mobility action, including the duration and fre-
quency of walking, movement velocity, and horizontal position.

C++ is the foundation of Ethowatcher, which runs in environments with C++ 
Builder 5.0. With the help of this integrated application, users can create and save 
behavioral changes for “offline” behavioral recordings (from digital video files) or 
“real-time” behavioral scoring (from analog video files or events occurring in the envi-
ronment). The obtained digital video file can be processed using digital image pro-
cessing techniques to automatically extract parameters (the length traveled, direction, 
speed, estimate target region, monitor plot), along with enabling subject (biological) 
monitoring. The software provides reports that are time-segmented and synchronized 
with identical timing sources. The reports cover the activity-related indices, sequence, 
length, rate, and length among the measured behaviors (Junior et al. 2012).

2.6.1.1  Applications

•	 Approval of an instrument for analyzing behavior in experimental animals.
•	 Analysis of laboratory animal video-tracking.
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2.6.2 � “Multimodal Animal Rotation System” or “MARS”

The entire 360° range of motion of an experiment animal is recorded via the 
Multimodal Animal Rotation System or MARS. Because of the software’s clever 
design, tracking all the pertinent chemical and anatomical data of the experi-
mental animal involves simply rotating a mouse to the appropriate locations or 
angles. Optical signals produced by the experimental orientation are also 
captured.

With this program, multimodal and multispectral data sets may be automati-
cally co-registered and captured from all angles of acquisition. The program mea-
sures the ideal image or exports the whole rotation movements or video, increasing 
the resulting signal sensitivity. A co-registration program, multimodal visualiza-
tion, and animal rotation device are all included in this software (Buehlmann 
et al. 2020).

2.6.2.1  Applications

•	 Cell monitoring
•	 Activities of enzymes
•	 Illness of the bones
•	 Infectious illness
•	 Monitoring and delivery of nanoparticles

3 � Conclusion

The numerous software-based approaches that are currently being widely used in 
drug design and discovery have been addressed in this chapter. Without favoring 
known hits or leads, the effective application of software-based approaches made it 
possible to identify biologically active compounds in  vitro. The various mecha-
nisms underlying the complex target-ligand interaction are also being unlocked 
with the aid of novel techniques like docking. Drug discovery has benefited from the 
significant advancements and ongoing use of new software in the fields of pharma-
cokinetics and pharmacodynamics. The many biochemical industries’ financial 
problems and drug discovery are improved by this intern. The most compelling 
proof that programmable and computer-aided methods will be employed to assist 
the costly, intricate, and very challenging process of designing and discovering new 
drugs will come from several previous drug examples, including the HIV viral 
enzyme inhibitor indinavir, which was discovered through software-based drug 
discovery.

Different Tools for Modern Drug Discovery Research



74

References

Alavi A, Sharma V (2023) Role of docking in anticancer drug discovery. Lett Drug Des Discov 
20(10):1490–1511

Almukainzi M, Okumu A, Wei H, Löbenberg R (2015) Simulation of in vitro dissolution behavior 
using DDDPlus™. AAPS PharmSciTech 16:217–221

Azhaguraj R, Milton MJ, Ganesh J, Ramakrishnan M, Antony S (2012) Prediction of biological 
activity spectra for secondary metabolites from marine macroalgae Caulerpa spp (Chlorophyta–
Caulerpals). Int Res J Pharm 5:320–323

Baroroh U, Biotek M, Muscifa ZS, Destiarani W, Rohmatullah FG, Yusuf M (2023) Molecular 
interaction analysis and visualization of protein-ligand docking using Biovia Discovery Studio 
Visualizer. Indones J Comput Biol (IJCB) 2(1):22–30

Bhattacharya D, Li AS, Paul B, Dastidar UG, Santhakumar V, Sarkar D, Chau I, Li F, Ghosh T, 
Vedadi M, Talukdar A (2023) Development of selective class I protein arginine methyltrans-
ferase inhibitors through fragment-based drug design approach. Eur J Med Chem 260:115713

Buehlmann C, Mangan M, Graham P (2020) Multimodal interactions in insect navigation. Anim 
Cogn 23:1129–1141

Chaubey RC, Bhilwade HN, Rajagopalan R, Bannur SV (2001) Gamma ray induced DNA dam-
age in human and mouse leucocytes measured by SCGE-Pro: a software developed for auto-
mated image analysis and data processing for Comet assay. Mutat Res Genet Toxicol Environ 
Mutagen 490(2):187–197

Devi NL, Mikilli S (2013) Homology modelling, molecular dynamics simulation and docking 
studies of HSP 105 of cystic fibrosis with the target protein HSP 70. Biomirror 4(12):102–108

Dey D, Shrivastava V, Joshi D, Singal CM, Tyagi S, Bhat MA, Jaiswal P, Sharma JB, Palanichamy 
JK, Sinha S, Seth P (2023) Hypoxia induces early neurogenesis in human fetal neural stem 
cells by activating the WNT pathway. Mol Neurobiol 60(5):2910–2921

Dubey A, Kalra SS (2013) Computational comparative modeling and visualization for HIV1 and 
HIV2 proteins via the software SYBYL-X. Int J Sci Res Publ 3(10):2250–3153

Ferreira LG, Dos Santos RN, Oliva G, Andricopulo AD (2015) Molecular docking and structure-
based drug design strategies. Molecules 20(7):13384–13421

Gill SK, Christopher AF, Gupta V, Bansal P (2016) Emerging role of bioinformatics tools and 
software in evolution of clinical research. Perspect Clin Res 7(3):115

Hodos RA, Kidd BA, Shameer K, Readhead BP, Dudley JT (2016) In silico methods for drug 
repurposing and pharmacology. Wiley Interdiscip Rev Syst Biol Med 8(3):186–210

Honório TD, Pinto EC, Rocha HV, Esteves VS, dos Santos TC, Castro HC, Rodrigues CR, de Sousa 
VP, Cabral LM (2013) In vitro–in vivo correlation of efavirenz tablets using GastroPlus®. 
AAPS PharmSciTech 14:1244–1254

Hung TC, Lee WY, Chen KB, Chan YC, Lee CC, Chen CY (2014) In silico investigation of tradi-
tional Chinese medicine compounds to inhibit human histone deacetylase 2 for patients with 
Alzheimer’s disease. Biomed Res Int 2014:769867

