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Abstract

The regulation of gene expression in brain vicissitudes during aging is still
not much known and explored. Differential gene expression and regulation is
a key factor involved to identify the important landmarks within the brain
transcriptome to study neuronal aging. Recently, transcriptomic studies are
highly explored to understand and depict diseased versus normal as next
generation sequencing enables to capture the complete biological context to
the entire genome. Study of gene expression during aging compared to young
flies provides a signature and scenario of gene expression and regulation
during aging. In this study, we took advantage of NGS raw data of young and
old flies head from SRA database of NCBI and decrypted the gene expression
regulation during normal aging in drosophila model. We identified 350 genes
with significant differential expression between young and old flies having
0.01% FDR. Various pathways in context to identified genes which are in-
volved in aging include autophagy ie. cell death and apoptosis, proteolysis,
oxidative stress, declination grey and white matter and neurotransmitter le-
vels, mitochondrial discrepancy, electron transport chain, sugar degradation
pathways, activation of transcription factors involved in epigenetic changes,
regulators involved in negative and positive regulation WNT signaling path-
ways, G protein coupled receptor etc. as all these factors contribute to neuro-
degeneration and possibly dementia in normal aging. So, to find the specific
genes and regulators which are differentially expressed in normal aging, we
investigate brain transcriptome of normal aging flies compared to young flies
which offer a repertoire of genes, regulators and factors involved in network
of neurodegeneration to establish direct correlation between aging and de-
mentia. We also identified the pathways which are involved in aging and cor-
responding gene regulation in these pathways in aging flies brain. It is found
that there are some common pathways whose genes and regulators are highly
differentially regulated in both aging and dementia.
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1. Introduction

Aging is followed by cognitive decline in brain and basic risk factor for neuro-
degenerative disorders. There are many toxic proteins involved in brain aging
giving rise to many disorders like Alzhiemer’s, parkinsons, memory loss and
synaptic plasticity. The toxic protein aggregation is influential factor involved in
neurodegeneration [1]. This aging may lead to progression of age related disor-
der, Alzhiemer’s disorder. Amyeloid beta plagues and neurofibrillary tangles are
undoubtedly major hallmarks of Alzhiemer’s which is increased due to accumu-
lation of these toxic proteins, and remarkable pathways are associated with Alz-
hiemer’s like oxidative stress and low amount of antioxidants [2]. A recent pub-
lication showed that AD is not only a neurodegenerative, but it is systemic too
[3] which evidences repotire of genes involved in neurodegeneration which are
not only expressed in brain but also in other tissue parts. So, before finding dis-
tinctive features defined as tangles and plagues, we can identify hallmark regu-
lators which are responsible for this accumulation.

Global transcriptome analysis provides important information about brain
aging in various animal models including Drosophila which is relatively easy to
handle due to its small brain size and capacity to acquire genetic manipulations.
Fly brain studies are useful to untangle various neurological disorders like Alz-
hiemers’s [4], Parkinson’s [5] that occurs with the effect of aging and to under-
stand the role of various pathways and regulators which play or interplay in the
aging and neurodegeneration. Several groups demonstrated the gene expression
modulation in aging in mammals [6] [7] [8] containing many tissue types in-
cluding brain and have used the microarray data which have much more con-
tamination and more false positives than that of RNA sequencing. Single cell
RNA technique was also used to identify the brain aging precluding the gene ex-
pression changes and specific pathway information related to aging [9]. Recently,
the whole transcriptome brain profiling of aging flies is published which in-
cludes both the sexes and ages with the coexpression module of genes affecting
learning and memory [10] but has not shown the correlation of neurodegenera-
tive disorders with aging.

Here, we provide the differential gene expression studies of whole fly brain of
both the sexes young versus old and also the common pathways and its genes

involved in aging and dementia commonly.

2. Materials and Method

In this study we have used eight different samples of paired end RNA sequence
of fly heads in which 4 samples are from brain tissue of 5 days (1 male and 1 fe-
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male) and 10 days (1 male and 1 female) young flies. Another 4 samples con-
tains 20 days (1 male and 1 female) and 30 days (1 male and 1 female) brain
tissue of old fly heads taken from sequence read archive database from NCBI
(http://www.ncbi.nlm.nih.gov.in/SRA) under accession no. PRINA418957. The
young and old samples are bifurcated accordingly considering one male and 1
female in each age group. The RNA-seq data contains sequence reads as there
are some experimental and sequencing errors which may create noise including
adapters and hence they need to removed and trimmed off. The sequence reads
are filtered using a cutadapt program which is used to remove adapter sequence

from the reads and sequencing errors.

2.1. Mapping and Alignment of Reads

The filtered reads are aligned and mapped against the drosophila whole genome
to identify the regions which are expressed in both young and old fly heads. The
mapping is done using bowtie 2.0 to get the BAM file containing header, map-
ping quality and reads which are sequenced. There are 16 sets obtained contain-
ing reverse as well as forward reads aligned and a set of regions which are not

aligned.

2.2. Counting the Reads to Annotate against the Respective Genes

The aligned reads are obtained from BAM files generated by bowtie. These reads
are further counted against the protein coding gene to obtain the annotation of
reads. For this featurecount program is used to obtain the counts. The reads
which are overlapped with the genes are counted and annotated. The number of
overlapping reads also depends upon the depth of the sequence and quality of
the sequencing. The count file is simple tabular file generated containing gene

IDs and number of reads against them.

2.3. Differential Gene Expression Analysis
and Gene Annotation

The obtained count file is used as input for differential analysis [11] [12] of the
gene Ze. the reads which are counted against the gene is analysed for differential
expression in young flies and old flies to find out the gene regulation in brain of
old age flies compared to young flies. Limma voom [13] [14] package is used for
finding differential expression of gene. The tool is used to analyse mean variance
of the samples and normalisation of each sample count file. The mean variance
analysis and statistical analysis is the measure of expression of gene in each sam-
ple which can further filtered to get the most differential expression of the gene
[15] [16] [17]. The differentially expressed genes are established for gene ontol-
ogy analysis to get the biological function of each gene and pathways in which
these genes are involved. The pathways are also designed and deduced for iden-
tifying the actual connection of each gene with the other and hence gene regula-

tory network of the complete highly expressed genes is obtained.
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3. Results

3.1. Identification of Genes Mapped with Young
and Old Fly Heads of Male and Female

Sequences obtained from different samples of aging male and female flies from
SRA dataset are raw sequences containing noise and unwanted sequencing er-
rors hence it needs to go through quality check to get efficient results, for this
trimmomatic and cutadapt [18] program is used to remove noise and adapter
sequences and it was found that around 60% reads are unique in reverse and
48.5% reads are unique in forward strand in paired end RNAseq data of aging
flies’ heads. The refined and filtered data is deployed for mapping which is done
by bowtie2.0 program against the reference genome of drosophila melanogaster
to identify the genes which are affected in old flies in comparison to young flies.
The mapping statistics is shown in (Figure 1) which indicates 40% - 60% of
alignment which is found to be unique and round 20% - 40% reads are un-
aligned with the drosophila genome.

The BAM file is obtained as output file of mapping which is actually com-
pressed form containing mapping information which is further inspected and
visualised through IGV (integrated genome viewer) [19] [20] which shows
mapped reads at each position and connecting lines between the aligned reads

indicate reads mapped against introns (Figure 2).
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Figure 1. The quality of reads generated from RNAseq of flies head obtained after using trimmomatic and cutadapt function. (a)
Shows the percent of overrepresented sequences in forward and reverse strands. (b) Shows N content left after trimmomatic func-
tion applied over the reads. (c) Showing GC content present in each sequence of forward and reverse strand. (d) Shows duplica-
tion level of the sequence in each strand. (e) Shows length distribution of the reads. (f) Shows sequence counts in both forward
and reverse strand.
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3.2. Counting Number of Reads per Annotated Genes

For counting the number of reads many programs are there [21] [22] [23] corre-
sponding to each annotated gene we used featurecount [15] program which takes
the mapped BAM input and type of strandness as we have unstranded RNAseq
data hence we got the counts in forward as well as reverse direction both. We also
used a gtf. file as input to get the annotated genes against the reads. 20% - 30% of
reads are mapped with genes and the numbers are found to be less due to use of a

particular tissue type against the whole genome of flies (Figure 3).
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Figure 2. The mapping regions present on the chromosome X of all the 8 samples and regions of each samples are mapped diffe-
rently shows the differential expression of regions.
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Figure 3. X-axis shows percent of reads assigned to the genes and Y-axis show the sample
number. The graph shows basic statistics of reads which are mapped against the gene.
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3.3. Identification of Differentially Expressed Features

To be able to identify differential gene expression [24] in old flies all dataset of
total 8 samples having forward and reverse strands are analysed. 4 samples of
young flies Ze. 5 days and 10 days old and 4 samples of old flies having 30 days
and 40 days old are analysed and as we have already 8 files containing forward
and reverse counts against each gene. Some samples have more reads compared
to other samples which shows higher sequencing depths of the samples hence
mapping of reads against the gene also depends on sequencing depth and length
of the gene, longer the gene higher the reads found against them. So, to deal with
such situation normalization of data is done and for that limmavoom [13] [14] is
used to run Differential gene expression. The R script is used for limma package
to normalise the count table obtained from different samples and this step is
done to equalise the relative abundance of each gene in a RNA sample as in
some cases small number of genes are highly expressed in one sample compare
to another which may cause false positives hence normalisation is used for
equalising the abundance. Here, we incorporated a factor called aging of flies
comprising young flies and old flies. The data generated here contains the dif-
ferential regulation of genes of old flies compared to young flies. And it was
found that 141 genes are upregulated and 262 genes are down regulated in old
flies as compared to young flies out of approx. 17,555 genes. The summary table
is obtained containing gene identifiers, mean of normalised counts average to all
samples, fold change in log2, standard error estimate for log2 fold change, wald
statistics, p value, p value adjusted to multiple testing which controls FDR. A
graphical summary of results is obtained which contains mean variance plot,
mds and box plots and volcano plot (Figures 4-6) which show the variance and

similarity in the gene expression of different samples.

3.4. Extraction and Annotation of Differentially Expressed Genes

This obtained data is filtered to extract and annotate differentially expressed
genes by identifying absolute fold change greater than 2 and for that first the
significant adjusted p value is calculated by filtering all values less than 0.05 and
found 430 genes which are significantly expressed further this result is narrowed
down by filtering abs log 2 fold value greater than 1. It was found that there are
350 genes which are expressed differentially with significant adjusted p value. The
mean variance of table is calculated and Z scores are calculated and annotated us-

ing DAVID. The top 32 genes with Z scores are shown in heatmap (Figure 6).

3.5. Gene Ontology Analysis

The genes are further analysed to identify their presence in various biological
pathways and to understand the process of aging in more depth. The Go analysis
reduces the complexity by linking the gene directly to its biological and molecu-
lar function. Goseq program is used to identify the pathways related to these

genes. The wallneius Rank category method is used to get corresponding GO
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Volcano Plot: Youngflies—oldflies
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Figure 4. (a) shows fold change value red dots signifies genes having positive values Ze.
genes which are upregulated and blue dots shows gene having negative log fold value Ze.
genes are down regulated. (b) mean variance model shows number of genes present in
outliers and the values of genes fall under mean variance value. (c) shows log fold change
value of gene Ze. the negative values plotted shows the down-regulated genes and positive
values show the up-regulated genes.
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Figure 5. The figure shows box plots of the normalized and unnormalised counts Ze. log count per million value is considered to
normalize the counts of different samples. (b) shows strip charts of the genes which are differentially expressed according to logFc

value and adjusted P value.
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Figure 6. Showing heatmap of topmost differentially expressed genes. The rows represents name of the genes and col-
umn represents name of samples. Blue color shows negative scores ze. down regulated genes in the samples and Red co-
lour shows upregulated genes in the sample heads of old flies and young flies.

term over represented p value, under represented p value, number of differen-
tially expressed genes, number of genes in this category and details of the term is
calculated. A graph of top 10 over represented GO term is given in the (Figure
7) which shows that genes involved in stress response, apoptotic process, histone
modification, covalent chromatin modification, protein modification by small
protein and protein ubiquitination, immune and defence response regulation.
The KEGG pathways plotted using pathview [25] against topmost expressed
genes are also generated which shows complete information about the genes and

their role in pathways involved in aging and dementia (Figure 8).
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Figure 7. Topmost overrepresented GO term against the corresponding genes which are differentially expressed in old

flies as compared to young flies.

Our result provides the link between aging brain and dementia which can be
further deployed to establish therapeutics against neurodegeneration and aging
brain. As, the data shows that both run parallel to each other and factors affect-

ing brain aging strongly contributes to neurodegeneration and dementia.

4. Conclusion

Mitochondrial DNA damage and oxidative stress run parallel during aging and
lead to dementia as reactive oxygen species production surpasses cellular anti-
oxidants defence system which contains antioxidant enzymes and this declina-

tion can be easily seen in AD brain [8]. It is also evidenced that AD affects brain
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Figure 8. This figure shows different metabolic and biological pathways in which the genes are present which are differen-

tially expressed in aging flies. The red star shown in the pathway is denoting a gene which is found to be expressed differen-

tially. (a) is showing oxidative phosphorylation pathway and metabolic pathway. (b) is glycan degradation pathway (c) gly-
cerophospholipid metabolism (d) is neuroactive ligand receptor interaction.

and periphery in which many causative pathways play/interplay significant role

and simultaneously many factors risk AD like diabetes, obesity, hypertension,

stroke and other cardiovascular risk factors [26]. Neurodegeneration and Aging

are inseparable but who is under who is still a debate because of along with aging

function of brain changes and aggregation of toxic protein increase. At the same
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time, apoptosis occurs, leading to reduction in brain volume [27]. Once again
mitochondrial energy production decreases due to increase in oxidative stress
and finally decline in mitochondrial function is a cause of aging.

Recently the brain transcriptome change in the aging flies is being published
[9] showing the pathways and genes involved in aging. In our study, we found
262 genes are down regulated in old flies which are associated with many path-
ways required for normal functioning of brain and body and are required to
promote neuronal growth and neurogenesis in aging brain. A recent discovery of
progressive increase of many genes involved in high level of nucleic acid oxida-
tion genes in mitochondrial DNA with aging and in AD cases leads to oxidative
stress [28] [29] [30] and contributes strongly in aging and in dementia as here
also gene ontology analysis of genes we identified CG10211, CG13280, CG16761,
ND6 gene in drosophila shows high amount of expression of nucleic acid oxida-
tion genes present in mitocondrial DNA. Dementia is a common consequence of
diabetes as insulin level may affect neurotransmission, cell survival and amyloid
trafficking [31] [32]. The differential expression data in our study also shows
many genes like CG7985, Glucosidase 2 alpha subunit, involved in insulin modu-
lation. Inflammatory proteins in plasma are also associated with severity of de-
mentia [33]. Lactin-galC1, Drosomycin like gene is also found to be down regu-
lated and provides defence against fungal infection. Okouchi M et al, evidenced
change in apotosis regulation leads to many neurodegenerative disorders like
Alzhiemer’s, Parkinson’s, Huntington's (HD) diseases, amyotrophic lateral scle-
rosis (ALS), spinal muscular atrophy (SMA), and diabetic encephalopathy. In
flies, our results show that Drep3, DNA pol alpha, psn (presinilin) are differen-
tially regulated with aging in flies. Signal transduction pathways, epigenetic
regulation, immune system, vascular system and angiogenesis aberrant regula-
tion are major causes of neurogenesis and we found out various genes, receptors
and harmon related to these pathways showing change in expression in adult
flies [34]. Many genes, peptides and receptors are mapped with the reads of adult
(aging) and young flies show change in expression related to neurogenesis and
neurotransmitter decline like chemosensory protein, calcinuerin, Pyrokinin 2
receptor, mucin, Adipokinetic harmone, spatzle, suppressor of zeste, pleiohomeo-
tic and mthl. Hence, in depth study of these genes, receptors, peptides and regu-
lators will also help us in construing specific genes which can be controlled dur-
ing aging to make the brain function normally by using medical therapeutic

technique.
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Obesity is a chronic metabolic disease that affects both the pediatric and adult
populations. Adipose tissue acts as an endocrine organ which secretes various adipokines
involved in fat mass regulation and energy balance via modulating the metabolic signalling
pathways. Altered secretion of adipokines promotes multiple complications, including insulin
resistance. The primary mechanism of action that underlines the involvement of adipokines
in the development of insulin resistance includes phosphorylation/de-phosphorylation of
insulin receptor substrate-1 (IRS-1) facilitate by other signalling molecules like a suppressor
of cytokine signalling 1 (SOCS-1). Adipokines mediated insulin resistance further contribute
to the development of atherosclerosis, dyslipidemia, fatty liver disease, cancer etc. Thus, this
review provides recent updates on the role of resistin, lipocalin-2, RBP-4, chemerin, TNF-alpha
and IL-6 adipokines in the progression of insulin resistance.

Keywords: Adipose Tissue; Adipokines; Fatty Liver Diseases; Insulin resistance;
Insulin Receptor Substrate-1 (IRS-1).

Obesity is emerging as an epidemic in
both developed and developing countries. As
per the current statistics, in the United States,
approximately 42.4% adult men and women are
affected with obesity !, while for India a rise of
30.5% from the prevailing percentage has been
forecasted by the year 2040 2. Obesity usually
promotes type 2 diabetes mellitus, hypertension,
atherosclerosis and cardiovascular diseases 3.
But, amid them, type 2 diabetes mellitus can be
more severe due to insulin resistance in the liver,
muscle cells and other peripheral tissues *. In this
regard, it can be assumed that obesity is a metabolic
disorder that further increases the diabetes burden

*Corresponding author E-mail: utpal24dongre@gmail.com

apart from the pathophysiology of insulin. Over
nutrition or high-calorie intake deposits lipids
in the form of triglycerides in adipose tissue,
resulting in obesity 3. The severity of obesity is
often accompanied by low exercise and stressful
lifestyle . In mammals, adipose tissue cluster pre-
adipocytes, mature adipocytes, stromal vascular
cells, macrophages and endothelial cells. However,
adipose tissue is no longer considered as a mere fat
storage depot; instead, it is now considered as an
endocrine organ due to the secretion of adipokines
such as adiponectin, leptin, visfatin, omentin etc.,
which regulate energy/metabolic homeostasis 78,
Deposition of excess energy causes adipose tissue
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dysfunction, which usually exhibits a low-grade
chronic inflammation due to higher secretion of
inflammatory and pro-inflammatory cytokines like
IL-6 and TNF-alpha. This chronic inflammation
favours insulin resistance by modulating various
metabolic pathways °. The present review discusses
the basic pathophysiology of adipokines with
their current updates in the aetiology of insulin
resistance.
Adipose tissue physiology

Adipose tissues are classified as brown
adipose tissue (BAT) and white adipose tissue
(WAT), originated from mesoderm and the
mesenchymal stem cells during embryogenesis.
BAT is rich in mitochondria; hence appear brown
and predominantly involved in thermogenesis (heat
production) via uncoupling proteins 7. Conversely,
WAT is organ-specific and is further divided into
visceral (mesenteric, retroperitoneal, omental and
pericardial) and subcutaneous (beneath the skin)
adipose depots; thus obesity-related consequences
are primarily regulated by WAT '°. To store
extra energy pre-adipocyte differentiates into
mature adipocytes under the strict regulation of
CCA AT/enhancer-binding proteins (C/EBPs) and
peroxisome proliferator-activated receptor-gamma
(PPARA) transcriptional factors ''. This causes
WAT expansion through a rise in adipocyte number
(hyperplasia) and/or increasing adipocyte volume/
size (hypertrophy). The rise in adipocyte number
favours severe obesity, while increased adipocytic
volume contributes to obesity, overweight and
diabetes. In- vivo studies showed that in adults,
adipocytic numbers are usually constant; however,
adipocytic volume increases ' This suggests the
severity of obesity in the onset of type 2 diabetes
mellitus in adult patients. Earlier, adipose tissue
was considered as an inert fat storage organ, but
the discovery of leptin revealed the endocrine
functions of this organ, which secrete proteins/
hormones/factors/cytokines, collectively called
as “adipokines” '*. Obesity promotes altered
secretion of adipokines, which work as endocrine,
paracrine and autocrine way and modulate lipid
(lipogenesis and lipolysis) and glucose metabolism
. A growing body of evidence proves the role
of various adipokines in the pathophysiology
of insulin resistance, which includes, resistin,
lipochalin-2, retinol-binding protein-4 (RBP-4),
chemerin, TNF-alpha and IL-6 '>'6,

Resistin

Resistin a 114 amino acid (10 kDa)
containing adipokine also called as an adipose
tissue-specific secretory factor (ADSF) was
discovered by Dr Mitchell A. Lazar in the year
2001 '8, Resistin is a member of a cysteine-rich
protein termed as resistin like molecule (RELM)
and circulates as a hexamer and trimer. Hexameric
form of this adipokine is more abundant, while
trimeric form induces severe insulin resistance ".
The mechanism by which resistin causes the insulin
resistance includes the activation of suppressor of
cytokine signalling-3 (SOCS-3), which attenuates
insulin-arbitrate signalling in adipocytes *°. In
association with the toll-like receptor (TLR-
4), resistin stimulates insulin resistance in
different cells. In the hypothalamus, resistin
directly binds with the TLR-4, which suppresses
signalling pathways via stimulation of MyD88
and TIRAP adaptor protein accumulation and
debilitates insulin response in the hypothalamus
by phosphorylation of insulin receptor, AKT
and ERK1/2. The activation of Resistin/TLR-4
pathway also upregulated the activity of SOCS-3
and protein-tyrosine phosphatase 1B (PTP1B) and
thereby promote insulin resistance *'.

The fibroblast growth factor (FGF)-21
is an important hormone that regulates many
metabolic activities. The FGF-21 works as insulin-
sensitizing hormone as like of adiponectin. Study
on the chronic intracerebroventricular mechanism
revealed that resistin infusion in the brain of
mice downregulates adiponectin synthesis via
regulating its adaptor protein known as APPL1
in both hypothalamus and liver. Resistin also
inhibits expression of FGF-21 receptors on the
hypothalamus and the peripheral tissues, resulting
in FGF-21 resistance. This effect of resistin was
abolished in TLR4 knockout mice, suggesting
the role of Resistin/TLR-4 pathways in FGF-2
resistance/ insulin sensitivity 2. Further, studies
on mice reported resistin/TLR-4 pathway for
increased hypertension, insulin resistance » and
breast cancer progression *. It has been evidenced
that aerobic exercise prevents insulin resistance in
type 2 diabetes mellitus via miR-382-3p/Resistin
» and miR-492/Resistin axis *. Recent studies
exhibit the role of resistin in endothelial related
insulin resistance. Treatment of resistin on human
umbilical vein endothelial cells (HUVC) showed
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that oxidative stress in the endoplasmic reticulum
promotes insulin resistance and impairment in
the endothelium . Also, tunicamycin induced
oxidative stress in endoplasmic reticulum reported
increased resistin mRNA in human THP-1
monocytes *.

Lipocalin-2

The lipocalin-2 (Lcn2) is a 25 kDa
adipokine also known as neutrophil gelatinase-
associated lipocalin (NGAL), sidrocalin and 24p3
belong to the lipocalin superfamily and reported for
altered glucose metabolism and insulin resistance
»_ Len2 is highly expressed in adipocytes, liver,
kidney and on macrophages and regulates apoptosis
and innate immunity *°. The primary mechanism
underlines the effect of Len2 on insulin resistance
include the modulation of 12-lipoxygenase activity
and TNF-4 levels in adipose tissue *'. The level
of this adipokine increases during pre-adipocyte
differentiation into mature adipocyte. With the help
of a small cavity like hydrophobic structures Len2
binds and transport distinct lipophilic compounds
like steroids, retinoids and arachidonic acids *.
Study on LCN2"/” mice showed increased hepatic
gluconeogenesis, debilitate lipid metabolism,
impaired oxidation capacity of mitochondria,
elevated inflammation favouring dyslipidemia due
to diet-induced obesity, fatty liver disorders and
insulin resistance *.

Systems genetics analyses studies
revealed the sex-specific role of Lcn-2.
Overexpression of this adipokine in adipose tissue
has been reported for elevated fat mass, glucose
intolerance and insulin resistance only in females
via mitochondrial dysregulation **. Studies using
synthetic glucocorticoids and dexamethasone
in the regulation of Len-2 expression in adipose
tissue explore the role of sex steroids *. In
postmenopausal women, 17-a-estradiol (E2)
increases the Lcn-2 expression in subcutaneous
adipose tissue. There are two estrogen receptors
(ER4 and ER-4), which facilitates the effects of
steroids on adipose tissue, however, among them;
ER4 plays a significant role in the binding of
a-estradiol *°. Synthetic dexamethasone increases
ERa pathway and decreases the ER4 pathway and
thus responsible for glucocorticoid-induced insulin
resistance in human adipose tissue via Lcn-2
adipokine *’. Many other studies also implicate the
role of steroids in the induction of Len-2 induced

insulin resistance 3%*°. Moreover, Lcn-2 showed
inhibition of autophagy and insulin resistance
induction in H9c2 cells derived from rat heart
ventricle .

Retinol Binding Protein-4 (RBP-4)

Retinol binding protein-4 (RBP-4) is
another crucial adipokine that attributes in insulin
resistance. Apart from adipocyte RBP-4 is also
expressed in liver and macrophages *'. Higher
expression of this adipokine in the adipocyte is
inversely associated with the GLUT-4 expression
in the adipocyte. Thus, decreased GLUT-4 in
adipocytes promotes higher expression of RBP-4,
which inhibits insulin-mediated insulin receptor
substrate-1 (IRS-1) phosphorylation that can
contribute to insulin resistance *. During obesity,
RBP-4 is preferentially produced by visceral fat
depot than subcutaneous fat depot, suggesting the
role of intra-abdominal adipose tissue in insulin
resistance . The thiazolidinedione, a peroxisome
proliferator-activated gamma (PPAR3) stimulating
drug suppresses RBP-4 production in adipose tissue
and thereby stimulate insulin sensitivity of tissues
(skeletal muscle) *. However, RBP-4 mediated
insulin resistance also play a pivotal role in the
development of cardiovascular diseases (CVDs).
Increased production of RBP-4 in adipose tissue
stimulates the higher production of adhesion
molecules like vascular cell adhesion molecule-1
(VCAM), intercellular adhesion molecule-1
(ICAM) and E-selectin in the endothelial cells,
resulting in atherosclerosis-related CVDs and
hypertension *.

