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ABSTRACT

Healthy plant tissues are the host of unique microorganisms called ‘Endophytes’. These microbes live inside these tissues in part or throughout their life history
without causing obvious symptoms of infection in host plants. Endophytes are considered as a novel type of microbial source that can produce a variety of bio
constituents, have great values for research and broad prospects for drug development. Nanoparticles are defined as particulate dispersions or solid particles with
assize in the range of 10-100nm. The drug is dissolved, entrapped, encapsulated or attached to a nanoparticle matrix. Depending upon the method of preparation,
nanoparticles, nanospheres or nanocapsules can be obtained. Cancer is significant worldwide health problem generally due to the lack of widespread and
comprehensive early detection methods, the associated poor prognosis of patient diagnosed in later stages of the diseases and its increasing incidence on a global
scale. Several drawbacks have been stated with the use of marketed anticancer medicines such as drug resistance, adverse effects, toxicities and even costs. Due to
these several limitations, searching for novel anticancer medicines from medicinal plants is becoming an active area of research.
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INTRODUCTION:

Every known plant species contains microbial endophytes. Endophytes are special because of their capacity to enter and flourish in plant tissues, exhibiting
complex interactions inside the host plant. The presence of endophytes is known to affect a number of essential host plant functions®. The mysteries of
the mysterious endophytic fungi are starting to come to light. Similar to diseases, they are able to control the host to establish their ideal environment?. The
ability of endophytes to produce phytohormones, fixing nitrogen, antagonistic substances, and enzymes—all of which are crucial in helping plants respond
to biotic and abiotic stress—has sparked an increasing interest in their potential to alleviate a variety of plant stresses, including biotic stress (like
pathogenic microbes) and abiotic stress (like drought and salt stress)®. By generating secondary active chemicals that shield the plant from diseases like
insects and fungi, the endophytic microbial community can promote plant growth. Additionally, endophytes can manufacture extracellular enzymes that
are essential for their colonization within the plant host. By generating phytohormones, microbial endophytes can function as agents that promote plant
growth. They can also help plants flourish in contaminated soils by breaking down harmful substances*. Additionally, endophytes have the ability to alter
host metabolites, which may influence plant growth, adaption, and proliferation. This is a more intriguing and perplexing subject that needs further
research. Since it can help uncover the gray areas of endophytes about which little to nothing is known, the effect of endophyte interaction on the host
genome was examined®. Abiotic stress brought on by high temperatures restricts crop productivity and poses a risk to the environment. Heat stress has
the greatest detrimental impact on plant development and metabolism of all the abiotic stimuli, including temperature, salinity, drought, and exposure to
heavy metals. Heat stress is defined as temperatures higher than 75 °F. Plants limit growth, development, and physiological cellular metabolism when
temperatures rise above their typical range. Heat stress degrades the quality of plants and increases their morbidity and death®®. When salinity first
appears, it can be viewed as a water stress that causes less leaf expansion, which in turn causes total inhibition of cell division and stomatal closure.
Prolonged exposure causes premature leaf senescence, which lowers photosynthetic activity and eventually kills crop plants®. Endophyte colonization
and the metabolite secretion that follows have also been linked to increased rates of photosynthesis (Sclerotinia sclerotiorum), plant cell chlorophyll
content, trichome and stomata density on plant tissues (Beauveria bassiana), antioxidant enzyme activity, callose deposition, cell lignification, and
phytoalexin accumulation (Diaporthe liquidambaris)!®!, Herbaceous crops, grasses, and woody trees are among the plant species that have endophytic
bacteria; frequent genera include Pseudomonaceae, Burkholderiaceae, and Enterobacteriaceae’?. Plant—endophyte relationships can be uncovered using
a variety of methods, including metagenomics, microarrays, next-generation sequencing, comparative genomics, genome sequencing, and
metatranscriptomics®®. The use of plants and the microorganisms they are associated with to remediate a site is known as phytoremediation. It is an in
situ, solar-powered remediation technology that requires little site disturbance and maintenance, which makes it inexpensive and widely accepted. Because
the conventional remediation options currently available are often costly and environmentally invasive, phytoremediation proves to be a valuable
alternative, particularly for the treatment of large contaminated areas with diffuse pollution. However, there are still a number of hurdles to large-scale
applications of phytoremediation, such as the levels of contaminants (being toxic for the organisms involved), the bioavailable fraction of contaminants
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(being too low), and, in certain cases, the evapotranspiration of volatile organic pollutants from soil or groundwater to the atmosphere'*s, Although some
can infiltrate cells, endophytic bacteria often populate intercellular gaps. Stems, roots, leaves, fruits, bulbs, and seeds are all sources of these creatures.
Some of them promote plant development, offer defense against biotic and abiotic stress, make it easier for nutrients to be absorbed from the soil and aid
in the assimilation of nitrogen from an agricultural and biotechnological perspective, each of these characteristics is crucial'®2.,