Hussain A, Hussain A, Sabnam N, Verma CK, Shrivastava N (2023) Insilico exploration of the 
potential inhibitory activity of DrugBank compounds against CDK7 kinase using structure-
based virtual screening, molecular docking, and dynamics simulation approach. Arab J Chem 
16(2):104460

Islam S, Hosen MA, Ahmad S, ul Qamar MT, Dey S, Hasan I, Fujii Y, Ozeki Y, Kawsar SM (2022) 
Synthesis, antimicrobial, anticancer activities, PASS prediction, molecular docking, molecular 
dynamics and pharmacokinetic studies of designed methyl α-D-glucopyranoside esters. J Mol 
Struct 1260:132761

Ismail Y, McCormick S, Hijri M (2011) A fungal symbiont of plant-roots modulates mycotoxin 
gene expression in the pathogen Fusarium sambucinum. PLoS One 6(3):e17990

Jayaram B, Singh T, Mukherjee G, Mathur A, Shekhar S, Shekhar V (2012) Sanjeevini: a freely 
accessible web-server for target directed lead molecule discovery. BMC Bioinformatics 13:1–13

S. Kameswaran et al.



75

Junior CF, Pederiva CN, Bose RC, Garcia VA, Lino-de-Oliveira C, Marino-Neto J (2012) 
ETHOWATCHER: validation of a tool for behavioral and video-tracking analysis in laboratory 
animals. Comput Biol Med 42(2):257–264

Jursinic PA, Sharma R, Reuter J (2010) MapCHECK used for rotational IMRT measurements: 
step-and-shoot, TomoTherapy, RapidArc. Med Phys 37(6Part1):2837–2846

Kimko H, Pinheiro J (2015) Model-based clinical drug development in the past, present and future: 
a commentary. Br J Clin Pharmacol 79(1):108–116

Kollipara S, Bhattiprolu AK, Boddu R, Ahmed T, Chachad S (2023) Best practices for integration 
of dissolution data into physiologically based biopharmaceutics models (PBBM): a biopharma-
ceutics modeling scientist perspective. AAPS PharmSciTech 24(2):59

Kumar DB, Kumar PV, Bhubaneswaran SP, Mitra A (2010) Advanced drug designing softwares 
and their application in medical research. Int J Pharm Sci 2:16–18

Kundrotas PJ, Vakser IA (2010) Accuracy of protein-protein binding sites in high-throughput 
template-based modeling. PLoS Comput Biol 6(4):e1000727

Liu T, Lu D, Zhang H, Zheng M, Yang H, Xu Y, Luo C, Zhu W, Yu K, Jiang H (2016) Applying 
high-performance computing in drug discovery and molecular simulation. Natl Sci Rev 
3(1):49–63

Loening AM, Gambhir SS (2012) AMIDE: a free software tool for multimodality medical image 
analysis. Mol Imaging 2(3):131–137

Mathew B, Mathew GE, George S, Shamnas M, Raj VB (2012) Isolation, in silico design and anti-
inflammatory activity of spirosolenol from the roots of Solanum anguvi. Chem Sci J 2012:83

Naz A, Bano K, Bano F, Ghafoor NA, Akhtar N (2009) Conformational analysis (geometry optimi-
zation) of nucleosidic antitumor antibiotic showdomycin by Arguslab 4 software. Pak J Pharm 
Sci 22(1):78–82

NMITLI-BioSuite Team (2007) BioSuite: a comprehensive bioinformatics software package (a 
unique industry—academia collaboration). Curr Sci 10:29–38

Pramely R, Raj LS (2012) Prediction of biological activity spectra of a few phytoconstituents of 
Azadirachta indicia A. Juss. J Biochem Technol 3(4):375–379

Qian Q, Chen Y, Wang JQ, Yang DQ, Jiang C, Sun J, Dong J, Li GC (2021) Use of the alka-
line comet assay for monitoring genotoxic effects of arsenic in human populations. Mutat Res 
Genet Toxicol Environ Mutagen 867:503368

Rizvi SM, Shakil S, Haneef M (2013) A simple click by click protocol to perform docking: 
AutoDock 4.2 made easy for non-bioinformaticians. EXCLI J 12:831–857

Sabitha K, Habeeb SKM (2011) Molecular modeling and drug discovery of potential inhibitor 
for anticancer target gene melk (Maternal Embryonic Leucine Zipper Knase). Int Res J Pharm 
2:141–145

Sharma A, Garg S, Bhatt AK, Sharma S, Gupta U, Garg MS (2022) Molecular docking studies on 
the anti-viral activity of cellulose acetate phthalate (CAP) as an adjuvant against SARS-CoV-2 
by protease Mpro. NeuroQuantology 20(15):6481–6490

Singh A, Shekhar S, Jayaram B (2021) CADD: some success stories from Sanjeevini and the way 
forward. In: Innovations and implementations of computer aided drug discovery strategies in 
rational drug design, pp 1–18

Sliwoski G, Kothiwale S, Meiler J, Lowe EW (2014) Computational methods in drug discovery. 
Pharmacol Rev 66(1):334–395

Talebi A, Salehi M, Khaleghian A, Kubicki M (2023) Evaluation of anticancer activities, apopto-
sis, molecular docking, and antioxidant studies of new Ni (II), VO (IV), Cu (II) and Co (III) 
Schiff base complexes. Inorg Chim Acta 546:121296

Trivedi TS, Bhadresha KP, Patel MP, Mankad AU, Rawal RM, Patel SK (2023) Identification of 
hub genes associated with human cystic fibrosis: a meta-analysis approach. Hum Gene Ther 
35:201139

Uebbing L, Klumpp L, Webster GK, Löbenberg R (2017) Justification of disintegration test-
ing beyond current FDA criteria using in vitro and in silico models. Drug Des Devel Ther 
11:1163–1174

Different Tools for Modern Drug Discovery Research



76

Wasko MJ, Pellegrene KA, Madura JD, Surratt CK (2015) A role for fragment-based drug design 
in developing novel lead compounds for central nervous system targets. Front Neurol 6:197

Xie X, Xia W, Li Z, Kuo HP, Liu Y, Li Z, Ding Q, Zhang S, Spohn B, Yang Y, Wei Y (2007) 
Targeted expression of BikDD eradicates pancreatic tumors in noninvasive imaging models. 
Cancer Cell 12(1):52–65

