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Antineoplastic Effects of Curcumin
Against Colorectal Cancer: Application
and Mechanisms
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and Naveen Kumar Vishvakarma
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Abstract Curcumin is one of the major bioactive metabolites of turmeric, a spice
component common in southeast Asia. Curcumin is known for its anti-inflammatory
and antineoplastic activities against malignancies of a variety of origins. Colorectal
cancer is one of the major deadly malignancies. Various strategies have been implemented to treat colorectal cancer; however, they have their own limitations, ranging
from nonspecific toxicities to onset of chemoresistance. Drugs of herbal origins
have some advantages over conventional therapeutic approaches. Colorectal cancer
is no exception; herbal drugs (including curcumin) have proven to be effective for
therapeutic applications. Curcumin can alter the molecular expression profile and
halt the rapid pace of cell division in colon malignancies. Metabolic alterations
driven by curcumin modulate cellular physiology in neoplastic cells. Curcumin can
alter the cell cycle and expression of cell death regulatory molecules. Curcumin has
been shown to have a chemosensitizing action in colorectal cancer. Epigenetic modifications by curcumin in colon cancer cells can lead to inhibition of colon cancer
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Bacterial Cancer Therapy: Promising Role
in the Treatment of Colon Cancer
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3

Abstract Bacterial colonization and subsequent inflammatory consequences have
been associated with the onset of colon carcinogenesis. However, recent shreds of
experimental evidence suggest that bacteria and their products can be implemented
for therapeutic benefit in malignant disorders including those of colon origin. The
use of bacteria or their components for antineoplastic therapy is known as bacterial
cancer therapy. Limitations associated with conventional antineoplastic therapeutic
approaches like surgery, chemotherapy, and radiotherapy include nonspecific toxicities, chemoresistance, and immunosuppression. Therefore, recently bacterial
cancer therapy gained attraction among oncologists. A diverse range of mechanisms
has been suggested for underlying antineoplastic activities of bacterial cancer therapy. Direct cytotoxicity to neoplastic cells and preferred colonization in the hypoxic
core of tumors are few among suggested. Further, mobility of bacteria makes them
independent of blood circulation, which is one of the major limitations for the delivery of chemotherapeutic agents to poorly vascularized regions of malignant tissues.
Bacteria and their components also induce an anticancer immune response and
elicit protective immunity to reduce the incidences of cancer. The living nature of
bacteria makes them a suitable vector for the on-site production of metabolites having anticancer potential. Moreover, through genetic manipulation techniques, bacteria can be engineered to achieve optimal anticancer effects. Besides whole bacteria
and their metabolites (enzymes, toxins, and others) also constitute component of
bacterial cancer therapy which have a promising role in the therapeutic management
of colon cancer. This chapter will discuss the potential application of bacterial cancer therapy in the clinical management of colon cancer along with their mechanisms. Prospects on improving the efficacy and eliminations of associated limitations
are also discussed. Collectively, it is being suggested that further investigations will
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Role of Tumour-Associated Macrophages
in Colon Cancer Progression and Its
Therapeutic Targeting
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Arundhati Mehta, Vivek Kumar Soni, Yashwant Kumar Ratre, Ajay Amit,
Dhananjay Shukla, Ajay Kumar, and Naveen Kumar Vishvakarma

4

Abstract Cancer tissues are invariably infiltrated by cells of the immune system,
and macrophages constitute the major portion of these. Experimental pieces of evidence demonstrated that macrophages highly infiltrate the tumour tissues of colorectal cancer. Although these tumour-associated macrophages (TAM) are sought to
exert their function to control tumour growth, under influence of the unique constitution of the tumour microenvironment (TME), they start favouring various hallmarks of cancer. Contributing to angiogenesis, metastasis, matrix remodelling, and
chemoresistance, these TAM also hinder the antitumour immune response of other
immune cells. Targeting approaches have been devised to break the contribution of
TAM in tumour progression. Moreover, despite their functional activation, TAMs
preserve their plasticity and responsiveness to various stimulants. Reprogramming
of TAM is achieved through blocking the pro-tumour TAM favouring signals or
stimulating the antitumour activating receptors. Nevertheless, epigenomic and
microRNAs manipulation also achieve reprogramming of antitumour macrophage
activation. Even TME manipulative strategies split immunosuppressive conduct of
tumour tissue. Collectively, the versatile nature of macrophages makes it a good
candidate for targeting in therapeutic interventions. Targeting TAM not only
improves the immune response of macrophages and other immune cells but it also
cooperates with chemotherapeutic interventions.
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Chapter 10