Production of the secondary metabolites (SM) from endophytic fungi (EF):

Co evolution is a concept that describes the biochemical interactions between endophytes (EFs) and their host plants. Which is believed to shape the
production of SMs. These SMs play a crucial role in endophyte-host communication for mutual adaptation and orientation to different environments.
There are three main schools of thought on the relationship between the biosynthesis pathway of common SMs and the evolution of symbiosis between
endophytes and their hosts®2. They also stimulate the production of several phytochemicals like alkaloids, flavonoids, terpenoids, saponins and
phenols?.These fungi produce various secondary metabolites with anti-cancer, anti-nematode and antibiotic activities?*%,
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Aspergillus:

One of the most well-known filamentous fungus in the Ascomycetes (family Trichocomaceae) is Aspergillus. According to the World of Microorganisms
Information Center (WDCM), there are around 378 species members of the Aspergillus genus are highly aerobic fungus that thrive in oxygen-rich
conditions, yet many of them can also thrive in situations that are deficient in essential nutrients.6. Numerous species have also been successfully grown
under a broad range of salinities (0-34%), pH (2-11), and temperatures (10-50 °C). They are endophytes, saprophytes, parasites, and human pathogens
in nature, and they share morphological and microscopical traits with aspergillums. Historically, morphological, physiological, and biochemical
techniques were used to identify and categorize Aspergillus species. Lately, molecular methods including restriction fragment length, random amplified
polymorphic DNA (RAPD), and ribosomal DNA (rDNA) sequence analysis?®2’,

Numerous active secondary metabolites, including butenolides, alkaloids, terpenoids, cytochalasins, phenalenones, p-terphenyls, xanthones, sterols,
diphenyl ether, and anthraquinones derivatives, which are crucial to the pharmaceutical and commercial industries, have been demonstrated to be produced
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by endophytic Aspergillus species. Different endophytic Aspergillus species generated compounds that exhibited a range of biological activities, including
antiviral, antibacterial, anti-inflammatory, and anti-cancer properties. The natural products that were separated from several endophytic Aspergillus
species and showed a range of bioactivities are the main topic of this review. Table S1 in the ESI listed other endophytic Aspergillus metabolites that
were not bioactive.t The name, Aspergillus species, chemical nature, isolation source, and references were all included in this table. The time frame
covered by this review is January 2015-December 2019%%,

The fungus Aspergillus has a significant impact on the health of people, animals, and plants all across the world. Aspergillus species are employed in
biotechnology to generate a variety of biomolecules because of their exceptional metabolic diversity. Aspergillus spores can cause asthma and other
allergic responses in people and animals, in addition to their pathogenic effects. There are around 330 species in this genus that are found in many regions
and have the potential to be harmful®®=L,

Aspergillus flavus:

Aspergillus species are members of the Trichomaceae family and the Ascomycota phyllum. Species are distinguished by their physical traits and color.
Colonies are flat, granular, downy to powdery, and frequently have radial grooves when viewed macroscopically. In contrast to other widely seen
Aspergillus species, such as A. fumigatus, A. niger, A. nidulans, and A. terreus, the colony surface is initially yellow but eventually turns dark yellowish
green. The hyphae of A. flavus branch at a 45° angle and are septate and hyaline. The conidiophores end in vesicles at the apex after emerging from
supporting hyphae. Over the distal end of the phialides, the conidiophores of A. flavus, which have a diameter of pm, are organized in a radial chain.
Sclerotria are microscopic structures that divide into loose columns and have a diameter of nm.