Xu G, Chen Y, Shen K, Wang X, Li F, He Y (2014) The discovery of potentially selective human 
neuronal nitric oxide synthase (nNOS) inhibitors: a combination of pharmacophore modelling, 
CoMFA, virtual screening and molecular docking studies. Int J Mol Sci 15(5):8553–8569

Xu Q, Zhao Z, Liang P, Wang S, Li F, Jin S, Zhang J (2023) Identification of novel nematode suc-
cinate dehydrogenase inhibitors: virtual screening based on ligand-pocket interactions. Chem 
Biol Drug Des 101(1):9–23

You A, Kim JK, Ryu IH, Yoo TK (2022) Application of generative adversarial networks (GAN) for 
ophthalmology image domains: a survey. Eye Vis 9(1):1–9

Yurieva E, Agostinoa M, Ramsland PA (2011) Challenges and advances in computational docking: 
2009 in review. J Mol Recogn 24:149–164

S. Kameswaran et al.















































Tata Memorial Centre Textbook of Oncology 



Rajendra A. Badwe  •  Sudeep Gupta 
Shailesh V. Shrikhande  •  Siddhartha Laskar
Editors

Tata Memorial Centre 
Textbook of Oncology



Editors
Rajendra A. Badwe
Emeritus Professor of Surgical Oncology 
Former Director, Tata Memorial Centre
Homi Bhabha National Institute
Mumbai, Maharashtra, India

Shailesh V. Shrikhande
Professor & Head, Cancer Surgery  
Chief, Gastrointestinal and HPB Service  
Deputy Director, Tata Memorial Hospital
Tata Memorial Centre
Homi Bhabha National Institute
Mumbai, Maharashtra, India

Sudeep Gupta
Professor of Medical Oncology 
Director, Tata Memorial Centre
Homi Bhabha National Institute
Mumbai, Maharashtra, India

Siddhartha Laskar
Professor of Radiation Oncology  
Deputy Director Academics  
Tata Memorial Centre
Homi Bhabha National Institute
Mumbai, Maharashtra, India

ISBN 978-981-99-3377-8        ISBN 978-981-99-3378-5  (eBook)
https://doi.org/10.1007/978-981-99-3378-5

© Springer Nature Singapore Pte Ltd. 2024
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information storage and 
retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or hereafter 
developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not 
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty, 
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore

If disposing of this product, please recycle the paper.

Yogesh Kembhavi
Junior Administrative Officer (Research)
Tata Memorial Centre
Homi Bhabha National Institute
Mumbai, Maharashtra, India

Editorial Assistant

https://doi.org/10.1007/978-981-99-3378-5


The TMC Textbook of Oncology is dedicated to…

…. the countless patients who visit Tata Memorial Centre bestowing their 
faith upon this institution in their darkest hours. They are our raison d’être! 
We are grateful to them for their inspiration to work harder towards ever 
higher levels of clinical excellence...

… the trainee doctors, the heartbeat of our hospitals, whose hard work and 
commitment to service and education make TMC a great institution…

… the nursing staff whose unwavering commitment and profound dedication 
to patient care embody the heart and soul of our institution…

… to the paramedical staff of TMC, whose skills and dedication are 
indispensable to the care we provide…

… to colleagues from the departments of general and hospital administration, 
accounts, purchase, engineering, and all other supportive teams operating 
seamlessly in the background, who are the pillars that enable the smooth and 
efficient functioning of our institution…

… medical social workers who provide practical assistance, addressing vital 
aspects of patient care…

… to the workforce members of TMC, including housekeeping and other 
staff, whose work is often unseen, yet indispensable, and is the backbone of 
patient care...
… to the volunteers and Non-Governmental Organizations (NGOs) that 
collaborate with TMC and offer invaluable support to our patients…



vii

It is with immense pride and a deep sense of responsibility that we present the Tata Memorial 
Centre Textbook of Oncology. This comprehensive volume, a collaborative effort led by faculty 
member colleagues of Tata Memorial Centre (TMC), along with contributions from TMC 
alumni, is more than just a textbook. It is a testament to the spirit of multidisciplinary oncology 
practice at TMC.

Our journey in creating the Textbook of Oncology was inspired by the diverse and complex 
landscape of cancer care in India. As a nation with vast demographic and geographic diversity, 
the challenges in cancer care are as unique as they are formidable. Recognizing this, our aim 
was to provide a resource that is not only academically rigorous but also deeply rooted in the 
practical realities of local practice. It offers an authentic overview of the TMC approach to 
multidisciplinary cancer care, with insights that, we hope, will be valuable both within and 
beyond India.

In presenting the Textbook of Oncology, our objective is twofold: to provide a comprehen-
sive resource that contextualizes the practice of oncology in TMC and to offer insights into 
delivering high-quality cancer care in diverse global settings. Our focus has been on the practi-
cal application of oncological principles within Indian and similar healthcare systems. 
However, oncologists and healthcare professionals from developed countries will also find this 
resource enlightening, providing a broader perspective on how quality cancer care can be 
delivered in different parts of the world.

The Textbook is designed to cater to a wide array of readers—from undergraduate medical 
students to postgraduates specializing in general surgery, general medicine, paediatrics, gynae-
cology, radiation oncology, and other disciplines. A notable feature of the Textbook is its utility 
in preparing students for entrance and exit examinations. However, the content is not just theo-
retical; it is enriched with practical insights, thus preparing students for the practical aspects of 
cancer care. To the community of practising oncologists, it will serve as a reliable and up-to-
date reference that encapsulates the essence of contemporary oncology practice.

As editors, two of us being surgical oncologists, one a medical oncologist, and another a 
radiation oncologist, we have witnessed firsthand the evolution of cancer diagnosis and treat-
ment. Our collective experiences have taught us that cancer care is an ever-changing landscape 
requiring continuous learning and adaptation. The Textbook, therefore, not only covers the 
specifics of various cancers but also delves into broader themes such as cancer epidemiology, 
genetics, principles of systemic therapy, oncology-related training and education, and others. 
The chapters are structured to facilitate easy understanding and retention of complex concepts, 
making it an ideal study aid.