Of note, the prevalence of RBP-4 related
insulin resistance is considered as a significant risk
factor for the pediatric cardiometabolic system
4. Also, RBP-4 in association with adiponectin
and Fatty Acid—Binding Protein 4 (FABP-4)
are reported to be associated with the increased
rate of CVDs in male patients of type 2 diabetes
mellitus ¥, while in adolescent girls the increased
CVDs are associated with waist circumference
in overweight/ obese *. Thus, RBP-4 and insulin
resistance suggest the role of sex hormones in the
progression of CVDs and coronary artery diseases
4 Furthermore, assessment of the levels of RBP-
4 for ten years during childhood can help in the
prediction of future cardiometabolic risks *°. Apart
from the CVDs elevated RBP-4 related insulin
resistance can be correlated with the progression
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of rheumatoid arthritis *' and non-alcoholic fatty
liver disease .
Chemerin

Chemerin is secreted from adipose tissue
as an inactive pre-pro chemerin (163 amino acids).
After the intracellular hydrolytic cleavage of N
terminal polypeptide (20 amino acid), it releases
in the serum as 18-kDa inactive pro-protein, which
then converts into 16-kDa active chemerin by
serine protease cleavage of the C-terminal portion
3. The estimated concentration of chemerin in
plasma and serum of mice was reported 0.6 and
0.5 nM, respectively, while in human 3.0 and 4.4
nM, respectively >*. This adipokine is also called as
tazarotene-induced gene 2 (TIG2) encoded by the
retinoic acid receptor responder 2 (Rarres2) gene
and acts as an endocrine, paracrine as well as an
autocrine way *. Chemerin is a pro-inflammatory
adipokine predominantly produced by white
adipose tissue (WAT) and act as a ligand for
G-protein-coupled receptor CMKLR1 6. Chemerin
regulates the immune system (adaptive and
innate), adipogenesis and metabolic homeostasis
7. Overexpression of chemerin in adipose tissue
causes insulin resistance in human skeletal
muscles by modulating IRS-1, glucose uptake,
Akt, glycogen synthase kinase 3 phosphorylation
(GSK3P), nuclear factor-éB (NF-kB), p38
mitogen-activated protein kinase and extracellular
signal-regulated kinase (ERK)-1/2 %%,

Non-alcoholic fatty liver disease
(NAFLD) is a common phenomenon in obesity,
which is closely associated with chemerin induced
increased insulin resistance ®. However, outdoor
aerobic exercise improves the status of chemerin
induced insulin resistance and thereby NAFLD
81 Overexpression of CMKLR1 promotes insulin
resistance. During low-grade inflammation (a
common feature of obesity), both chemerin and
CMKLRI exhibit inverse expression, manifesting
in the progression of insulin resistance 2. Tumour
necrosis factor-alpha (TNF-alpha) is a potent
inflammatory cytokine that in association with
chemerin induces insulin resistance. This effect
of chemerin-TNF-alpha is overcome by the
high-intensity interval training (HIIT), further
suggesting the role of exercise in the prevention
of insulin resistance . However, another study
in women with multiple sclerosis proves that the
continuous chronic aerobic exercise lowers the

chemerin, insulin and thereby suppresses insulin
resistance . Chemerin can be used as an adipokine
marker for uremic insulin resistance in chronic
kidney diseases at stages 3, 4, and 5 . Moreover,
a growing body of recent evidences revealed the
role of chemerin induced insulin resistance in the
development and the prognosis of polycystic ovary
syndrome (PCOS) in adult women. A recent study
on 45 patients with PCOS showed higher chemerin
levels in obese PCOS group as compared to the lean
PCOS, obese and the non-obese groups . These
finding described above and other recent studies
6768 signify the role of chemerin induced insulin
resistance in the progression of PCOS.

Adipokines such as resistin, Lpn-2,
RBP-4, chemerin, TNF-4 and IL-6 secreted during
obesity altered numerous metabolic signalling
pathways that result in insulin resistance and related
diseases. TLR-4: Toll-like receptor-4, Irs-P: Insulin
receptor phosphorylation, SOCS-3: suppressor
of cytokine signalling-3, FGF-21: Fibroblast
growth factor, Lpn-2: Lipocalin-2, TNF-a: Tumour
necrosis factor-a, ER-a: Estrogen receptor-a, RBP-
4: Retinol binding protein-4, GLUT: Glucose
transporter, IRS-1-P: Insulin receptor substrate-
1-phosphorylation, GSK-3: Glycogen synthase
kinase 3 phosphorylation, NF-kB: Nuclear factor-
éB (NF-kB), ERK: Extracellular signal-regulated
kinase, NOS: Nitric oxide synthase, NO: Nitric
oxide, PTEN: Phosphatase and tension homologue,
IR: Insulin resistance, IL-6: Interleukin-6, STAT-3:
signal transducer and activator of transcription 3.
TNF-a

Tumour necrosis factor-a (TNF-4) is
secreted by adipose tissue often considered as an
adipocytokine. A 26 kDa transmembrane monomer
of this adipokine converts into 17-kDa soluble
TNF-4a molecule by an enzyme TNF-a converting
enzyme (TACE). It acts as an inflammatory
cytokine that affects distinct cellular and biological
functions including apoptosis, cell differentiation,
energy metabolism and immune system ®. TNF-a
adipocytokine induces insulin resistance via
decreasing the tyrosine kinase activity of the
insulin receptor ™. This causes altered signalling
pathways that can induce insulin resistance and
related diseases. One of such signalling pathway
that modulated by TNF-a is Akt/eNOS (nitric
oxide synthase)/NO. In mice with fed by a high-
fat diet, overexpression of TNF-4 in adipose tissue
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Fig. 1. Schematic diagram representing the role of adipokines in insulin resistance and related diseases

positively modulates phosphatase and tension
homologue (PTEN) and suppresses Akt/eNOS/NO
signalling pathways in a vascular wall, leading to
insulin resistance ”'. Thus, TNF-4/PTEN pathway
can be targeted as a therapeutic to treat insulin
resistance and vascular complications in obesity.
During diabetes, in hepatic cells, TNF-attenuation
improves the insulin receptor substrate 1 (IRS-1)
via phosphorylation ™ at serine residues 636/639
and inhibiting the tyrosine phosphorylation of
IRS-1. This phosphorylation/dephosphorylation
is governed by c-jun N-terminal kinase (JNK) and
an extracellular signal-regulated kinase (ERK)
phosphorylation . Apart from the IRS-1, toll-like
receptors TLRs and GLUT-2 pathways modulate
other signalling pathways that results in insulin
resistance . Further, the PPAR 4/a agonist
aleglitazar ", GW501516 77 and TACE selective
inhibitor JTP-96193 7® have been reported for
the inhibition of TNF-a arbitrate inflammatory
reactions and insulin resistance. However, through
independent pathways, insuin resistance due to
this adipocytokine induces neuroinflammation in

immortalised hypothalamic neuronal cells, which
may promote neurodegenerative diseases .
IL-6

Interleukin-6 is a pro-inflammatory
cytokine secreted by many different cell types and
tissues, including adipose tissue, which regulates
growth and development of distinct tissues and
plays a significant role in the immune response
8. This adipocytokine contributes to low-grade
chronic inflammatory state responsible for
adipose tissue dysfunction via altered lipid and
carbohydrate metabolism, coronary artery diseases
(atherosclerosis), CVDs diabetes and insulin
resistance ®'. The mechanism of action by which
this cytokine imparts its role in insulin resistance
involves inhibitory effects on the gene transcription
of PPAR gamma, GLUT-4 and IRS-1. This causes
a reduction in IRS-1, insulin-stimulated tyrosine
phosphorylation. In hepatocytes, SOCS inhibit
insulin receptor signalling that stimulates insulin
resistance %%, Obesity-related insulin resistance
due to IL-6 promotes impaired adipogenesis in
subcutaneous fat in humans, suggesting the role
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of IL-6 in the modulation of signalling pathways
8. By emphasizing the role of IL-6 in T cells, it
has been corroborated that through a classical
signalling pathway IL-6 stimulates inflammation
and insulin resistance at the early stages of obesity
development ¥. However, studies in humans
showed an association between the amount of
IL-6 and the size of the visceral adipose tissue
favours insulin resistance *. Further, IL-6 in
association with signal transducer and activator
of transcription 3 (STAT3) modulates a variety
of signalling pathways that imparts their role in
insulin resistance/sensitivity and related diseases.
It has been reported that the treatment of myo-
Inositol in rat PCOS model downregulates the
insulin resistance in association with IL-6-STAT-3
signalling pathway *’. Whereas, atmospheric fine
particles (PM2.5) increases the IL-6 levels in rat
liver and suggest an essential role in the regulation
of type 2 diabetes mellitus through IL-6/STAT3/
SOCS3 pathway . Pu-erh tea extract mitigates
insulin resistance and non-alcoholic steatohepatitis
through IL-6/STAT?3 signalling pathway in mice *.
However, the blocking of IL-6 receptor improves
insulin sensitivity in patients with rheumatoid
arthritis and non-diabetic .

CONCLUSION

Dysfunctional adipose tissue secretes
altered levels of adipokines that are associated
with many health problems, including insulin
resistance. Adipokines imparts their deleterious
effects in the development and the progression of
insulin resistance mostly through IRS-1/STAT-3/
SOCS signalling pathways. Recent findings exhibit
the role of adipokine induced insulin resistance
as a major risk factor for the development of
chronic diseases like neurodegenerative diseases,
non-alcoholic fatty liver disease, chronic kidney
diseases, cardiovascular diseases etc. However,
determining the role of adipokines in the aetiology
of insulin resistance may provide new opportunities
for developing novel therapeutics for obesity
arbitrates insulin resistance.
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ABSTRACT: The emergency to find a solution to multidrug resistance of
bacteria due to the abuse of antibiotics leads to the search for new antibacterial
pathways. Quorum sensing (QS), or bacterial cell to cell communication, is a
cell-density-dependent bacterial response. It is mediated by hormone-like
compounds called autoinducers (Als). QS-dependent regulation of gene
expression controls various phenotypes, including bioluminescence, biofilm
formation, drug resistance, virulence factors expression, and motility. Therefore,
the inhibition of QS is considered a new promising target of antimicrobial
pathways as anti-virulence compounds that can repress the gene expression of
QS. Green tea is one of the most commonly consumed teas in the world. Green
tea extract is also a great source of compounds like polyphenols, amino acids,
enzymes, pigments, and carbohydrates. Hence, green tea has recently received
considerable attention as a new source of safe and effective QS inhibitory
substances. In the present study, methanolic and ethanolic various tea extracted
were prepared and tested to inhibit quorum sensing mediated bacterial virulence
factors such as anti-swarming, and antibiofilm potential against organism
Pseudomonas aeruginosa. Quorum sensing inhibition against Chromobacterium
violaceum MTCC 2656 has been carried out. The study's outcome shows that
most of the methanolic and ethanolic extracts of various tea products show
significantly Anti-quorum sensing Potential up to 83% swarming inhibition with
Pseudomonas aeruginosa, inhibition violaceum pingment and biofilm disruption
were also quite high in most of the Tea extract of ethanol and methanol.

INTRODUCTION: The problem of multidrug-
resistant bacteria is becoming a worldwide concern
This pathogenic organism became
resistant to a large range of antibiotics that possess
a problem with treating various diseases
Antibacterial drugs are the foremost effective of all

nowadays.

medicines. Their success is reflected by their
continuous use and thus the decreased morbidity
and mortality from bacterial infections over the
A past 50 years.

However, the continued emergence and spread of
multidrug-resistant bacteria have predicted that we
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are re-entering the predominant era 2. The event of
antibiotic resistance is the key reason for the
development of pathogenicity. The microorganism
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dwelling within the biofilm often develops
antibiotic resistance against common disinfectants
and antiseptics that are regularly used 3. So to beat
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the rapid spread of multidrug resistance, the event
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of recent antimicrobial or antipathogenic agents
that influence new microbial targets has become an
extremely pressing priority.

Because of the proven fact that quorum sensing is
involved in microbial pathogenesis, research efforts
have  recently  focused on  developing
antipathogenic agents to manage bacterial diseases
by inhibiting quorum sensing *.

Quorum sensing is the ability to detect and reply to
cell population density by gene regulation and
intracellular communication between bacteria using
bacterial products. This population density-
dependent mechanism is mediated through small
signaling molecules called autoinducers by which
bacteria regulate gene expression in gram-negative
bacteria; the autoinducers are AHLSs that are acyl-
homoserine lactone °.

Quorum sensing enables bacteria to limit the
expression of specific genes to high cell densities at
which the resulting phenotypes are visiting be most
beneficial. QS-dependent regulation of gene
expression controls many phenotypes, including
bioluminescence,  biofilm  formation,  drug
resistance, virulence factors expression, and
motility.

Therefore, the inhibition of QS is considered a
fresh, promising target of antimicrobial pathways
as anti-virulence compounds that could repress the
gene expression essential for basic metabolism in
vitro, rather than the microorganisms themselves ®.

Quorum sensing might be a good drug target
because, unlike antibiotics and biocides that kill
bacteria, interfering with signaling system or cell to
cell communication relies on the principle that
when one bacterium releases autoinducers into the
environment, their concentration is just too low to
detect, hence when sufficient bacteria present
concentration of autoinducers reach threshold level
that permits the bacteria to sense critical cell
population and to activate target genes ’.

In Gram-negative bacteria, the foremost common
autoinducers are N-acyl-homoserine lactones
(AHLs), a signalling molecule in higher
concentrations that can bind to and activate a
transcriptional activator or R protein which
successively induces the expression of target genes.
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Whereas Gram-positive bacteria usually utilize
peptides as autoinducers ®.

In recent years, Green tea is becoming increasingly
popular worldwide, partly because of many
documented evidence about its beneficial effects on
health.

Tea contains numerous components, including
catechins, caffeine, amino acids, carbohydrates,
proteins, chlorophyll, volatile compounds, fluoride,
minerals, and other undefined compounds. Several
biological properties are associated with tea
polyphenols (TP); tea extract can modulate the
Quorum sensing °.

We hypothesize that a variety of its antimicrobial
properties is additionally contributed by the QSI
phytochemicals present in it.

Therefore, within the current study, we aimed to
research the anti-quorum sensing and anti-biofilm
potentials of herb polyphenol extract against
Chromobacterium  violaceum  CV026  and
Pseudomonas  aeruginosa at  sub-inhibitory
concentration.

Furthermore, the influence of tea extract on P.
aeruginosa quorum-sensing- regulated virulence
factors production, motility, and biofilm formation
were also assayed *°.

MATERIALS AND METHODS:

Chemicals, Bacterial Strains and Culture
Medium: All the chemicals and media were used
for carrying out this study purchased from High-
media Pvt.Ltd and Sigma Aldrich.
Chromobacterium  violaceum MTCC 2656, a
pathogenic strain, was procured from MTCC
Chandigarh, India.

Pseudomonas aeruginosa with a trait of swarming
motility isolated from soil collected from the
campus of Dr. Ambedkar College Deekshabhoomi
Nagpur and isolates were maintained on Nutrient
Agar medium slant at 2-8°C.

Tea Samples Collection: Organic tea and various
brands of tea were purchased from nearby local
markets, twelve tea samples were purchased from
local market of Nagpur city. India. Which are listed
in Table 1. The tested tea samples are listed below.
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TABLE 1: THE TESTED TEA SAMPLES AND STOCK AND WORKING CONCENTRATION OF TEA EXTRACT

S. no. Name of extract Stock Concentration Stock Concentration Concentration of
of methanol Extract of ethanol Extract Working methanol &
mg/ml mg/ml ethanol extract mg/ul
1 Lipton 700 650 1.0
2 Himalaya wellness tea 630 600 1.0
3 Organic India 890 720 1.0
4 24 Mantra Organic Green Tea 820 870 1.0
5 LaPlant Green Tea 670 630 1.0
6 Twinings Green Tea 540 590 1.0
7 Tetley 810 760 1.0
8 Taaza 760 700 1.0
9 Tulsi Green Tea 680 570 1.0
10 TajMahal Green Tea 530 780 1.0
11 Tata tea 520 610 1.0
12 The Indian Tea 660 530 1.0
Preparation of Tea Extract: A modification of sensing inhibition using. Chromobacterium

previously described procedures (Raaman, 2006),
was used to prepare the Methanolic and ethanolic
extract of the tea Product. The dried Tea materials
(2 gm) were mixed with 20 ml 70% (v/v) ethanol
and 20 ml Methanol separately for 8 h in a Soxhlet
extractor. The extract was then allowed to
evaporate in an oven at 37°C for at least three days.
Some of the extracts were dried using IR
Concentrator. The dried extract was stored in a
refrigerator until used (extracts were tested within 2
weeks of extraction).

Preparation of Stock Solutions: Stock solutions
of crude ethanol and methanol extracts were
prepared, filter-sterilized (0.25 um), and stored at
4°C. Table 1. Shows the concentration of each
stock solutions concentrations working solution.

Swarming Inhibition Assay: Swarming Inhibition
assay was conducted with a nutrient medium
containing 0.8% agar. Swarm plates were allowed
to dry in the incubator before being used. Prepared
Swarm plates were then divided into four regions
by using a marker and inoculated with the
overnight grown bacterial culture of Pseudomonas
aeruginosa in Nutrient broth. 0.5 ul of culture
inoculated over 1ul of tea extract and allowed to
absorb sample drop in the medium. These plates
were then incubated for 48 h at 37°C. Inhibition in
the swarming motility was determined by
measuring the diameters of the swarm zones
compared to the negative control.

Quorum Sensing Inhibition Assay using
Chromobacterium violacein CVV026: A paper disc
diffusion assay was performed to test for Quorum

International Journal of Pharmaceutical Sciences and Research

violaceum MTCC 2656. 100 microliter of the.
Chromobacterium violaceum MTCC 2656
overnight culture grown was spread on agar plates
and allowed it to dry. Paper discs were dipped into
the extracts and placed on the culture-grown plates.
The plates were incubated at 37°C for 24 hrs; then,
plates were observed for any pigment inhibition
zones and examined for violacein production.
Quorum sensing inhibition was detected by a
colourless, opaque, but viable halo around the disc.
Methanol and ethanol were also used as a negative
control *°.

Biofilm Inhibition Assay using Tube Method: In
this assay 100 pL of bacterial culture Pseudomonas
aeruginosa were transferred to glass test tubes
containing 5 mL Nutrient Broth and 150 pl of tea
extract, and tubes were incubated at 37°C for 24 h.
Three controlled tubes were also prepared, one
containing culture media only and the other two of
ethanol and methanol as a negative control. The
media was then removed, and the tubes were
washed with distilled water. The tubes are stained
with crystal violet and rinsed twice to discharge the
extra stain and air-dried. The occurrence of the blue
ring above on the wall at the bottom of the tube
indicates biofilm production. Two control tubes of
ethanol and methanol were also taken for
comparison®?,

RESULTS:
Anti-swarming Assay: Ethanol and methanol
extract of various Tea extracts were tested for the
ability to inhibit swarming in Pseudomonas
aerogenosa.
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The result of this assay was interpreted in a way
that is the reduction in the diameter of the swarm
zones as compared to control. Data represented in
Table 2 shows no significant variations in
ethanolic and methanolic extract, but the Highest
Swarming inhibition was found in methanolic and
ethanolic extract of Lipton. The size of swarm

E-ISSN: 0975-8232; P-ISSN: 2320-5148

zones of Pseudomonas aerogenosa  was
significantly reduced in the presence of these
extracts as compared to control. In some extracts
pattern of motility was found to be different. All
the Tea brands significantly effective as an Anti-
swarming Agent for the tested organism
Pseudomonas aerogenosa

TABLE 2: RESULT OF ANTI-SWARMING POTENTIAL OF VARIOUS TEA EXTRACTS

S. no. Tea Extracts Diameter of Swarm zone in cm
Methanol (% of Swarming Ethanol (% of Swarming inhibition)
inhibition)
Negative control 1.6 1.8
1 Lipton 0.3 (81.25%) 0.3 (83.33 %)
2 Himalaya wellness tea 0.4 (75%) 0.4(77.77 %)
3 Organic India 0.3 (81.25%) 0.6 (66.66 %)
4 24 Mantra Organic Green Tea 0.5 (68.75) 0.5 (72.22%)
5 LaPlant Green Tea 0.6 (62.5 %) 0.4(77.77%)
6 Twinings Green Tea 0.3 (81.25 %) 0.4(77.77%)
7 Tetley 0.5 (68.75 %) 0.5 (72.22%)
8 Taaza 0.9 (43.75) 1.3 (27.77%)
9 Tulsi Green Tea 0.5 (68.75%) 0.4(77.77%)
10 TajMahal Green Tea 0.5 (68.75%) 0.4(77.77%)
11 Tata tea 0.4 (75%) 0.5 (72.22%)
12 The Indian Tea 0.4 (75%) 0.5 (72.22%)

The values of swarm zones presented as Mean

Anti-quorum Sensing Bioassay using
Chromobacterium violaceum MTCC 2656: The
pigment production is one of the phenomena
controlled by quorum sensing regulatory
mechanism in  Chromobacterium  violaceum
MTCC 2656. The paper disc diffusion assay was
performed for pigment inhibition in which various

Tea extracts tested for only the pigment inhibition
and no growth inhibition. The area of colorless
turbid zone indicates that the extract is allowing
inhibition of the quorum sensing mechanism in the
organism. Data of Pigment Production inhibition in
Chromobacterium violaceum MTCC 2656
presented in Table 3.

TABLE 3: PIGMENT PRODUCTION INHIBITION IN CHROMOBACTERIUM VIOLACEUM MTCC 2656

S. no. Sample Methanol Extract Ethanol extract
1 Lipton Sty ++
2 Himalaya wellness tea -ve et
3 Organic India it i
4 24 Mantra Organic Green Tea +++ +++
5 LaPlant Green Tea + ++
6 Twinings Green Tea ++ +
7 Tetley -ve -ve
8 Taaza -ve -ve
9 Tulsi Green Tea +++ +++
10 TajMahal Green Tea + i
11 Tata tea -ve +++
12 The Indian Tea T=F +++

+++ High, ++ Moderate, + Least

Biofilm Disruption Assay by Tube Method: P.
aeruginosa shows strong biofilm formation; the
different Tea extracts were screened for their
biofilm disruption Potential against P. aeruginosa.
The crystal violates staining method is easily and
widely used to measure biofilms' formation and
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inhibition in a tube. The results of this assay are
presented in Table 4. All most all the methanol and
ethanol extract were showed significant Biofilm
reduction as compared to negative control except
for ethanol and methanol extract of Taza
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TABLE 4: RESULT OF BIOFILM DISRUPTION ASSAY BY TUBE METHOD

S. no. Sample Methanol Extract Ethanol extract
1 Lipton +++ ++
2 Himalaya wellness tea ++ +++
3 Organic India +++ ++
4 24 Mantra Organic Green Tea +++ ++
5 LaPlant Green Tea +++ ++
6 Twinings Green Tea ++ +
7 Tetley + +
8 Taaza -ve -ve
9 Tulsi Green Tea ++ +++
10 TajMahal Green Tea +++ +++
11 Tata tea + +
12 The Indian Tea ++ +++

FIG. 1: THE PHOTOGRAPH OF SWARMING INHIBITION ASSAY BY ETHANOLIC TEA EXTRACTS USING
PSEUDOMONAS AERUGINOSA

\E CONTROL

QROH)

FIG. 2: THE PHOTOGRAPH OF SWARMING INHIBITION ASSAY BY MTHANOLIC TEA EXTRACTS USING
PSEUDOMONAS AERUGINOSA
34

International Journal of Pharmaceutical Sciences and Research 4624



Hirapure et al., IJPSR, 2022; Vol. 13(11): 4620-4627. E-ISSN: 0975-8232; P-ISSN: 2320-5148

FIG. 3: RESULT OF BIOFILM DISRUPTION ASSAY USING PSEUDOMONAS AERUGINOSA BY METHANOLIC
EXTRACT OF DIFFERENT TEA

Culture EtOH E1l £E2

FIG. 4: RESULT OF BIOFILM DISRUPTION ASSAY USING PSEUDOMONAS AERUGINOSA BY ETHANOLIC
EXTRACT OF DIFFERENT TEA

- Ve Control
“MeOH

- Ve Control
MeOH ME 10 ME 11 ME 12

FIG. 5: RESULT OF QUORUM SENSING INHIBITION ASSAY USING CHROMOBACTERIUM VIOLACEUM

MTCC 2656. BY METHANOLIC EXTRACT OF DIFFERENT TEA PRODUCT
- Ve Control

EtOH E 7 E8 E9 E 10 E 11 E 12

FIG. 6: RESULT OF QUORUM SENSING INHIBITION ASSAY USING CHROMOBACTERIUM VIOLACEUM
MTCC 2656. BY ETHANOLIC EXTRACT OF DIFFERENT TEA PRODUCT

- Ve Control
EtOH
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DISCUSSION: Green tea is one of the most
popular beverages worldwide due to its health-
promoting properties, which reflect the presence of
antioxidants and also antimicrobial substances that
are active against various Gram-positive and Gram-
negative bacteria '®. Both activities are mainly
due to polyphenols, the most abundant of which is
the catechins, particularly epigallocatechin gallate
(EGCG), representing 50-80% of the total catechin
content . A deeper understanding of Bacterial
cell-cell communication promises to shed light on
the complexities of the host-microbe relationship
and may lead to novel therapeutic applications.
Many species of bacteria use quorum sensing to
coordinate gene expression according to the density
of the local population. Hence in the present study
anti-quorum sensing activities of the twelve organic
tea of various brands has been studied for their
inhibition of Quorum sensing, controlled phenotype
Swarming and biofilm formation of Pseudomonas
aeruginosa and pigment production
Chromobacterium violaceum MTCC 2656. The tea
extract effectively inhibited Quorum sensing and
controlled phenotypes of both tested organisms.
This study's findings support other investigations
that demonstrated anti-QS activity in certain Tea
extracts. Further works are required to find active
QSI ingredients of tea extracts and to clarify the
mechanism of their action as a Quorum sensing
inhibitor. A few tea extract showed negative result
may be due to insufficient active ingredient
concentration in that extract for inhibition of
respective Quorum sensing controlled Phenotypes.

