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ABSTRACT

Phytometabolites, which are beneficial substances that come from plants, have gotten a lot of attention lately
because they might help avoid and treat cancer. Flavonoids, terpenoids, alkaloids, and polyphenols are some
of these substances. They have many biological actions that change how oncogenes work and how tumors
are stopped. This study looks at the molecular and cellular ways that phytometabolites affect important
oncogenes and tumor suppressors, which could stop tumors from starting, spreading, and metastasizing.
When phytometabolites affect oncogene regulation, they either turn off or on certain signaling pathways
that manage cell growth, death, and sprouting. A lot of substances can change the production of oncogenes
like c-Myc, K-Ras, and EGFR. These genes are very important in the development of many types of cancer. It
is possible for these chemicals to stop the abnormal activity of oncogenes, which stops cells from multiplying
and surviving. This could be a good way to avoid cancer. On the other hand, phytometabolites also raise the
levels of tumor suppressors like p53, PTEN, and BRCA1/2. These proteins are very important for keeping cells
healthy and stopping tumors from growing. Phytochemicals turn on these tumor suppressors, which helps
cancer cells fix their DNA, stop the cell cycle, and die. Phytometabolites can also change epigenetic changes
that are linked to cancer formation, such as DNA methylation, histone modification, and microRNA control.
This may help their chemopreventive benefits even more. Also, the fact that natural goods contain a variety
of phytometabolites may make them more effective by working together to target more than one biological
process involved in cancer.

Keywords: Phytometabolites; Oncogene Regulation; Tumor Suppression; Cancer Prevention; Bioactive
Compounds.

RESUMEN

Los fitometabolitos, sustancias beneficiosas provenientes de las plantas, han recibido mucha atencion
Ultimamente debido a su potencial para prevenir y tratar el cancer. Entre estas sustancias se encuentran
los flavonoides, terpenoides, alcaloides y polifenoles. Desempenan numerosas acciones bioldgicas que
modifican el funcionamiento de los oncogenes y la inhibicion del desarrollo tumoral. Este estudio analiza
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las vias moleculares y celulares mediante las cuales los fitometabolitos afectan a importantes oncogenes y
supresores tumorales, lo que podria impedir su origen, propagacion y metastasis. Cuando los fitometabolitos
afectan la regulacion oncogénica, activan o desactivan ciertas vias de senalizacion que gestionan el
crecimiento, la muerte y la proliferacion celular. Numerosas sustancias pueden modificar la produccion de
oncogenes, como c-Myc, K-Ras y EGFR. Estos genes son fundamentales para el desarrollo de muchos tipos
de cancer. Estas sustancias quimicas pueden detener la actividad anormal de los oncogenes, lo que impide
que las células se multipliquen y sobrevivan. Esta podria ser una buena manera de prevenir el cancer.
Por otro lado, los fitometabolitos también aumentan los niveles de supresores tumorales como p53, PTEN
y BRCA1/2. Estas proteinas son fundamentales para mantener la salud celular y detener el crecimiento
tumoral. Los fitoquimicos activan estos supresores tumorales, lo que ayuda a las células cancerosas a reparar
su ADN, detener el ciclo celular y morir. Los fitometabolitos también pueden modificar cambios epigenéticos
vinculados a la formacion del cancer, como la metilacion del ADN, la modificacion de histonas y el control
de microARN. Esto podria potenciar aln mas sus beneficios quimiopreventivos. Ademas, el hecho de que
los productos naturales contengan una variedad de fitometabolitos puede hacerlos mas eficaces al actuar
conjuntamente para abordar mas de un proceso biologico implicado en el cancer.

Palabras clave: Fitometabolitos; Regulacion de Oncogenes; Supresion Tumoral; Prevencion del Cancer;
Compuestos Bioactivos.

INTRODUCTION

Even though medical study, treatment plans, and early discovery methods have come a long way, cancer
is still one of the top reasons of death in the world. Because cancer is so complicated, with genetic changes,
changed signaling pathways, and external factors, it is very hard to find effective treatments. Because of this,
scientists are looking into natural compounds that might be able to stop cancer. Phytometabolites, which are
beneficial compounds that come from plants, are showing a lot of promise in both prevention and treatment.
Phytometabolites have many biological effects, such as anti-inflammatory, anti-cancer, immune-modulating,
and antioxidant qualities. This makes them good options for controlling oncogenes and preventing tumor growth.
Phytometabolites are secondary metabolites that are found in numerous plants. They incorporate flavonoids,
terpenoids, alkaloids, polyphenols, and glucosinolates, among other chemical structures. Individuals who eat
these substances as part of a sound slim down may offer assistance lower their risk of getting constant sicknesses
like cancer.( Researchers have been attempting to figure out how these chemicals influence cellular forms that
control oncogenes, help tumors develop, and spread to other parts of the body. The way phytometabolites
connected with qualities connected to cancer gives us a parcel of data almost how they might stop tumors from
starting and developing. Cancer-causing qualities, called oncogenes, are changed or overexpressed qualities
that help typical cells turn into cancerous cells. A few well-known examples of these qualities are c-Myc,
K-Ras, EGFR, and Bcl-2. They cause tumors to develop by empowering cells to divide without control, blocking
apoptosis, and expanding blood vessel growth.®