We extend our gratitude to all the authors who have contributed their knowledge and experi-
ence. Their dedication and expertise have been instrumental in shaping this work. We also wish 
to thank our publisher, Springer, for their collaboration and support in bringing this project to 
fruition. A special acknowledgement goes to the staff, particularly Mr Yogesh Kembhavi, the 
Editorial Assistant, whose diligent efforts and commitment have been crucial in the successful 
compilation and publication of the Textbook.
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We are mindful of the profound influence that a great textbook can have on its readers. 
Throughout the history of medical education, certain texts have transcended their basic role as 
educational resources, becoming lifelong companions. Through this inaugural edition of the 
TMC Textbook of Oncology, we hope to sow the seeds of a work that will make its place as a 
trusted companion in the minds of its readers, to be consulted and cherished throughout their 
professional lives.

Mumbai,
Maharashtra, India�

Rajendra A. Badwe
� Sudeep Gupta
� Shailesh V. Shrikhande
� Siddhartha Laskar
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ABSTRACT 

M
etabolic 

syndrom
e 

(M
etS) 

is 
a constellation 
of m

etabolic 

abnorm
alities, 

including 

central 

obesity, 

hypertension, 

atherogernic 

dyslipidem
ia, 

and 

insulin 

resistance. 

W
ith 

an 

increasingly 

sedentary 

lifestyle 
and 

access 
to

 

calorie-dense 

food, 

there 
has 

been 
a global 

increase 
in 

M
etS, 

which 

leads 
to 
an 

increasing 

trend 
of diabetes, 

coronary 

artery 

disease, 

and 

stroke. 

M
ulticom

ponent 

approach 
is necessary 
for 

weight 

reduction 

th
at 

includes 

diet, 

exercise, 

pharm
acological 

therapy, 

and 

surgical 

intervention. 

DEFINITION 

INTRODUCTION 

The 

definition 
of 

M
etS 

has 

varied 

greatly 

over 

the 

years 

and 
as given 

by 

various 

bodies, 

including 

the 

EH
O

 

and 

ID
F. 

Overall. 

all 

the 

criteria 

include 
a cutoff 
of w

aist 

circum
ference 

often 

with 

ethnicity-specific 

cutoff's, 

blood 

glucose 

levels, 

HDL 

cholesterol, 

triglycerides, 

and 

blood 

pressure. 

The 

definitions 

use 
a single 

cutoff 

instead 
of a range 

for 

the 

diagnosis 
of M

etS 

for 

ease. 

C
om

m
only 

used 

definitions 

are 

included 
in T

able 
1. 

M
etabolic 

syndrom
e 

(M
etS) 

is characterized 
by 
a cluster 
of metabolic 

abnorm
alities, 

including 

central 

obesity, 

hypertension, 

atherogenic 

dyslipidem
ia, 

and 

insulin 

resistance. 

The 

condition 

was 

first 

identified 

by 

G
erald 

R
eaven, 

w
ho 

referred 
to 
it as Reaven 

syndrom
e 

or 

Syndrom
e 

X, 

highlighting 
its 

association 

with 

cardiovascular 

risk 

factors. 

O
ver 

tim
e, 

it has 

been 

referred 

to
 

by 

various 

nam
es, 

including 

the 

deadly 

quartet," 

"the 

silent 

killer," 

and 

"insulin 

resistance 

syndrom
e." 

TABLE 
1: D

efinition 
of m

etabolic 

syndrom
e. 

International 
D

iabetes 

Federation 

A
dult 

Treatm
ent 

Panel 
II (2005 

revision) 

W
aist 

circum
ference 

>94 
cm

 (m
en) 

or 

>
80 

cm
 

(w
om

en) 

and at least 

tw
o

 
of the 

follow
ing: 

A
ny 

three 
of 

the 

five 

criteria 

below
 

The 

prevalence 
of 

M
etS 

has 

risen 

globally, 

largely 

due 
to Increasingly 

sedentary 

lifestyles 

and 

greater 

access 
to 

calorie 

dense 

foods. 

This 

increase 
is contributing 
to

 
a rising 

trend 
in related 

conditions, 

such 
as 

diabetes, 

coronary 

artery 

disease, 

and stroke. EPIDEM
IOLOGY 

" Blood 

glucose 

>100 

m
g/dL 

(5.6 

m
m

ol/L) 
or diagnosed 

diabetes 

" W
aist 

circum
ference 

>
102 

cm
 (m

en) 

or> 
88 
cm

 

(w
om

en) 

HDL 

cholesterol 

<40 

m
g/dL 

(1.0 

m
m

ol/L) 
in m

en, <50 

m
g/dL 

(1.3 

m
m

ol/L) 

Blood 

glucose 

>100 

mg/dL 

(5.6 

m
m

ol/L) 
or 

diagnosed 

diabetes 

in
 

w
om

en, 
or 

specific 

drug treatm
ent 

Plasm
a 

triglycerides 

" 

The 

burden 
of noncom

m
unicable 

diseases 

has 

show
n 

an 
un precedented 

rise 
in 

recent 

decades. 

G
lobally, 

estim
ates 

for 
the Prevalence 

vary 

from
 

25 
to

 

50%
. 

V
ariation 

in 

th
e 

definition 

and 

criteria, 
a lack 
of aw

areness 

am
ong 

the 

population 

and ealcal 
personnel 

has 
likely 
led 

to an 
underestim

ation 

>150 

mg/dL 

(1.7 

m
m

ol/L) 
or specific 

drug 
treatm

ent 

M
ost 

studies 

estim
ate 

that 

India 

has 
a prevalence 
of 

about <50 
mg/dL 

(1.3 
m

m
ol/L) 

30%
. 

the 
variation. 

disease 

>130/85 

m
m

 
Hg 
or specific 

" Blood 
pressure 

drug 

" Plasm
a 

triglycerides 

L
m

en, 
in 
the 

obese. 
and 
in 
the 

urban 

population. 

Urban 

>150 

mg/dL 

(1.7 

m
m

ol/L) 
or specific 

drug 
treatm

ent 

Some 
be 

have 
prevalence Blood 

pressure 

>130/85 

m
m

 Hg 
or specific 

drug 

treatm
ent 

as 62%
 

Due likely 
or diagnosed 

C
om

ponents 

H
D

L-cholesterol 
<40 
mg/dL 

(1.0 

m
m

ol/L) 
in 

m
en, 

of 
its 
true Prevalence 

and 

m
ay 

account 

for 
the 

difference 
in 
the 

prevalence 

V
arious 

studies. 