Short-Chain Fatty Acids as Therapeutic
Agents in Colon Malignancies
Arundhati Mehta, Vivek Kumar Soni, Yashwant Kumar Ratre,
Rajat Pratap Singh, Dhananjay Shukla, Naveen Kumar Vishvakarma,
Rakesh Kumar Rai, and Navaneet Chaturvedi

Abstract Colon cancer has taken a large number of lives worldwide and stands
among the few topmost killer malignancies. Although several approaches to combat
the detrimental effects of neoplastic cells have been implemented in preclinical and
clinical settings, these transformed cells display aggressive and recalcitrant behaviour during progression as well as treatment. Natural metabolites of microbial origin have recently attracted the biomedical investigators to owing to vast diversity
and bioactivity. Short-chain fatty acids (SCFA) are products of fermentative metabolism of the microbiota of the gut. They contain fewer than six carbons and include
butyrate, propionate, acetate, and lactate. SCFA are known for their ability to hinder
the process of oncogenesis at the earliest and can serve as therapeutic agents. Apart
from their metabolite nature, SCFA butyrate and propionate can stimulate cell surface receptors and alter the phenotypic behaviour of affected cells. Dedicated but
ambiguous transporters for these SCFAs are known, and their cellular presence has
a distinct consequence on metabolic modulation of normal as well as transformed
cells. Further, SCFA can modulate the key enzymes governing the epigenetic state
of cells. Targeted members of epigenetic machinery include, but not limited to,
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Chapter 15

Therapeutic Targeting of Glutamine
Metabolism in Colorectal Cancer
Yashwant Kumar Ratre, Henu Kumar Verma, Arundhati Mehta,
Vivek Kumar Soni, Subash Chandra Sonkar, Dhananjay Shukla, Alka Ekka,
Santosh Kumar Prajapati, Shakuntala Mahilkar,
and Naveen Kumar Vishvakarma

Abstract Colorectal cancer is one of the most commonly diagnosed incurable multifactorial malignancies in the world. To date, there are no promising noninvasive therapeutic tools that have achieved CRC prognosis, survival, and recurrence in clinical
settings. We are now very familiar with the most famed term “metabolic reprogramming” that cancer cells preferably employ to meet their rapid bioenergetic and ATP
synthesis requirements. Glutamine is the most abundant amino acid in human blood
plasma and is known for its significant pleotropic role in the metabolic network.
Here, we exposed the metabolic distortion associated with the metabolism of
glutamine in the CRC. Classically, findings have shown that dysregulated glutamine
metabolism is significantly associated with CRC growth, survival, metastases, and
recurrence. As a result, blocking signaling pathways, enzymes, and transporters
associated with glutamine metabolism could be a gold standard strategy to hijack
the development of CRC. We hope that this strategy will help to systematically
target, manage, and cure CRC.
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Chapter 2

From gene to genomics: tools for
improvement of animals
Pradeep Kumar Singh1, Pankaj Singh2, Rajat Pratap Singh3 and Ram Lakhan Singh1, 4
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2.1 Introduction
All animals possess a linear double-stranded DNA molecule as the genetic material without exception. Small segments of
DNA that are able to form primary transcript or functional proteins are known as genes. Genes are the source of phenotypic
variation in all living organisms. Complete set of DNA, including its entire gene, represent the genome of an organism.
Genomes vary in size. The smallest known genome of a bacterium contains about 600,000 DNA base pairs, while human
genomes have some three billion DNA base pairs. All human cells except for mature erythrocytes, possess a complete
genome. More than 65 years have been completed since the 1953 landmark description of the DNA double helix by
Watson and Crick. The individual work of the Human Genome Project and Celera Genomics has successfully sequenced
the human genome (Venter et al., 2001; Lander et al., 2001) and opened the door for the postgenomic era (Guttmacher and
Collins, 2003). As we know that only 1.1% of the genome consists of exons coding for proteins, 24% is intronic sequences,
and the remaining 75% consists of intergenic DNA. Thus more than 98% human genome is without a known function, and
it is considered as intron champion. In comparison with evolutionary lower organisms, it was found that human beings
have only two to three times as many genes as the fruit ﬂy and the mustard plant. This indicates the functional complexity
rather than the absolute number of genes is required for the human phenotype.