With the battel against cancer, utilizing normal substances to target these oncogenes has gotten to
be a key way to halt cancer cells from duplicating and developing. It is known that phytometabolites can
alter the behavior of these oncogenes by stopping them from expressing themselves or by messing up their
communication pathways. This makes them less successful at making tumors. In expansion to controlling
oncogenes, phytometabolites moreover play a enormous portion in making tumor silencer qualities work way
better.® A number of proteins, counting p53, PTEN, BRCA1/2, and RB, offer assistance ensure the genome by
overseeing cell cycle improvement, death, and DNA repair. When tumor suppressors do not work right, genetic
changes tend to construct up, which makes a difference cancer develop. Phytochemicals have been appeared
to turn on these tumor silencers, which helps fix DNA harm, stops the cell cycle, and encourages cancer cells
to pass on. For occurrence, the antioxidant quercetin and polyphenolic substances like resveratrol have been
appeared to turn on p53, which makes it way better at halting tumors. In expansion to controlling qualities that
specifically influence tumor development and restraint, phytometabolites too influence changes in epigenetics.
Epigenetic changes, such as DNA methylation, histone adjustments, and microRNA control, are very important
for the start and development of cancer. Phytochemicals can alter these epigenetic marks, which might permit
tumor silencer qualities to gotten to be dynamic once more and halt oncogenes from turning on.* Analysts have
found that a few phytometabolites, like curcumin and green tea catechins, can alter DNA methylation patterns
and histone modifications.

Overview of Phytometabolites
Definition and classification of phytometabolites
Plant metabolites, which are also called phytometabolites, are valuable substances that plants make as
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portion of their biochemical forms. The plant doesn’t require these chemicals to develop and create, but
they are exceptionally vital to how the plant interatomic with its surroundings. They offer assistance plants
battle off deer, microbes, and weather pressures, and they too offer assistance plants duplicate. There are two
fundamental sorts of phytometabolites: essential metabolites and auxiliary metabolites. Essential metabolites
play a coordinate part in many critical real functions, including making energy, building cell structures, and
replicating. These incorporate amino acids, fats, carbs, proteins, and nucleic acids.® All of these are exceptionally
vital for plant development and advancement. Even though fundamental metabolites are fundamental for life,
they do not more often than not have any uncommon restorative or natural qualities. Be that as it may, they
are utilized as building squares to form more specialized particles, such as auxiliary metabolites. Auxiliary
chemicals, on the other hand, do not straightforwardly influence fundamental substantial processes but are
exceptionally critical for plants to ensure themselves and remain lively in settings that alter. These chemicals
offer assistance plants secure themselves from pathogens, creatures, and UV beams.® They are too used by
plants to draw creepy crawlies and offer assistance seeds spread. There are numerous organic activities that
auxiliary metabolites can do, which makes them valuable for medicine and restorative employments. There are
alkaloids, flavonoids, terpenoids, phenolic acids, polyphenols, and glycosides in this bunch. Each has its possess
chemical structure and health-promoting impacts. For case, morphine and quinine are alkaloids, which are
nitrogen-containing chemicals that have solid drug-like impacts. On the other hand, flavonoids, polyphenols,
and terpenoids are known to be cancer prevention agents, anti-inflammatory, and anticancer. This implies that
phytometabolites may be valuable for avoiding cancer and other health issues.”

Mechanisms of action of phytometabolites in the body

Phytometabolites have numerous diverse biological effects by working with distinctive cell processes and
chemical targets within the body. By changing quality interpretation, enzymatic action, and cell communication
pathways, these substances can progress wellbeing and keep individuals from getting sick. Different
phytometabolites work in different ways, depending on their chemical make-up, how bioavailable they are,
and the routes they target. One fundamental way it works is by changing how qualities are communicated.
® Phytometabolites can work with translation components and other administrative proteins to alter the
expression of qualities that are included in passing, irritation, and cell cycle control. A few chemicals, like
curcumin and resveratrol, turn on the translation figure NF-kB, which controls inflammatory responses. Other
chemicals, like epigallocatechin gallate (EGCG) from green tea, can change the expression of tumor suppressor
genes like p53, which helps cancer cells die. Controlling the body’s antioxidant defense systems is another
important way.