A
bout 

85%
 

of 

diabetic 
individuals 
are estim

ated 
to

 

have 

M
etS. 

in
 

w
om

en, 
or specific 
drug treatm

en
t 

Additionally, 
There 
considerable 

is regional 

more 

in in 
prevalent 

older 

individuals, 

wom
en 

is
 

more 

treatm
ent 

Indians Les 

suggesting 
that 
the 

prevalence 
may 

as 

high 

estim
ates 

compared 

to 
the 
rural 

population, 
with 
a higher to 

less 

access 
to 

healthcare, 

social 

in
 

S
O

m
e 

areas. 

attitudes, 
compliance, 
the 

rural 

population 
is 

less 
and 
poor 

be 
on 

treatment 
for 
the 

various 

to
 

have 

been of particularly 

dyslipidemia. 
MetS, 



vicious 

a cycle. 
In

 

m
uscles, 

signaling 
cascade 
and 

creates 
these 

454 

lipogenesis 
in 
the 

liver. 

M
etabolic 

syndrom
e 

was 

first 

proposed 
as 
an 

um
brella 

term
 

for risk 

factors 
to

 

assess 

those 

with 
an 

incrcased 

risk 
of 

cardiovascular 

disease 

and 

tvpe 
2 diabetes 

m
ellitus 

using 

param
eters 

that 

are m
ore 

routinely 

tested 
in

 
the 

clinical 

scenario 

com
pared 

to
 

insulin 

SECTION 
15 

eventually 

fails, 

leading 
to

 
an 

increase 
in 
the 

insulin 

o
o

n
 

M
ultiple 

factors 

increase 
the 

risk 
of developing 

M
etS. This 

exacerbated 

FFA
 

on 

beta 

cells. 

High 

concentrations 
of FFA

 

also 

increase 

cholesterol 

esters 

and 

triglyceride 

synthesis, 

and 

subsequently 

increase 
tha production 

of very-low
-density 

lipoprotein 

(V
LD

L) 

rich 
in 
TC It also 

increases 

th
e 

clearance 
of H

D
L, 

leading 
to 

their 

decreasa 

The 

exact 

pathogenesis 
of MetS 
is not 

entirely 

elucidated, 

but 
the 

most 

accepted 

theoy 

includes 

insulin 

resistancc, 

chronic 

inflam
m

ation, 

and 

neurohorm
onal 

activation, 

which 

causc 

progression 
of 

M
etS 

and 
Insulin 
Resistance 

M
etabolic 

Syndrome 

Insulin 

resistance 

contributes 
to 

hypertension 

due 
to the Joss 

of 
the 

vasodilator 

effect 
of 

insulin. 

The 

FFA
 

also 

causes 

vasoconstriction. 
A

dipose 

tissue 

also 

releases 

pro-inflam
m

atory 

cytokines, 

contributing 
to 

Insulin, 
an 

anabolic 

horm
one, 

inhibits 

lipolysis 

and 

hepatic 

gluconeogenesis 

w
hile 

inereasing 

glucose 

uptake 
in 

the 

liver, 

m
uscles, 

and 

adipose 

tissue. 
In 

individuals 
with 

insulin 

resistance, 

these 

actions 
are 

im
paired. 

Increased 

lipolysis 
in 

adipose 

tissue 

results 
in

 

increased 

circulating 

free 

fatty 

acid 

(FFA
), 

which 

V
isceral 

fat, 

which 
is 

m
etabolically 

active, 

plays 
a more im

portant 

role 
in 

this, 
as the 

FFA
 

released 

from
 

the 

visceral 
fat affects 

the 

liver 

more 

directly 
via 
the 

splanchnic 

circulation. 
It releases 

plasm
inogen 

activator 

inhibitor 

and 

heparin-binding 

epiderm
al 

growth 

factors, 

which 

cause 
a prothrom

botic 

state 
and vascular 

rem
odeling. 

BOX 
1: Risk 

factors 
for 

m
etabolic 

syndrom
e. 

Positive 
fam

ily 
history 

Increasing 
age Ethnicity, 

genetic 
factors 

Postm
enopausal 

status N
eurohorm

onal 
Activation 

Physical 
inactivity 

Low
 

socioeconom
ic 

status 

A
dipocytes 

not 

only 

store 
fat 
but 

also 
act 
as an 

endocrine 

organ. 

A
dipokines 

released 

from
 

visceral 
fat 

have 

been 

show
n 

to 
be associated 

" Sm
oking 
" Obesity Inflam

m
atory 

cytokines 

interleukin-6 

(IL-6), 

interleukin-I, 

tum
or 

necrosis 

factor-a 

(TN
F-a), 

and 

adipocytokines 

such 
as 

" High-calorie, 

low
-fiber 

diets A
ntipsychotic 

use 

.Physical 
activity 

O
ver 

eating 

V
isceral 

adiposity ‘Free 
fatty 
acids 

‘TNF ‘lL-6 
‘CRP 

1Fibrinogen 

‘A
T2 

Glucose 
uptake 

.Insulin 

RA
A

S 
A

ctivation 

‘ Adipokines 
(tLeptin 

LAdiponectin) Gluconeogenesis 
‘ Lipogenesis 

‘Triglycerides 

Insulin 
resistance 

Chronic 
inflam

m
ation 

N
eurohum

oral 
activation M

etabolic 
syndrom

e and 

modulation 
by 

natural 

compounds. 

FLOW
CHART 

1: Pathophysiology 
of m

etabolic 

syndrom
e. 

Ther 

Adv 

Cardiovasc 

Dis. 

2017:11(8):215-25. 

translocation 
to 

the 

surface, 

FFA 

decrease 

G
LU

T4 
reduce 

cause 

also 
increased 

an 
gluconeogenesis 

glucose 

uptake, 

and and 

by 
resistance 
th

e 

insulin 
affecting 

tu
rn

 

w
orSens 

in the 

insulin 

but 
levels, 

glucose 

norm
al 

th
is 

to 

m
aintain 

com
pensation 

: in 
a results 

hypcrinsulinem
ic 

these 

of All state 
in

 
an 
: an 

attem
pt 

ETIOPATHOGENESIS 

resistance 
(B

ox 
1). 

further 

is 

b
y

 
th

e 

toxic 

hyperglycem
ia. 

effect 
of 

This 

results 
in 
an 

atherogenic 

lipidem
ia, 

finally 

predisposing 
the individual 

to 

CVDs. 

subsequently 

causC 

diabctcs 

and 

CVDs 

(Flow
chart 

1). 