The vesicle is 2045 pm long and 15-20 pm long (up to 800 A. flavus), and the phialides are rough and colorless. They can be uniseriate and directly
attached to the vesicle, or they can be biseriate and attached to the vesicle via a supporting cell called a metula (8 um wide).13.A. flavus h. in vitro. It
grows well on Sabouraud dextrose agar or Czapek Dox and malt extract at 37 A. Its primary growth is by apical hyphal extension, which may be somewhat
slower than that of °C. Conidia germination takes place at around 24 A. Apical hyphal extension is the primary growth mechanism, and it may proceed
more slowly than that of A. fumigatus. According to laboratory observations, growth reaches a plateau after 24 hours and exhibits other growth
characteristics comparable to those of A. fumigatus. Similar research has not been done for A. flavus, despite the fact that the rate of hyphal extension
has been linked to aggression in A. fumigatus??38,

Compared to A. nidulans, A. flavus, a typical fungal species in Flavi, is more helpful for comprehending developmental processes in the section .
Aspergillus nidulans and species of the Aspergillus section Flavi have the ability to produce an asexual specialized structure known as a conidiophore.
However, the specific morphology of metabolites and asexual and sexual developmental structures differs. The primary distinction is that A. nidulans
generates cleistothecia encircled by a large number of Hiille cells, whereas the majority of species in the Aspergillus section Flavi produce dark-colored
sclerotia with ascospore-bearing ascocarps . A. flavus produces uni- or biseriate conidiophores according to conidiophore morphology, but A. nidulans
produces biseriate conidiophores®-4,

A. nidulans generates sterigmatocystin, which is a precursor to aflatoxins but not aflatoxins themselves, whereas the majority of species in the Aspergillus
section Flavi produce aflatoxins as secondary metabolites. New information about the growth and metabolism of A. flavus has been published as a result
of a number of recent investigations. Thus, the purpose of this study is to outline the functions of developmental regulators in A. flavus and investigate
the distribution of developmental regulators in Flavi strains. Asexual development-related developmental regulators are thoroughly explained*-2,

Chemical constituents of Aspergillus flavus:
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Two furan derivatives identified as 5-hydroxymethylfuran-3-carboxylic acid (A) and 5-acetoxymethylfuran-3-carboxylic acid (B) were isolated as a result
of fermentation of the culture of A. flavus, the endophyte hosted in the stem of Cephalotaxus fortunei. Both furans exhibited antibacterial activity
against Staphylococcus aureus with MIC values of 31.3 and 15.6 pg mL™, respectively. Moreover, 5-acetoxymethylfuran-3-carboxylic acid (C) showed
moderate antioxidant activity with an 1Cs, value of 237 ug mL™2, while 5-hydroxymethylfuran-3-carboxylic acid (A) displayed weak antioxidant activity
with an ICs value of 435 pg mL™ using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals assay.

The sesquiterpenoids; (1S,6R,7R,10S)-aspergilloid D (D), (1S,6S,7R)-aspergilloid E (E), (1S,6S,7R,10S)-aspergilloid E (F), (7R,10R)-aspergilloid G (G),
(7R,10S)-aspergilloid H (F) and sporogen AO-1 (G) along with the sterol 3p,4a-dihydroxy-26-methoxyergosta-7,24(28)-dien-6-one (G) were isolated
from the endophyte A. flavus associated with the leaves of the toxic medicinal plant Tylophora ovata. All isolated compounds at 10 pM demonstrated
hepatoprotective effect on acetaminophen (APAP)-induced damage model of HepG2 cells. They improved the HepG2 cell survival rates from 24.0%
(APAP, 8 mM) to 33.2-41.6%. Furthermore, the sterol 3f, 4a-dihydroxy-26-methoxyergosta-7,24(28)-dien-6-one (G) exhibited cytotoxicity against
MCEF-7 breast cancer cells with an I1Cs value of 2.6 uM.