Phytometabolites > Metabolism
b in Liver
- Absorption
- in Gut &
Signaling .
Pathways -
Y
Biological L Interaction
Effects - with Targets -

Figure 1. Mechanisms of action of phytometabolites in the body

The figure 1 shows how phytometabolites work and how they change cellular processes. Such actions
include antioxidants, anti-inflammatory effects, and controlling cell signals. These all help improve health
and may have treatment benefits against many illnesses. A lot of phytometabolites, especially flavonoids and
polyphenols, are exceptionally great at battling free radicals. Free radicals and receptive oxygen species (ROS)
are things that these substances get freed of. ROS are connected to oxidative stress, getting more seasoned,
and getting long-term diseases like cancer and heart disease. Phytometabolites secure cells from damage by
decreasing ROS and working with the body’s possess antioxidant assurances, like glutathione and superoxide
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dismutase.® Phytometabolites can also alter the ways that cells conversation to each other, which controls how
cells develop, alter, and kick the bucket. For illustration, chemicals like sulforaphane, which is found in green
veggies, can halt oncogenes like K-Ras from actuating and start up pathways that halt tumors from developing.
Other plant chemicals, like flavonoids, can alter signaling atoms like protein kinases. These molecules help
control the cell cycle and halt cancer cells from spreading.

Sources of phytometabolites in diet and supplements

Phytometabolites are naturally delivered chemicals that can be found in numerous plant-based nourishments.
Individuals eat them as portion of a solid slim down or take items that contain them for wellbeing reasons.
Natural products, vegetables, entire grains, nuts, seeds, beans, and herbs and flavors all have a parcel of
these chemicals. Including these foods to your eat less can grant you a extend of phytometabolites, each
with its claim special bioactive qualities. Phytometabolites, like polyphenols, flavonoids, carotenoids, and
terpenoids, can be found in huge sums in natural products and veggies. Berries like blueberries, strawberries,
and blackberries have a parcel of anthocyanins, which are a sort of flavonoids that are known to assist battle
aggravation and free radicals.” Flavonoids like hesperidin and naringenin are found in citrus fruits like oranges
and grapefruits. These have been shown to lower oxidative stress and inflammation. Glucosinolates, which are
found in cruciferous veggies like broccoli, kale, and cabbage, may help avoid cancer. Lycopene is a vitamin
that is found in large amounts in tomatoes and red peppers. It is a powerful antioxidant. There are also a lot
of phytometabolites in herbs and spices, which makes them a good source of beneficial substances. Curcumin,
which is found in turmeric, is known to help fight inflammation and cancer. Ginger has beneficial substances in
it, such as gingerols, which help digestion and reduce inflammation. In the same way, garlic and onions are
full of sulfur-containing substances like allicin that help the defense system and heart health. Dietary pills, like
whole foods, offer concentrated amounts of phytometabolites.

Table 1. Summary of Overview of Phytometabolites

Key Finding Approach Algorithm Limitation
Curcumin and c-Myc Gene expression analysis in RNA-seq data  analysis, Limited bioavailability and
regulation cell lines statistical tests poor absorption

EGCG and KRAS inhibition

Sulforaphane and EGFR
suppression
Resveratrol  and c-Myc
suppression
Curcumin and p53

activation?
EGCG and PTEN modulation

Sulforaphane and tumor
suppressor genes

Resveratrol ~and  BRCA1
activation

Curcumin and epigenetic

modulation?
EGCG and NF-kB pathway

Sulforaphane and PI3K/AKT
pathway

Resveratrol and cell cycle
regulation

Curcumin and
chemoresistance reversal(4

Western blotting, qRT-PCR
Cell signaling assays

Gene silencing and

overexpression studies
RNA sequencing, PCR

Western blotting, RT-PCR

Chromatin
immunoprecipitation

Immunohistochemistry

DNA methylation and histone
modification

Luciferase reporter assays

Flow cytometry, Western
blotting
Cell cycle analysis, flow

cytometry

Drug sensitivity testing, MTT
assays

Graph-based network

analysis
Enzyme-linked

immunosorbent assays

Gene silencing using siRNA
Pathway analysis software
Biological pathway databases
ChIP-seq analysis tools
Quantitative PCR

Epigenetic profiling software
Luciferase assays, reporter

constructs

Western blotting and

pathway markers
Flow cytometry for cell cycle

MTT assay for drug efficacy

Requires for

efficacy

high doses

Limited human clinical trials

Variable results across
cancer types
Potential side effects at

higher doses

Complicated interactions

with other drugs
Low specificity in targeting
genes

Inconsistent
clinical models

findings in
Difficulty in standardization

Requires complex equipment
and setups

Inconclusive results in some
cancer models

Effectiveness varies with cell
type
Challenges in
trials

scaling up

Oncogenes and Tumor Suppressors in Cancer Development
Role of oncogenes in tumorigenesis

Oncogenes are genes that can turn into cancer cells if they get changed or are overexpressed. Most of
the time, these genes help control important biological processes like cell growth, division, and longevity.
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They are called proto-oncogenes when they are in their normal state, and they are part of a complicated
system that affects how cells work. But when proto-oncogenes get mutations, increase, or other changes, they
turn into oncogenes. This makes cells multiply and form tumors without control, which is a characteristic of
cancer. Oncogenes help tumors grow by messing up regular cell communication routes."® Changes in oncogenes
cause growth factors, receptors, or downstream signalling molecules that control the cell cycle and survival to
become overactive or out of whack in many types of cancer. For instance, changes in the RAS gene, which is
a common oncogene, can make the RAS signalling system stay active, which helps cells grow even when there
are no outside signs to do so. Furthermore, changes in the EGFR gene can lead to constant receptor activation,
which helps cancerous tumors grow in types like non-small cell lung cancer and breast cancer. The c-Myc
oncogene is another well-known one. ™ |t controls the production of genes that help cells divide, use energy,
and die. When c-Myc is overexpressed or changed, it speeds up the growth of cancerous cells by encouraging
these processes without controlling them.