CVD. 
with 
M

etS. 

RO
S 

LO
X

 
activation 

A
dapted 

Source: 

Rochlani 
from

 

K
ovelam

udi 

NV, 
Pothineni 

Y, M
etabolic 

al. 
et S, pathophysiology, 
syndrom

e: 

m
anagem

ent, 
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phosphorylation 
and 

inactivation 
of 

insulin 

receptors 
and 

induces 

lipolysis, 

resulting 
in 

increased 

FFA, 

and 

thus 

contributes 
to 

insulin 

resistance. 
It also 

inhibits 
the 

release 
of 

adiponectin. 

Interleukin-6 
and 

C-reactive 

Protein 

inhibitor-1, 
C

-reactive 

.|L-6, 

plasm
inogen-activator 

protein, pathogenesis. 

Interleukin-6 

levels 
are 

increased 

with 

obesity 

and 

insulin 

resistance. 
It plays 
a role 
in 

com
plex 

regulatory 

pathways, 

including 
an 

increase 
in 
the 

production 
of 

acute-phase 

reactants 

in 

the 

1liver 

including 

CRP. 

IL-6 

also 

increases 

fibrinogen, 

resulting 
in 
a prothrom

botic 

state, 

and 

also 

leads 
to

 

endothelial 

dysfunction. 

The 

FFAs 

also 

change 

the 

profile 
of hepatic 

lipid 

synthesis, 

obing 
it m

ore 

atherogenic 
in term

s 
of 

having 

low
 

high 

cholesterol 

and 

elevated 

triglycerides 

and 

low
-density 

cholesterol. 
In 

obesity, 

there 
is a decrease 
in 

adiponectin, 

which 
is and 

increase 

risk 
of CVDs, COM

PLICATIONS 
(FIG

. 
1) 

N
ervous 

system
: 

A
lzheim

er's 

disease, 

cerebrovascular 

diseases 
(33.7%

) 
Cardiovascular 

system
: 

M
yocardial 

infarction, 

coronary 

artery 

disease 

(29.4%
), 

hypertension 

GIT: 

M
ASLD 

(54.1%
), 

liver 

cirrhosis, 

diabetes 

(61.5%
) 

Kidneys: 
CKD 
(50%

) 

Oncology: 

Carcinom
a 

breast, 

colorectal, 

prostate, 
pancreas 

As 
a w

hole, 

the 

m
etabolic 

derangem
ents 

that 

m
ake 

up 
the MetS 

are 

m
ainly 

focused 
on 

increased 

visceral 

adipose 

tissue 

linolysis, 
increased 

O
besity 

and 
insulin 

resistance 

also 

increase 

NONPHARM
ACOL0GICAL 

M
ANAGEM

ENT 

M
ulticom

ponent 
approach 
is necessary 
for 

weight 

reduction, 

Inflam
m

ation 

Lifestyle 

m
odifications: 

Physical 

activity 

and 

weight 

reduction 
are 
the 

prim
ary 

goals 
of therapy 
for 

MetS. 

O
besity 

and 
insulin 

resistance 

increase 

the 

oxidant 

stress, 

which 

activates 

various 

proatherogenic 

pathw
ays 

and 

signaling 

cascades 

DIET 

AND 

EXERCISE 

RECOM
M

ENDATION 

Tum
or 

N
ecrosis 

Factor-alpha 

The 

cornerstone 
of 

lifestyle 

m
odification 

is 

w
eight 

reduction, 

which 

im
proves 

insulin 

sensitivity. 

Tumor 

necrosis 

factor-alpha 
is 

secreted 
by 

macrophages 

In 

adipose 

tissue 

and 

increases 

with 

obesity. 
It causes 

the 

C
entral 

nervous 
system

 

" Alzheim
er's 

disease 

" Im
paired 

energy 

h
o

m
eo

stasis! 

B
rain 

"C
erebrovascular 

diseases 

" Myocardial 
infarction 

"Coronary 
artery 
disease 

H
eart 

" N
onalcoholic 

fatty 

liver 

disease 

Steatosis 

Liver 

Blood 
vessel 

Steatohepatitis 
" Liver 
cirrhosis 

" Vascular 
stiffness 

Hypertension " Chronic 

kidney 

disease 

K
idney 

Pancreas 
islet "D

iabetes 
mellitus 

t 

Ovary 

T
um

or 

" Polycystic 

ovary 

syndrom
e 

Breast, 
colorectal, 
prostate, 

pancreatic, 
adrenocortical, 

endom
etrial 

cancers 

FIG. 
1: 

Complications 
of 

metabolic 

syndrome. 

Source: 
Zhao 
et al. 

(2023). 

resistin, 

visfatin, 

ghrelin, 

and 

retinol-binding 

protein-4. 

leptin, fatty 
nonesterified 
acids, 

as are 

produced 

from
 

visceral 

as 

well above 
inflam

m
atory 

adipokines 

These 

are 

key 

indicators 
of 

tàt. 

an 
leptin, 

in
 

w
hich 

leads 
to

 

increased 

an 
protective, 

(4.9%
), 

adrenocortical, 
endometrial 

Polycystic 

ovary 
syndrom

e 
(37.25%

) 

FFA
S 

synthesis 

and 

decreased 

production 

of 

apolipoprotein 

B
-100 

in
 

the 

liver, 

w
hich 

leads 
to

 

fatty 

liver 

occurred 

due 
to 

insulin 

resistance, 
a m

ain 

pathophysiological 

derangement. 

angiotensin 

I| which 

not 
only 

increases 

the 
blood 

pressure 

but 
also 

results 

in 
an 

increased 

production 
of 

reactive 

oxygen 
species. 
These 

have 

m
ultiple 

effects, 

including 

endothelial 

injury, 

oxidation 
of 

LDL, 
and 

platelet 

aggregation. 

This 

contributes 
to 

hypertension 

and 
CVD. 

w
hich 

includes 

diet, 

exercise, 

pharm
acological 

therapy, 

and surgical 
intervention. 

that 
lead 
to 

atherogenesis 
and 

tissue 

fibrosis. 