CONCLUSION: It is concluded that anti-QS is as
important as antibacterial activity as it will unlikely
cause resistance problems as it does not pose
selection pressure. Anti-swarming, Biofilm, and QS
are major virulence factors of most pathogenic
microorganisms. The bioassay of the 12-studied tea
extracts revealed significant Quorum sensing
controlled bacterial phenotype inhibition activities.
Further research is needed to investigate the
molecular mechanism and active ingredient in each
tea extract. Biofilm-associated bacterial infections
frequently caused by P. aeruginosa are found in

most  diseases. The effectiveness of many
antibacterial drugs has been lost due to the
evolution of pathogenic resistance. Therefore

alternative ways of reducing biofilms are essential.
The anti-QS compounds present in green tea

International Journal of Pharmaceutical Sciences and Research
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products help enhance the susceptibility of the
bacteria and thus eradicate biofilms. Green tea may
therefore offer a new source of antimicrobial
compounds that can be used to reduce our reliance
on antibiotics by inhibiting bacterial virulence
without selecting for resistant bacterial strains %%,
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ABSTRACT: The emergency to find a solution to multidrug resistance of
bacteria due to the abuse of antibiotics leads to the search for new antibacterial
pathways. Quorum sensing (QS), or bacterial cell to cell communication, is a
cell-density-dependent bacterial response. It is mediated by hormone-like
compounds called autoinducers (Als). QS-dependent regulation of gene
expression controls various phenotypes, including bioluminescence, biofilm
formation, drug resistance, virulence factors expression, and motility. Therefore,
the inhibition of QS is considered a new promising target of antimicrobial
pathways as anti-virulence compounds that can repress the gene expression of
QS. Green tea is one of the most commonly consumed teas in the world. Green
tea extract is also a great source of compounds like polyphenols, amino acids,
enzymes, pigments, and carbohydrates. Hence, green tea has recently received
considerable attention as a new source of safe and effective QS inhibitory
substances. In the present study, methanolic and ethanolic various tea extracted
were prepared and tested to inhibit quorum sensing mediated bacterial virulence
factors such as anti-swarming, and antibiofilm potential against organism
Pseudomonas aeruginosa. Quorum sensing inhibition against Chromobacterium
violaceum MTCC 2656 has been carried out. The study's outcome shows that
most of the methanolic and ethanolic extracts of various tea products show
significantly Anti-quorum sensing Potential up to 83% swarming inhibition with
Pseudomonas aeruginosa, inhibition violaceum pingment and biofilm disruption
were also quite high in most of the Tea extract of ethanol and methanol.

INTRODUCTION: The problem of multidrug-
resistant bacteria is becoming a worldwide concern
This pathogenic organism became
resistant to a large range of antibiotics that possess
a problem with treating various diseases
Antibacterial drugs are the foremost effective of all

nowadays.

medicines. Their success is reflected by their
continuous use and thus the decreased morbidity
and mortality from bacterial infections over the
A past 50 years.

However, the continued emergence and spread of
multidrug-resistant bacteria have predicted that we
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are re-entering the predominant era 2. The event of
antibiotic resistance is the key reason for the
development of pathogenicity. The microorganism
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dwelling within the biofilm often develops
antibiotic resistance against common disinfectants
and antiseptics that are regularly used 3. So to beat
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the rapid spread of multidrug resistance, the event
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of recent antimicrobial or antipathogenic agents
that influence new microbial targets has become an
extremely pressing priority.

Because of the proven fact that quorum sensing is
involved in microbial pathogenesis, research efforts
have  recently  focused on  developing
antipathogenic agents to manage bacterial diseases
by inhibiting quorum sensing *.

Quorum sensing is the ability to detect and reply to
cell population density by gene regulation and
intracellular communication between bacteria using
bacterial products. This population density-
dependent mechanism is mediated through small
signaling molecules called autoinducers by which
bacteria regulate gene expression in gram-negative
bacteria; the autoinducers are AHLSs that are acyl-
homoserine lactone °.

Quorum sensing enables bacteria to limit the
expression of specific genes to high cell densities at
which the resulting phenotypes are visiting be most
beneficial. QS-dependent regulation of gene
expression controls many phenotypes, including
bioluminescence,  biofilm  formation,  drug
resistance, virulence factors expression, and
motility.

Therefore, the inhibition of QS is considered a
fresh, promising target of antimicrobial pathways
as anti-virulence compounds that could repress the
gene expression essential for basic metabolism in
vitro, rather than the microorganisms themselves ®.

Quorum sensing might be a good drug target
because, unlike antibiotics and biocides that kill
bacteria, interfering with signaling system or cell to
cell communication relies on the principle that
when one bacterium releases autoinducers into the
environment, their concentration is just too low to
detect, hence when sufficient bacteria present
concentration of autoinducers reach threshold level
that permits the bacteria to sense critical cell
population and to activate target genes ’.

In Gram-negative bacteria, the foremost common
autoinducers are N-acyl-homoserine lactones
(AHLs), a signalling molecule in higher
concentrations that can bind to and activate a
transcriptional activator or R protein which
successively induces the expression of target genes.
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Whereas Gram-positive bacteria usually utilize
peptides as autoinducers ®.

In recent years, Green tea is becoming increasingly
popular worldwide, partly because of many
documented evidence about its beneficial effects on
health.

Tea contains numerous components, including
catechins, caffeine, amino acids, carbohydrates,
proteins, chlorophyll, volatile compounds, fluoride,
minerals, and other undefined compounds. Several
biological properties are associated with tea
polyphenols (TP); tea extract can modulate the
Quorum sensing °.

We hypothesize that a variety of its antimicrobial
properties is additionally contributed by the QSI
phytochemicals present in it.

Therefore, within the current study, we aimed to
research the anti-quorum sensing and anti-biofilm
potentials of herb polyphenol extract against
Chromobacterium  violaceum  CV026  and
Pseudomonas  aeruginosa at  sub-inhibitory
concentration.

Furthermore, the influence of tea extract on P.
aeruginosa quorum-sensing- regulated virulence
factors production, motility, and biofilm formation
were also assayed *°.

MATERIALS AND METHODS:

Chemicals, Bacterial Strains and Culture
Medium: All the chemicals and media were used
for carrying out this study purchased from High-
media Pvt.Ltd and Sigma Aldrich.
Chromobacterium  violaceum MTCC 2656, a
pathogenic strain, was procured from MTCC
Chandigarh, India.

Pseudomonas aeruginosa with a trait of swarming
motility isolated from soil collected from the
campus of Dr. Ambedkar College Deekshabhoomi
Nagpur and isolates were maintained on Nutrient
Agar medium slant at 2-8°C.

Tea Samples Collection: Organic tea and various
brands of tea were purchased from nearby local
markets, twelve tea samples were purchased from
local market of Nagpur city. India. Which are listed
in Table 1. The tested tea samples are listed below.

4621

40



Hirapure et al., IJPSR, 2022; Vol. 13(11): 4620-4627.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

TABLE 1: THE TESTED TEA SAMPLES AND STOCK AND WORKING CONCENTRATION OF TEA EXTRACT

S. no. Name of extract Stock Concentration Stock Concentration Concentration of
of methanol Extract of ethanol Extract Working methanol &
mg/ml mg/ml ethanol extract mg/ul
1 Lipton 700 650 1.0
2 Himalaya wellness tea 630 600 1.0
3 Organic India 890 720 1.0
4 24 Mantra Organic Green Tea 820 870 1.0
5 LaPlant Green Tea 670 630 1.0
6 Twinings Green Tea 540 590 1.0
7 Tetley 810 760 1.0
8 Taaza 760 700 1.0
9 Tulsi Green Tea 680 570 1.0
10 TajMahal Green Tea 530 780 1.0
11 Tata tea 520 610 1.0
12 The Indian Tea 660 530 1.0
Preparation of Tea Extract: A modification of sensing inhibition using. Chromobacterium

previously described procedures (Raaman, 2006),
was used to prepare the Methanolic and ethanolic
extract of the tea Product. The dried Tea materials
(2 gm) were mixed with 20 ml 70% (v/v) ethanol
and 20 ml Methanol separately for 8 h in a Soxhlet
extractor. The extract was then allowed to
evaporate in an oven at 37°C for at least three days.
Some of the extracts were dried using IR
Concentrator. The dried extract was stored in a
refrigerator until used (extracts were tested within 2
weeks of extraction).

Preparation of Stock Solutions: Stock solutions
of crude ethanol and methanol extracts were
prepared, filter-sterilized (0.25 um), and stored at
4°C. Table 1. Shows the concentration of each
stock solutions concentrations working solution.

Swarming Inhibition Assay: Swarming Inhibition
assay was conducted with a nutrient medium
containing 0.8% agar. Swarm plates were allowed
to dry in the incubator before being used. Prepared
Swarm plates were then divided into four regions
by using a marker and inoculated with the
overnight grown bacterial culture of Pseudomonas
aeruginosa in Nutrient broth. 0.5 ul of culture
inoculated over 1ul of tea extract and allowed to
absorb sample drop in the medium. These plates
were then incubated for 48 h at 37°C. Inhibition in
the swarming motility was determined by
measuring the diameters of the swarm zones
compared to the negative control.

Quorum Sensing Inhibition Assay using
Chromobacterium violacein CVV026: A paper disc
diffusion assay was performed to test for Quorum

International Journal of Pharmaceutical Sciences and Research

violaceum MTCC 2656. 100 microliter of the.
Chromobacterium violaceum MTCC 2656
overnight culture grown was spread on agar plates
and allowed it to dry. Paper discs were dipped into
the extracts and placed on the culture-grown plates.
The plates were incubated at 37°C for 24 hrs; then,
plates were observed for any pigment inhibition
zones and examined for violacein production.
Quorum sensing inhibition was detected by a
colourless, opaque, but viable halo around the disc.
Methanol and ethanol were also used as a negative
control *°.

Biofilm Inhibition Assay using Tube Method: In
this assay 100 pL of bacterial culture Pseudomonas
aeruginosa were transferred to glass test tubes
containing 5 mL Nutrient Broth and 150 pl of tea
extract, and tubes were incubated at 37°C for 24 h.
Three controlled tubes were also prepared, one
containing culture media only and the other two of
ethanol and methanol as a negative control. The
media was then removed, and the tubes were
washed with distilled water. The tubes are stained
with crystal violet and rinsed twice to discharge the
extra stain and air-dried. The occurrence of the blue
ring above on the wall at the bottom of the tube
indicates biofilm production. Two control tubes of
ethanol and methanol were also taken for
comparison®?,

RESULTS:
Anti-swarming Assay: Ethanol and methanol
extract of various Tea extracts were tested for the
ability to inhibit swarming in Pseudomonas
aerogenosa.
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The result of this assay was interpreted in a way
that is the reduction in the diameter of the swarm
zones as compared to control. Data represented in
Table 2 shows no significant variations in
ethanolic and methanolic extract, but the Highest
Swarming inhibition was found in methanolic and
ethanolic extract of Lipton. The size of swarm

E-ISSN: 0975-8232; P-ISSN: 2320-5148

zones of Pseudomonas aerogenosa  was
significantly reduced in the presence of these
extracts as compared to control. In some extracts
pattern of motility was found to be different. All
the Tea brands significantly effective as an Anti-
swarming Agent for the tested organism
Pseudomonas aerogenosa

TABLE 2: RESULT OF ANTI-SWARMING POTENTIAL OF VARIOUS TEA EXTRACTS

S. no. Tea Extracts Diameter of Swarm zone in cm
Methanol (% of Swarming Ethanol (% of Swarming inhibition)
inhibition)
Negative control 1.6 1.8
1 Lipton 0.3 (81.25%) 0.3 (83.33 %)
2 Himalaya wellness tea 0.4 (75%) 0.4(77.77 %)
3 Organic India 0.3 (81.25%) 0.6 (66.66 %)
4 24 Mantra Organic Green Tea 0.5 (68.75) 0.5 (72.22%)
5 LaPlant Green Tea 0.6 (62.5 %) 0.4(77.77%)
6 Twinings Green Tea 0.3 (81.25 %) 0.4(77.77%)
7 Tetley 0.5 (68.75 %) 0.5 (72.22%)
8 Taaza 0.9 (43.75) 1.3 (27.77%)
9 Tulsi Green Tea 0.5 (68.75%) 0.4(77.77%)
10 TajMahal Green Tea 0.5 (68.75%) 0.4(77.77%)
11 Tata tea 0.4 (75%) 0.5 (72.22%)
12 The Indian Tea 0.4 (75%) 0.5 (72.22%)

The values of swarm zones presented as Mean

Anti-quorum Sensing Bioassay using
Chromobacterium violaceum MTCC 2656: The
pigment production is one of the phenomena
controlled by quorum sensing regulatory
mechanism in  Chromobacterium  violaceum
MTCC 2656. The paper disc diffusion assay was
performed for pigment inhibition in which various

Tea extracts tested for only the pigment inhibition
and no growth inhibition. The area of colorless
turbid zone indicates that the extract is allowing
inhibition of the quorum sensing mechanism in the
organism. Data of Pigment Production inhibition in
Chromobacterium violaceum MTCC 2656
presented in Table 3.

TABLE 3: PIGMENT PRODUCTION INHIBITION IN CHROMOBACTERIUM VIOLACEUM MTCC 2656

S. no. Sample Methanol Extract Ethanol extract
1 Lipton Sty ++
2 Himalaya wellness tea -ve et
3 Organic India it i
4 24 Mantra Organic Green Tea +++ +++
5 LaPlant Green Tea + ++
6 Twinings Green Tea ++ +
7 Tetley -ve -ve
8 Taaza -ve -ve
9 Tulsi Green Tea +++ +++
10 TajMahal Green Tea + i
11 Tata tea -ve +++
12 The Indian Tea T=F +++

+++ High, ++ Moderate, + Least

Biofilm Disruption Assay by Tube Method: P.
aeruginosa shows strong biofilm formation; the
different Tea extracts were screened for their
biofilm disruption Potential against P. aeruginosa.
The crystal violates staining method is easily and
widely used to measure biofilms' formation and
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inhibition in a tube. The results of this assay are
presented in Table 4. All most all the methanol and
ethanol extract were showed significant Biofilm
reduction as compared to negative control except
for ethanol and methanol extract of Taza
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TABLE 4: RESULT OF BIOFILM DISRUPTION ASSAY BY TUBE METHOD

S. no. Sample Methanol Extract Ethanol extract
1 Lipton +++ ++
2 Himalaya wellness tea ++ +++
3 Organic India +++ ++
4 24 Mantra Organic Green Tea +++ ++
5 LaPlant Green Tea +++ ++
6 Twinings Green Tea ++ +
7 Tetley + +
8 Taaza -ve -ve
9 Tulsi Green Tea ++ +++
10 TajMahal Green Tea +++ +++
11 Tata tea + +
12 The Indian Tea ++ +++

FIG. 1: THE PHOTOGRAPH OF SWARMING INHIBITION ASSAY BY ETHANOLIC TEA EXTRACTS USING
PSEUDOMONAS AERUGINOSA

\E CONTROL

QROH)

FIG. 2: THE PHOTOGRAPH OF SWARMING INHIBITION ASSAY BY MTHANOLIC TEA EXTRACTS USING
PSEUDOMONAS AERUGINOSA
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FIG. 3: RESULT OF BIOFILM DISRUPTION ASSAY USING PSEUDOMONAS AERUGINOSA BY METHANOLIC
EXTRACT OF DIFFERENT TEA

Culture EtOH E1l £E2

FIG. 4: RESULT OF BIOFILM DISRUPTION ASSAY USING PSEUDOMONAS AERUGINOSA BY ETHANOLIC
EXTRACT OF DIFFERENT TEA

- Ve Control
“MeOH

- Ve Control
MeOH ME 10 ME 11 ME 12

FIG. 5: RESULT OF QUORUM SENSING INHIBITION ASSAY USING CHROMOBACTERIUM VIOLACEUM

MTCC 2656. BY METHANOLIC EXTRACT OF DIFFERENT TEA PRODUCT
- Ve Control

EtOH E 7 E8 E9 E 10 E 11 E 12

FIG. 6: RESULT OF QUORUM SENSING INHIBITION ASSAY USING CHROMOBACTERIUM VIOLACEUM
MTCC 2656. BY ETHANOLIC EXTRACT OF DIFFERENT TEA PRODUCT

- Ve Control
EtOH
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DISCUSSION: Green tea is one of the most
popular beverages worldwide due to its health-
promoting properties, which reflect the presence of
antioxidants and also antimicrobial substances that
are active against various Gram-positive and Gram-
negative bacteria '®. Both activities are mainly
due to polyphenols, the most abundant of which is
the catechins, particularly epigallocatechin gallate
(EGCG), representing 50-80% of the total catechin
content . A deeper understanding of Bacterial
cell-cell communication promises to shed light on
the complexities of the host-microbe relationship
and may lead to novel therapeutic applications.
Many species of bacteria use quorum sensing to
coordinate gene expression according to the density
of the local population. Hence in the present study
anti-quorum sensing activities of the twelve organic
tea of various brands has been studied for their
inhibition of Quorum sensing, controlled phenotype
Swarming and biofilm formation of Pseudomonas
aeruginosa and pigment production
Chromobacterium violaceum MTCC 2656. The tea
extract effectively inhibited Quorum sensing and
controlled phenotypes of both tested organisms.
This study's findings support other investigations
that demonstrated anti-QS activity in certain Tea
extracts. Further works are required to find active
QSI ingredients of tea extracts and to clarify the
mechanism of their action as a Quorum sensing
inhibitor. A few tea extract showed negative result
may be due to insufficient active ingredient
concentration in that extract for inhibition of
respective Quorum sensing controlled Phenotypes.

CONCLUSION: It is concluded that anti-QS is as
important as antibacterial activity as it will unlikely
cause resistance problems as it does not pose
selection pressure. Anti-swarming, Biofilm, and QS
are major virulence factors of most pathogenic
microorganisms. The bioassay of the 12-studied tea
extracts revealed significant Quorum sensing
controlled bacterial phenotype inhibition activities.
Further research is needed to investigate the
molecular mechanism and active ingredient in each
tea extract. Biofilm-associated bacterial infections
frequently caused by P. aeruginosa are found in

most  diseases. The effectiveness of many
antibacterial drugs has been lost due to the
evolution of pathogenic resistance. Therefore

alternative ways of reducing biofilms are essential.
The anti-QS compounds present in green tea
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products help enhance the susceptibility of the
bacteria and thus eradicate biofilms. Green tea may
therefore offer a new source of antimicrobial
compounds that can be used to reduce our reliance
on antibiotics by inhibiting bacterial virulence
without selecting for resistant bacterial strains %%,
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ABSTRACT

The pollution of the river by man-made sewage and waste disposal is not only harmful to animals
and plants in it but also for animals higher in the food chain including those close to the food chain.
Water is the most vital natural substance, as it plays a role in nearly every aspect of human life.
Therefore, there is a great need to ensure that the water used by humans should not contain hazardous
substances. Water quality is directly linked to biological life. The Nag River flows from the Lava village
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Key Words: of north Ambazari Lake and flows into the center of Nagpur city. As a result of rapid and unstoppable
Nag river development, significant changes have taken place in the water quality of the Nag River. Because the
Cytotoxicity Nag River’s water is frequently used for irrigation, it should be tested for cytotoxicity and genotoxicity.
Genotoxicity Since the rate of cancer and genetic disorders has recently increased in the Nagpur region, the Nag

Allium cepa.L.
Water pollution
Mutagenesis

River’s water could be a source of carcinogens in the food chain, affecting the population. This study
was conducted to analyze the impact of water collected from various points of the Nag River using
Allium cepa as a model organism. The results of this study showed that all water samples from the Nag
River cause a cytotoxic effect (20-23%) and genotoxic effects (23-28%) in Allium cepa cells. Therefore,

before the use of Nag River water, it must be treated to diminish its harmful effect.

INTRODUCTION

Nagpur is the third biggest city in Maharashtra after Mumbai
and Pune and it is one of India’s quickest developing cos-
mopolitan cities. It is the winter capital of the province of
Maharashtra and the second greenest city in India. Nagpur is
home to a number of natural and man-made lakes, the largest
of which being Ambazari Lake. This lake is where Nagpur’s
waterway begins. India has a vast and changing topography,
which includes a large number of water bodies. Lakes and
streams are now widely used for domestic purposes (Patil
et al. 2017). Nagpur is fed by the Nag river, which gives the
city its name. Originating from the Ambazari lake, the Nag
river takes a winding path for approximately 16 km through
the city before it joins another stream called Pili Nadi, which
originates at another lake. This stream then merges into the
Kanhan river on the outskirts of the city. Because Nagpur
has experienced fast urbanization and migration to the city in
the last five to six decades, there is increased use of water for
domestic purposes, as well as, industrial production has in-
creased, causing a sudden surge in sewage quantity (a meager
grimy stream of water (Kalyani et al. 2017). Because of the
value and importance of freshwater resources, they must be
closely monitored biologically to meet water quality stand-

ards (Puri et al. 2010). An enormous amount of wastewater
from the Nagpur metropolitan region and numerous enter-
prises surrounding the urban areas is dumped into streams,
such as the Nag river and its tributaries, contaminating both
ground and surface water (Manzar et al. 2010). Because this
river runs through a city with a population of around 50 lakh
people, it is quite dirty. The Nag river was once a lifeline of
the city. But today, the river’s rich history has got buried in
deep silt beneath the millions of litres of sewage flowing in
it (Anparthi 2013). The Ambazari Lake which was the prime
source of water to Nagpur city is filled with waste and sewage
(which gives it an unnatural dark gray color and a foul smell),
and despite receiving rainwater during monsoon it is not fit
for consumption. Since such contaminated waste affects
all metabolic and physiological activities, it is necessary to
analyze the physiochemical attributes of water and propose
measures to reduce contamination. All said and done, the
sewage-water-flooded soils had higher pH, natural carbon,
and CaCO;. Surface skylines of soils (flooded/non-flooded)
had higher groupings of DTPA-extractable Fe, Mn, Cu,
and Zn, which decreased with depth. When compared to
non-flooded soils, sewage-water-flooded soils are associated
with moderately higher concentrations of DTPA-Fe, Mn, Cu,
Zn, Pb, Cr, and Album (Tayawade et al. 2010).
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Exposure to organic and inorganic chemicals over a long
period of time can cause ecological health impairment of
aquatic ecosystems causing considerable effects on aquatic
biota including bioaccumulation of chemicals in organisms
and biomagnification in higher trophic levels. Further,
these can result in cytotoxic and genotoxic effects in the
organisms (Daniels et al. 1989, Kannangara & Pathiratne
2015). Therefore, many ecotoxicological studies focus on
the assessment of physical and chemical environmental pa-
rameters and biological responses of organisms. However,
recent ecotoxicological studies are paying more attention to
using bioassays to assess the mutagenic and genotoxic effects
of aquatic pollution (Kannangara & Pathiratne 2015). These
mutagenic and genotoxic studies have focused on assessing
genotoxicity and mutagenic effects of fish species (Alimba
et al. 2015, Carrasco et al. 1990) [12, 14], microorganisms
(Buschini et al. 2001, Guan et al. 2017), mammals (Chiu
et al. 2009, Kim et al. 2010), and higher plants (Igbal et
al. 2019) in relation to variation of chemical parameters in
aquatic ecosystems

However, compared to other organisms Allium cepa is
considered an efficient bioindicator in genotoxicity testing,
because of the rapid root growth rate and reduced number
of large chromosomes. A. cepa assay is commonly utilized
as a short-term and cost-effective indicator of toxicity in
monitoring water pollution in many parts of the world. This
bioassay can provide valuable information on the presence
of genotoxic and/or mutagenic compounds in surface waters
and sediments of aquatic ecosystems. However, in Nagpur, a
few tests have been carried out to analyze the physiochemical
parameters of Bother stream water at various locations (Patil
2017, Manzar 2010, Tayawade et al. 2010) yet till today
nobody evaluated the cytotoxicity and genotoxicity of the
Bother Waterway Water. Therefore, the current study will
use an A. cepa bioassay to assess the cytogenotoxic effects
of water collected from several locations along the Bother
Stream of the Nag River in Nagpur. By proving the ability
of such substances to cause chromosomal changes in A. cepa
root cells, the testing would provide important information
concerning the presence of cytogenotoxic or potentially
mutagenic substances in surface waters of the Bother stream.

P. V. Hirapure et al.

MATERIALS AND METHODS

All the experimental work was completed at the Department
of Biochemistry and Biotechnology, Dr. Ambedkar School,
Deekshabhoomi, Nagpur during the period of October 2019
to Jun 2020. All the chemicals utilized in this investigation
were bought from Hi-media Pvt. Ltd and (The basic purple
onion, A. cepa) bulbs (2.5-2.8 cm in diameter) used in this
study were purchased from a local market in Nagpur, Ma-
harashtra (India).

Sample collection: The collection of water samples of Nag
River which is spread over Nagpur city. Five different lo-
cations were randomly selected to collect the water sample
which is given in Table 1. Water samples were collected in
clean glass bottles and GPS values of that site were noted
down.

Allium cepa Test

A commercial variety of common onions (Allium cepa) was
used for the determination of different toxicity end points
of meristematic cells. Equal sized healthy onion bulbs were
chosen and the outer scales of bulbs were removed by gen-
tly scraping to make the apices of root primodia exposed.
Scarped onion bulbs were germinated in glass test tubes
containing distilled water for 24 hours in the dark. The Al-
lium cepa bioassay in accordance with Grant (1982) with
some modifications was conducted using water samples
collected from the study sites. After 24 hours, onion bulbs
were exposed to the exposure media (70 mL, Nag River
sample taken from each site) in the glass tubes at the time
of processing. For each exposure media 10 onion bulbs were
tested. Bulbs with exposure media were kept in dark to avoid
the direct sunlight.

After 48 hours of exposure, root lengths of randomly
selected five onion bulbs from each exposure media were
measured in millimeters. Root tips (5-6 from each onion bulb)
of 1-2 mm length were processed for microscopic studies of
toxicity end points. Root tips were fixed in ethanol: glacial
acetic acid (3:1, v/v) solution for overnight at 4°C. Root tips
were transferred into 70% alcohol and stored at 4°C until
the time of processing.

Table 1: River Water was collected from five different locations of Nag River, Nagpur.

Samples ID Water collected from different area GPS Location

Sample 1 Rashimbagh Darsa Road 21°08°19.9”N 79°06’31.3"E
Sample 2 Gangabai Ghat Road 21°08°26.2”N 79°07°13.0"E
Sample 3 Near Airtel express 21°08°30.0”N 79°07°32.5"E
Sample 4 Near RajatSankul apartment 21°08’14.3”N 79°05°43.0"E
Sample 5 Rashimbagh road ( Plant growing side) 21°08°18.4”N 79°06°21.0"E
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When processing the root tips, they were hydrolyzed in
hydrochloric acid (IN) solution for 5 minutes at 60°C and
washed with distilled water. Root tips were then placed in
watch glasses containing acetocarmine for 30 minutes to allow
the stain to penetrate to the primordial cells. After staining,
root tips were placed on glass slides and a slight pressure was
applied on the cover slip to squash the tip cells over the slide.
Prepared slides for each exposure medium were observed un-
der the light microscope at 400x magnification to score mitotic
stages, occurrence of micronuclei, and nuclear abnormalities
in the interphase cells (Fiskesjo 1985, 1988).

1819

Mitotic index was calculated as the number of dividing
meristematic cells into 100 total meristematic cells by count-
ing 1000 meristematic cells in each slide

Mitotic index = Number of dividing meristemetic cells /
total meristemetic cells (500) x 100

RESULTS AND DISCUSSION

Effect of water samples on cell division process, cytological
and chromosomal characteristics were assessed by A. cepa
test and results given in Tables 2, 3 and 4, and Figs. 1 and 2.