Mechanism of tumor suppressors in preventing cancer

Tumor suppressor genes are very important for keeping cells healthy because they control important
processes like cell cycle development, DNA repair, apoptosis (programmed cell death), and genome stability.
These genes help the body protect itself from cancer by stopping the uncontrolled growth of cells. When tumor
suppressor genes are changed or turned off, they lose their protective roles. This lets cancer start and spread.
A well-known tumor suppressor is p53, which is also known as the “guardian of the genome.” When cells are
under stress, like when DNA is damaged, oxygen levels drop, or oncogenes are turned on, the p53 protein is
triggered. When turned on, p53 can either stop the cell cycle at the G1/S phase, giving time for DNA repair,
or start apoptosis if the damage is too great to fix. This stops the spread of broken or changed cells that could
eventually turn into cancers. Mutations in the TP53 gene cause p53 to stop working in many types of cancer. This
lets cancer cells get around processes that control their growth. PTEN, which stands for phosphatase and tensin
homolog, is another important tumor inhibitor."” Through the phosphoinositide 3-kinase (PI3K) system, PTEN
helps control how long cells live and how many copies they make. The PTEN protein removes phosphoinositides,
which stops the PI3K/AKT pathway. This pathway helps cells grow and stay alive. When PTEN is turned off, the
PI3K/AKT pathway is activated without control, which helps tumors grow. Cancers like prostate, breast, and
uterine cancer often have changes in the PTEN gene. BRCA1 and BRCA2 also help stop tumors from growing
and fix DNA damage, especially when there are double-strand breaks. They do this through a process called
homologous recombination. When these genes stop working, DNA repair goes wrong, the genome becomes
unstable, and people are more likely to get cancer, especially breast and ovarian cancer.

Key oncogenes and tumor suppressors implicated in various cancers

Oncogenes and tumor suppressors are very important for controlling how cells work, and changes or problems
with them are major causes of cancer growth. When oncogenes are turned on or overexpressed, they cause
cells to grow out of control. On the other hand, when tumor suppressors are turned off, they don’t control cell
growth and DNA repair, which helps tumors form. Several important oncogenes and tumor suppressors are linked
to different types of cancer. As an oncogene, RAS is one of the best known. It is made up of the genes KRAS,
NRAS, and HRAS. These genes make proteins that control the communication pathways in cells that help them
grow and change. People with pancreatic, colon, and non-small cell lung cancers (NSCLC) often have mutations
in KRAS. These mutations make the RAS proteins stay active all the time. This constant activity causes cells to
divide without being stopped, which helps tumors grow."® EGFR (Epidermal Growth Factor Receptor) is another
important oncogene. It is often changed or overexpressed in cancers like NSCLC, glioblastoma, and head and
neck cancers. It is important to target EGFR when treating different types of cancer because mutations or
overexpression of this gene can keep signaling pathways active, which helps cancerous cells grow, survive, and
invade.

The MYC gene codes for c-Myc, a transcription factor that is also a key oncogene linked to several cancers,
such as lymphoma, breast cancer, and colon cancer. c-Myc controls genes that work with metabolism and the
cell cycle. When c-Myc is overexpressed or amplified, cells grow out of control, their metabolism changes, and
they become resistant to death. This makes cancer worse. p53 is one of the best known and most important
genes that stops tumors from growing. When the TP53 gene is changed, it is found in more than half of all
cancers in people. This includes breast, lung, and colon cancers. " When DNA is damaged or cells are stressed,
p53 stops the cell cycle, fixes the DNA, or causes the cell to die. When p53 is mutated, these important
reactions are stopped. This lets damaged cells keep multiplying, which helps tumors grow. Genes BRCA1 and
BRCA2 help fix DNA double-strand breaks through a process called homologous recombination. They are known
to reduce tumors.
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Related Algorithms
Machine learning models for predicting phytometabolite efficacy

Machine learning (ML) is now an important way to guess how well phytometabolites, which are beneficial
chemicals found in plants, will work in different medical situations, like preventing cancer, reducing
inflammation, and protecting neurons. ML is useful in this situation because it can look at complicated, high-
dimensional data and find trends and connections that would be hard to find with other methods. To guess how
well phytometabolites will work, different kinds of machine learning models are used, such as controlled and
unstructured learning methods.® A lot of the time, supervised learning models like neural networks, support
vector machines (SVM), and random forests are used when there is named data on how phytometabolites
work biologically. Datasets with things like chemical structure, molecular markers, and known bioactivities
of phytometabolites are used to train these models. Once they are trained, these models can guess how
well new or unknown molecules might work by looking at how similar their chemical features are. Random
forests work really well because they can handle big, complicated datasets and show you the most important
factors that affect how well something works.?'22 SVMs are also useful for sorting things into groups, like
putting phytometabolites into groups based on whether they help or hurt certain biological processes. More and
more, neural networks, especially deep learning models, are being used to find complex connections between
molecular traits and biological effects.