2.2 Genes
The fundamental physical and functional unit of heredity is the gene. It consists of a speciﬁc sequence of nucleotides that
code for a speciﬁc protein. The size of genes in higher eukaryotes varies greatly. Genes consist of three types of regions:
l

l

l

Noncoding regions, called introns, which do not specify amino acids and are removed (spliced) from the mRNA molecule before translation (Fig. 2.1).
Coding regions, called exons, which specify a sequence of amino acids and collectively determine the amino acid
sequence of the protein product. These portions of the gene are represented in the ﬁnal mature mRNA molecule.
Regulatory sequences, which play an important role in regulation of gene expression

Genes are made up of deoxyribonucleic acid (DNA) and act as instructors to make molecules called proteins. Genes
vary in size due to numbers of nucleotides that vary from gene to gene, which may be a few hundred DNA bases to more
than two million bases. Most of the portion of a gene in higher eukaryotes consists of noncoding DNA that interrupts the
relatively short segment of the coding DNA. The Human Genome Project estimated that humans have nearly 20,000 to
25,000 genes located on 46 chromosomes (23 pairs) (Phillips, 2008; Finegold, 2017). These genes are collectively known
as the human genome. The number of genes in an organism’s genome varies signiﬁcantly between species. For example,
the human genome contains an estimated 20,000 to 25,000 genes, whereas the genome of the bacterium Escherichia coli
contains 5416 genes. In eukaryotes (animals, plants, and fungi), genes are mainly located within the cell nucleus, but

Advances in Animal Genomics. https://doi.org/10.1016/B978-0-12-820595-2.00002-3
Copyright © 2021 Elsevier Inc. All rights reserved.
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Role of Food Additives and Intestinal
Microflora in Colorectal Cancer

1
2

Vivek Kumar Soni, Ajay Amit, Vikas Chandra, Pankaj Singh,
Pradeep Kumar Singh, Rudra Pratap Singh, Girijesh Kumar Patel,
and Rajat Pratap Singh