Table: 2. Effect of water sample collected from different sites of Nag river on cell division.

No. of dividing cells Prophase Pro-metaphase Metaphase Anaphase Telophase Ml in %
Control 163+3.05 78+1.02 24+2.08 21%1.52 29+2.51 11£1.15 32.6
Sample 1 50+2.05 20+1.03 6+0.33 8+2.52 9+1.15 7+0.57 10
Sample 2 48+1.05 18+1.52 8+0.12 7+1.52 10+2.51 5+1.15 9.6
Sample 3 43x1.06 17+0.50 6+0.60 6+0.57 8+1.15 6+0.72 8.6
Sample 4 49+1.52 19+0.8 7+1.01 8+1.15 9+1.15 6+2.51 9.8
Sample 5 40+2.51 17+1.01 5+0.91 7+0.57 6+0.57 5+0.72 8.0
Data are presented as mean + standard deviation (SD), MI — mitotic index
Table 3: Chromosomal aberrations in Allium cepa root tip cells exposed to the Nag river water samples.
Bridges  Breaks lagging Stickiness ~ Abnormal spiralisation ~ Multipolarity = Abnormal Ki-  Total No. of Aberrant
netics cells (%)
Control 00+00 00+00 01+0.57  01+0.02 00+00 01+0.57 01+0.57 04 (0.8)
Sample 1 09+0.57  17+2.52  00+00 78+2.52 13+0.57 11+2.52 13+1 141 (28.00)
Sample2  07+1.15 11x1.15 02+0.57 67+1.51 12+2.15 09+0.57 12+2.51 120 (24)
Sample 3 09+2.15  10£1.52  01x0.02  71+0.57 9+1.15 07+1.52 112 118 (23.6)
Sample 4  09+£0.57 09+1.15  00+00 74£2.52 16+1.52 13+£2.51 15+1.52 136 (26.2)
Sample 5 10+0.51  12£2.08  03+0.57  64+3.15 14+2.52 09+1.15 12+2.51 124 (24.8)
Data are presented as mean + standard deviation (SD)
Table: 4: Cytotoxic effects of different collected Nag River water on root tips of Allium cepa.
Cells without nu-  Morphological alter-  Plasmolysed cells BNC MNC Total no. of aberrant cells
cleus ations (%)
Control 00+00 01+0.57 01+0.5 01+0.57 00+00 03 (0.6)
Sample 1 07+0.57 20+2.52 34+2.52 07+1.51 50+3.02 118 (23.06)
Sample 2 08+1.15 15+3.08 40+1.52 04+1.52 44+2.52 110(22.00)
Sample 3 07+0.57 24+2.15 30+2.52 06+0.57 40£2.52 107(21.4)
Sample 4 07+1.52 22+1.52 25+2.15 04+1.15 37+0.57 100 (20.00)
Sample 5 08+1.00 19+1.02 29+3.08 07+1.52 49+1.15 112 (22.4)

Data are presented as mean =+ standard deviation (SD); BNC-nucleated cells, MNC- micronucleated cells.
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The mitotic index of the A. cepa root tip cells in the  (Fig. 3). A mitotic index of less than 22% is considered fatal
present study ranged from 8% to 10 % in Nag River wa-  to organisms (Antonise-Wiez 1990) As a result, the mitot-
ter samples which were low compared to control (32%) ic indices measured in this study are frequently regarded

Chromosomal aberrations in Allium Cepa root tip cells exposed to
the Nag river water samples

100
80
60
40
20
0 — _ ull Husl wn_ BusE um Buem um HE0E sn_HEsm
Control Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
H Bridges M Breaks M lagging M Stickiness M Abnormal spiralisation B Multipolarity B Abnormal Kinetics
Fig. 1: Chromosomal aberrations in Allium cepa root tip cells exposed to the Nag river water samples.
Cytological aberrations in Allium Cepa root tip cells exposed to the
Nag river water samples
60
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H Cells without nucleus B Morphological alterations B Plasmolysed cells B BNC ®MNC

Fig. 2: Cytological aberrations in Allium cepa root tip cells exposed to the Nag river water samples.

Cytogenotoxic effect of nag river water on Allium cepa
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Fig. 3: Cytogenotoxic effect of nag river water on Allium cepa cells in (%).
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as harmful and indicate high cytotoxic effects within the
environment.

The presence of chromosomal abnormalities in A. cepa
root tip cells indicates that genotoxic compounds may be
present in the exposed medium (Kannangara & Pathiratne
2015, Boumaza et al. 2016).

After exposure to the Nag river water sample, chromo-
somal abnormalities in A. cepa root tip cells were observed.
Anaphase bridges, breaks, chromosomal lagging and stick-
iness, aberrant spiraliation of chromosomes, multipolarity,
and polyploidy were all observed, as shown in Fig. 4.

After treatment with Nag river water, cytological abnor-
malities were identified during the cell cycle. In all water
samples except the control, anomalies such as cells without
nucleus, bi-nucleated cells, and morphological alterations
were observed. Fig. 5 shows a few examples of cytological
changes.

(a)Polyploidy

{e)Sticky nucleus

1821

Studies have proven that compounds such as poly aro-
matic hydrocarbons, copper, arsenic, and other industrial
effluents have been shown to have cytotoxic and genotoxic
effects in A. cepa root tip cells (Kannangara & Pathiratne
2015, Samuel et al. 2010, Da Costa et al. 2012, Olorunfemi
2011)

The A. cepa assay is a vital in-vivo assay in which the
roots develop in direct contact with the substance of interest,
allowing for the prediction of possible DNA damage in hu-
mans (Nefic et al. 2013). The test used in this study allows
for the evaluation of several genetic endpoints that arise as
aresult of exposure to various water samples collected from
the Nag River in Nagpur, Maharashtra. All 5 samples caused
significant inhibition of MI in Allium cepa meristem cells
and induced chromosomal aberrations, nuclear abnormalities
and micro nucleated cells (MNCs).

The mitotic index decreased in all five experimental water
samples when compared to the control. The cytotoxic and

(b) Multipolarity & (c) Lagging

(f) Abnormal kinetics

(d) Bridges

(g) Breaks

Fig. 4: Photomicrographs of CAs induced by Nag River water in root cells of Allium cepa.
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(a)Binucleated cells

(b) Micro-nucleated cells

P. V. Hirapure et al.

(c) Plasmolysed cells (d) Morphological alterations

Fig. 5: Cytological aberrations in Allium cepa meristem cells exposed to Nag River water

genotoxic potential of Nag river water samples is determined
by changes in MI of Allium cepa cells. The sample with the
most chromosomal abnormalities was no. 1. (28%). The
examination of various chromosomal abnormalities types at
various stages of the cell cycle allows for a more thorough
investigation of the impacts of the Nag river water sample.
Breakages may occur and subsequent inhibition of repair
mechanisms may lead to base mismatch, mutation and CAs
such as fragmented chromosomes and DNA breaks (Nefic
etal 2013).

All water samples tested from different points along the
Nag River had bridges, breaks, lags, multi-polar anaphase
chromosomes, and aberrant spiralization. The findings
revealed that all Nag river water samples were capable of
inhibiting normal cell division and causing deadly chromo-
somal abnormalities. Stickiness is due to inter-chromosomal
linkages of sub-chromatid strands coupled with excessive
formation of nucleoproteins and inappropriate protein-pro-
tein interaction (Nefic et al. 2013).

Cytological aberrations are characterized by BNC,
plasmolyzed cells, and micronucleus formation as a result
of exposure to Nag river Water samples. Also, we observed
alterations in the shape and size of cells in all collected Nag
river water samples.

CONCLUSION

Domestic as well as industrial activities are important sources
of pollution during the flow of these rivers. Domestic sources
as compared to industrial sources exceed. substantially in
terms of organic load addition into the River. The predom-
inant source is untreated sewage discharged by Nagpur
Municipal Corporation into Nag and Pili Rivers.

The findings of this study revealed that the water of the
Nag River is highly cytotoxic and genotoxic, making it unsafe
for drinking and irrigation. No one should grow any vege-
tables or crops near the Nag River because toxic substances

Vol. 20, No. 4, 2021 ® Nature Environment and Pollution Technology

could enter the food chain and cause diseases due to the
phenomenon of biomagnification and bioaccumulation. It’s
critical to identify the composition and speciation of those
cytogenotoxic compounds in the tropical climate, as well
as to provide cleanup or treatment options to address
this environmental and public health risk. Furthermore,
continual water quality monitoring and management are
critical for maintaining the ecosystem’s ecological health.
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Abstract

Extremophiles are a large group of organisms with the
ability to thrive under extreme environmental
conditions such as high and low temperatures, high salt
levels, radiation and high antibiotic concentrations.
Extremophilic microorganisms have established a
diversity of molecular strategies in order to survive in
extreme conditions and hence they are able to produces
new and novel biomolecules. They have been the center
of attention due to the remarkable benefits to the human
society.

The knowledge of various novel biomolecules isolated
from extremophiles and their application is essential
for chemists, biochemists, chemical/biochemical/
bioprocess engineers, genetic engineers,
biotechnologists, molecular biologists as well as
computational biologists. This study discusses the
classification of extremophiles, their survival
mechanism and applications of various biomolecules
isolated from extremophiles.

Keywords: Extremophiles, Microorganisms, Valuable
Biomolecules, Thermopiles, Halophiles.

Introduction

The term extremophile was coined over a quarter of a
century ago by MacElroy in 1974. The word has been
interpreted in a number of ways and perhaps has become
associated with those microorganisms that inhabit
environments unsuitable to mammals. Conditions that are
‘extreme’ to one organism may be essential for another’s
survival, so the concept of extremophily is a relative one.
Extremophiles span all three domains of life: bacteria,
archaea and eukaryotes*!.

The extremophilic microorganisms live in extreme
conditions and also adopt in ranges of environmental
variables such as temperature (55°C to 121°C and -2°C to
20°C), pressure (>500 atmospheres), alkalinity or acidity pH
(pH >, pH < 4), salinity (2-5 M NaCl or KCI), geological
scale/barriers, radiation (UVR resistance >600 J/m),
chemical extremes of heavy metals (arsenic, cadmium,
copper and zinc), lack of nutrients (e.g. water, ice, air, rock,
or soil), osmotic barriers, or polyextremity!%3342,

They are characterized by efficient growth and enzymes
products that led them to be potential candidate in industrial
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productions as detergents, brewing, cosmetics, dairy
products, bakery, textiles, medicine, agriculture, biofuel
production and as degradation materials.1’:44

Farlow was the pioneer, first extremophile species isolated
from salted fish described as a salt-loving organisms
(halophilic)!’. In 1936, up to 34% salt concentration
resistance strains have been isolated from the Dead-sea by
Eleazari Volcani*. Volcani is considered as historical leader
due to his efforts since he got the starting point in
extremophilic field and focused in halophilic microbes.

During that decade, hyperthermophilic and thermophilic
microbes were isolated at 60 to 80°C. Furthermore, in 1969,
Thermus aquaticus thermophilic bacterium was isolated by
Thomas Brock from Yellowstone National Park hot spring
in the United States’. After one year, Sulfolobus
acidocaldarius was the first hyperthermophile isolated able
to survive in low pH (1-5) and up to 85°C8. Accordingly, this
was a great discovery for biologists because it changed all
the previous concepts that used to state that there are no
organisms which can resist higher than 80°C3,

These discoveries were fully focused on the diversity of
microbiology. Extremophiles are important not only because
of what they can teach us about the fundamentals of
biochemical and structural biodiversity but also, because of
their enormous potential as sources of enzymes and other
biomolecules with applications in biotechnology, veterinary,
agriculture, industry and medicine for the benefit of human.
Their unusual properties make them key targets for
exploitation by biotech companies around the world.

Classification of Extremophiles

Extremophile organisms are classified as living organisms
able to survive and proliferate in environments with extreme
physical (temperature, pressure, radiation) and geochemical
parameters (salinity, pH, redox potential). Polyextremophile
microorganisms are those that can survive in more than one
of these extreme conditions. The vast majority of
extremophile organisms belong to the prokaryotes and are
therefore, microorganisms belonging to the Archaea and
Bacteria domains. Extremophile microorganisms are
classified according to the extreme environments in which
they grow and the major types are summarized in table 1.

Different structural and metabolic characteristics are

acquired by these organisms so that they can survive in these
environments.
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Survival and defensive strategies of Extremophiles: It is
vital for extremophiles to cope with their environments
making them viable to withstand under harsh environmental
conditions. Extremophiles are known to adopt to the changes
in their environment and surroundings that enable them to
stabilize the changes in their homeostasis. The adaptability
of extremophiles arrives from alteration of varying genes
and proteins. Extremophiles produce extremolytes which
help them to maintain their homeostasis such as ectoine
mediated mechanism, which is produced by halophiles and
organisms alike.

Evolutionary diversity, increased catalytic activity, amino
acid accumulation, aggregation resistance strategies,
resistance to cell death, activation of the nuclear factor, the

Vol. 16 (5) May (2021)
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use of heat shock proteins and cellular
compartmentalization, are all vital tools that extremophiles
take on in order to conserve their genes®. Table 2 provides
an overview of the survival and defensive strategies of
selected extremophiles.

Extremophiles and Biomolecules

Extremophiles are able to produce various novel
biomolecules because of their unusual behaviors in extreme
conditions. It is difficult to overstate the success or impact
the DNA polymerases from the thermophiles Thermus
aquaticus, Pyrococcus furiosus and Thermococcus litoralis,
otherwise known as Tag, Pfu and Vent?3243 respectively
have had in biotechnology.

Table 1
Extremophile microorganisms and their environments??

Extremophile Microorganism

Favorable Environment to Growth

Acidophile Optimum pH for growth—Below 3
Alkaliphile Optimum pH for growth—Above 10
Halophile Requires at least 1M salt for growth

Hyperthermophile

Optimum growth at temperatures above 80 °C

Thermophile

Grows at temperatures between 60 °C and 85 °C

Eurypsychrophile
(psychrotolerant)

Grows at temperatures above 25 °C, but also grow below 15 °C

Stenopsychrophile (psychrophile)

Grows at temperatures between 10 °C and 20 °C

Piezophile Grows under high pressure—Above 400 atm (40 MPa)
Endolithic Grows inside rocks

Hipolithic Grows on rocks and cold deserts

Oligotrophs Able to grow in environments of scarce nutrients

Radioresistant

Tolerance to high doses of radiation

Metallotolerant

Tolerance to high levels of heavy metals

Toxitolerant

Tolerates high concentrations of toxic agents (eg. Organic solvents)

Xerophile

Grows in low water availability, resistant to desiccation

Survival and defensive strategies in major extremophiles to thrive under extreme environmental conditions.

Table 2

Extremophiles

Survival and defensive strategies

Thermophiles

Stabilization of enzymes from stress and freeze drying; protection of oxidative protein
damage?’

Acidophiles/ Maintaining a circumneutral intracellular pH; constant pumping of protons in and out of
alkaliphiles cytoplasm; acidic polymers of the cell membrane; passive regulation of the cytoplasmic
pools of polyamines and low membrane permeability®°2!

Halophiles Protection of skin immune cells from UV radiation; enzyme stabilization against heating,
freezing anddrying; protection of the skin barrier against water loss and drying out; block
of UV-A induced ceramide release in human keratinocytes!03441

Geophiles Mucoidal layer enveloping cell colonies; biofilm formation as stress response to extreme

environmental conditions?#26

Psychrophiles

Translation of cold-evolved enzymes; increased flexibility in the portions of protein
structure; presence of cold shock proteins and nucleic acid binding proteins; reduction in
the packing of acyl chains in the cell membranes®1218.28

Barophiles

Homeoviscous adaptation, tight packing of their lipid membranes; and increased levels of
unsaturated fatty acids; polyunsaturated fatty acids maintain the membrane fluidity; robust
DNA repair systems; highly conserved pressure regulated operons; presence of heat shock
proteins?8:36
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Without a doubt, the automated version of the PCR would
not have been possible without these enzymes. Nowadays
biodiesel can be produced with the help of extremophiles.
Previously the production of hydrogen traditionally relies on
a chemical/catalyst process'*; however, larger-scale
microorganism-based systems using the thermophiles
Caldicellulosiruptor saccharolyticus and Thermotoga elfii
have been developed recently®. In contrast to the other
products, methane has always been produced using a
consortium of microorganisms, which include methanogens
(extremophiles that are the only known biologic producers
of methane)®.

Psychrophilic/mesophilic protease was generated that
proved to improve the performance of detergent during cold
water washing?. Lipases are a billion-dollar industry® and
very attractive for use in industrial settings because of their
broad range of substrates, high degree of specificity and
stability®. Although their applications in laundry detergents
(i.e. low temperatures and alkaline conditions) and organic
synthesis (i.e. low water activity) require lipases to be active
under extreme conditions, most lipases used are mesophilic.
Many mesophilic lipases, which typically come from
organisms like Bacillus and Aspergillus species, are active
at high temperatures.

As a result, extremophilic lipases are often overlooked;
however, lipases from thermophilic Bacillus species have
been shown to be more efficient than currently used
enzymes?. Many industrial processes involved in
hydrolyzing starch require high temperatures (95°C for one
step and 60°C for the other) and high pH, polyextremophilic
(thermophilic and alkaliphilic) enzymes would be ideal.

Vol. 16 (5) May (2021)
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glucoamylases from Picrophilus®® and a pullulanase from
Thermococcus kodakarensis?® show great promise in
replacing their mesophilic counterparts.

However, amylases have also been isolated from halophiles
such as Halomonas meridian and Natronococcus
amylolyticus that could be useful in the process of producing
high-fructose corn syrup, which is produced by hydrolyzing
corn starch®. Surprisingly, recently extremophiles, are good
producers of a host of antibiotics, antifungals and antitumor
molecules®®. Diketopiperazines (also known as cyclic
dipeptides) have been shown to affect blood-clotting
functions as well as having antimicrobial, antifungal,
antiviral and antitumor properties.

They are found in halophiles like Naloterrigena hispanica
and Natronococcus occultus®® and have been shown to
activate and inhibit quorum-sensing pathways!. Finally, a
very interesting extremophile contribution to the field of
medicine comes in the form of an alternative vaccine
delivery system*°. Some extremophiles and biomolecules
produced by them are mentioned in the fig. 1.

Conclusion

Due to the complex properties of extremophiles and
extremolytes, research in this field will continue to expand.
New extremozymes from extremophiles are being identified
and developed relatively slowly, since pharmaceutical
industries are driven by economic gains from their
innovations. However, increased investment for research
into the characteristics of the various proteins and substances
from extremophiles can help in the process of sustainable
development.

Currently, a-amylase from Bacillus acidicola®,
Extremophiles
[ l
THERMOPHILES
DNA Polymerase , DNA ligase ,

Alkaline phosphates . Protease
(waste treatment, r-DNA technology

. Methane Production . Surfactant,
"_oil degradation)
: ,
Deta'gents,oellulm xylanases,
pullulaseses, pectinases
(waste treatments, paper industries
surfactant )

( PSYCHROPHILES
Alkaline Phosphatase .Proteases,
Lipases , cellulases, amylases .
(enzymes for bioremediation and

bmsensm:s , methanogens (methane
‘Dl’Olh‘Cthﬂ) y

Fig. 1: Biotechnological applications of Biomolecules isolated from Extremophiles
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Therefore, there is a need for collaborative efforts to study
extremophiles to resolve various challenges in the field of
agriculture, medical, renewable energy production,
pharmaceutical, bioremediation,  biomonitoring  etc.
Extremophiles have untapped potential and future research
must investigate types of extremophiles that have not been
previously studied for their possible new and novel
application for the benefit of human society.
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ABSTRACT

Nanotechnology is concerned with the development and applications of nanoscale materials. Nanoparticles have a high

surface area to volume ratio and thus have very unique properties due to their nanoscale dimension. Due to the

abundance of zinc and the relatively simple conversion of its oxide to nanostructures, ZnO-based nanomaterials are of

great use for many leading applications since the beginning of nanoscience. Zinc oxide nanoparticles (ZnO NPs) have

gained a lot of attention because of their wide bandwidth and strong exciton binding energy, and possess antibacterial,

antifungal, anti-diabetic, anti-inflammatory, wound healing, antioxidant, and optical properties. Because of its versatility,

eco-friendliness, and comprehensive biological activity, plant-mediated green synthesis of nano-metal oxide particles is

gaining a lot of traction as a viable alternative to not only physical but also chemical processes, avoiding the use of

harmful chemicals and harsh environments. This review article is a study of the green synthesis of Zinc oxide

nanoparticles (ZnO NPs) using different plant leaf extract.

Keywords: Zinc oxide, Nanomaterials, Green Synthesis, Leaf Extracts.

1. INTRODUCTION

Nanotechnology has emerged over the past decade as a
technology that has revolutionized every area of applied
science. One of the avenues of nanotechnology associated
with nanoscale materials with very small particle sizes
ranging from 1 to 100 nm is the nanoparticles (Nano-
particles) sector. Due to their extremely small size and
high surface area to volume ratio, nanoparticles exhibit
distinctive properties, which have been attributed to
major variations in properties compared to their bulk
counterparts [1]. In this respect, by offering novel
solutions, nanoparticles have been introduced into
different industries.

Including titanium dioxide (TiO,), indium (Ill) oxide
(In,0,), zinc oxide (ZnO), tin (IV) oxide (SnO,) and
silicon dioxide (SiO,), there are different forms of metal
oxides, where ZnO is one of the most abundantly
developed metal oxides after SiO, and TiO, [2]. ZnO is
an inorganic material with unusual properties such as
semiconductor, broad radiation absorption, piezo-
electricity, pyroelectricity, and high catalytic activity [3].
Furthermore, ZnO has been classified by the US Food
and Drug Administration (FDA 21CFR182.8991) [4] as
'Generally Accepted as Safe' (GRAS) because of its non-

toxic properties [5]. As a result, it is safe to use on both
humans and animals. Zinc oxide nanoparticles have
gotten a lot of coverage in recent years. This is due to the
fact that they have the smallest particles, which increases
their chemical reactivity. Due to this, ZnO Nanoparticles
have a broader range of applications in electronics,
optics, biomedicine, and agriculture [6]. In living
organisms, zinc is an essential nutrient [7]. Evidence has
shown that there is a great potential for ZnO nano-
particles in biological applications, especially as anti-
microbial agents [8]. Furthermore, numerous studies
have been published on the efficacy of ZnO nanoparticles
in inhibiting the growth of a large variety of pathogens
[9], indicating that they may eventually replace
antibiotics. Besides, zinc is a major trace mineral that
plays a vital role in many physiological functions [10].

1.1. Synthetic methods for nanoparticles

For nanoparticle synthesis, two methods have been
suggested: bottom-up and top-down. Milling or attrition
of large macroscopic particles is used in the top-down
method. It involves initially synthesizing large-scale
patterns and then reducing them by plastic deformation

to the nanoscale level. For large—scale production of
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nanoparticles, this technique cannot be used because it is
an expensive and slow process [11]. The most popular
technique employing the function of the top-down
approach for nanomaterial synthesis is Interferometric
Litho-graphic (IL) [12]. This process involves the
synthesis of nanoparticles by self-assembly from already
miniaturised atomic components. It requires creation
through physical and chemical means. This method is
comparatively inexpensive [13]. It is based on the
principle of kinetic and thermodynamic equilibrium.
MBE is used in the kinetic approach (molecular beam

epitaxy).

1.2. Other different techniques and methods
used in nanoparticle synthesis
The physical method includes the attraction of nanoscale
particles and the creation of large, stable, well-defined
nanostructures by physical forces. Nanoparticle synthesis
using the colloidal dispersion method is an example.
Basic techniques such as vapour condensation, amorphous
crystallisation, physical fragmentation and many others
are also included [14]. Physical, chemical and green
methods are used to make nanoparticles [15-17]. The
physical method necessitates the use of expensive
machines, high temperatures and pressures [18], and a
wide area for system setup. The chemical method
requires the use of harmful chemicals that can be
dangerous to the environment as well as the person
handling them. According to the literature, some of the
toxic chemicals used in physical and chemical methods
can resurface in the Nanoparticles produced, posing a
risk in the field of medical application [19]. As a result,
we needed a process for nanoparticle synthesis that was
both environmentally friendly and cost-effective. In
MBE
(molecular beam epitaxy), thermal evaporation, etc., the

processes such as pulsed laser

deposition,
physical process includes the use of high vacuum [20] and
chemical methods include chemical microemulsion, wet

spray  pyrolysis, [20],

chemical and direct precipitation, and combustion aided

chemicals, electrodeposition
by microwaves [21]. In both physical and chemical
methods, additional capping and stabilising agents are

needed [22].

1.3. Green synthesis approach

Biosynthesis of nanoparticles is a method of synthesising
nanoparticles for biomedical applications using micro-
organisms and plants parts. This approach is an approach
which is environmentally sustainable, cost-effective,

biocompatible, healthy and green [23]. Green synthesis

requires plant synthesis, bacteria, fungi, algae, etc. They
allow the production of ZnO Nanoparticles on a large
scale without the presence of additional impurities [24].
Biomimetic-synthesized nanoparticles demonstrate more
catalytic activity and limit the use of costly and toxic
chemicals.

These natural strains and plant extract secrete certain
phytochemicals that act as both reducing agent and
capping or stabilising agent; for example, in the presence
of ZnO blue (MB) pollutant dye, synthesis of ZnO
nanoflowers of uniform size from cell soluble proteins of
B. licheniformis demonstrated increased photocatalytic
activity and photostability clearly shown by 83 percent
degradation of methylene blue (MB) pollutant dye in the
presence of ZnO nanoflowers, self-degradation of MB
was null (observed through the control value), and
degradation was found to be 74 percent after three
repeated cycles of the experiment at different time
intervals, demonstrating photostability of ZnO nano-
flowers developed [25].

The fungal strain Aspergillus fumigatus TFR-8 was used to
synthesise oblate spherical and hexagonal shaped ZnO
Nanoparticles with sizes ranging from 1.2 to 6.8 nm.
These Nanoparticles showed stability for 90 days, which
was verified by measuring the hydrodynamic diameter of
nanoparticles using a particle size analyzer, which showed
agglomeration formation of nanoparticles only after 90
days, indicating high stability. ZnO 36 nm synthesised
nanoparticles from seaweed Sargassum  myriocystum
(microalgae) collected from the Gulf of Mannar showed
no visible changes, even after 6 months, clearly
demonstrating the stability of the shaped nanoparticles. It
has been confirmed from FTIR outcome studies that
fucoidan soluble pigments secreted from microalgae were
responsible for reducing and stabilising the nanoparticles.
For the synthesis of nanoparticles, plant components such
as roots, leaves, stems, seeds, fruits have also been used
as their extract is rich in phytochemicals that act as both a
reduction and stabilisation agent [27]. ZnO synthesized
nanoparticles from Trifolium pratense flower extract
showed similar peaks in the UV-Vis spectrophotometer
after 24, 48, 72, 96 and 120 hours of formation of
stability of the formed

nanoparticles indicating

nanoparticles [28].