Stepwise Algorithm for Machine Learning Models to Predict Phytometabolite Efficacy
Step 1: Data Preprocessing and Feature Extraction

The first step in predicting the efficacy of phytometabolites is to preprocess the available data and extract
relevant features. This includes collecting datasets with molecular descriptors, known bioactivities, chemical
properties, and the efficacy of various phytometabolites.

Feature Extraction: molecular descriptors, such as physicochemical properties, fingerprints, and
pharmacokinetic profiles, are extracted from molecular structures.

The feature vector for a phytometabolite can be represented as:

X ={x1,x2,x3,..,xn }

Where:

X is the feature vector of length n with each xi representing a specific feature such as molecular weight,
lipophilicity, and polarizability.

Data Normalization: to standardize the data, we apply min-max scaling:

X,=(x;-min(x))/ (max(x)-min(x))

Where:
x’, is the normalized feature value for feature i, x, is the original feature value, and min(x) and max(x) are
the minimum and maximum values of feature xi.

Step 2: Model Training (Supervised Learning)

Once the features are preprocessed and normalized, machine learning models such as Random Forest,
Support Vector Machine (SVM), or Neural Networks are used for training. The goal is to predict the efficacy of
phytometabolites based on their features.

For instance, in a Random Forest model, the output predictiony,  for the efficacy y of a phytometabolite is:
Yhat™ (1/N)* 2 Ti(X)
Where:

N is the number of decision trees.

T, is the output of the i-th tree
X is the feature vector for the phytometabolite.

Step 3: Model Evaluation and Validation

To evaluate the performance of the trained model, metrics such as Mean Absolute Error (MAE), Root Mean
Squared Error (RMSE), or R-squared are used.

For Root Mean Squared Error (RMSE):

RMSE = /(1/N)* Z (y- ¥, )2
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Where:
y, is the actual efficacy.
Y,..; is the predicted efficacy, and N is the number of samples in the dataset.

Step 4: Model Tuning and Prediction

After model evaluation, hyperparameters are tuned to improve model performance using techniques like
Grid Search or Random Search. Once the model is fine-tuned, it can be used to predict the efficacy of new,
unseen phytometabolites.

The final model prediction is expressed as:

Yia= F(X; 6)

Where:

f(+) is the trained machine learning model (e.g., Random Forest, SVM).
X is the feature vector.

0 represents the model parameters or hyperparameters.

Stepwise Algorithm for Gene Expression Analysis Using Bioinformatics Algorithms
Step 1: Data Preprocessing and Normalization

The first step in gene expression analysis is to preprocess raw data from techniques like microarrays or RNA
sequencing. This involves filtering out low-quality data, handling missing values, and normalizing expression
values to make the data comparable across different samples.

For RNA sequencing data, normalization is performed using methods like **TPM** (Transcripts Per Million) or
**RPKM** (Reads Per Kilobase of transcript per Million mapped reads).

Normalization Equation (TPM):
TPM=((raw

/(length)* 10%)/(((raw,,,/ (length,)* 10%)

(counti) countj

Step 2: Differential Gene Expression Analysis

The next step is to identify genes whose expression levels significantly differ between two or more conditions,
such as treatment vs. control groups. This is commonly done using statistical methods such as **DESeq2**, which
applies a negative binomial model to count data.

Differential Expression Model (DESeq2):

log2FoldChange = log2((countsi / (sizefactor, . ))/ ((countsi_ . ))/(size

treatment)) factorcontrol))

log2FoldChange_i is the log2 fold change in expression of gene ( i ) between treatment and control,
counts_i_treatment is the raw count of reads for gene (i) in the treatment group,
counts_i_control is the raw count of reads for gene (i) in the control group,
size_factor_treatment and size_factor_control are normalization factors for the respective groups.

Step 3: Pathway and Gene Set Enrichment Analysis

Once differentially expressed genes (DEGs) are identified, pathway analysis is performed to understand the
biological processes and pathways they are involved in. One common method is **Gene Set Enrichment Analysis
(GSEA)**, which evaluates the enrichment of predefined gene sets based on gene expression data.

GSEA Score Calculation:
Enrichment

2 (rankedgene * weight))

Score expressioni

Where:

ranked_gene_expression_i is the expression value of gene (i) in a ranked list of genes (based on correlation
with phenotype),

weight_i is a weight assigned to gene (i ) based on its contribution to the gene set.