NANOPARTICLES:

The word “nano” derived from the Greek term “nanos” which show the meaning of dwarf or enormously small. The word “nano” is used in
nanotechnology which reveal a billionth of meter. Nanotechnology comprises of novel approaches for the synthesis, designing and manipulation of
elements at a small scale of 1 to 100 nm. Nanoparticles contain particular physiochemical properties because of high surface to volume ratio and nano
size®.

Nanoscience has emerged a multidisciplinary field and attracted inputs from different branches of sciences like physics, chemistry and biology with
reference to applications and synthesis protocols. Biology-based methods offers different advantages relative to physical and chemical means like being
devoid of any toxic wastes and high energy requirements, making them economical, eco-friendly and simple*“, The synthesis of nanoparticles in the
size range of 1-100 nm has surpassed the limitations of biological barriers and gained impetus in the advanced research field“s.

The synthesis of nanoparticles (NPs) particularly metal nanoparticles, has significantly impacted the research field due to their flexibility to manipulate
size, shape, structure, optical properties, and assembly and thus obtaining nanoparticles of desired physiochemical characteristics. Metallic nanoparticles
including gold, copper, zinc, iron, silver, graphene, titanium, magnesium and platinum have been used for the nanofabrication and showing their potential
applications in industries, medicine, chemical engineering, bio imaging, biocatalysts, cosmetics, and antimicrobial agents*.

However, silver metal has been widely used for the synthesis of nanoparticles due to its exceptionally unique chemical stability, catalytic properties, and

conductivity*®“°, Silver has long been recognized for its intrinsic antimicrobial potential and therefore, extensively employed for medicinal purposes®™
51

3.3.1 Different methods of Synthesis of Nanoparticles®2:

1. Physical Methods
1. Chemical Methods

11. Biological methods
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Different methods of Synthesis of Nanoparticles
3.3.1.1 Physical approach of AgNPs synthesis®:

The physical methods play a major role in NPs synthesis. The main NPs synthesis procedures are top-down (automatic grinding of a large number of
metals) and bottom down (metal reduction, electrochemical process) method.

3.3.1.2 Chemical approach of AgNPs synthesis5*:

The best aware method for AgNPs fabrication is a chemical reduction process. In common, diverse amount of reducing agents like NaBH,4, Na;C¢HsO5,
CgsHgOs, NaBH, and other reagents are used for Ag+ to metallic silver reduction, as followed by accumulation into oligomeric groups and these clusters
ultimately form the metallic colloidal AgNPs.

3.3.1.3 Biological approach of AgNPs Synthesis®®.

The physical and chemical methods are greatly helpful to produce the NPs, but due to some limitations like high cost, releasing of a toxic substance into
the environment and a highly time-consuming process for NP synthesis. The environment change and the increased atmospheric temperature have raised
worldwide awareness to decrease the toxic waste substances hence, the biological method has gained more interest in the scientific field.

3.3.2 Versatile properties of Metal nanoparticles:
3.3.2.1 Physical Properties®:

1. Physical parameters like size, shape, specific surface area and aspect Ratio.
2. Agglomeration/aggregation state, particle size distribution, surface morphology/topography, crystal structure and defects.
3. Colour of materials

4. Solar energy absorption
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5. Melting point
3.3.2.2 Chemical Properties®’:

1. Structural formulas and molecular structures describe the arrangement and bonding of atoms in a chemical compound.
2. Nanomaterials composition provides details about chemical constituents, purity and impurities.
3. Nanoparticles can suspend in solutions, unlike bulk materials which sink or float.
4.  Surface chemistry deals with composition, charge, tension, reactive sites, physical structure, photo catalytic properties and zeta potential.
5.  Catalytic activity of nanoparticles is typically on metal surfaces with increased surface to volume ratios enhancing catalytic activity.
6.  Metal particles smaller than 5 nm are of interest due to their unique catalytic properties.
7. Hydrogen storage in metals is the most important chemical application, making nanoparticles useful in such devices.
3.3.2.3 Optical Properties®:
1.  Metal nanoparticles exhibit unique shape and size-dependent optical properties with extinction spectra dominated by localized surface plasmon
resonance (LSPR).
2. The color of a metallic nanoparticle is determined by plasmonic resonance when illuminated by white light.