Various 

infiam
m

atory 

m
arkers 

have 

been 

found 
to

 
be 

increased 
in 

M
etS, but 

their 

exact 

role 
is still 

controversial. 



and 

th
e 

The 

American 

at least 
150 

of College 

456 

cOst-effective 
preventive 
strategies. 

Behavioral 
C

hanges 

M
editerranean 

diet 
is associated 

with 

reduction 
in 

all com
ponents 

of M
etS, 

I includes 

plenty 
of 

fruits, 

vegetables, 

bread 

and 

other 

grains, 

potatoes, 

beans, 

nuts, 

and 

seeds. 

Olive 

oil 
as 
a prim

ary 

fat 

source, 

and 

dairy 

products, 

eggs, 

fish, 

and 

poultry 
in

 

low
 

to
 

m
oderate 

am
ounts, 

O
ther 

diets 

are 
as follow

s 

in
 

T
able 

2. 

SECTION 
15 

fo
o

d
 

EXERCISE 

activities) 

food: 

healthy 

(buying 

and food) 
Setting 

relevant 
achievable 

goals 

PHARM
ACOLOGICAL 

TREATM
ENT 

Metabolic 
Syndrome 

In 

patients 

with 

M
etS, 

drug 

therapy 
is 

com
m

only 

recom 

m
ended 

for 

the 

treatm
ent 

of 

dyslipidem
ia, 

hypertension, 
and insulin 

resistance 
or 

diabetes 

m
ellitus. 

H
ypertension 

is another 

com
ponent 

of M
etS 

that 

requires 

pharm
acotherapy. 

Insufticient 

levels 
of 

physical 

activity 

significantly 

contribute 

to 

the 

developm
ent 

of insulin 

resistance 
by 

im
pairing 

the function 
of 

pancreatie 

B
-cells 

through 

various 

m
echanism

s, 

including 

m
itocheondrial 

dystunction, 

oxidative 

stress, 

chronic 

inflam
m

ation, 

and 

apoptosis. 
A

 

deerease 
in

 

plhysical 

activity 
is associated 

w
ith 

anm 

increased 

risk 
of obesity. 

Effective 

m
ethods 

for reducing 

body 
tat 

include 

dietary 

changes 
and 

increasing 

energy 

expenditure 

through 

exereise. 

Enhancing 

energy 

expenditure 

w
hile 

decreasing 

caloric 

intake 

can 

help 

m
itigate 

excess 

body 

tat 
and 
obesity. 

The 

drugs 

recom
m

ended 

for 

treating 

insulin 

resistance 

include 

m
etform

in, 

dipeptidyl 

peptidase-4 

(D
PP-4) 

inhibitors. 

There 
is an 

inverse 

relationship 

betw
een 

physical 

activity 

and 

m
etrics 

such 
as 

B
M

I, 

w
aist-to-hip 

ratio, 

and 

w
aist 

circum
ference. 

Higher 

lean 

body 

m
ass 

has 
a protective 

effect 

against 

excessive 

fat 

accum
ulation, 

prim
arily 

by 

increasing 

resting 

energy 

expenditure. 
A

 

reduction 
in 
fat 

m
ass 

leads 
to 

elevated 

adiponectin 

levels 

and 

im
proved 

cytokine 

profiles. 

Glucagon-like 

Peptide-1 

Analogs 

(Fig. 
3) Glucagon-like 

peptide-1 

receptor 

agonists 

(G
LP-1 

RAs) 
are suggested 

to
 

low
er 

inflam
m

ation 

due 
to 

direct 

anti-inflammatory 

effects 
on 

various 

tissues 

and 

im
m

une 

cells, 

and 

partly 

because 

of the 

w
eight 

loss. 

Exercise 

prom
otes 

the 

utilization 
of fat 
by 

skeletal 

muscle 

rather 

than 

glycogen 
by 

enhancing 

the 

activity 
of 

lipoprotein 

lipase, 
an 

enzym
e 

that 

hydrolyzes 

chylom
icrons 

and 

VLDL, 

resulting 
in 

low
er 

plasm
a 

lipid 

levels. 

Additionally, 

exercise 

helps 

reduce 

body 
fat 

and 

subsequently 

increases 

insulin 

sensitivity. 

Aerobic 
Training Sem

aglutide 
is a G

LP-1 

R
A

 

that 

has 

been 

approved 
for the 

use 
in 

diabetes 

and 
in 

the 

m
anagem

ent 
of 

obesity 
and overw

eight, 

with 
at least 

one 

w
eight-related 

condition. 
It has show

n 
an 

im
provem

ent 
in w

eight, 

central 

obesity, 

diabetes, 
and reduces 

M
etS 

severity. 

The 

drug 
has 

been 

used 
in both 

diabetic 

and 

nondiabetic 

individuals 

and 
has 

show
n 

im
provem

ent 
in 
bo groups. 

A
erobic 

training 

(A
T) 

increases 

energy 

expenditure, 

thereby 

reducing 

Resistance Glucagon-like 

Peptide-1 

and 
GIP Analog 

(Twincretins) 

Tirzepatide 
is a synthetic 

polypeptide 

that 

acts 
as an 

analog 
o treatment 

second-line 
for 

diabetes 

G
LP-1 

R
esistance 

training 

(R
T

) 

enhances 

strength, 

m
uscle 

m
ass, 

and lean 

body 

mass. 

Evidence 

suggests 

that 
it can 

increase 

insulin 

sensitivity, 

im
prove 

glucose 

tolerance, 
and 

low
er 

blood 

pressure. 

M
oderate-intensity 

aerobic 

training 
is particularly 

recom
m

ended 
to 

reduce 

body 

weight, 

visceral 
fat, 

and 

im
prove 

blood 

pressure. 
To 

m
aintain 

lean 

body 

mass 

during 

weight 
loss, 

Result 

TABLE 
2: D

iet 

recom
m

endations 
for 

m
etabolic 

syndrom
e. 

Quantity 

Diet 

dyslipidemia 
should 

reversible 

DYSLIPIDEM
IA 

D
A

SH
 

Daily 
sodium

 

intake 
<2,400 
mg 

and lifestyle 
interventions, 

M
anagem

ent 
includes 

Im
provem

ents 
in triglycer 

ides, 

diastolic 

blood 

pressure, 

fasting 

clinical 

practice 

guidelines 

with 

fibrates 
and 

statins. 