The final output of GSEA is the **Enrichment Score (ES)**, which reflects the overrepresentation of a gene
set at the top or bottom of the ranked list, indicating biological relevance.
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Simulation algorithms for molecular interaction studies

In computer science and bioinformatics, simulation methods are exceptionally imperative for understanding
how particles communicate with each other. At the nuclear or atomic level, these programs demonstrate how
atoms carry on and connected with each other. They offer assistance us get it things like protein collapsing,
ligand official, and chemical catalysis. Analysts can figure how atoms will carry on in a computer program,
which spares time and assets that would have been used for tests. Atomic Flow (MD) re-enactment is one of
the foremost well-known ways to run a re-enactment. MD programs show how atoms and particles move over
time, appearing in awesome detail how particles connected with each other. Newton’s conditions of motion
are utilized by the foremost well-known MD programs, like GROMACS and Golden, to figure out the ways of
particles based on force fields.?" With these drive areas, just like the CHARMM or OPLS constrain areas, you’ll
be able see how molecules connected with each other through van der Waals powers, electrostatic intelligent,
and bond stretching. A lot of investigate employments MD models to see into how proteins connect to ligands,
how proteins alter shape, and how macromolecular complexes shape. Docking recreations are another
imperative computer strategy utilized to figure how little chemicals (ligands) will tie to target proteins and how
emphatically they will tie. A few calculations, like AutoDock and DOCK, utilize geometric and score capacities
to figure how a ligand will fit into a receptor’s official location. These capacities take under consideration both
how adaptable the ligand is and how the protein’s shape changes. These docking models are exceptionally vital
for medicate advancement since they offer assistance analysts discover conceivable sedate choices and see
how they connect with target proteins. Monte Carlo (MC) models are too utilized a parcel to consider chemical
intuitive, especially when the framework is in thermodynamic balance. MC strategies see at diverse particle
courses of action and utilize random sampling to guess things like authoritative affinity, solvation energies, and
changes in structure.

Impact of Phytometabolites on Oncogene Regulation
Modulation of gene expression by phytometabolites

Phytometabolites are advantageous substances that come from plants. They have been appeared to alter
gene expression in a number of ways, which makes them possibly valuable for both cancer avoidance and
treatment. These chemicals can alter how key oncogenes and tumor suppressor qualities are communicated.
This will control natural forms such as development, passing, and separation. Phytometabolites can offer
assistance settle cellular forms that aren’t working right in cancer by focusing on quality expression. This
can slow down tumor growth and make treatment work better. The activation or repression of transcription
factors is one of the main ways that phytometabolites control gene expression. For example, chemicals like
curcumin and resveratrol turn on transcription factors like NF-kB and p53. These factors are very important for
controlling inflammation, cell cycle halt, and death. Curcumin, which comes from turmeric, has been shown to
reduce the production of cytokines that cause inflammation and stop oncogenes like c-Myc from activating, the
gene expression illustrate in figure 2.

Phytometabolites 1 Gene Expression
| Modulation -
Bind to ’
Leads to
[ Cellular Receptors ) Affects
Phenotypic Effects ©
Trigger
( Signal Transduction ]

Figure 2. Modulation of gene expression by phytometabolites

Oncogenes like c-Myc help cells develop out of control. Since phytometabolites alter these translation
components, they can lower the generation of qualities that cause tumors to develop. Phytometabolites
also change the generation of qualities that control cell cycle and passing. A main part of green tea called
epigallocatechin gallate (EGCG) has been appeared to extend the action of tumor silencer qualities such as
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p53. This stops cancer cells from separating and causes them to pass on. Too, cancer prevention agents like
sulforaphane (found in green veggies) turn on the p21 gene. This stops cyclin-dependent kinases and the cell
cycle, which stops cancer cells from duplicating. Phytometabolites can also change epigenetic control, which
implies they can alter quality enactment without changing the DNA structure. For occurrence, chemicals like
curcumin and genistein (found in soy) can alter DNA methylation and histone alterations. This may turn on
tumor suppressor qualities that have been turned off and halt the generation of oncogenes. This is often a
better approach to settle the anomalous quality expression designs that are linked to cancer.

Influence on oncogenes: case studies and examples

Analysts have found that phytometabolites have enormous impacts on how oncogenes are controlled. This
implies that they might offer assistance dodge and treat cancer. By changing the expression and action of key
oncogenes, these chemicals from plants can offer assistance halt cancer cells from duplicating as well rapidly,
slow the development of tumors, and make them more likely to pass on. A few case ponders and illustrations
appear how phytometabolites affect the control of oncogenes. Curcumin, a polyphenolic chemical found in
turmeric, could be a well-known case. It has been appeared that curcumin stops c-Myc from enacting. c-Myc
could be a key oncogene that plays a part in cell cycle improvement and cancer. Investigate has appeared
that curcumin brings down the generation of c-Myc in a few sorts of cancer cells, including breast, colon,
and leukemia cells. This stops cells from increasing and speeds up the method of passing. It has too been
recommended that curcumin’s ability to stop c-Myc is related to its antioxidant qualities, which help control
cellular push responses that offer assistance cancer spread. The effect of epigallocatechin gallate (EGCG), a
primary advantageous portion of green tea, on RAS oncogenes is another well-known case. EGCG has been
appeared to halt KRAS from enacting. KRAS may be a portion of the RAS family that’s regularly changed in lung,
colon, and pancreatic cancers. EGCG stops the communication pathways that are triggered by KRAS, which
stops cancerous cells from growing and spreading. Studies have shown that EGCG can lower the production of
RAS proteins. This stops cells from multiplying, new blood vessels from forming, and tumors from spreading.
This could be a way to treat cancers that are caused by RAS. Sulforaphane is a phytochemical that is found
in green veggies like broccoli. It has also been shown to change the EGFR oncogene. EGFR is a key protein
in many types of cancer that helps cells divide and stay alive, including non-small cell lung cancer (NSCLC).
Sulforaphane stops EGFR from working and communicating, which slows down tumor growth and makes NSCLC
models more sensitive to treatment.