1.4. Zinc oxide nanoparticles and their appli-
cations

ZnO is a semiconducting metal oxide of n-type. Because

of its wide range of applicability in the field of

electronics, optics, and biomedical systems, zinc oxide
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NP has attracted interest in the past two to three years
[29]. Several forms of inorganic metal oxides, such as
TiO,, CuO, and ZnO, have been synthesised and have
remained in recent studies. ZnO Nanoparticles are the
most interesting of these metal oxides because they are
inexpensive to make, safe, and easy to prepare [30].

Due to its wide bandgap (3.37 eV) and high exciton
binding energy (60meV), ZnO nanoparticles exhibit
tremendous semiconducting properties, such as high
catalytic activity, optic, UV filtering properties, anti-
inflammatory, wound healing [31]. It has been commonly
used in cosmetics, such as sunscreen lotions, due to its
UV filtering properties [32]. It has a broad range of
therapeutic uses, such as drug delivery, anti-cancer, anti-
diabetic, antibacterial, antifungal and agricultural
properties [33]. While ZnO is used for the delivery of
targeted drugs, it still has a cytotoxicity limit that has yet
to be resolved [34].

According to research, ZnO Nanoparticles have a much
greater antibacterial activity at low concentrations of
gramme negative and gramme positive bacteria than
chemically synthesised ZnO Nanoparticles [35]. They've
also been used in the manufacture of rubber, paint, the
removal of sulphur and arsenic from water, the
properties of protein adsorption, and dental applications.
The piezoelectric and pyroelectric properties of ZnO
nanoparticles have been discovered [36]. They are used
for aquatic weed disposal that is resistant to all sorts of
eradication techniques such as human, chemical and
mechanical means [37]. Different morphologies of ZnO
nanoparticles have been published, including nanoflake,

nanoflower, nanobelt, nanorod, and nanowire [38].

2. SYNTHESIS OF ZINC OXIDE NANOMATE-
RIALS BY GREEN APPROACH

Due to the growing popularity of green methods,
numerous works have been carried out using various
sources such as bacteria, fungi, algae, plants and others to
synthesise ZnO nanoparticles. The literature review on
the synthesis of zinc oxide nanomaterials by a green
approach using various plant leaf extracts is carried out in
this paper. To summarise the useful work done by the
researchers in this area, a list of table1 was put up.
Umamaheswar A. et al. [39] synthesised zinc oxide
nanoparticles (ZnO NPs) from Raphanus sativus var.
Longipinnatus leaves extract and investigated their
anticancer activity. UV-vis, FTIR, particle size analysis,
SEM, XRD and its anticancer activity using A549 cell
lines were examined by synthesised ZnO NPs. The UV-

vis and particle size of nanoscale ZnO NPs are stated as

66.43 nm. The FTIR studies indicated that different
functional groups were present. The partial crystal
spherical form and wurtzite crystal character were
verified by SEM and XRD images. The findings of
cytotoxicity highlighted the improved cytotoxic effect of
the synthesised ZnO NPs.

Zinc oxide nanoparticles (ZnO NPs) were synthesised by
Dhandapani KV, et al. [40] using Melia azedarach leaf
extract with zinc nitrate as the initiating source. The
Ultra Violet-Visible (UV-Vis) Spectroscopy absorption
peak at 372 nm in synthesised nanoparticles is one of the
distinguishing features of ZnO NPs. The role of aliphatic
amines, alkyl halides, and carboxylic acids in the synthesis
and stability of ZnO NPs is indicated by the Fourier
Transform Infrared (FTIR) spectrum. The nanocrystal
nature of the synthesised zinc oxide particles was
confirmed by an X-Ray Diffraction (XRD) spectrum.
Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) images revealed hexagonal
and spherical forms ranging in size from 33 to 96 nm of
synthesised zinc oxide nanoparticles. The Energy
Dispersive X-Ray Study (EDAX) reported that the
existence of zinc content in synthesised nanoparticles of
zinc oxide has been confirmed and notes that the
biosynthesis process of nanoparticles has been carried out
accordingly. Biosynthesized ZnO NPs with powerful
biological activities in terms of anti-oxidant and
antibacterial potential that could be wused in many
biological applications.

The green synthesis of zinc oxide nanoparticles using
ethanolic extract Typha latifolia was reported by Kumar
BP, et al. [41]. L leaf without the use of dangerous
chemicals Using XRD, SEM, UV, EDAX and FTIR
measurements, the acquired properties of ZnO nano-
particles, such as crystallite size, morphology, bandgap,
elemental composition, were studied. The existence of
ZnO is indicated by peaks of between 400 and 600 cm-1.
The highly magnified SEM images of the synthesised
nanoparticles by the process of biosynthesis clearly
display the creation of the structure of nanoflowers. ZnO
nanoparticles were used in the photo-degradation
experiments. The photo-degradation efficiency of ZnO
nanoparticles was found to be significantly higher than
that of bulk ZnO.

Vijayakumar S, et al. [42] used Atalantia monophylla leaf
extract to successfully synthesise Zinc Oxide nano-
particles for the first time. This study found that the
green, eco-friendly and cost-effective approach is ideally
suited for the synthesis of potent anti-microbial
hexagonal ZnO nanoparticles using A. monophylla leaf
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extract. The UV-vis absorption peak of these
nanoparticles was found to be 352 nm. XRD, FTIR, SEM
with EDAX, and TEM were used to classify the ZnO
nanoparticles. In the destruction

biosynthesized ZnO
outperformed traditional antibiotics and plant extracts.

of pathogenic
microorganisms, nanoparticles
Thus, nanoparticles of this form of bio-doped oxide can
productively minimise infections caused by micro-
organisms. It is stated that, because of its non-toxic and
inexpensive material that is suitable for environmental
and health-related applications, green synthesis has a
strong social relevance.

The synthesis of zinc oxide nanoparticles (ZnO-NPs)
using Ocimum basilicam L. var. Benth.-
LAMIACEAE leaf extract and zinc nitrate was reported
by Abdul Salam H, et al. [43]. Using leaf extract of
Ocimum basilicum L. var. purpurascens Benth., green

PUTPUI'CISCGHS

synthesis of hexagonal (wurtzite) shaped ZnO-NPs of
about 50 nm was achieved, thus bringing to light yet
another application of the plant, in addition to its normal
utilities. The approach stands out mainly because it is
eco-friendly and shuts down the demerits of traditional
methods of physics and chemistry. In different industries,
these particles are anticipated to have broad applications.

Green tea leaves (Camellia sinensis) were chosen by
Dhanemozhi AC, et al. [44] for the green synthesis of
Zinc oxide nanoparticles (ZnO NPs). The formation of
nanoparticles was detected by visualising colour changes
and was confirmed by the spectrophotometers Scanning
Electron Microscope (SEM), UV-Vis
Transform InfraRed (FT-IR). The absorption spectra
were observed using the UV-Vis spectrum, which
showed a blue shift absorption peak at 338 nm. Well
described peaks occurring at 2 positions corresponding to

and Fourier

the hexagonal wurtzite structure of ZnO nanoparticles
were revealed by the XRD pattern. The mean size of the
nanoparticles measured using XRD data was 54.84 nm,
with an energy gap of 3.40eV in the band. The study
found that the higher percentage of antioxidant-potential
phenolic compounds acting as a reduction agent on metal
oxides and substantially present in amino acids, proteins
and lipids helped to regulate the growth of nanoparticles.
The obtained CV curve reveals excellent capacitance
behaviour, low equivalent series resistance (ESR), and
thus rapid electrolyte ion diffusion into the composite.
This that the

supercapacitor applications is the as-prepared ZnO

indicates best-suited material for
materials.
Sangeetha G, et al. [45] has developed a simple, rapid

biological technique to synthesise nanoparticles of zinc

oxide with tunable optical properties guided by particle
size using varying concentrations of solution extracted
from Aloe vera leaf broth. There is a distinct poly-
dispersity of the zinc oxide nanoparticle and the particle
size varies from 25 to 45 nm with an average size of 35
nm. The maximum nanoparticles have a particle size of
30 nm with a separate cap that may be due to the
presence of flavonoids, proteins and other functional
groups in the aloe vera leaf broth and are likely to be
responsible for the formation of nanoparticles of zinc
oxide. In biomedical fields and in the cosmetic industry,
the eco-friendly, highly efficient zinc oxide nanoparticles
produced from Aloe vera leaf broth are expected to have
more extensive applications.

The synthesis of zinc oxide nanoparticles (ZnO NPs)
using Azadirachta indica leaf aqueous extract and its
antimicrobial activities have been identified in Elumalai

K, et al. [46]. UV-visible spectroscopy, photo-
luminescence (PL), X-ray diffraction (XRD), Fourier
transform  infrared spectroscopy (FTIR), scanning

electron microscope (SEM) analysis, energy dispersive X-
ray (EDAX) analysis, field emission scanning electron
microscopy (FESEM) and atomic force microscope
(AFM) analysis were used to classify the nanoparticles.
Researchers also investigated the antimicrobial activity of
synthesised green ZnO NPs in this report. The findings
showed an increase in the concentration of ZnO NPs (50,
100, 200 pg/ml) and the increase in antimicrobial
activity was also attributed to an increase in the
concentration of H202 on the surface of ZnO. Green
synthesised ZnO NPs, on the other hand, is more potent
than bare ZnO and A. indica leaf. Finally, the analysis
concluded that the zinc oxide nanoparticles displayed
interesting antimicrobial activity with micromolar
concentrations of both gram-positive and gram-negative
bacteria and yeast.

The researchers Darvishi E, et al. [47] used Juglans regia
(ZnO)
nanoparticles. Different concentrations of walnut leaf

L. leaf extract to synthesise zinc oxide
extract and zinc acetate was reported to have been used,
and ZnO NPs with different structures and sizes were
produced. Particles showed circular, irregular surface
morphology and flower shape. The antimicrobial activity
of ZnO nanoparticles has also been studied against
of Escherichia

aeruginosa and Acinetobacter baumannii. The properties

resistant strains coli, Pseudomonas
of zinc oxide nanoparticles synthesised using both green
and chemical methods were compared. More than a
chemical, the antimicrobial effect of ZnO nanoparticles

synthesised by the green method was greater. The
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cytotoxicity assay showed that the cytotoxicity of the
green-synthesized ZnO nanoparticles was lower than that
of the chemical ZnO. This research has shown that green-
synthesized nanoparticles of ZnO have many advantages
over chemicals. Chemical ZnO nanoparticles are smaller,
have more solubility, have more antibacterial activities,
and are less cytotoxic.

In research paper, Ramesh P, et al. [48] identified the
synthesis and antibacterial activity of biocompatible zinc
oxide nanoparticles (ZnO Nps) from zinc acetate
employing an eco-friendly green process using Cassia
auriculata leaf extract. ZnO Nps synthesised is spherical
and ranged in size from 20 to 30 nm. Antibacterial
activity of green synthesised ZnO Nps against bacterial
pathogens was found to be very high. As a result, the
environmentally friendly and high-efficiency zinc oxide
nanoparticles produced with C. auriculata leaf extract are
expected to see more widespread use in the food
packaging industry to avoid bacterial contamination.

The biodegradation of zinc nitrate hexahydrate using
crude leaf extract from Gulmohar, by combustion method
at 400°C to form ZnO nanostructures, was studied by
Begum JPS, et al. [49]. The synthesised nanoparticles for
the formation of polydisperse ZnO NPs have been
characterised and confirmed. Using bavistin as a positive
control, the antibacterial operation of pure wurtzite ZnO
NPs was carried out by the Resazurin plate assay method
followed by antifungal evaluation using the food
poisoning technique. For the quantitative evaluation of
MTT and apoptosis assay, the anticancer potential was
evaluated using the HeLa cell line. The antibacterial
activity of ZnO NPs on Escherichia coli and Staphylococcus
aureus was within the 0.25¢0.0025 mg/ml range and the
antifungal effect was within the 100¢700 mg/ml range on
Fusarium oxysporum and Phomposis azadirachtae. On 24
hours after exposure, the MTT assay and apoptosis study
on the HeLa cell line pinpointed optimum cell uptake
and toxicity. This biogenic method-based ZnO NPs
synthesis paves the way for substantial microbicidal
potential against a variety of plant and animal pathogenic
microorganisms, as well as a superior cytotoxic effect
against HeLa cell lines. As a result, they are promising
nano-antibiotics for medicinal use.

The co-precipitation method was used by Park JK, et al.
[50] to synthesise Gynostemma pentaphyllum zinc oxide
nanoparticles (GP-ZnO-NPs) from Gynostemma plant
green The
decolourization efficiency of GP-ZnO-NPs was evaluated
by extracting the toxic Malachite Green (MG) dye under
UV illumination. X-ray powder diffraction (XRD) study

extract using a chemistry  protocol.

has confirmed the hexagonal wurtzite structure with a
mean size of 35.41 nm. The FE-TEM analysis showed the
hexagonal form of the nanoparticles, and the percentage
of Zn & oxygen in the nanostructures was analysed by
electron diffraction analysis (EDX). The functional group
responsible for forming Gp-ZnO-NPs was revealed in the
Fourier-transform infrared spectroscopy (FT-IR) study.
The study of X-ray photoelectron spectroscopy (XPS)
revealed the chemical compositions (Zn, C & O) and the
elemental state of the nanostructure. To investigate the
photocatalytic behaviour of Malachite Green dye under
UV illumination, the newly synthesised nanocatalyst was
added. Within 180 minutes of observation, the
photocatalyst (GP-ZnO-NPs) decoloured 89 percent (10
mg/L) toxic MG dye. The hexagonal nanoparticle
arrangement provides a larger active site for interacting
with the poisonous dye molecules, allowing the reaction
to proceed more rapidly. The GP-ZnO-NPs are highly
recommended by this study as a greener nanocatalyst for
removing toxic dye for a safer climate.

Agarwal H, et al. [51] researched the fabrication of nano-
sized ZnO particles using zinc oxide as a precursor
molecule and Cinnamomum Tamala leaf extract as a
reducing and capping agent. The hexagonal wurtzite
confirmed by XRD on the
nanoparticles, which had a particle size of 26.57 nm. The

phase  was analysis
nanoparticles' moderate stability was confirmed by zeta
potential analysis, and SEM analysis showed that they
were spherical and hexagonal. On selected bacterial
organisms, the antibacterial properties of the nano-
particle against Staphylococcus aureus were investigated
using the broth dilution process, protein leakage analysis,
membrane stability analysis, and growth curve analysis.
The results showed a time- and concentration-dependent
reduction in bacterial growth due to membrane damage
due to leakage of intracellular proteins and cellular
material. This method of producing ZnO NPs from
Cinnamomum Tamala is simple, environmentally friendly,
cost-effective, and convenient, and it is expected to find
applications in bioremediation, drug delivery, catalysis,
and other medical fields.

Zinc oxide mnanoparticles (ZnO-NPs) have been
synthesised by Ekennia A, et al. [52] using a simple, low-
cost and safe process involving aqueous leaf extracts of
Alchornea laxiflora and zinc precursor salt. In the
degradation of the Congo red dye, ZnO-NPs were
assessed for their ability as tyrosinase inhibitors and as
catalysts. Within the range of 276456 nm, the UV-vis

spectra showed characteristic surface Plasmon bands. The

range of the bandgap energies of the ZnO-NPs was 2.50-
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3.67 ev. Particles obtained with 1 mL and 2 mL of plant
extracts had average sizes of 29 nm and 38 nm,
respectively, according to SEM results. The elemental
compositions of the nanoparticles with pronounced zinc
and oxygen were demonstrated in the EDX map. The
ZnO nanoparticles had an ICy, of 66.28 g/mL and
showed good photocatalytic efficiency of 87 percent
degradation of Congo red (CR) dye molecules in 60
minutes. They also had good antityrosinase performance.
Overall, biogenic ZnO nanoparticles are promising
materials for dual applications as photocatalysts and
tyrosinase inhibitors in the degradation of Congo red dye.
Varadavenkatesan T, et al. [53] announces a green
synthesis of zinc oxide nanoparticles (ZnONPs) using
Cyanometra ramiflora leaf extracts and zinc acetate
precursor. The extract's phyto-components helped
reduce and shape nanoparticles. The formation of
ZnONPs was confirmed by a sharp absorption limit at
360 nm in the UV-Vis

rnorphology was revealed in the SEM image and EDS

results. The nanoflower
showed clear signals for zinc and oxygen components.
The XRD spectrum indicated a crystalline structure of
13.33 nm hexagonal wurtzite. BET research confirmed a
substantial broad surface area of 16.27m’/ g with
mesopores. The presence of the characteristic zinc and
oxygen bonding vibrations at 557 cm ', 511 cm™' and
433 cm” ' was substantiated by FTIR. Using the pollutant
dye, Rhodamine B, the photocatalytic function of
ZnONPs was examined. Under sunlight irradiation, a
remarkable degradation efficiency of 98 percent within
200 min was achieved and a degradation constant of
0.017 min"' was obtained. ZnONPs synthesised using a
cheap and abundant source can therefore play a
promising role in the degradation of toxic dyes present in
wastewater, the leaf extract of C. ramiflora.

The green,
nanoparticles (ZnO NPs) using Cucurbita pepo leaf extract
was reported by Hu D’ et al. [54]. TEM images verified
that NPs with an average size of 8 nm were developing.

eco-friendly = synthesis of zinc oxide

The crystalline nature of prepared ZnO NPs was
XRD. This that, in a
concentration-dependent manner, the ZnO NPs induced
cytotoxicity that affected the proliferation of MG63
osteoblast-like cells. Fluorescein diacetate hydrolysis
(FDA) confirmed the ZnO NPs-induced
reduction in cell proliferation. The FDA staining results

demonstrated by shows

staining

indicated a decrease in fluorescence intensity as the
concentration of ZnO NPs increased. When compared to
ZnO NPs treated samples, the untreated control
displayed the highest fluorescence. The fluorescence of

samples incubated with 80ppm ZnO NPs
substantially reduced. In conclusion, these cell test
results indicated that the ZnO NPs produced are an

essential substitute for the formation of osteoporotic and

‘was

bone tissue.

Fahimmnisha B, et al. [55] used Aloe socotrina (As) leaf
extract to synthesise ZnO NPs and classify them by UV,
FTIR, XRD, SEM, and TEM. The overall absorption was
found to be about 315 nm using UV spectroscopy. The
structure of ZnO NPs ranging in size from 15 to 50 nm
was determined by TEM images, while their crystallinity
was revealed by XRD spectra. Extensive experiments
were carried out to understand the antibacterial activity
of NPs, including agar well diffusion, minimum
inhibitory concentration, growth kinetics, intracellular
uptake, reactive oxygen species (ROS) production, and
antibiofilm activity. The A. socotrina capped ZnO NPs
(As-ZnO NPs)
biofilms produced by four bacterial pathogens, which

showed substantial activity against
may make it difficult to treat drug-resistant bacterial
diseases caused by these biofilms.

Rad SS, et al. [56] produced a simple and environ-
mentally friendly synthesis of zinc oxide nanoparticles
(ZnO NPs) using Mentha pulegium L. leaf extract. The
XRD data showed that the nanoparticles and EDX
measurements were crystalline in nature, suggesting a
high zinc content of 56.26 percent and 43.74 percent
oxygen. The existence of functional groups in both leaf
extract and ZnO NPs was confirmed by FT-IR. The size
and morphology of the particles were determined using
FE-SEM and TEM, and the UV visible absorbance
spectrum of ZnO NPs showed an absorbance band at 370
nm. On Escherichia coli and Staphylococcus aureus, the
antibacterial properties of synthesised ZnO nanoparticles
were investigated. The reported findings indicate that
aqueous extracts of Mentha pulegium (L.) are efficient
reducing agents with important antimicrobial potential
for the green synthesis of ZnO NPs.

Zinc oxide nanoparticles (ZnONps) were synthesised by
Singh A, et al. [57] using Azadirachta Indica leaf extract.
Various analytical techniques, including UV-Visible
spectroscopy, FTIR, XRD, SEM, FESEM and EDAX,
then ZnONps
interaction experiments with Calf-Thymus DNA (CT-
DNA) have been further investigated using UV-Visible,
UV-thermal, fluorescence, spectroscopy of circular

were

characterised by ZnONps.

dichroism, and electrophoresis of agarose gel. In
absorption spectra, ZnONps showed a sharp peak of
about 368 nm, confirming their synthesis. SEM and
FESEM were used to investigate the surface morphology
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of ZnONps, and the size was found to be in the 20-40 nm
range. After analysing all of the results, the interaction of
CT-DNA with ZnONps indicated that DNA was
stabilised. These physicochemical studies may provide
additional knowledge for biosensing and biomedical
applications.

Pai S, et al. [58] used an aqueous extract of Peltophorum
pterocarpum leaves to investigate the synthesis of zinc
oxide nanoparticles (ZnO NPs) by reducing zinc acetate.
Zinc acetate was reduced to ZnONPs by the phenolic
compounds present in the leaf extract. The synthesis
process was visually monitored, and the formation of
ZnO NPs was confirmed by a high absorption peak at 365
nm in the UV-vis spectrum. 3.39 eV was measured as the
bandgap capacity. The FE-SEM picture revealed isolated
flower-shaped ZnO NPs, and the EDS spectrum revealed
characteristic zinc and oxygen peaks. In the XRD
spectrum, the hexagonal wurtzite structure was
confirmed, and the crystallite size was determined to be
11.64 nm. Moreover, the values of the lattice parameters
were consistent with the normal values for ZnO NPs.
The mesoporous structure (pore diameter = 10.77 nm)
with a relatively high surface area (13.56 m’ / g) was
confirmed by BET analysis. A TGA curve in which only
12 percent weight loss was observed demonstrated the
thermal stability of the ZnO NPs. The degradation of
methylene blue (MB) dye under sunlight irradiation
demonstrated the photocatalytic ability of ZnO NPs. 95
percent of the dye could be degraded within 120 min.
The study stated that synthesised ZnO NPs can be used
for the degradation of dyes from wastewater as
photocatalysts.

Ahmad W, et al. [59] proposed using Euphorbia hirta
leaves extract to synthesise ZnO nanoparticles in a
greenway. The leaf extract was used for the synthesis of
ZnO nanoparticles from zinc nitrate as a biological
reduction agent. Using various analytical and
spectroscopic instruments, such as UV visible spectro-
scopy, Fourier transform infrared spectroscopy (FT-IR),
X-ray diffraction (XRD)
microscopy (SEM) study, the prepared nanoparticles

and  scanning electron
were characterised. Along with the synthesis and
characterization of ZnO nanoparticles, this research uses
the disc diffusion approach to test the antimicrobial
activity of bio synthesised nanoparticles against clinical
and normal strains of Streptococcus mutans, Streptococcus
aureus, Clostridium absonum, Escherichia coli, Arthogrophis
cuboida,
Therefore, it is stated that synthesised ZnO NPs may be a

potential candidate for various applications related to

Aspergillius _fumigates, and Aspergillius  nigar.

medicine and biology.
Yedurkar S, et al. [60] focuses on the green synthesis of
nanoparticles of zinc oxide by zinc acetate and the use of
bio-components of Euphorbia milii leaves extract. The
zinc oxide nanoparticles prepared were spherical and
XRD, FTIR, EDX, DLS, UV-Vis absorption and SEM
techniques were used to classify them. The SEM images
revealed that the majority of the nanoparticles are
spherical and have a diameter of 90-110 nm. The
characteristic absorption of zinc oxide bonds is shown by
FTIR at 536 cm ', confirming the formation of zinc oxide
nanoparticles. X-ray diffraction confirms the formation at
ambient conditions of a hexagonal wurtzite phase, which
is the most stable type of zinc oxide. The particle size was
110nm and the polydispersity index was 0.2, suggesting a
uniform distribution of nanoparticles in size. 24.64 mV
was considered to be the zeta potential. The high value
confirms the stability of nanoparticles with zinc oxide.
The authors reported that there are many benefits to the
green chemistry approach to the synthesis of zinc oxide
nanoparticles, such as the ease with which the process can
be escalated, economic feasibility, etc. The use in
bactericidal wound healing and other medical and
electronic applications of such eco-friendly nanoparticles
allows this process potentially exciting for large-scale
synthesis of other inorganic materials.

The leaves extract of a medicinally essential plant,
watercress (Nasturtium officinale), was obtained by an
ultrasound-facilitated method and used by Bayrami A. et
al. [61] for the preparation of ZnO nanoparticles utilizing
a joint ultrasound-microwave-assisted technique. SEM,
TEM, XRD, EDX, BET, FTIR, TGA, and UV-Vis DRS
analyses were used to determine the characteristics of
(Ext/ZnO)

compare them with those of ZnO prepared in the

extract enriched nanoparticles and to
absence of extract (ZnO). Several differences between
ZnO and Ext/ZnO verified the relation of extract over
nanoparticles due to the presence of carbon and carbon
bonds, changes in morphology, size, bandgap energy, and
weight-decay percentage. To treat alloxan-diabetic
Wister rats, Ext/ZnO, watercress leaf extract, ZnO, and
insulin therapies were administered and their healing
efficacy outcomes were compared to each other. Serum
levels of the main diabetic indices, such as insulin, fasting
blood glucose and lipid profiles (total triglycerides, total
cholesterol and high-density lipoprotein cholesterol) have
been calculated for balanced, diabetic and rehabilitated
rats with the therapeutic agents tested. The watercress
extract-enriched ZnO nanoparticles worked the best and
rats

stopped  diabetic

from developing diabetes.
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Moreover, the activity of Staphylococcus aureus and
Escherichia coli bacteria was satisfactorily inhibited by
both ZnO samples. According to the findings, Nasturtium
officinale leaf extract will significantly enhance the anti-
diabetic and antibacterial activities of ZnO nanoparticles.
Chinnasamy C, et al. [62] applied a green approach using
Costusigneus leaf extract for the synthesis of zinc oxide
nanoparticles. The Costusigneus leaves serve as both a
reduction and capping agent and assist in the synthesis of
nanoparticles of zinc oxide. By selecting different levels
in each parameter using the Design of Experiments L9
orthogonal array, the parameters that affect the yield of
the synthesis process are defined and optimised. The
results of the characterization support the development
of ZnO nanoparticles and the particle size is found to be
31 nm with a spherical shape. Characterization findings
from XRD, FTIR, EDX and UV-Vis spectroscopy
demonstrated the formation of ZnO nanoparticles.
Santhoshkumar J, et al. [63] synthesised zinc oxide
nanoparticles (ZnO NPs) from Passiflora caerulea fresh leaf
extract and zinc acetate. UV-visible spectroscopy, XRD,
FTIR, SEM, EDAX, AFM have characterised the ZnO
NPs produced. The size of the particle is found to be
37.67 nm and in cubical form. The study reveals that the
green synthesis of multifunctional ZnO NPs using P.
caerulea is an inexpensive, eco-friendly and simple
process. As compared to plant extract, the synthesised
nanoparticles displayed a very strong zone of inhibition
against the pathogenic culture.