3. Mie theory describes characteristic light absorption of spherical metal nanoparticles, showing that absorption doesn't strongly depend on
particle size in the 3-10 nm range.

4. However, particles show size dependence on the plasmon resonance band below 10 nm and disappear for particles less than 2 nm, confirming
the decreasing validity of the free electron gas model assumption.

5. Semiconductor nanocrystals with luminescence activators like Mn? or Eu?* are interesting candidates for improving optical properties.

3.4 Synthesis of Sliver Nanoparticles®-0:
3.4.1 Physical method:

Silver nanoparticles (AgNPs) can be synthesized using physical methods like evaporation-condensation and laser ablation. Both techniques produce large
quantities of high-purity AgNPs without releasing toxic substances, but they face challenges such as agglomeration due to the absence of capping agents.
Additionally, both methods require significant power and longer synthesis times.

Evaporation-condensation involves a gas-phase route in a tube furnace to create nanospheres from materials like Au, Ag, and PbS. This method has
drawbacks, including space requirements, high energy consumption, and extended durations for achieving thermal stability, although these can be
mitigated using a ceramic heater.

Laser ablation, on the other hand, synthesizes AgNPs by irradiating a bulk metal source in a liquid environment. The properties of the resulting
nanoparticles depend on various parameters. This method is advantageous as it produces pure and uncontaminated AgNPs using mild surfactants without
the need for additional chemical reagents

.3.4.2 Biological Method :

The green synthesis of silver nanoparticles (AgNPs) was studied in Verticillium species, a type of fungus, with the hypothesis that AgNPs form beneath
the cell wall rather than in solution. Ag+ ions adhere to the surface of fungal cells due to electrostatic interactions with negatively charged carboxylate
groups of enzymes. As these ions are reduced intracellularly, silver nuclei form and grow through further reduction.

Transmission electron microscopy (TEM) analysis revealed that AgNPs formed in the cytoplasmic space, measuring about 25 + 12 nm in diameter.
Notably, the fungal cells continued to proliferate even after AgNP biosynthesis. Additionally, nitrate, commonly used by bacteria as a nitrogen source, is
converted to nitrite by nitrate reductase, which utilizes reduced nicotinamide adenine dinucleotide (NADH) for this process. The role of nitrate reductase
as a reducing agent is significant in the bio-reduction.
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Diverse synthesis routes of silver nanoparticles. (A) Top-down and bottom-up methods. (B) Physical synthesis method. (C) Chemical synthesis
method. (D) Plausible synthesis mechanisms of green chemistry

Green synthesis of silver nanoparticles from Endophytic fungus Aspergillus niger®-62,

The synthesis of silver nanoparticles (AgNPs) involved mixing 5 ml of endophytic extract with 45 ml of 5 mM silver nitrate solution in an Erlenmeyer
flask. The mixture was incubated at room temperature for 24 hours in the dark to facilitate nanoparticle formation. After incubation, the solution was
centrifuged at 10,000 rpm for 10 minutes to separate the nanoparticles, and the supernatant was discarded. The resulting pellet was washed multiple times
with double-distilled water to remove unreacted substances. The purified pellet containing the silver nanoparticles was then stored for further use.
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CYTOTOXICITY:

Cancer is an abnormal growth of cell in our bodies that can lead to death. It is one of the normal cell and creates and imbalance in the body®. Physical
inactivity, obesity and diet are related to 30-35% of cancer deaths and some specific foods are related to the specific type of cancer like high salt diet
causes gastric cancer, aflatoxin B1 cause liver cancer and chewing betel nut causes oral cancer®,

Cancer cells have four characteristics that distinguish them from normal cell likely uncontrolled proliferation, loss of function because of lack of capacity
to differentiate, invasiveness and the ability to metastasis®.Genetic abnormalities found in cancer typically affect two general classes of genes such as
oncogenes and tumor suppressor genes. Cancer promoting oncogenes are typically activated in cancer cells and change cells properties such as hyperactive
growth and division, protection against programmed cell death, loss of respect for normal tissue boundaries and the ability to become established in
diverse tissue environments. Tumor suppressor genes are then inactivated in cancer cells, resulting in the loss of normal functions in those cells, such as
accurate DNA replication, control over the cell cycle, orientation and adhesion within tissues and interaction with protective cells of the immune system®s,

The toxicity and side-effects associated with cancer chemotherapy and radio therapy create new avenues for discovering and developing nontoxic agents
for prophylaxis, mitigation and treatment of injury. One of the best approaches in searching novel anticancer agents from plant resources is selection of
plants based on ethno medical practices and testing their efficacy and safety in light of modern science®’.