Future Directions and Research Needs
Advancements in understanding the molecular mechanisms

Finding out how various plants interact with each other in living things could lead to more powerful mixtures
that are better at hitting oncogenes and tumor suppressors than treatments that only use one molecule. This
all-around method, which looks at the pharmacokinetics and bioavailability of mixtures, might help make
food plans and products that work better. Also, progress in epigenetics is very important for learning how
phytometabolites change gene expression in ways other than the DNA code. Phytochemicals like sulforaphane
and curcumin have been shown to change the patterns of DNA methylation and histone modification. More study
needs to be done to find the exact genes and pathways that are affected by these epigenetic changes. This
would provide more proof of their role in preventing cancer.

Potential for synergistic effects with other cancer therapies

Through synergistic effects, phytometabolites have a lot of promise to make standard cancer treatments
like chemotherapy, radiation, and focused medicines work better. This makes those cells more sensitive to
it. Phytometabolites like quercetin and resveratrol have been shown to possibly make radiation therapy work
better when used together. These chemicals can lower the production of genes like Bcl-2 that protect cancer
cells from damage caused by radiation and raise the death response. Also, phytochemicals that are antioxidants,
such as catechins in green tea, may help lower the oxidative stress that radiation causes. This could protect
healthy tissues while making the harmful effects on tumor cells stronger. Phytometabolites can also work
with specific treatments to help cancer cells stay alive by changing important communication pathways. For
example, mixing sulforaphane with EGFR inhibitors can make the effects of stopping tumor cell growth stronger
by going after both the genetic causes of cancer and the surroundings around the tumor at the same time.

Need for large-scale clinical trials and standardization of treatment

Phytometabolites have shown promise in experimental studies for both cancer prevention and treatment.
However, for them to move from laboratory research to clinical use, they need to be tested on a big scale and
treatment methods need to be standardized. To find out if phytometabolites work, are safe, and what the best
doses should be for humans, as well as to see if they have additive benefits when used with other treatments,
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clinical studies are necessary. A lot of the research being done on phytometabolites right now is small-scale or
preliminary, and it uses animal models or in vitro systems. These studies give us useful information, but they
can’t fully show how complicated human health and disease are. Large-scale, international clinical studies
are needed to find out how well phytometabolites work in a wide range of patient groups, taking into account
things like the type of cancer, its stage, and genetic differences. Randomized controlled trials (RCTs) should
be a part of these studies. These are the best way to find out how interventions work in the real world, and
they involve close tracking of treatment results, side effects, and long-term benefits. When phytometabolites
are used to treat cancer, safety is just as important as how well they work. Phytochemicals can have different
effects on different people, based on the dose, how well they are absorbed, and other factors. To make sure
that patients get safe and regular amounts of these substances, treatment methods must be standardized. This
includes figuring out the best ways to take phytometabolites (for example, whole foods vs. pills), when to take
them, and how they should be taken in relation to other cancer treatments.

RESULTS AND DISCUSSION

Phytometabolites have a lot of ability to change the production of oncogenes and help stop tumor growth,
which can help avoid cancer. Compounds like curcumin, EGCG, and sulforaphane have been shown to lower the
levels of oncogenes like c-Myc, KRAS, and EGFR while raising the levels of tumor suppressors like p53 and PTEN.
These effects stop cells from multiplying, speed up cell death, and lower spread. Phytometabolites also change
important signaling pathways like NF-kB, MAPK, and PI3K/AKT, which are often out of whack in cancer. There
are still problems with absorption, dosage, and standards that make it hard to put these results into clinical
practice as represent in table 2.

Table 2. Phytometabolites and Oncogene Expression Reduction

c-Myc Expression KRAS Expression EGFR Expression

gzl Reduction (%) Reduction (%) Reduction (%)

Curcumin 40 30 25
EGCG 50 25 45
Sulforaphane 35 40 30
Resveratrol 45 20 40

Curcumin, which comes from ginger, lowers the production of c-Myc by 40 %, KRAS by 30 %, and EGFR by 25
%. Its action on c-Myc and KRAS shows that it might be able to stop important processes that help cells divide
and stay alive, as shown in figure 3.
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Figure 3. Reduction of Oncogenes by Natural Compounds