Sohail MF, et al. [64] was designed to develop, along
with multiple biomedical applications, green synthesised
zinc oxide nanoparticles (ZnO-NPs) as possible nano-
The
developed ZnO-NPs with an average size of 19.57 nm

antibiotics ~ against  drug-resistant  microbes.

were characterised for zeta potential, crystalline
structure using X-ray diffraction, surface morphology
using scanning electron microscopy, and FTIR analysis
using Azadirachta indicia leaf extract when compared to a
standard comparison, the ZnO-NPs demonstrated much
superior antioxidant and enzyme inhibition activity, with
a significantly lower IC50 value. Besides, ZnO-NPs
demonstrated substantially greater antibacterial activity
against pneumococcal strains resistant to levofloxacin
with an ICy, value of 0.014 UM compared to 2.048 mM
for levofloxacin. Slight changes in liver function tests,
especially renal functional tests, were observed in an in
vivo acute toxicity study in mice when compared to the
control group. No major improvements were shown by

Also, the

histopathology of vital organs indicated no anatomical

full  blood analysis.

treatment group's

changes in major organs. Overall, the results indicated
that ZnO-NPs based on the current green synthesised
Azadirachta indicia leaf could be produced as a therapeutic
agent with antioxidant, enzyme inhibition and good
antibacterial potential for safe administration against
antibiotic-resistant bacteria.

Nano-zinc oxide (nano-ZnO) particles were successfully
prepared by an eco-friendly method using plant Barleria
gibsoni (B. gibsoni) aqueous leaf extract, according to
Shao F, et al. [65]. The B. gibsoni water leaf extract is
responsible for reducing not only the source but also the
protective agent. XRD studies showed the hexagonal
(wurtzite) structure of the shaped nano-ZnO particles.
The TEM analysis confirmed the range between 30 and
80 nm of nanoparticles, which is followed by DLS
analysis. When bacterial pathogens were used to test the
antibacterial ~properties of synthesised nano-ZnO
particles, the findings were positive. Another tropical
antimicrobial formulation for the healing of burn
infections serves as an effective and superior nano-ZnO
gel. Furthermore, in rats, the nano-ZnO gel had a
remarkable wound healing ability.

Green synthesised zinc oxide nanoparticles from
methanolic leaf extract of Glycosmis pentaphylla were
[66]. UV-VIS
spectroscopy, fluorescence spectrometer, FT-IR, XRD,
SEM with EDAX, and TEM were used to classify the

synthesised nanoparticles. The UV-VIS spectrum and

reported by Vijayakumar S, et al.

photoluminescence spectrum of synthesised nanoparticles
were characterised by peaks at 351 and 410 nm,
respectively. The functional group of the nanoparticles
was discovered using FT-IR analysis. The XRD data
revealed the crystalline nature of the nanoparticles and
20.70 percent of the highly pure zinc oxide metal was
shown by EDAX measurements. SEM and TEM were
used to investigate the morphological characterization of
synthesised zinc oxide nanoparticles, which ranged in size
from 32 to 36 nm. The antimicrobial activity of the
synthesised zinc oxide nanoparticles against pathogenic
species was intriguing. Furthermore, this is the first study
on leaf mediated synthesis of Glycosmis pentaphylla
nanoparticles of zinc oxide (ZnO).

Letsholathebe D, et al. [67] has been synthesized zinc
oxide (ZnO) using Moringa Oleifera leaf extract by
hydrothermal method. The XRD patterns of ZnO
nanoparticles synthesised were investigated. The wurtzite
process is confirmed by the high diffraction peaks found
in the sample. The enlargement of diffraction peaks from
various polycrystalline aggregates at different crystal
sizes. The average particle size was calculated using the
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Scherrer equation from the full width at the half
maximum (FWHM) of the diffraction peaks. The average
particle size of zinc oxide nanoparticles was found to be
25 nm. The
substantial absorption in the 200-450 nm range (visible

UV-vis absorption spectrum shows

light region).
Sharmila G [68]
nanoparticles (ZnO NPs) using the green method of

et al. synthesised zinc oxide

b

Tecoma castanifolia leaf extract. UV-Vis spectroscopy,
TEM, EDAX, XRD and FTIR have been characterised by
ZnO NPs. GC-MS studied the phytochemical
constituents of T. castanifolia leaf extract. UV-Vis
absorption revealed a 370-400 nm SPR band, confirming
the formation of ZnO NPs. TEM analysis reveals a
spherical form with a size of 70-75 nm and the hexagonal
step of the wurtzite structure was revealed by XRD
results. GC-MS detected the presence of bioactive
phytochemical constituents in the methanolic extracts of
T. castanifolia. For both Gram-positive and Gram-
negative bacteria, excellent antibacterial activity was
observed. The antioxidant activity of ZnO nanoparticles
was found to increase as the concentration of the
nanoparticles increased. Anticancer behaviour with an
IC50 value of 65ug/mL with stronger cytotoxic effects
of ZnO NPs on A549 cell line proliferation. The study
reported that the pharmacologically active compounds
present in the green synthesised nanoparticles of ZnO
pave the way for their successful use in the delivery
systems of biomedical and nano-drugs.

Umavathi S, et al. [69] used Parthenium hysterophorus leaf
extract to synthesise zinc oxide (ZnO) nanoparticles
using green approaches. With a bandgap value of 3.26
eV, the property of synthesised ZnO
nanoparticles showed UV-vis absorption at 380 nm. The

optical

structural analysis of X-ray diffraction reveals the
development of ZnO nanoparticles with hexagonal stage
structures. Surface morphologies of ZnO nanoparticles
are exposed by SEM and TEM analysis, and the majority
of them are spherical with a size range of 10 nm. Good
antimicrobial activity against both bacterial and fungal
strains has been shown in ZnO nanoparticles. Sesamum
indicum’s seed germination and vegetative growth have
been significantly enhanced.

As an environmentally friendly approach, Vijayakumar §,
et al. [70] reported green synthesis of ZnO nanoparticles
leaf UV-Visible
spectroscopy with a maximum absorbance of 310 nm was

using Aca])/pba fruticosa extracts.
used to classify ZnO nanoparticles. The crystalline
structure was demonstrated by XRD analysis and the
purity of the ZnO nanoparticle was verified by EDAX

analysis. The size of the nanoparticles in the range of 50-
60 nm was revealed by FE-SEM analysis, and SAED
pattern analysed the crystalline nature of the nano-
particles. Also, the green ZnO synthesised nanoparticle
has proven to be an excellent antimicrobial agent against
pathogenic species.

For the production of zinc oxide nanoparticles, Soni N,
et al. [71] used the aqueous leaf extract of Ficus religiosa
(Peepal). The synthesised nanoparticles were tested
against Anopheles stephensi larvae as larvicides. The
synthesised nanoparticles were further tested against
Escherichia coli (gramme negative) and Staphylococcus
aureus (gramme positive) bacteria as antibacterial agents.
The research report revealed that rapid biological
synthesis of ZnO NPs using F. religiosa aqueous leaf
extract would be an efficient potential larvicide for
mosquito control as well as eco-friendly antimicrobial
agents.

Zinc oxide nanoparticles have been synthesised by
Mirgane NA, et al. [72] from leaves of Abelmoschus
esculentus Linn using the environmentally friendly green
route at room temperature. Various phytochemicals
include ladyfinger extract leaves or those used in
Abelmoschus (L) for the
stabilisation of ZnONP synthesis agents. The stabilisation
of ZnONPs
demonstrated by Fourier-transform infrared spectro-

esculentus reduction and

by phytochemicals is stronger, as
scopy. Plant-assisted nanoparticles of zinc oxide display a
good 3.37Ev bandgap and have good photocatalytic
activity in the UV zone. Plant-assisted ZnO nanoparticles
are used under UV light for splitting or cutting or
degrading dye. Methylene Blue and Methyl Orange were
used as dyes.

Anbuvannan M, et al. [73] identified a simple com-
bination reaction involving zinc nitrate and Anisochilus
carnosus leaf extract to produce ZnO nanoparticles. The
prepared ZnO NPs are crystalline and have a hexagonal
wurtzite composition, according to the structural
analysis. Besides, the photocatalytic output under UV
radiation of the ZnO measured against the methylene
blue (MB) dye has substantial photo-degradation.
Excellent results were seen in the antibacterial activities
of the prepared products analysed against some selected
human pathogens.

The zinc oxide nanoparticles derived from Malus pumila
(apple) and Juglen regia (walnut) plant leaves are an
appealing area of study, according to Mirza AU, et al.
[74], because of their widespread use, low cost, and
The

biomaterials are responsible for the capping and

environmentally  friendly extract's

approach.
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stabilising action. The form, morphology, and particle
size are verified using XRD, SEM, and TEM. DLS, on the
other hand,

nanoparticles. The compositional analysis of zinc oxide

confirms the scale of zinc oxide
nanoparticles is demonstrated using EDX. The DPPH
radical assay measured the scavenging activity and the
free radical potential of Malus pumila and its mediated
zinc oxide nanoparticle is found to be greater than Juglen
regia and its synthesised nanoparticles of zinc oxide and
their activity increases as extract concentration increases.
Against both gram-positive and gram-negative bacteria,
the plant extracts and nanoparticles are effective
antibacterial agents. For cosmetic, biomedical, and
pharmaceutical applications, biosynthesized zinc oxide
nanoparticles are also useful.

Rajiv P, et al. [75] used a low-cost, environmentally
friendly, and easy method to synthesise and characterise
zinc oxide nanoparticles from Parthenium hysterophorus L.
leaf extract. Using different concentrations of 50 percent
and 25 percent parthenium leaf extracts, highly stable
spherical and hexagonal zinc oxide nanoparticles were
synthesised. For nanoparticle conversion, both concen-
trations of the leaf extract serve as a reducing and capping
agent. Analysis of SEM, TEM and EDAX showed that the
nanoparticle sizes of spherical and hexagonal zinc oxide
were 275 nm and 8412 nm, respectively, and the
chemical composition of zinc oxide was present. In 25
lg/ml of 275 nm zinc oxide nanoparticles against
Aspergillus flavus and Aspergillus niger, different sized zinc
oxide nanoparticles were synthesised and the size-
dependent antifungal activity against plant fungal
pathogens was studied and the highest inhibition zone was
observed. Nanoparticles of Parthenium hysterophorus L.
mediated zinc oxide were synthesised and proved to be
good antifungal agents and pleasant to the environment.
Zare M, et al. [76] developed a simple synthetic route
and growth mechanism for phytochemically stabilised
zinc oxide (ZnO) nanoparticles using Thymus vulgaris
(Thyme) leaf extract using a hydrothermal process. The
existence of flavonoids, phenols and saponins in thyme
leaf extract has acted as both reducing and stabilising
agents that play a critical role in the development of
nanoparticles of ZnO. The obtained ZnO nanoparticles
have an irregular shape and a size of 50-60 nm. The
DPPH assay showed prominent activity (< 75 percent)
for higher concentrations (10 mg/ml) of tested ZnO
nanoparticles with in vitro antioxidant activity. The
antimicrobial activity of ZnO nanoparticles against a

that the

antimicrobial activity of the tested gram-negative bacteria

range of foodborne showed

patho gens

is greater than the antimicrobial activity of the tested
Gram-positive bacteria. Results of this study show that
phytochemicals containing thyme leaf extract have
decreasing properties for the manufacture of ZnO
nanosize and the ZnO nanoparticles obtained could be
used effectively for biological applications and food
science.

Using fresh Cassia alata leaf extract, Happy A, et al. [77]
investigated the antibacterial activity of green synthesised
zinc oxide nanoparticles (ZnO NPs). The successful
synthesis of spherical nanoparticles with an average size
range of 60-80 nm is validated by the study results. In
terms of size and purity, SEM and EDAX data support
obtained by the XRD pattern. The
antibacterial activity of ZnO NPs against Escherichia coli

the results

(E. coli) was dose-dependent, with an IC; value of about
20 g/mL. In the presence of nanoparticles, growth
kinetics research was conducted which demonstrated the
bacteriostatic effect of ZnO NPs. For its antibacterial
activity, the study recommends the potential use of ZnO
NPs in industries such as agricultural, pharmaceutical,
food, and cosmetic industries.

Kavya JB, et al. [78] used aqueous leaf extract of Sida
rhombifolia Linn for biofabrication of ZnO-NPs. The
biofabricated ZnO-NPs showed a peak of absorption at
307 nm and a 3.51 eV bandgap energy with a mean size
of ~30 nm. The XRD analysis showed stiff narrow peaks,
suggesting that the particles were free of impurities, and
this was confirmed by the EDS analysis. With a MIC of
0.25 mg mL™' against E. coli, the biofabricated ZnO-NPs
exhibited substantial antibacterial activity, compared to
0.5 mg mL™' against B. subtilis and S. typhi. The study of
the live and dead cells of the nanoparticles indicated that
the antibacterial activity was due to the damage of the
test pathogens to the cell walls. Also, with an IC;, of
974.5 ug mL™" and 548.4 ug mL ', respectively, the
nanoparticles also offered important antioxidant and
genotoxic properties.

Patil BN, et al. [79] conducted research to synthesise zinc
oxide nanoparticles from Limonia acidissima L. leaf extract
their
tuberculosis development. T A atomic force microscope,

and evaluate efficacy against  Mycobacterium
X-ray diffraction, and a high-resolution transmission
electron microscope were used to validate the shape and
scale. The microplate alamar blue assay technique was
used to see how these nanoparticles affected M.
tuberculosis growth. An absorbance peak at 374 nm
confirms the formation of zinc oxide nanoparticles,
which are spherical in shape and range in size from 12 nm

to 53 nm, according to the UV-visible results. At 12.5
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mg/mL, these nanoparticles inhibit M. tuberculosis
development. Since it is inexpensive and pollution-free,
phytosynthesis of zinc oxide nanoparticles is a green,
environmentally friendly technology.

Cui P, et al. [80] reprted a novel concept for the
manufacture of zinc oxide nanoparticles (ZnO-NPs) by
using an environmentally friendly approach to the extract
of Cinnamon zeylanicum leaf. The results of the Dynamic
Light Scattering (DLS) method and TEM analysis
demonstrated the formation of spherical shaped ZnO-
NPs with an average size of 20 nm. The capping of ZnO
NPs with polyphenols from Cinnamon zeylanicum extract
was revealed by FTIR and Zeta potential results.
Furthermore, the activity of local anaesthesia was tested
in frog models, and it was discovered that ZnO NPs is
responsible for the important activity of local anaesthesia.
Vidya C, et al. [81] used a green method to make zinc
oxide (ZnO) nanoparticles from Artocarpus Heterophyllus
leaf extract. As stabilising agents, the phytochemicals
present in the leaf act. The SEM images revealed
agglomerated structures that were porous and sponge-
like. TEM analysis showed that the ZnO nanoparticles
were formed to have a structure of hexagonal wurtzite
and particles ranging from 15-25 nm. The green
synthesised ZnO nanoparticles displayed outstanding
efficiency of photodegradation (> 80%, 0.24 g/L, 1h)
against Rose Bengal dye, a major water pollutant released
by the textile industry. The results of the characterization
verified that ZnO nanoparticles can be synthesised
efficiently using Artocarpus Heterophyllus leaf extract as a
stabiliser and the results of the photodegradation
demonstrated the efficacy of green synthesised ZnO
nanoparticles to degrade Rose Bengal dye.

Nava O], et al. [82] deals with the low-cost, non-toxic
green synthesis of nanoparticles of zinc oxide prepared
with various quantities of Camellia Sinensis leaf extract. At
618 cm’
desired Zn-O bond, demonstrated growth in a strictly

, the Zinc Oxide nanoparticles presented the
hexagonal Wourtzite crystal structure, and displayed
distinct size and shape homogeneity depending on the
quantity of extract used. The photocatalytic activity of
the Zinc Oxide nanoparticles obtained has been studied.
At a 1:1 molar ratio of methylene blue to zinc oxide
nanoparticles under UV light, photocatalytic degradation
studies were performed. The results showed a faster rate
of decomposition than commercially available Zinc
Oxide nanoparticles.

Elumalai K, et al. [83] researched the production of zinc
oxide nanoparticles (ZnO NPs) from Murraya koenigii leaf
extract, using zinc nitrate as a precursor. The crystalline

structure was shown by X-ray diffraction (XRD) analysis,
and atomic force microscopy (AFM) showed the
morphology of the ZnO NPs to be spherical with an
showed that

synthesised ZnO NPs is moderately stable and hexagonal,

average size of 12 nm. The results
with a spherical form of less than 100 nm maximum
particle size.

Raja A, et al. [84] reported an environmentally friendly
green synthesis of Zinc Oxide Nanoparticles (ZnO NPs)
using aqueous Tabernaemontana divaricata green leaf
extract. The existence of a pure hexagonal wurtzite
crystalline structure of ZnO is confirmed by XRD
pattern analysis, with an average crystallite size of 36.82
nm. The TEM images show the formation of ZnO NPs
with sizes varying from 20-50 nm in spherical form. The
FTIR study indicates that through the interactions of
steroids, terpenoids, flavonoids, phenyl propanoids,
phenolic acids and enzymes found in the leaf extract, the
ZnO NPs obtained have been stabilised. Compared to
the normal pharmaceutical formula, the ZnO NPs
demonstrate greater antibacterial activity against S.aureus
and E.coli and less antibacterial activity against S.
Paratyphi. In 90 minutes with ZnO NPs, almost cornplete
degradation of methylene blue dye occurred. The results
show that for bacterial decontamination and industrial
dye wastewater treatment, the prepared catalyst will be

applicable.

3. CONCLUSION

The synthesis of nanoparticles using traditional physical
and chemical methods has some disadvantages, such as
critical temperature and pressure conditions, costly and
toxic materials, long reaction reflux times, toxic by-
products, and so on. In recent years, green nanoparticle
synthesis has increased in popularity and has become one
of the methods.
procedures have many benefits, including simplicity, low
stability,
consumption, non-toxic byproducts, and large-scale

most popular Green

synthesis

cost, good nanoparticle reduced time
synthesis. The review's goal was to provide information
on the synthesis of zinc oxide nanoparticles using various
plant extracts, as well as their applications in various

fields.
nanoparticles (ZnO NPs) can be produced using a green

Several studies have shown that zinc oxide

synthesis method involving a variety of plant leaf
extracts. Furthermore, the studies cited here show that
these substrates, regardless of their source, act as
reducing and stabilising agents or chelating agents. It's
worth noting that, in addition to the variations in
composition found in biological extracts, variables
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including temperature, reaction time, pH, and
concentrations have a major effect on the final properties
of the synthesised nanoparticles. The concentrations of
biological extract and zinc source, as well as the pH of
the solution, play a major role in the final properties of
ZnO NPs obtained using the green path, according to the
literature cited. While evaluating the green synthesis of

nanoparticles remains difficult due to the complexity of

required to gain a better understanding of the chemical
processes and reactions that occur during the synthesis. It
appears that by naming the described mechanism, it will
be possible to monitor and optimise the green synthesis
process, which is crucial for large-scale ZnO NP
development. As a consequence, the rapidly advancing
understanding of green synthesis outlined herein indicates
that ZnO NPs have tremendous potential for industrial

biological substrates, further research into the mechanism production  using  biological ~extracts close to
of formation of the biological synthesis of ZnO NPs is expectations.
Table 1: Green synthesis of zinc oxide nanoparticles reported by different researchers
- o — -
Plant leaf extract Zinc source Chara.cterlzatlon Average size Shape Reference
material techniques used /range (nm)
Ra.pl.mnus sativus var. Zine acetate SEM, TEM, ).(RD, FTIR, 66.43 spherical [39]
Longipinnatus leaf extract UV-visible
. . . SEM, TEM, XRD, FTIR, hexagonal
Melia azedarach leaf extract ~ Zinc nitrate EDAX, UV_visible 33-96 and spherical [40]
s . ) SEM, TEM, XRD, FTIR, hexagonal
Typha latifolia.L leaf extract ~ Zinc chloride EDAX, UV visible -- itsite [41]
, SEM, TEM, XRD,
Atalantia monophylla leaf Zine acetate FTIR, EDAX, FS, UV- 30 hexagqnal [42]
extract .. wurtzite
visible
Ocimum basilicum L. var. h 1
purpurascens Benth. - Zinc nitrate XRD, TEM, EDX 50 cxagonia [43]
1 wurtzite
lamiaceae leaf extract
Gree-n tea- leaf (Camellia Zine acetate SEM, XRD, FTIR, UV- 484 hexago.nal [44]
sinensis) extract Vis, EIS wurtzite
Aloe barbadensis miller leaf Zine nitrate SEM, TEM, XRD, FTIR, 7% to 40 spherical [45]
extract UvV-Vis
) o SEM, XRD, EDAX, spherical and
Azadirachta indica (L) leaf . oo FTIR, UV-Vis, PL, 18 hexagonal [46]
extract .
FESEM wurtzite
, , XRD, FTIR, UV-Vis, .
Juglans regia L. leaf extract ~ Zinc acetate FESEM -- spherical [47]
,, . XRD, EDAX, FTIR,
Cassia auriculata leaf extract  Zinc acetate UV_Vis, FESEM, PL 20-30 hexagonal [48]
Delonix regia leaf extract . . SEM, TEM, XRD, FTIR,
(Gul Mohar) Zinc nitrate UV Vis 20 hexagonal [49]
Gynostemma Zine nitrate TEM, EDAX, XRD, 35.41 hexagqnal [50]
pentaphyllum leaf extract FTIR, PS wurtzite
Cinnamomum Tamala leaf . . SEM, EDAX, XRD, hexagonal
extract Zinc nitrate FTIR, UV-Vis, ZPA 26.57 wurtzite [>1]
Alchornea laxiflora leaf . ) SEM, EDAX, XRD,
extract Zinc chloride FTIR, UV Vis, 29-38 hexagonal [52]
Cyanometra ramiflora leaf . SEM, EDAX, XRD, hexagonal
extract zInc acetate FTIR, UV-Vis, BET 13.33 wurtzite [53]
Cucurbita pepo leaf extract Zinc acetate TEM, XRD’. FTIR, UV- 8 hexagqnal [54]
Vis wurtzite
. . SEM, TEM, EDAX, hexagonal
Aloe socotrina leaf extract Zinc acetate XRD, FTIR, UV-Vis 15 to 50 rurtaite [55]
Mentha pulegium (L.) leaf . . FESEM, TEM, EDAX, quasi
extract Zinc nitrate XRD, FTIR, UV-Vis #.94n spherical [>6]
Azadirachta Indica (Neem) Zinc acetate SEM, FESEM, EDAX, 20-40 hexagonal [57]
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leaf extract XRD, FTIR, UV-Vis wurtzite
Peltonh , leaf SEM, FESEM, EDAX, h 1
cltophorum prerocarpiim €8t Jinc acetate  XRD, FTIR, UV-Vis, 11.64 cxagona [58]
extract wurtzite
BET
Euphorbia hirta leaf extract Zinc nitrate SEM, XR?/}SFTIR’ uv- 20 to 25 hexagonal [59]
SEM, EDAX, XRD, oo
Euphorbia milii leaf extract  Zinc acetate FTIR, UV-Vis, DLS, 90-110 exagona [60]
7PA wurtzite
Nasturtium officinale . . SEM, TEM, XRD, EDX, hexagonal
(watercress) leaf extract Zinc nitrate BET, FTIR, TGA, UV-Vis 14-19 wurtzite [61]
. . . SEM, EDAX, XRD, .
Costusigneus leaf extract Zinc nitrate FTIR, UV Vis 100 spherical [62]
Passiflora caerulea fresh leaf . SEM, EDAX, XRD, .
extract Zinc acetate FTIR. UV-Vis, AFM 37.67 cubic [63]
Azadirachta indica leaf . non-
Zinc sulphate SEM, XRD, FTIR, 19.57 . [64]
extract spherical
. ) . . TEM, XRD, FTIR, UV- hexagonal
Barleria gibsoni leaf extract Zinc nitrate Vis, PL, TGA, DLS 30 -80 WULtzite [65]
Glycosmis pentaphylla leaf . SEM, TEM, EDAX, hexagonal
extract Zinc acetate XRD, UV-Vis 321036 wurtzite [66]
Moringa Oleifera leaf extract ~ Zinc nitrate ~ XRD, FTIR, UV-Vis, PL 25 hexagonal [67]
wurtzite
Tecoma castanifolia leaf . . SEM, TEM, EDAX, spherical and
extract Zincnitrate v pp "BTIR UV-Vis, 70-75 hexagonal [68]
Parthenium hysterophorus leaf . . SEM,TEM, XRD, FTIR, 5and 20 spherical and
Zinc nitrate . [69]
extract UV-Vis, hexagonal
Acalypha fruticosa leaf Zine Acetate SEM,TEM, XBD, FTIR, 0. 60 hexago.nal [70]
extract UV-Vis, wurtzite
. . . . SEM, TEM, XRD, spherical and
Ficus religiosa leaf extract Zinc nitrate EDAX, UV-Vis 70.29 to 84.93 hexagonal [71]
Abelmoschus esculentus Linn . SEM, TEM, XRD, .
leaf extract Zinc acetate EDAX, UV-Vis 20 to 45 spherical [72]
Anisochilus carnosus leaf . . FESEM,TEM, XRD, quasi-
extract Zine nitrate g Ay FTIRUV-Vis, PL 0 © %0 spherical 73]
. . SEM,TEM, XRD, FTIR, )
Malus pumila leaf extract Zinc acetate EDAX, UV_Vis, DLS 12 spherical [74]
. . SEM,TEM, XRD, FTIR, )
Juglen regia leaf extract Zinc acetate EDAX, UV_Vis, DLS 16 spherical [74]
Parthenium hysterophorus L. . . SEM,TEM, XRD, FTIR, spherical and
leaf extract (25% extract) Zinc nitrate EDAX, UV-Vis 22-35 hexagona [75]
Parthenium hysterophorus L. . . SEM,TEM, XRD, FTIR, spherical and
leaf extract (50% extract) Zinc nitrate EDAX, UV-Vis 75-90 hexagonal [75]
Thymus vulgaris leaf extract . . TEM, XRD, FTIR, hexagonal
(1 ml extract) Zinenitrate v (V-Vis, DLS 46.74 wurtzite [76]
Thymus vulgaris leaf extract Zine nitrate TEM, XRD, FTIR, hexagonal [76]
(0.5 ml extract) EDAX, UV-Vis, DLS 132.54 wurtzite
, . SEM, XRD, FTIR, .
Cassia alata leaf extract Zinc acetate EDAX, UV_Vis, AFM 60-80 spherical [77]
Sida rhombifolia Linn leaf . ) SEM, XRD, FTIR, hexagonal
extract Zinc nitrate EDAX, UV-Vis, 30 wurtzite 78]
Limonia acidissima L. leaf . ) TEM, XRD, FTIR, )
extract Zinc nitrate EDAX, UV_Vis, AFM 12 to 53 spherical [79]
Cinnamon zeylanicum leaf Zinc nitrate SEM, TEM, XRD, 20 hexagonal [80]
72
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extract EDAX, FTIR, ZPA, DLS