In the past two decades, systematic ethno botanical documentation has been prioritized in India and recent studies indicate that many plants used by
herbal healers have been scientifically shown to possess antiviral, cancer preventive and of therapeutic valug®°,

Epidemiology:

This report provides an overview of current cancer epidemiology, based on data from the World Health Organization and the American Cancer Society,
including recent information on the frequency, mortality, and survival rates of the 15 most common cancers worldwide. Cancer presents the highest
burden in terms of Disability-Adjusted Life Years (DALYSs) across all diseases. The risk of developing cancer by age 74 is 20.2% overall (22.4% for men
and 18.2% for women). In 2018, 18 million new cancer cases were reported, with lung (2.09 million), breast (2.09 million), and prostate (1.28 million)
cancers being the most common. Except for sex-specific cancers, cancer incidence is higher in men than in women, with thyroid cancer as an exception
(male-to-female ratio of 0.30). Cancer is currently the second leading cause of death worldwide, accounting for 8.97 million deaths, following ischemic
heart disease. However, projections suggest it may become the leading cause of death by 2060, with approximately 18.63 million deaths. The deadliest
cancers globally are lung, liver, and stomach cancers, while lung and breast cancers lead cancer-related deaths in men and women, respectively. Prostate
and thyroid cancers have the most favorable prognoses, with 5-year survival rates near 100%. In contrast, cancers of the esophagus, liver, and pancreas
have poor outcomes, with 5-year survival rates typically below 20%.70"

Risk Factors’>™:

Evidence indicates that several lifestyle factors increase the risk of colorectal cancer (CRC), including being overweight or obese, physical inactivity,
cigarette smoking, and alcohol consumption. Inappropriate dietary patterns, such as a diet low in fiber, fruits, vegetables, calcium, and dairy products,
but high in red and processed meats, also elevate CRC risk. Additionally, factors such as the gut microbiome, age, gender, race, and socioeconomic status
are known to influence the likelihood of developing colorectal cancer.
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Regulation of the cell cycle in the DNA damage response. While mechanisms exist to arrest the cell cycle upon DNA damage, Rad54B instead inactivates
the mechanism of cell cycle arrest and promotes cell cycle progression, there by enhancing survival of the cells carrying genomic instability. The survival
of such cells could be the first step of cancer development or malignant transformation of tumours.

Symptoms’:
1. Weight loss
2. Appetite loss
3. Fatigue
4. Unusual Bleeding

5. Peeing problem
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8.

9.

Coughing up blood
Aches or pains when breathing or coughing
Changes in your bowel habits

Unexplained lumps and changes in your breasts

10. Changes to your moies

Diagnosis™:
1. Radiological Diagnosis
2. Cytological Diagnosis
3. Histological Diagnosis
4. Frozen section
5. Heamtogical Diagnosis
6.  Immunohistochemistry
7. Molecular Diagnosis
8. Tumour markers

Natural Drugs for Treatment of Cancer’":

1.

2.

3.

4.

Camptothecin: To treat a Breast cancer, Colorectal cancer.
Taxol: To treat both early-stage breast cancer and advanced breast cancer.
Vinca: To treat lung cancer.

Curcumin: To treat gastric cancer

Synthetic Drugs for Treatment of Cancer’:

1.

2.

3.

4.

Abazitaxel: Stopping growth of cancer cells.
Paclitaxel: To treat ovarian cancer, bladder cancer and lung cancer.
Docetaxel: To treat prostate cancer.

Eribulin: To treat breast cancer and liposarcoma.

Semi-Synthetic Drugs for Treatment of Cancer™:

1. Polygodial: To treat castration-resistant prostate cancer

2. Drimenol: To treat prostate cancer.
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