Low
 

glycem
ic 

index Reduction 
in 
blood 

230 
g/day 

High 
fiber diet R

educes 
all 
com

ponents 

inclisiran 
for 

statins 

intolerant 
and 

insufficient 

response 

8-hour 
restricted 

eating 

Interm
ittent 

fasting 

Heart 

Association 

(A
H

A
) 

A
m

erican 

Cardiology 

(A
CC) 

recom
m

end 
m

inutes 

of 
high-intensity 

or 
m

oderate-intensity 
75 

minutes 

of of physical 

and 

yoga 
are 

activity 

weekly. 

Additionally, 

m
editation 
considered 

of daily 

Self-m
onitoring 

(keeping 

track 

intake 
and stim

ulus 

Controlling 

avoiding 
i junk 

Im
proving 

self-efficacy 
Providing 
social 
support 

Preventing 
relapses 

glucagon-like 

peptide-1 

(G
LP-1) 

agonists, 

and 

pioglitazone 

(Fig. 
2). 

body 

weight 

and 

body 
fat, 

including 

visceral 
fat. 
It is also 

effective 
in

 

controlling 

blood 

pressure 
in 

patients 

with uncontrolled 
hypertension. 

Training 

and 

GIP. 
It is used 
as a mellitus 

and 

causes 

weight 

loss, 

and 
is also 

approved 
for 
us 

in 

obesity. 

Compared 
to 

GLP-1 

analogs, 
the 

drug 
has 

shown 

higher 

efficacy 

and 

greater 

decrease 
in 

weight. 

The 

drugs 
a im

proved 

M
etS 

in 

these 

individuals. 

likely 
as a consequence 
o the 

weight 
loss. 

incorporating 

m
oderate-

to 

high-intensity 
RT 

into 
the 

exercise 

program 
is advisable. 

for 
be 
evaluated 

Patients 

with must 
be 

advised 

according 
to 

the causes, 
and 

pharm
acotherapies 
dietary 

to 

CVD 

risk. 

Statins according 

treatm
ent 

drug 

w
ith 

along 

such 
as 

bempedoic 
acid 

and follow
ed 

by 

nonstatin 

drug 
options 

blood 
glucose 

Im
prove 

glycem
ia 

and dyslipidemia 

pressure 
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G
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M
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V
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LEpicardiac 
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m
ation 

FIG. 
2: SGLT-2 

inhibitors 

beyond 

antidiabetic 

effect. 

Source: 

A
dapted 

from
 

Stanciu 
S, Rusu 
E, M

iricescu 
D, 
et al. Links 

betw
een 

m
etabolic 

syndrom
e 

and 

hypertension: 
the 

relationship 

with 
the 

current 

antidiabetic 

drugs. 

M
etabolites. 

2023;13(1):87. 
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G
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W
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F

orce. 
D
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R
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m
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em
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t 
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m
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p

e 
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m
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S
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Single 
cell 
transcriptomics 

Gut 
microbiota 

OBESITY 

Epigenetics-based 
therapies 

Ccll-basecd 
therapies-beta-cell 
transplant 

CONCLUSION 

risk 

of 

is 
syndrom

e 

a cluster 

factors 

M
etabolic 

that 

predispose 

and 
cardiovascular 

to 
individual trend 

of obesity 

with 
an 

increasing 

prevalence 

globally. 
A

 

good 

understanding 
of M

etS, 
its 

pathophysiology 

and 

management 
is critical 

to
 

decrease 

the 

risk 
of 

diabetes 

m
ellitus 

and 

cardiovaseul 

diseases, 

w
hich 

are 

quickly 

overtaking 

infectious 

disease 
as a leading 

cause 
of 

death 
in 

our 

country. 

Regular 

screening 
and recognition 

of M
etS 

in 
the 

population, 

adopting 

healthier 

living 

with 

regular 

exercise 
and 

better 

diets 

with 

pharmacotherapy 
for those 

w
ho 

need 
it is 

the 

need 
of the 

hour 
to

 

im
prove 

outcomes 

and 

make 
a m

eaningful 

change. 

O
rlistat, 

a lipase 

inhibitor 

that 

acts 
in

 

the 
GI 

tract 
to

 

prevent 

the 

action 
of lipases 

and 

reduces 

the 

absorption 
of about 

30%
 

of dietary 

fat. 

This 

leads 
to

 
a w

eigh 

loss 
of 

about 

9-10%
 

afler 

1 year. 

Com
m

on 

adverse 

efects 

include 

flatus, 

fecal 

urgency, 

and 

increased 

detecation 
in 

about 

10%
 

of patients, 

Bupropion 

hydrochloride 

and 

naltrexone 

hydrochloride 

in
 

a fixed-dose 

com
bination 

m
edication 

of a dopam
ine 

and 

norepinephrine 

reuptake 

inhibitor 

and 

opioid 

antagonist. 

They 

G
lucagon-like 

peptide-1 

receptor 

agonistsliraglutide 

(target 

dose 
of 3 mg), 

sem
aglutide 

Surgical 
M

anagem
ent SUGGESTED 

READINGS 
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surgery 
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patients 
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m
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a B
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35 
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A
ntihypertensives 

w
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dem
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cardiovascular 

benefit 

w
hich 
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A
C

E 

inhibitors, 

A
R

B
s, 

thiazide-like 

diuretics, 

dihydropyridine 

calcium
 

channel 

blockers, 

and 
the 

m
ineralo 

corticoid 

receptor 

antagonists 
can 
be 

used. 4. 
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N
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N, 

M
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Front 
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EM
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management 
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R
eceptor 

trap-new
er 

drug-suppresses 

appetite, 

body 

weight, 

blood 

glucose 

levels 

diabetes 

m
ellitus 

an diseases. 

M
etS 

and 
hypertension, 

hyperglycem
ia. 

parallels 
th

e 

rising 

dyslipidem
ia, 

atherogenic 

of 

It consists 
central 
obesity, 

cause 
a reduction 
in 
the 

food 

intake 
by 

stim
ulating 

the 

production 

of 

M
SH. 

A
dverse 

effects 

include 

m
ausca 

and 

constipation. 

(target 

dose 
of 
2.4 

mg) 

(see details 
above). 

NBK459248/ 
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