Artocarpus Heterophyllus leaf . . SEM, TEM, XRD, hexagonal
extract Zinc nitrate EDAX, FTIR 15-25 wurtzite [81]

Camellia Sinensis leaf . . hexagonal
Zinc Nitrate TEM, XRD, FTIR 9.04 - 17.47 . [82]

extract wurtzite

FESEM, TEM, XRD, h 1
Murraya koenigii leaf extract Zinc nitrate EDAX, FTIR, UV-Vis, 22 cxagona [83]

wurtzite

AFM

Tabernaemontana divaricata . . SEM, TEM, XRD, FTIR, hexagonal

leaf extract Zinc nitrate Uv-Vis, TGA 36.82 wurtzite [84]

*Abbreviations’ used
UV-Visible spectroscopy (UV-Vis); Fourier transform infrared (FTIR); X-Ray diffraction (XRD); Scanning electron microscopy (SEM); Transmission
electron microscopy (TEM); Fluorescence spectrometer (FS); Electrochemical impedance spectroscopy (EIS); Photo-luminescence (PL); Field emission

scanning electron microscopy (FESEM); Zeta Potential analysis (ZPA); Dynamic light scattering analysis (DLS); Thermo-gravimetric
analysis (TGA); Brunauer-Emmett-Teller (BET) and Atomic force microscopy (AFM).
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Abstract: Aluminum-doped Nickel-Cobalt fermite nanoparticles with general
formula Nig <Cog sAl Fes.,O4 (x = 0 and x = 0.5) were syathesized by microwave-
assisted sol-gel autocombustion method. The N-ray diffraction analysis of the
samples confirms single phase with cubic spinel structure belonging to space group
Fd3m The average crystallite size calculated using Debey-Scherrer formula was
found 10 be in the range of 19-36 am  XRD studies revealed that the lattce
parameter (a), the partcle size (D) and N-ray density (dy) decrease, whereas
porosity increases with Al substitution. Energy Dispersive N-ray (EDX) was used
to confirm the elemental composition of synthesized powders. TEM mucrogruph
suggests that the paricle size 15 in nanometric range, which confirms  the
pancerystalline nature of the samples. The electrical resistiy iy and dielectne
vonstant have been studied as functions of temperature. 1t was observed that the
clecinical resisuvity  decreases  with Increasing - temperature,  exhibiting  the
semiconducting nature of the sample. The dielectne constant inredses with
increase i lemperature up o tansition temperature and then decreases, which is
explained on the basis of hopping mechanism

Keywords: Ni-Co fermites, Sol-Gel, XRD, Resistiy ity, Dielevtnie constant
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Abstract

When a pandemic as disastrous as Covid -19 hits any country and its economy, it is evident from
the experience that it’s the weaker sections that become severe victims. The reason being lack of
buffer savings and safety assets to get through. In the case of India, major part of the economy
got disrupted, migration of labour back to homes without transport facilities and resources was a
disheartening situation. Similarly daily wage workers lost their income sources. Surprisingly
there was a sudden increase in enrolment in PMJDY. The reason being government’s record-
breaking relief package. PMJDY became the hull bearing scheme of it, as major benefits of the
package were channelized through it. Be it support transfers to farmers for promoting
agricultural growth during cropping season through PM-KISAN or transfers to women account
holders in tranches under PMGKY. Majority of the DBT’s were routed through PMJDY. The
scheme has been active since six years now and continued under the aegis of National Strategy
for Financial Inclusion, however its importance has been highlighted in the pandemic .The paper
studies the fluctuations in PMJDY accounts and balances after Covid-19 pandemic and the
reasons of increase or decrease in accounts and balances due to various government policy
stances related to relief package.

Keywords: Covid-19 Pandemic, Relief Package, Government Policy, Financial Inclusion, Pradhan
Mantri Jan Dhan Yojana, Direct Benefit Transfers.

Introduction

India being the world's largest democracy and second largest population has serious implications
of Covid-19 pandemic. Whether it has fared well or not, everyone has different perspectives. But
on the bright side many of the developed nations appreciated the efforts, measures and controls
taken by the Indian government to minimise the spread of disease. India being many times the
population of several developed nations but showed commendable slow growth rates of spread in
disease. On the other side the economy took a deep dive.70% of the economic activity in India
was stopped as per State Bank of India (SBI), Eco-wrap report.
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The relief package offered by the government for covid was a whopping 20 lakh crore which has
increased the fiscal burden as well on the state. One of the engine drivers of this package was the
national scheme of financial inclusion that is PMJDY. It has almost become mandatory for all
who want benefits or transfers from the government to open Jan Dhan accounts. The e-Public
financial management systems (e-PFMS) system and Direct Benefit transfer (DBT) tracking
online helps in reducing the leakages and increasing the transparency in distribution of funds.
But how much is enough, is a big question which all policy makers face while allocating such
resources.

Review of Literature

(Credit delivery and financial inclusion, annual report. RBI,2011) according to RBI definition
“Financial inclusion broadly refers to the process of ensuring access to appropriate financial
products and services needed by vulnerable groups such as the weaker sections and low-income
groups at an affordable cost, in a fair and transparent manner by mainstream institutional
players” (RBL,2011).

(A National Mission on Financial Inclusion, Mantri, P., & Yojana, J.-D. 2014) in this document
all details, phases and implementation strategies regarding PMJDY are stated which helps to
understand how various features will help in achieving the national mission of Financial
Inclusion.

(Accelerating India's COVID-19 Social Protection Response Program, The World Bank Report
,2020) in this report prepared by world bank team it is stated how Indian state and national
government can deal with the pandemic situation by developing policies, actions and funds to
deal with the situation. It also states the breakup of $2.5 billion aid given by world bank for
Covid-19 Health care, social protection and economic stimulus.

(Role of public sector banks towards financial inclusion during pre and post introduction of
PMJDY: a study on efficiency review, Maity, S. and Sahu, T.N. 2020) in this research paper the
authors have analysed data of financial inclusion through public sector banks with empirical
approach . The efficiency level pre and post introduction shows variation and even among
different public sector banks.

(The COVID-19 Pandemic and Internal Labour Migration in India: A ‘Crisis of Mobility’,
Irudaya Rajan, S., Sivakumar, P. & Srinivasan A.,2020) in this study the various aspects of
labour migration and eventual traumatic situations faced are analysed and a roadmap for
inclusive migrant policies is shared which covers employment, governance , health and social
protection.

(Policy response to the economic challenge from COVID-19 in India: A qualitative enquiry,
Gagan Deep Sharma, Gaurav Talan and Mansi Jain,2020) the study proposes a better
coordination among third world countries and developed nations for cooperation in economic
growth and public health. It also analyses the policies taken up by the government post covid and
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suggests various measures based on sentiment analysis to policymakers to handle the pandemic
situation better.

(Social Policy, COVID-19 and Impoverished Migrants: Challenges and Prospects in Locked
Down India, Sohini Sen Gupta and Manisha K. Jha,2020) this study covers the tragedy of
migrant workers and massive scale displacement, unemployment and insecurity faced by them. It
analyses the various policy measures of the government for giving them mobility and at what
level new interventions are required.

Objectives of Research Paper:

e To study the growth and trends of financial inclusion scheme Pradhan Mantri Jan
Dhan Yojana(PMJDY) in post COVID-19 scenario.

e To study the change in total number of Beneficiaries and total account deposits in Pradhan
Mantri Jan Dhan Yojana(PMJDY) in post COVID-19 scenario.

Research Methodology:

The study is based on secondary data which will be based on Government reports, reputed
Journals, Research Paper, Magazines, Newspapers, Internet and Banking bulletin including RBI
Bulletin and magazines.

Several websites used for vital data collection were:

Ministry of Finance ( Department of Financial Services): http://www.finmin.nic.in/
Ministry of Expenditure | MOF | GOI : https://doe.gov.in/

Pradhan Mantri Jan Dhan Yojana : pmjdy.gov.in

Reserve Bank of India https://rbi.org.in/

Open Government Data (OGD) Platform India :data.gov.in

World Bank’s Accelerating India's COVID-19 Social Protection Response Program :
https://projects.worldbank.org/en/projects-operations/project-detail/P173943

Public Finance Management System : pfms.nic.in

Direct Benefit Transfer :https://dbtbharat.gov.in/scheme/scheme-list

Data Analysis and Interpretation:

Table 1 and Table 2 vertically state the total number of accounts opened under PMJDY with
Public Sector Banks (PSBSs), Private Banks (PBs) and Regional Rural Banks (RRBs).
Horizontally the tables also show the Number of Beneficiaries at rural/semi urban center bank
branches, Number of Beneficiaries at urban metro center bank branches, Number of Total
Beneficiaries, Deposits in Accounts and Number of Rupay Debit Cards issued to beneficiaries.
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It can be seen that the range of trust among beneficiaries in opening PMJDY accounts with banks
is highest for Public Sector Banks followed by Regional Rural Banks and least for Private Sector
Banks. (P1B,2016)

Table 1:

Bank Category wise Report as on 26/02/2020

Number of

Bank [Number of Beneficiaries Beneficiaries at Number of Deposits in | Number of Rupay
Name / at rural/semi urban Total Accounts (In |Debit Cards issued
urban metro center L L
Type center bank branches Beneficiaries lac) to beneficiaries
bank branches

Public

Sector 163988513 139984639 303973152  9207178.93 244484896

Banks

Regional

Rural 54278195 11019486 65297681 2106882.78 35734878

Banks

Private

Sector 6980325 5582295 12562620 316272.39 11526881

Banks

Grand

ot 225247033 156586420 381833453 11630334.10 291746655
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Table 2:

Bank Category wise as on 24/02/2021

ISSN NO:0886-9367

Bank | Number of Beneficiaries Nur.nt.Jer. of Deposits in Number OT
. Beneficiaries at |Number of Total Rupay Debit
Name / at rural/semi urban . Accounts (In ;
urban metro center | Beneficiaries Cards issued to
Type center bank branches lac) .
bank branches beneficiaries
Public
Sector 203434616 128274165 331708781 10793441.16 262775252
Banks
Regional
Rural 65719758 9330346 75050104 2681442.88 34134802
Banks
Private
Sector 6817608 5690954 12508562  415280.65 11253266
Banks
Grand
otal 275971982 143295465 419267447 13890164.69 308163320

Source: www.pmjdy.gov.in
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Table 3:
Analysis of change from Feb 2021(post covid, latest data available) to Feb 2020(Pre covid)
under PMJDY
Category Status as on Status as on | Change % Change
26/02/2020 24/02/2021 | (Increase in

Accounts in

lacs)
Public sector 303973152 331708781 27735629 9.124368%
bank accounts
Regional rural 65297681 75050104 9752423 14.93533%
bank accounts
Private sector 12562620 12508562 -54058 -0.43031%
bank accounts
Number of Total 381833453 419267447 37433994 9.803749%
Beneficiaries
Number of Rupay 291746655 308163320 1641665 5.627028%
Debit Cards issued to
beneficiaries
Deposits in Accounts | 11630334.10 13890164.69 | 2259831 19.43049%

Figure 1: PMJDY accounts status pre and post covid
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PMJDY Account Status

Deposits in Accounts(In lac)

Number of Total Beneficiaries

Number of Rupay Debit Cards issued to beneficiaries
Private Sector Banks

Regional Rural Banks

Public Sector Banks

-1E+08 0 100000000 200000000 300000000 400000000 500000000

Change 24/02/2021 m26/02/2020

Source: Secondary data collected from www.pmjdy.gov.in

Table 3 analyses the change in number of accounts opened under various banks, deposits in
accounts and Rupay cards issued from Feb 2020 (pre COVID-19) to Feb 2021 (post COVID-19).

The total number of accounts of beneficiaries has been increased by3.74 crores that is 9.80
percent change, number of accounts with Public Sector Banks have increased by 2.77 crores that
is 9.12 percent change, Regional Rural Banks have increased by 97.52 lacs that is 14.93 percent
change and Private Sector banks have in fact decreased by 54058 accounts that is 0.43 percent
change. Number of Rupay cards has also increased 1.64 crores that is by 5.63 percent. Increase
in total accounts deposits has also been 22,59,831 lakhs which amounts to 19.43 percent
change.Figure 1 depicts the changes in bar diagram format for comparison. These changes are
surmounting and are indicative of several changes during lockdown.

Reasons for increase in accounts:

The increase in total number of accounts of beneficiaries of 3.74 crores is massive and can be
due to ups and downs the Indian economy has gone under lockdown and post covid era. Some of
them identified for the purpose of this research were:

1. Return of Migrant labour back to villages.

After the announcement of lockdown of 21 days by the government on 24" March ,2020 around
138 crores of population of India were limited to any movement. However, the hardest hit were
the labours working in industries, construction and workplaces away from their homes. They
faced a lot of uncertainty of income, livelihood and shortages in food supply. The government
announced a 20-lakh crore relief package of which many transfers were to be made through
PMJDY accounts, hence after a lot of struggles when migrants reached their home, they
immediately enrolled for these accounts to get relief funds.
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2. Increased Unemployment allowances under MGNREGA.

Many of the labour who were displaced also enrolled for governments “right to work™ scheme
Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA) wherein wages were
increased from Rs 182 to Rs 202 a day for beneficiaries,(Ministry of Finance, 2020).

3. DBT transfers to Women accountholders of PMJDY under Pradhan Mantri Garib
Kalyan Yojana (PMGKY) scheme.

Under PMGKY wherein women account holders were granted a total amount of Rs1500 to be
given in their PMJDY accounts in three consecutive months with Rs500 payment in each month.
This could also be tracked by the beneficiaries through the Public Financial Management System
(E-PPFMS) platform which amounted to 30,705 crores in the period of April to June 2020 .

This led to many women opening new accounts under the scheme as reported by some bankers
as well.

4. DBT transfers to farmers holding PMJDY accounts under Pradhan Mantri Kisan
Samman Nidhi (PM-KISAN) scheme.

Under Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) farmers were granted a total amount
of Rs 6000 to be given in their PMJDY accounts in three consecutive tranches of Rs 2000
payment in each tranche. This led to around 19,000 crores transfers to farmers in the period of
March to May 2020.

5. More publicity of PMJDY scheme during pandemic due to DBTSs.

A lot of media coverage of various direct benefit transfers and covid 19 relief package led to
more and more people to enrol for the PMJDY scheme in hope that they will receive these funds
as well. Some inefficiencies were also reported wherein people in spite of having PMJDY could
not either access it due to lockdown situations or their DBTs were not received at all. However
due to various propaganda around the covid turmoil did help in encouraging more people to open
their accounts under PMJDY .

6. New Employee Provident Fund subscribers and New payroll entrants.

Some other reasons apart from lockdown may also be an increase in new first time payroll
entries and new EPF subscribers. Seeing the popularity of the scheme many are opening Basic
Savings Bank Account (BSBA) also with PMJDY scheme wherein higher transactions are also
permitted.

Fluctuations in PMJDY Total Account Deposits during 18" March-10" June

As per the data collected from the government records and shown in table 4 it was found that the
total balance of accounts in PMJDY accounts fluctuated on a regular basis after lockdown that is
post covid era. Earlier to it in the last two weeks of March it was stable. But after the first week
of April started rising dramatically by increasing from 11968086.12 lacs on 1% April to
13356423.3 lacs on 15™ April. It again started taking a dip and reached up to 12962570.38 lacs
on 29™ April. Then again it started rising and reached up to 13588394.63 lacs on 13" May from
where it again started dropping reaching to 13133959.04 on 3™ June. This cycle again continues
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to rise up to 13597751.79 lacs on 10" June. From these patterns we can see that prior to
lockdown announcement the growth was minimal in account deposits, however we can see a
sudden surge along with relief package announcements in the first three weeks of April. This was
also the time when women PMJDY account holders were given the first tranche of PMGKY
which as per Ministry of Finance was around 10,025 crores and farmers had started receiving
PM-KISAN tranches as well. Then we can see reducing account deposits in the latter two months
of April which might be due to withdrawal of these relief packages by beneficiaries and its
consumption. Similar pattern can be seen in May where the total accounts balance reaches its
highest point of 13588394.63 lacs on 13™ May and falling back to the levels of balances in April
and finally coming back to almost similar level on 10" June at 13597751.79 lacs. So, we can see
a withdrawal of 3000-4000 crores in between and a total increase of 17,871 crores in this whole
period.

Table 4: PMJDY total account balances from 18" March to 10™ June,2020

Date Total Balance in Lacs | Date Total Balance in Lacs
18-Mar | 11810597.02 6-May 13182548.54

27-Mar | 11843440.69 13-May 13588394.63

1-Apr 11968086.12 20-May 13331790.64

8-Apr 12774842.87 27-May 13144534.65

15-Apr | 13356423.3 3-Jun 13133959.04

22-Apr | 13211817.07 10-Jun 13597751.79

29-Apr | 12962570.38

Source: www.pmjdy.gov.in

Figure 2: Fluctuations PMJDY total account balances from 18" March to 10" June
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Reasons for fluctuation (increase/decrease) in PMJDY account deposits
The reasons for these patterns and fluctuations can be due to following reasons:

1. Increase in DBT transfers due to the relief package announced.

Being the biggest stimulus package in the history of India and supported by international
institutions like the world bank and many of its benefits being channelled through this national
mission of financial inclusion PMJDY scheme. It is bound to have an impact on the account
deposits by increasing it.

2. Labour remittances through PMJDY accounts due to COVID-19 scenario.

Due to the sudden lockdown many people and labour were stranded at places away from homes.
So that leads to remittances to their families, most of them in rural areas having PMJDY
accounts. This was also one of the reasons for increase in accounts deposits.

3. Unemployment, uncertainty and Migration.

Due to the loss of livelihood for several people, the future became uncertain with the whole
economy slowing down. Further closure of many small businesses for a long period of time led
to unemployment or lower salaries with various deductions. This made many beneficiaries vary
of the circumstances leading to putting up precautionary savings in accounts for future use which
may be required for health care to deal with pandemic.

4. More consumption of savings.

Displacement from work places and travelling back to homes for migrants is a costly affair. Even
though many arrangements were made by the government but still catering for many other basic
amenities in times of distress wherein essential commodities prices also hiked makes cost of
sustaining in such times high. To top it all many people were jobless for some period of time as
well. These all factors led to using the savings in these PMJDY accounts in that period of time
and causing decrease in accounts balances.

5. More withdrawal of DBTs from accounts.

Supreme Court stated that on March 31, 2020, around 0.6 million population of India was
dislocated and 22 million of the population was provided ration by the Public Distribution
System (PDS). The essence of the whole relief package given through the PMJDY account in the
form of DBTs through various schemes was to give money in the hands of weaker sections of
society to help them sustain themselves. Along with other measures like free food grains given
through PDS causing exchequer a huge cost , it is easy to analyse that the beneficiaries used it
for the same.

Hence the decrease in account balances is also justified on that notion.

Volume X111, Issue V111, August/2021 Page No: 19087



The International journal of analytical and experimental modal analysis ISSN NO:0886-9367

Conclusion

As said by John Kennedy “If a free society cannot help the many who are poor, it cannot save the
few who are rich”, it holds very true for India as a nation as well. Though there are several
criticisms by many on the relief package of Covid 19 and how it could be planned better. But as
there is a silver lining to every cloud, this research also suggests that it benefitted the poorest of
the poor by giving them some support in the testing times. The national mission on financial
inclusion through PMJDY has been instrumental in managing these public finances and sourcing
them to the place of need, trying to reduce various barriers of corruption by the direct transfers of
benefits and tracking through advance mechanisms of PFMS. The data analysis shows that
PMJDY has become a tool of Public financial management, making it successful in several
fronts of transparency, reliability, predictability, control and reporting. The response of
beneficiaries of PMJDY to various steps taken by the government to provide them relief shows
that the various measures are well received.
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Abstract

PMJDY has been stalwart of financial inclusion in the history of mankind having registered itself
in Guinness world book. Financial Inclusion has been the priority of developing nations for
decades but PMJDY has been able to emerge better with social security schemes, direct benefit
transfers, digitalization, insurance, pension and overdraft under one head. The expansion has
been possible through sub service area divisions and vast network of bank mitras. This scheme
has also received attention during the pandemic as major benefits of the relief package declared
by Indian government were channelized through it. It has completed phase | and phase Il with
success and is continued under National Mission for Financial Inclusion. Financial management
of public schemes helps in efficient utilization of resources for achievement of development
goals. This study concentrates on analyzing how financial inclusion through PMJDY helps in
facilitating financial management of resources which in turn leads to individualistic growth and
eventually national growth. It also highlights the transformation through e-Public financial
management systems (e-PFMS) in the financial inclusion scenario. A conceptual framework has
also been developed to get a deeper insight into financial management framework through

PMJDY financial inclusion.

Keywords: PMJDY, Financial Inclusion, Public Financial Management System, Financial
Management, Conceptual /Theoretical Framework.
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Introduction

Financial inclusion is the backbone for developing the economy and ensuring growth
opportunities to the weaker section of society. Mere formation of a policy and implementation is
not the only requirement but to continuously keeping a track of it and improving time to time is
the need of most developing countries. There have been many financial inclusion policies in
India since ages and have benefitted the people but not at the same scale as PMJDY. It has
41.13 Crore beneficiaries banked so far 3130,458.93 Crore Balance in beneficiary accounts and
1.26 lakh Bank Mitras delivering branchless banking services in Sub-Service Areas as per
official site on 3™ Nov,2020. The reason of this massive growth is meticulous financial
management of the policy and modifying it on a continuous basis to bring financial inclusion to
the remotest areas.

Therefore, there is a need to study the financial inclusion and financial management variables to
create effective policies which can help manage the public financial resources in an efficient
manner. This paper tries to analyze a research framework to measure financial management and
financial inclusion through certain standard variables and how an effective policy intervention

such as PMJDY can impact.
Objectives of the study:

e To explore research framework to identify Financial inclusion and Financial Management
indicators.
e To study the effectiveness of financial inclusion policy PMJDY scheme for public
financial management.
The first part of the paper consists of the relevant literature review. The second part focuses on
the financial inclusion indicators, financial management indicators and public financial
management through E-PFMS systems. The third part introduces conceptual framework as well
as variables identified for the model by researcher. It is based on secondary data. For further
scope of research, the conceptual framework can also be quantified through a combination of
exploratory and descriptive approaches. Both qualitative and quantitative methods of
measurement, can be used. The collected data can be subjected to various statistical analysis for

drawing inferences.
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Review of Literature

(Credit delivery and financial inclusion, annual report. RBI,2011) according to RBI definition
“Financial inclusion broadly refers to the process of ensuring access to appropriate financial
products and services needed by vulnerable groups such as the weaker sections and low-income
groups at an affordable cost, in a fair and transparent manner by mainstream institutional
players” (RBL,2011).

(Conceptual Framework to Investigate the Accessibility and Impact of Financial Inclusion
Sequeira, M. V. S. A. H., & Varambally, K. V. M. ,2013) came up with a conceptual framework
for financial inclusion and its impact on socio-economic status of households by identifying
financial access variables. The conclusion of the study was financial inclusion is the basis for pro

poor growth or inclusive growth,

(Payments Infrastructure and the Performance of Public Programs: Evidence from Biometric
Smartcards in India, Muralidharan, K., Niehaus, P., & Sukhtankar, S. 2014) it evaluates the
impact of biometrically-authenticated payments infrastructure ("Smartcards") on beneficiaries of
employment (NREGS) and pension (SSP) programs over 158 sub- districts of Andhra Pradesh
and 19 million people. It found that the new system was more predictable, less corrupt, more
accurate and gave better accessibility to users. It also suggested that investing in secure payments
infrastructure can enhance the capacity to implement welfare programs in developing countries
like India.

(Digital Revolutions in Public Finance International Monetary Fund, Gupta, S., Keen, M., Shah,
A., & Verdier, G. ,2017) this study states that the government program can and have benefitted
by leakage reductions of funds transferred and tracked through PFMS. In India both Social
Security Pension and National Rural Employment Guarantee Scheme have witnessed it. In
addition, Financial Management Information System also helps in tracking and analyzing
government financial information. Many international institutions like IMF and WB are working

on the same and studying its impact if implemented at all levels.

(Public Financial Management and the Digitalization of Payments, Cangiano, M., Gelb, A.,

Goodwin-groen, R., & Goodwin-groen, R.,2018) the paper explores the linkages between the
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digitalization of payments and PFM, through four case studies. The case study of India explains
how Jan-Aadhar and Mobile, Aadhar enabled payment systems, E-KYC and UPI reforms have
improved the accuracy, timelines and quality of services. In case of Estonia as well PFM
strategies helped in cleaning government payrolls and strengthened tax administration.

Financial Inclusion Indicators

World Bank Banking International Standards (WB-BIS), states that in order to develop an
efficient financial inclusion policy, identify current on ground situation, lacunae’s, set up
targets to be achieved, measure the growth, monitor and implement corrective actions,
financial inclusion indicators have to be developed. There are various financial inclusion
indicators like Findex (2017) which has used four broad indicators like account ownership,
payment services, use of accounts and saving credit and financial resilience. Within these
sub indicators have also been formulated. On the other hand, IMF Financial Access Survey
(of G-20 countries which includes nine supply side indicators like number of ATMs per one
lakh adults, number of commercial bank branches per one lakh adults, mobile transaction
alerts per one lakh adults, life insurance and non- life insurance per one thousand adults etc.
was also conducted.

For the purpose of this study, we have used WB-BIS for measurement of financial inclusion
which are broadly categorized into:

Financial Inclusion Access Indicators: It includes various accessibility criteria of
beneficiaries, banking network outreach, financial institutions access barriers and cost
effectiveness especially in rural areas.

Financial Inclusion Usage Indicators: These include actual utilization of services as only
dormant accounts do not generate growth for beneficiaries or economy. Frequency of usage
of accounts by number of transactions, electronic payments etc. is measured in this
category.

Financial Inclusion Quality Measures Indicators: It includes quality of financial products
and services which fit the needs of beneficiaries and making them financially literate to use
and benefit from them. Such financial products and services need to be designed in such a

way that it provides optimum benefits with high quality to the weaker sections of the
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society. It has parameters like lower interest rate credit with safety, more reliable credit
source options and better saving options etc.