3

Abstract Colorectal cancer (CRC) is one of the most common cancers all around
the world with a high mortality rate. Lifestyle differences and environmental factors
such as high intake of fat and protein, red meat, and contaminations could increase
the risk of CRC. Different food additives are used to improve the taste, flavor, texture, appearance, and preservation of food products. Some of these food additives
have negative health impacts on human beings. These food additives can be mutagenic and carcinogenic. Consumption of food additives containing food products
increases the risk of cancer including colorectal cancer. The intestinal microflora is
also associated with carcinogenesis of CRC. The dysbiosis in gut microbiome due
to dietary and environmental changes might be linked with the development and
progression of CRC.
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Abstract
Rapid industrial growth has resulted in immoderate use of synthetic dyes in various industries, namely, paper, textile, lather, plastic, food, cosmetics, and pharmaceuticals to
color the products, leading to continuous discharge of dye contaminants into the water bodies causing water pollution. Several synthetic dyes are known to cause diseases,
namely, cancer, asthma, etc. Most of these synthetic dyes are non-degradable while
some produce carcinogenic, mutagenic, and other toxic by-products on degradation.
High concentrations of dyes in water bodies interfere with sunlight to penetrate and reduce reoxygenation capacity of water bodies leading to disturbance in the process of
photosynthesis in aquatic ecosystems. It is difficult to treat dye contaminated water using traditional wastewater treatment techniques since light, heat, and oxidizing agents
are not able to disintegrate these. Adsorption is one of the prominent, economical and
efficient methods to treat dye contaminated waste water. It is needed to develop low
cost recyclable adsorbents to meet the growing demand for low-cost and effective treatment methods. Due to tunable pore size, high porosity and large surface area metal
organic frameworks are considered as potential adsorbents for adsorptive removal of
pollutants including dyes. This chapter presents a review of dye removal applications
of MOFs as well as various challenges and future prospects. Review of literature re
Management of Contaminants of Emerging Concern (CEC) in Environment. https://doi.org/10.1016/
B978-0-12-822263-8.00014-2
Copyright © 2021.
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1 Introduction
Inorganic metal chalcogenides have drawn considerable attention in recent decades
because of their active properties. As a chalcogenide, copper sulfides (CuxS with
x = 1–2) are important p-type transition metal sulfides that have been rarely investigated in comparison to other chalcogenides such as CdS or CdSe (Durga et al., 2018).
Copper sulfide shows a direct band gap between 1.2 and 2.0 eV depending on the
stoichiometric ratio of Cu and S (Jiao et al., 2006). Optical band gap Eg of CuxS
increases with a decrease in the x value. An estimated optical band gap is 1.2 eV for
Cu2S, 1.75 eV for Cu1.8S, and 2.2 eV for CuS (Basu et al., 2010; Wu et al., 2008).
Copper sulfides have excellent optical and electrical properties, and its metallic conductivity transforms to a superconductor at 1.6 K (Liang and Whangbo, 1993). Copper
sulfide forms compounds of variant stoichiometries from copper-rich to sulfur-rich
such as Cu2S (chalcocite), Cu1.75S (anilite), Cu1.85S (digenite), Cu1.95S (djurlite), and
CuS (covellite), which are stable at room temperature (Premala et al., 2017). The
physical and chemical properties of nanoparticles were controlled by varying their
size, shape, structure, and stoichiometric compositions, which have important characteristics applicable in the field of biosensors (Pagan et al., 2015), optoelectronic devices (Zeinodin et al., 2021), solar controllers and solar radiator absorbers (Nair et al.,
1991), Li-ion batteries (Zhang et al., 2019), thermoelectric cooling materials (Shen
et al., 2009), catalysts (Hosseinpour et al., 2019), gas sensors (Sagade and Sharma,
2008), nanometer-scale switches (Sukamoto et al., 2003), optical filters (Chen et al.,
2009), tissue imaging (Ku et al., 2012), light-emitting diodes (Zhu et al., 2004), drug
delivery (Hou et al., 2017), nonlinear optical materials (Roy and Srivastava, 2006),
photosensors (Husea et al., 2017), molecular imaging (Ku et al., 2012), fuel cells
(Li and Nguyen, 2018), photothermal imaging (Li et al., 2010a, 2010b), hydrogen
Copper Nanostructures: Next-Generation of Agrochemicals for Sustainable Agroecosystems.
https://doi.org/10.1016/B978-0-12-823833-2.00029-5
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Solid Lipid Nanoparticles
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Introduction

The area of Novel Drug Delivery System is getting wider day by day in expanded
area of biomedical science, bioengineering and nanotechnology (Ekambaram et al.
2012). Most of the latest delivery techniques explore nanosize-based particles, i.e.

nanocarriers having the API (Shah et al. 2011). Few important drug carriers developed using nanotechnology-based approaches are nanoemulsion, nanosuspension.
nanocrystals. nanoparticles and solid lipid nanoparticles (Jain 1997). Recent
advances in the development of nanocarriers have started a new era in Formulation

Science. Solid lipid nanoparticles (SLNs) were reported in 1991 as an unconven-

tional carrier system to typical colloidal carriers such as emulsions, microemulsions. self

micro-emulsifying drug delivery

system, micellar systems,

polymeric microparticles and nanoparticles (Ramteke et al. 2012).
SLNs mingle advantages of the conventional carriers
along with
some of their
major disadvantages. SLNs showed

liposomes.

circumventing
potential applications in drug.
gene and vaccine delivery along with controlled and
site-specific drug targeting.
SLNs are
effortlessly made nanoparticles composed of biodegradable polymers of
high stability devoid of significant toxicity as well as
commercially economic and
could
incorporate wide variety of drugs for effective targeting. SLNs are novel
iprd-based formulations constituted
exclusively of biodegradable lipids such as
ighly purified triglycerides,
monoglycerides, complex glyceride mixtures, hard
or even
waxes, which turn solid at room
temperature. Solid lipid nanoparticles
anometre-sized particles that range from 50 to 200 nm and made of Solid
phobiC core which are
suspended in aqueous phase containing Surtactant
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