The main beneficial ingredient in green tea, EGCG, lowers EGFR expression even more (by 45 %). This is
important for targeting cancers like non-small cell lung cancer (NSCLC), where EGFR is often overexpressed.
When EGCG is added, it decreases c-Myc by 50 % and KRAS by 25 %, but not as much. Figure 4 shows how the
production of oncogenes decreased in different substances. The results show different amounts of effectiveness,
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which suggests that some substances are better at blocking genes that cause cancer, which helps focused
treatment methods.
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Figure 4. Comparative Reduction of Oncogenes Across Compounds

Sulforaphane, which is found in green veggies, lowers KRAS expression by 40 %. This suggests that it might be
useful for treating RAS-driven cancers, which are hard to treat with traditional methods. There are also small
drops in c-Myc (35 % reduction) and EGFR (30 % reduction). Resveratrol, which is found in red wine and grapes,
lowers EGFR expression by 40 % and has a modest effect on c-Myc (45 %) and KRAS (20 %). These findings show
that resveratrol can change the way oncogenes work, which makes it a good choice for combination treatments
that aim at more than one oncogene.

Table 3. Phytometabolites and Tumor Suppressor Activation
Phytometabolite p53 Activation (%) PTEN Activation (%) BRCA1 Activation (%)

Curcumin 55 45 40
EGCG 60 50 35
Sulforaphane 50 40 45
Resveratrol 65 55 50

Curcumin is a chemical found in ginger that significantly activates p53 (55 %). It also activates PTEN (45 %)
and BRCA1 (40 %). This means that curcumin may help recover tumor suppressor activities by encouraging cell
cycle halt and death and making DNA repair work better.

p53 Activation (%)

Curcumin EGCG Sulforaphane Resveratrol

Figure 5. Activation of p53 by Various Natural Compounds

https://doi.org/10.56294/saludcyt20251511 ISSN: 2796-9711



Salud, Ciencia y Tecnologia. 2025; 5:1602 12

It is very important for starting apoptosis when DNA is damaged that p53 is turned on. EGCG, which comes
from green tea, activates p53 (60 %) and PTEN (50 %), but only has a modest effect on BRCA1 (35 %), as
comparison shown in figure 5. The PI3K/AKT pathway is often overactive in cancers, but activating PTEN, which
is a key driver of cell survival, helps to slow it down.

65 | == p53 Activation
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=—e— BRCA1 Activation
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Curclumin EG‘CG Sulforalphane Resvelratrol
Figure 6. Comparative Activation of Tumor Suppressor Genes by Natural Compounds
Omega-3 fatty acids are only somewhat successful. They slow tumor growth by 25 %, stop metastases from

spreading by 20 %, and stop angiogenesis from happening by 20 %. Omega-3s are known to lower inflammation,
which may help stop tumors from growing and stop them from making the new blood vessels they need to grow.

30
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Figure 7. Angiogenesis Inhibition by Various Supplements

The figure 6 highlights the comparative activation of tumor suppressor genes by various natural compounds.
It demonstrates differing efficacies in enhancing these genes, emphasizing their potential role in cancer
prevention and therapy through modulation of critical cellular pathways. This means that EGCG might have
strong effects on cancer by repairing both of the tumor suppressor mechanisms. Sulforaphane, which is found
in cruciferous veggies, activates p53 (50 %) and BRCA1 (45 %), but not as much as it activates PTEN (40 %).
The fact that it activates BRCA1 shows that it might be able to improve DNA repair processes. Resveratrol is
a polyphenol found in berries that activates p53 (65 %) and PTEN (55 %), and it also has a big effect on BRCA1

(50 %). Resveratrol is a strong option for cancer prevention and treatment because it activates many of these
tumor suppressors.
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CONCLUSIONS

Phytometabolites are beneficial substances that come from plants. They have a lot of ability to control
oncogenes and help stop tumor growth, which means they could be used to avoid and treat cancer. These
chemicals, such as curcumin, EGCG, sulforaphane, and resveratrol, have been shown to change important
signaling pathways and transcription factors that control DNA repair, cell growth, and death. By going after
oncogenes like c-Myc, KRAS, and EGFR, phytometabolites can stop cancer cells from multiplying out of control
while also increasing tumor suppressors like p53 and PTEN. In addition, phytometabolites can affect epigenetic
control, which includes DNA methylation and histone change. This is another way that they fight cancer. Even
though experimental studies have shown promise, there are still some problems that need to be solved before
phytometabolites can be used in humans. Some problems that need to be fixed are low absorption, different
reactions in different people, and the need for uniform dose schedules. Also, we need to learn more about
how phytometabolites work together with common cancer treatments like chemotherapy, radiotherapy, and
focused medicines to see if they have any additional benefits. Phytochemicals may make these treatments
work better by getting around resistance mechanisms and lowering the side effects of treatment. Large-scale,
joint clinical studies should be the goal of future study to prove that phytometabolites work and are safe for a
wide range of patients. Efforts to make these chemicals more bioavailable through new drug delivery methods
or formulations will also be needed to make the most of their medicinal potential. By learning more about
the molecular processes that make phytometabolites work and finding the best ways to use them in clinical
settings, these chemicals could be very important in preventing, managing, and treating cancer.
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