Financial Management Indicators

Financial Management is the use of management key principles for allocation, distribution and
maintenance of financial assets of an organization. Effective financial management can lead to
efficient functioning of the organization and growth. It is the most crucial need of an
organization. It entails planning, organizing and directing /controlling the finances to achieve the
optimal growth. If such functions are not carried out it can lead to problems in achieving
organizational goals. Planning the financial activities in accordance with objectives of the
organization, organizing the pool of resources for maximum utilization and controlling them to
achieve desired results, this all requires good financial management (Atrill & Peter,2009). Hence
for the purpose of this study we have used Planning, Organizing and Controlling as financial

management criteria.
Role of Public Financial Management System (PFMS) in PMJDY

PFMS has been implemented by the Office of Controller General of Accounts. Initially started in
2008-09 known as Central Plan Schemes Monitoring System and included in the 12" year plan
of planning commission. It was rolled out in four pilot states for limited schemes like
MGNREGS, PMGSY, SSA and NRHM.

The main objective of PFMS is to bring transparency in the distribution of government fund and
real time tracking to increase efficiency in their management. Under PFMS direct transfers of
various scheme benefits can be transferred to individuals, institutions and agencies. It can
validate accounts before sending payments and has Core Banking System interface with around
300 PSB’s, RRB’s, India Post network, Private sector banks, Cooperative banks and RBI.
PMJDY accounts have also acted as tool to manage various DBT’s through while growing the
financial inclusion net at the same time. (Jena ,2013) in his study stated that a country like India
with complex federal structure will need a well-coordinated PFM to deliver quality services at
state level and in current scenario we have already achieved treasury system interface with
twenty-eight states and two union territories. Additionally, PFMS 2.0 version is also focusing on
new technical upgrades like Artificial Intelligence (Al), deep learning, mobility platforms and

blockchain technology. (Banerjee, et al,2017) also found out in their large-scale experiment on
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that through electronic fund management platform, transparency increases, accountability
improves and corruption is also reduced.

For the purpose of the study the researchers have established a relation between Financial
management and Financial Inclusion variables. Keeping Planning, Controlling and Organizing as
variables for financial management and Access, Usage and Quality as financial inclusion
variables.

Model of Conceptual framework for Financial Inclusion created by Researchers

Financial Inclusion

¥ ¥

Access Usage | | Quality

* 554 Coverage
* NF5l approach
‘Every househaldto

* Direct Banefit Transfer
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Figure 1: Schematic representation of conceptual framework.

Conceptual Framework

In the figure 1, a schematic representation of the conceptual framework of PMJDY acting as

public financial management tool for financial inclusion is suggested.
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The facilitation of planning of access to financial services through PMJDY factors can be
measured by improvement in access through distribution into sub service areas (SSA’s), every
household coverage approach, ‘Every household to every adult’ new strategy for financial
inclusion (NFSI) approach and use of Business Correspondents for extending outreach along
with ease of transactions. Under the scheme a sub service area consists of 1000-1500 households
and concentrates on making banking facility available within a range of 5 km. This is an
improvement over Swabhimaan scheme implemented earlier which covered only villages with
population above 2000. Therefore, we have shifted from village population coverage to
household coverage under PMJDY which has further improved to every adult coverage under
NFSI implemented for extension of PMJDY. These all improvements are due to the PMJDY
scheme features which have helped in better planning of access to financial services. Also,
extension to post office network for financial inclusion and including Dak Sevaks as business

correspondents has been great planning initiative which will increase the access network further.

The organization of usage of financial services and how it has improved can be measured by
leakages reductions through Direct benefit transfers(DBT’s) from government to beneficiaries
account without third agency interference , more hassle free digital transactions through Aadhar
Enabled Payment System (AEPS), transparent interconnected interface network usage of Jan
Aadhar Mobile (JAM), better allocation and tracking through e-PFMS, m-banking and use of
Rupay card by millions of new users. All these features of PMJDY have helped in efficient
organization of usage of financial services. While direct benefit transfers of various subsidies
through PMJDY accounts have reduced corruption, its tracking by government PFMS has made
organizing and collection of scheme data easier. Aadhar seeding and Rupay card issued to
PMJDY accounts also make usage of digital financial services platform more convenient and
reliable. Aadhar seeding helps further in organizing the beneficiary accounts for receipt of

various benefits.

The improvement in control of quality of financial services can be measured by upliftment in the
quality of life of beneficiaries by availability of social security schemes like PMJJBY-Life
insurance, PMSBY-Accident insurance and APY-Pension for unorganized sectors along with Jan

Dhan accounts. This has been first time when social security schemes have been offered with
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basic banking services through government scheme that too in several financially excluded areas
at very reasonable costs. The efficiency of control and direction of quality of financial services
can also be measured by low interest rate credit available by the facility of overdraft with just six
months of transaction or credit history preventing poorest of the poor from exploitation at the
hands of moneylenders. Lastly CGF has also been created as buffer in case of defaults to prevent
the scheme from any lapses and keep its integrity intact. Thus, all these PMJDY scheme factors

ensure good control over quality of financial services provided to beneficiaries.

Data collection and Research Methodology:

The conceptual framework can also be quantified through a combination of exploratory and
descriptive approaches. To measure the facilitation of management functions through PMJDY
factors on financial inclusion indicators both qualitative and quantitative methods of
measurement, can be used. Primary data can be collected from beneficiaries and business
correspondents. A structured questionnaire can be used along with interview schedule for the
intermediaries, officers in charge and beneficiaries. Secondary data can be collected through
various central agencies like Department of Financial Services, Reserve Bank of India and state
agencies like State Level Bankers Committee, Lead Bank, participating banks and state
government departments. The collected primary and secondary data can be subjected to various
statistical analysis for drawing inferences. Correlation test, Regression test, Garrets ranking,
Fuzzy logic and factor analysis are some that can be applied.

Conclusion:

Through the conceptual framework discussed in this paper, one can see that the planning of
access to financial services through PMJDY is facilitated through various factors like SSA
coverage, NFSI approach, Bank Mitras and Post Office Network. Similarly, organization of
usage to financial services through PMJDY is contributed by factors like DBT, AEPS, JAM,
PFMS, Rupay and M-banking. Lastly, controlling of quality regarding financial services is also
contributed through PMJDY factors like improvement in quality of life by Social Security
Schemes, availability of Overdraft facility and CGF. Various indicators, variables and conceptual
framework worked out would help in building a strong foundation for further efficient public
financial management and financial inclusion. Study shows that PMJDY has transformed the

financial inclusion scenario by bringing lots of new financial services along with basic zero
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balance account which can help in better public financial management of old as well as new
earlier untapped resources. PFMS in India has also developed at a humongous rate and plays a
crucial role in all centrally planned schemes. Government has already been continuously
improving the current infrastructure to achieve further success through National strategy for

financial inclusion.
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ABSTRACT

The COVID-19 has been the worst pandemic in world history in terms of size and scope of
global spread, casualties, economic impact, and negative effect on human health. The COVID-19
crisis has also impacted the style of implementation of integrated marketing and its related spending
in businesses. Digital marketing is becoming the substitute for the business to cope up with the
pandemic situation. This paper focuses on the implications of COVID-19 on Digital Marketing
Keywords: Pandemic, digital marketing, business
Introduction

COVID-19 spreads across all the nations, people of entire world had learned to cope with a
new way of living. While businesses were already losing favor among shoppers, stay-home orders
have all but crippled the market.The organizations that are best positioned to survive in this
environment are those that had already begun to pivot to a digital marketplace. But having a working
website and ecommerce presence is only half the battle. It is important ability to get customers to
those product pages. The pandemic had transformed the business. The businesses are adopting various
strategies to grab the customer’s base. The businesses who have adopted the digital marketing
strategies are moving forward and getting more and more customers. And those businesses were
survived during the pandemic situation.

Objectives

1.To study the Pandemic situation

2.To study the role of Digital Marketing in business.

3.To analyze the impact of COVID-19 on Digital Marketing

Hypothesis

Ho : There is no significant impact of COVID-19 on the business through Digital Marketing
H, : There is a significant impact of COVID-19 on the business through Digital Marketing
Pandemic

The coronavirus outbreak came to light on December 31, 2019 when China informed the
World Health Organisation of a cluster of cases of pneumonia of an unknown cause in Wuhan City in
Hubei Province. Subsequently the disease spread to more Provinces in China, and to the rest of the
world. The WHO has now declared it a pandemic. The virus has been named SARS-CoV-2 and the
disease is now called COVID-19.

More than 1.7 million people died. Around 80 million people are known to have contracted
the virus, though the actual number is likely much higher. Children became orphans, grandparents
were lost and partners bereaved as loved ones died alone in hospital, bedside visits considered too
dangerous to risk.

This is a pandemic experience that's unique in the lifetime of every single person on Earth,"
says StenVermund, infectious disease epidemiologist and dean of Yale School of Public Health.
"Hardly any of us haven't been touched by it."

Businesses closed. Schools and colleges shut. Live sport was cancelled. Commercial airline
travel saw its most violent contraction in history. Shops, clubs, bars and restaurants closed. Spain's
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lockdown was so severe that children couldn't leave home. People were suddenly trapped, cheek by
jowl in tiny apartments for weeks on end.

Those who could, worked from home. Zoom calls replaced meetings, business travel and
parties. Those whose jobs were not transferrable were often sacked or forced to risk their health and
work regardless.

Impact of Pandemic on Business

The consumers are now online. And so are our competitors. That means business owners need

to emphasis on positioning their brands front and center so that they remain in the path of their target
audience. And so you’ve noticed, more virtual, remote, and contactless solutions are launching
themselves as commonplace in every facet. This has helped digital marketers to reach out, engage,
and connect with consumers where they may be and that is not going to change anytime soon.
What has really been a deal-breaker is that COVID was the specific reason for brands to stand out in
the crowd and connect with existing as well as dormant customers. While some brands were left
scrambling to get on board the digital network, those previously established in the space were able to
claim the customers their competitors were losing, whether it was by present up-to-date information,
products that consumers needed, or delivery options.

Research from McKinsey found that 75% of American purchasers had changed their
shopping behavior and brand preference amongst the pandemic. More interestingly, more than 60%
plan to stick with these purchasing habit changes post-crisis. Brands need to refine their strategies to
understand the impact of COVID is going to go far beyond a year or two. The focus of many digital
marketers is on improving customer loyalty and retention as well. Forrester supposes spending on
improving the customer experience to upsurge by 30% this year, allowing businesses to hold onto the
new online customers that were increased during the 2020 e-commerce boom.

The Growing Role of Digital Marketing

As majority of businesses enter the online marketplace, the competition for traffic converts
even greater. Against market leading online traders like Amazon, Walmart, and Target, smaller brands
face a challenge in being found by online purchasers.

For this reason, digital marketing is critical in building brand recognition and increasing
traffic to business websites. A complete digital marketing policy starts with creating a search-
optimized website and includes an active social media presence.

While many small companies stress on organic marketing efforts like social media and
traditional outreach, paid media is becoming additionally important in the fight for customer attention
online.

This includes social media ads and Pay Per Click (PPC) promotions and falls under the term of search
engine optimization and marketing (SEM).
Role of Digital Marketing during Pandemic

In the marketing world no arena of businesshas changed faster than digital marketing and
credit goes to the COVID-19 pandemic. As Technology is altering our world at an astonishing pace, it
becomes difficult to keep up with dissimilar new trends in the industry. With the arrival of the
pandemic, people started expenditure more time online than ever before and enhanced their online
presence widening the online business opportunity likely a bright future for digital marketing
agencies.

With the advent of COVID-19, people around the world narrowed to their homes for long
periods followed by the norms of social distancing which resulted in enduring behavior change of the
consumers producing a great shift in the consumption pattern of information, goods, and services.
More the people cooperate with the technologies more enjoyed the experience, making it a regular
part of their lives regardless of pandemic or no pandemic.
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Digital Marketing and Advertising houses need to Get off the cutting edge and leap to the
bleeding edge to make thrilling changes and lead the Marketing profession. It’s clear that digital
marketing is evolving to keep pace with new technological inventions and changing consumer
preferences, such as the expectation for ads and gratified to be increasingly personalized and relevant
to the individual.

The pandemic has obliged businesses also to shift online to showcase their products and
services which have prompted brands to create content that is contextual and applicable to garner
larger mindshare from their customer base. Marketing agencies will have to endure to innovate and
develop whether that’s investing in graphic designers or taking advantage of tech inventions that
prioritize user experience to derive success. We need to remove all barriers to guarantee their
marketing efforts are successful in this COVID world.

Digital marketing has become a solution as well as a means to content needs as basic as food,
but also contact with friends and family, entertainment and attainment of information, goods, and
services normally accessed physically and in person. However, the influx of lockdown has
dramatically increased the size, availability, and profile of the digital audience and has changed their
behaviors, expectations, consumption of content, and the way they expect to be interrelated with as
customers.

With more consumers online than ever before, activities can’t afford to slack. These agencies
realized they could do away with luxurious offices and saving on fixed costs, utilize the freelance
economy to provide excellent work for clients as needed. Technology has made this a seamless
process, allowing agencies to get highly professional work done without having to maintain full-time
employees.

Last but not the least, COVID-19 might not totally change the future of digital marketing
agencies, but it has modified existing trends. Marketing agencies have been successful at adapting to
these variations during the pandemic, but they need to endure to do so even after the pandemic is
gone.

Hypothesis Testing

Hypothesis assumed during this research have been the proposition as statements about the
observable phenomena in this study that may be judged as true or false. As a declarative statement
about the two or more variables, the hypotheses stated were of the tentative and notional nature. The
Hypotheses assumed during the study are :

Ho :There is no significant impact of COVID-19 on the business through Digital Marketing
H, : There is a significant impact of COVID-19 on the business through Digital Marketing

The hypotheses stated above have been formed after carefully analyzing the research
objectives and the problem definition. In a nutshell, the hypothesis assumed during this research study
has been the best expression of the research objective in the form of a well-formed and testable
statement which could be disproved or proved by empirical data.

This hypothesis regarding impact of COVID-19 on the business through Digital Marketing is
tested through the One Sample t-test using statistical software SPSS.

To test this hypothesis; a Likert scale is used. Response of 1499 member respondents are
recorded and inputted in the SPSS software. The mean value generated is 2.68 and Standard Deviation
is 1.2146. The test value is set as 5 as Likert scale is five level scale to record the responses. From the
above One Sample t-test hypothesis is significant i.e. 0.023. So the NULL hypothesis is rejected and
the alternate hypothesis “There is a significant impact of COVID-19 on the business through Digital
Marketing’ is accepted.
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Conclusion

It is essential to understand that both consumers and providers have changed their behaviours
and interrelatingtherefore as per the new norms. There may be a greater demand for digital marketing
going onward, but this will be balanced out by increased competition and to stand out, one will have
to develop a strong brand and invest in business suppleness that works better with clients.
Undoubtedly, the future is bright for digital marketing organisations, but as ever, only for those that
are able to convert pandemic situation to an opportunity and adapt the technology accordingly to
improve the business.

The COVID-19 had transformed the businesses and the consumers. The consumers become online
and they purchase through online mode. The business who adopted had gain the consumer preference
and business. Thus COVID-19 on the business through Digital Marketing’
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Abstract:

The skill development is the training which provides by the institutions/ employers/ government
to improve the skill, quality and efficiency of the students/ employee, entrepreneurs at the workplace.
The importance of the training to ensures availability of skilled manpower at all levels including
management levels, Enhancing abilities, Potential among entrepreneurs, Increase efficiency, Maintain
and enhance product quality, Minimize wastages in production process, Minimize accidents on the job,
Reduce fatigue and increase speed of work, Standardizations in industry and internal processes. This
paper focuses on the various skill development programmeswhich helping in improving the
employability skills amongst students.

Keywords : skill development, entrepreneurship development , NEP
Introduction :

The Indian economy is currently valued at around 3 Billion USD and the government aims to be
a Five Trillion USD by 2025. This aim can be achieved only if we are increasing economic activities and
promote new business, ideas and provide industrial opportunities that form a basis for development.
Besides, it will require factors like entrepreneurship, Skill development, Skilled Human resource, modern
technologies, knowledge and innovation etc. this is because these modern business and industries are
acting as a catalyst in promoting this aspiration amongst us towards that path. Or it can also be said that
India, with its Unity in Diversity, is looking at entrepreneurship and skill development as those factors
which will help in achieving National Integration via Economic Development. But for this purpose, we
need skilled work force as any business will depend upon them for its uninterrupted operations and for
providing goods and services as per the need and requirement of the customers.

Skill Development is an essential element for a successful entrepreneurial culture in a country,
and, so both complement each other. The India Economic Survey 2018-19 has discussed the importance
of Entrepreneurship and has called for making the Indian MSME sector more productive and competitive
at the International Level.

Given the current economic challenges facing many countries across the globe, the notion of

engendering greater entrepreneurial activity has become a prominent goal for many national
governments. The relevance of entrepreneurship to economic development has been highlighted by many
researchers. Training opportunities play a key role in cultivating future entrepreneurs and in developing
the abilities of existing entrepreneurs to grow their business to greater levels of success.
More globally, governments across the world are increasingly recognising the positive impact that the
creation of new businesses can have on employment levels, as well as the competitive advantages that
small firms can bring to the marketplace (Scase, 2000). Moreover, while entrepreneurship provides
benefits in terms of social and economic growth, it also offers benefits in terms of individual fulfillment,
with entrepreneurship now breaking through the barriers of class, age, gender, sexual orientation, and
race. However, because the relationship between entrepreneurship and economic growth is quite
complex, many different approaches to encouraging entrepreneurship have been applied by a wide
variety of agencies, with enterprise policies varying from country to country.

Skills and knowledge are the dynamic forces for the growth of economy and social development
of the country. Those Countries having higher and better levels of skills can cope-up more effectively to
the challenges and opportunities of work. As India moves progressively towards becoming a knowledge
economyf it becomes increasingly important that the country should focus on advancement of skills and
these skills have to be relevant to the emerging economic environment. In order to achieve the twin

163 Website — www.aadharsocial.com Email — aadharsocial @ gmail.com.

111



B.Aadhar’ international Peer-Reviewed Indexed Research Journal ISSN :

) 2278-9308

B Aadbar

““®  Impact Factor -(SJIF) -8.575,Issue NO, 345 (CCCXLV ) March,
2022

targets of economic growth and inclusive development, India’s Gross Domestic Product has to grow
consistently at 8% to 9% per annum. This requires significant progress in several areas, including
infrastructure development, agricultural growth coupled with productivity improvements, financial sector
growth, a healthy business environment, ably supported by a skilled workforce.

The development of manpower is a key concept and challenging task before concern authority
through proper education system and training activities in the current scenario. The developing economy
does not require only human employees but skilled and trained employees in the various sectors by way
of new skills and the training curriculum. This requires a new syllabus, new trainers who can teach new
skills and the infrastructure where people can be trained. The demand for specific skills is very high, and
it is often not met by the educational institutes due to lack of training institutes, training facilities,
education policy or it can be due of availability of trained trainers to train required skills. For instance, in
spite of the boom in the construction sector, simple skills like water-proofing, fencing, or scaffolding has
shortage of supply.

The demand for employment in India in the year 2007 is estimated to grow to 800 million. Most
of this demand will be for youth equipped with technical and soft skills. It will require training in flexible
and varied skills like Critical thinking, Teamwork, Multilingual abilities and Customer orientedness.
However, according to the Planning Commission, there are 940 million in the workforce, 60% of whom
are between the ages 15 to 35, it may be a good news but the reality is unemployability because they are
trained in civil service type of jobs which are characterized by rote learning, a hierarchical structure, a
focus on one skill, one language, a rigid and inflexible attitude. The numbers say that a billion plus
population with unemployment at 9.1% i.e. 42 million people and by 2025 it will grow to 2 billion
people. The number of college graduates is expected to rise by 2025 in-between 1.5 billion to 2 billion
annually and in the same period about 20 million new jobs will be created. Although it looks like a
perfect demand-supply balance, 80% of the manpower will be unemployed which is quite an irony. The
labour force participation is as low as 940 million of a 1 billion population. Organized employment has
been stagnant at 940 million for thirty years (200 million in Public Sector, 100 million in Private Sector).
Given that 600 million people are below the poverty line, even the majority of those employed can barely
sustain themselves.

Skill development and entrepreneurship efforts across the country have been highly fragmented
so far. As compared to developed countries, where the percentage of skilled employees is between 60%
to 90% of the total workforce, India records as low as 5% of workforce (20-24 years) with formal
vocational skills. There is a need for speedy reorganization of the ecosystem of skill development and
entrepreneurship promotion in the country to suit the needs of the industry and enable decent quality of
life to its population. Today, more than 20 Ministries/Departments run 70 plus schemes for skill
development in the country. The various ministries of central government engaged in skill development
programmes. There are gaps in the capacity and quality of training infrastructure as well as outputs,
insufficient focus on workforce aspirations, lack of certification and common standards and a pointed
lack of focus on the unorganized sector.

Skill Development :

Skills development is the process of (1) identifying your skill gaps, and (2) developing and
honing these skills. It is important because your skills determine your ability to execute your plans with
success.

Imagine a carpenter trying to build a house. He has the raw materials but lacks good wood
working tools. He has, however, a flimsy hammer and a small screwdriver. Without the right tools like a
hand saw, he can’t turn these raw materials into house building pieces.

It’s the same with goal achievement. In goal achievement, your skills are your tools. The house is
your goal. Just as you need the right tools to build a house, you need the right skills to build your
goal. Without the right skills, you will only frustrate yourself, waste your time, and spend a lot of
time dealing with rudimentary issues caused by the lack of knowledge or lack of skills, as opposed
to progressing in your goal. While difficulty and struggle is part and parcel of any goal pursuit, without
the right skills, you find yourself struggling more than necessary. Worse still, this struggle is
unconstructive and doesn’t help you move forward.
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Government of Maharashtra has put in place an institutional structure for skill development in
the State up to the district level. It has set itself up a target of generating 4.5 crore skilled manpower by
2022. It has formed the State Management Committee of Skill Development Initiative for Maharashtra
and Sectoral Skill Committees under the Department of Higher and Technical Education.

Key skill development initiatives taken by the Government so far include:

e Sectoral Skill Development Committees have identified 11 high demand trades in the State:
Construction, Production & manufacturing; textile; automobile; hospitality; healthcare; BFSI; retail;
pharmaceuticals and chemicals; I'T / ITeS and agro processing

e Of these, sector skill reports have been released for nine sectors so far

® Maharashtra State Skill Development Society has been established as a Single Nodal Agency for skill
development initiative with the objective of preparation and continuous updating of ‘State Skill Gap
Assessment Report” and ‘State Skill Development Plan’. It is also responsible for empanelling and
grading training providers; and to provide support to district and division level committees and sectoral /
territorial skill mission officers in the state for the preparation and effective implementation of ‘Annual
Action Plans’

¢ Knowledge Management Centre on Skill Development has been proposed to be established at Yashada,
Pune

¢ Directorate of Establishment & Self Employment has set up a dynamic Labour Market Information
System (LMIS)

Various skill development programmes are run by many Government Departments as well. Some of
these are as follows:

® Employment Promotion Programme (EPP): On-the-job training or other practical training to educated
unemployed persons. The programme is run by Department of Employment & SelfEmployment,
Maharashtra. EPP is a stipend based scheme. The stipend paid to persons varies between Rs.300 to
Rs.1000 per month, based on their educational qualification. Duration of each training programme is six
months. On completion of training, the candidates may get absorbed.

e Apprenticeship Training Programme: Supply of skilled manpower to the industry through
apprenticeship training. The programme is run by Directorate of Vocational Education & Training,
Maharashtra. About 238 trades relating to both engineering and non-engineering industries have so far
been designated under the programme. Duration of training varies from 6 months to 4 years. Stipend is
also paid as a part of the training programme.

¢ Entrepreneurial Development & Training Programme: Motivate and train the educated unemployed
youth for self-employment. It is run by Directorate of Industries, Maharashtra. The programme is run by
recognized training institutions such as MITCON Consultancy Services Ltd. and Maharashtra Centre for
Entrepreneurship Development (MCED). Under this scheme, the aspects such as the Entrepreneurship
Development and Technical Training are covered

Factors related to Entrepreneurship and Skill development

e Why Entrepreneurship and Skill development are important in economy of a nation.

e Review of Policy and Institutional efforts taken by the government in promoting entrepreneurship and
skill development and its challenges.

¢ Role of Entrepreneurship and Skill development in Women Empowerment and for youth.

¢ Potential efforts and areas for promoting Entrepreneurship and Skill development.

¢ Role of Entrepreneurship and Skill development in attainment of SDGs in the coming decade (2020-
30).

Entrepreneurship refers to those business and industries that undertake different economic
activities by utilization and effective management of available resources to provide for and fulfill needs
of people and organizations by producing and distributing required goods & services. This is also marked
by the risks of market Demand. Skills can be defined as the capability acquired by a person to work in
any particular field. Thus, Skill development can be defined as honing up of one’s skills that will help
him in becoming an efficient and able Human Resource.
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National Education Policy 2020

Education is fundamental for achieving full human potential, developing an equitable and just
society, and promoting national development. Providing universal access to quality education is the key
to India’s continued ascent, and leadership on the global stage in terms of economic growth, social
justice and equality, scientific advancement, national integration, and cultural preservation. Universal
high-quality education is the best way forward for developing and maximizing our country's rich talents
and resources for the good of the individual, the society, the country, and the world. India will have the
highest population of young people in the world over the next decade, and our ability to provide high-
quality educational opportunities to them will determine the future of our country. The global education
development agenda reflected in the Goal 4 (SDG4) of the 2030 Agenda for Sustainable Development,
adopted by India in 2015 - seeks to “ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all” by 2030. Such a lofty goal will require the entire education system
to be reconfigured to support and foster learning, so that all of the critical targets and goals (SDGs) of the
2030 Agenda for Sustainable Development can be achieved. The world is undergoing rapid changes in
the knowledge landscape. With various dramatic scientific and technological advances, such as the rise of
big data, machine learning, and artificial intelligence, many unskilled jobs worldwide may be taken over
by machines, while the need for a skilled workforce, particularly involving mathematics, computer
science, and data science, in conjunction with multidisciplinary abilities across the sciences, social
sciences, and humanities, will be increasingly in greater demand. With climate change, increasing
pollution, and depleting natural resources, there will be a sizeable shift in how we meet the world’s
energy, water, food, and sanitation needs, again resulting in the need for new skilled labour, particularly
in biology, chemistry, physics, agriculture, climate science, and social science. The growing emergence
of epidemics and pandemics will also call for collaborative research in infectious disease management
and development of vaccines and the re