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Abstract

Colon cancer is a complex disease marked by the uncontrolled proliferation of cells
in the colon, often developing from benign adenomatous polyps. The progression of
colon cancer involves a combination of genetic, epigenetic, and environmental fac-
tors, including inflammation and oxidative stress, which significantly contribute to
its pathogenesis. As the global incidence of colon cancer continues to rise, particu-
larly in developing countries, research into effective and safe strategies for preven-
tion and treatment is becoming increasingly critical. Prunus armeniaca (apricot)
emerges as a vital source of bioactive metabolites, offering a variety of compounds
with significant potential for therapeutic applications thus associated with various
health benefits. This study investigates the potential anticancer effects of apricot
metabolites against colon cancer using an insilico approach, aiming to uncover their
mechanisms of action and efficacy in combating this prevalent disease. Quercetin,
hyperoside, kaempferol, caffeic acid, limonene, catechins, geraniol, folate, cyanidin
and chlorogenic acid were selected as potential metabolites and examined for their
interactions with key cancer-related proteins such as carbonic anhydrase 9, aldose
reductase and estrogen receptor beta. Carbonic anhydrase contributes to an acidic
environment that may promote the growth of colon cancer, while aldose reductase
increases oxidative stress, aiding cancer cell survival. Estrogen receptor beta plays
a role in regulating cell growth. The 3D structure of the target proteins and the
ligands served as the input for docking. The best ligand was selected based on drug
likeness, ADMET analysis, docking score, and interactions profile. The research
underscores the promising ADMET profile of hyperoside, concerning high water
solubility, good intestinal absorption, and minimal toxicity. The docking scores
and protein-ligand interactions shown by hyperoside are also considerable with all
proteins i.e. carbonic anhydrase, aldose reductase and estrogen receptor beta. To
check further effectiveness of hyperoside, it was compared with the commercially
available anticancer drug fluorouracil. A comparison of all drug-like characteris-
tics showed that hyperoside is comparable with fluorouracil in ADMET analysis

while the docking score and interaction profile of hyperoside are much better than
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fluorouracil. So, it is concluded here that hyperoside can prove itself as a potential

anti-cancer drug candidate in the context of colon cancer in future therapeutics.

Keywords: Anticancer, Hyperoside, ADMET Profile, Bioactive Metabolites,

Therapeutics
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Chapter 1

Introduction

Colon cancer, or colorectal cancer, is a significant health issue around the world.
Its rising occurrence has made it one of the leading causes of cancer-related ill-
ness and death. This complex disease not only affects patients physically but also
creates emotional and financial stress for them, their families, and healthcare sys-
tems. In recent years, developing countries have seen a sharp increase in new cases,
largely due to urban growth, changes in diet, and less physical activity. Unlike
infectious diseases that show clear symptoms, colon cancer often develops quietly
over many years, making early detection difficult. As benign growths turn into
malignant tumors slowly, many chances for prevention are often missed. This un-
derscores the need for strong awareness campaigns, accessible screening programs,

and affordable preventive strategies that fit cultural contexts [1].

The development of colon cancer typically follows a process known as the adenoma-
carcinoma sequence. In this process, normal cells in the colon undergo a series
of genetic changes that eventually lead to cancer. This transformation can take
years or even decades. It starts with the formation of adenomatous polyps, which
are small growths in the colon or rectum. While many of these polyps are harm-
less, some contain mutations that disrupt normal cell growth. The adenomatous
polyposis coli gene is often among the first genes to be mutated in this process.
This gene is crucial for cell adhesion and regulating the cell cycle; when it is in-
active, cells can grow uncontrollably and accumulate more genetic changes. Over

1
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time, some polyps may develop dysplasia, a precancerous stage with abnormal cell
structures. This stage is critical, as early intervention could stop the disease from

progressing [2].

As colon cancer progresses, more genetic mutations build up, speeding up tumor
growth and making it more aggressive. One common mutation occurs in the
KRAS oncogene, which happens early in the polyp stage and drives cell growth
while preventing programmed cell death. Later on, the TP53 tumor suppressor
gene is often turned off, removing a key barrier against uncontrolled cell growth.
This allows cells to bypass normal checkpoints that prevent damaged DNA from
being copied during cell division. These genetic changes often occur alongside
alterations in the tumor environment, such as chronic inflammation and changes
in blood vessel formation, which together promote cancer growth and spread. The
accumulation of these changes shows that colon cancer is a complex, multi-step

process influenced by both inherited genetic traits and environmental factors [3].

Environmental and lifestyle choices significantly affect the risk of colon cancer.
Diets high in red and processed meats, sugar, and saturated fats have been linked
to increased risk, while diets rich in whole grains, fruits, vegetables, and fiber seem
to protect against it by reducing inflammation and improving gut health. Lack of
physical activity increases risk by leading to obesity and insulin resistance. Other
modifiable risk factors include smoking, excessive drinking, and insufficient intake
of essential nutrients, all of which can influence colon cancer development [4].
Understanding how genetic factors interact with these environmental influences is
vital for creating effective prevention strategies that consider both biological and

behavioral aspects.

Worldwide, colon cancer is the third most commonly diagnosed cancer and the
second leading cause of cancer-related deaths, according to the World Health Or-
ganization. In 2020, more than 1.9 million new cases and 935,000 deaths were
reported, highlighting the significant challenge for health systems globally. High-
income countries often have established screening programs like colonoscopy, while
many low and middle income countries lack the resources for such measures [5].

This results in many cases being diagnosed at advanced stages, making treatment
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more difficult and costly. The difference in survival rates between early and late
diagnoses emphasizes the critical need for prevention and early detection in global

cancer control efforts.

Standard treatment for colon cancer usually involves a mix of surgery, chemother-
apy, and radiation therapy, depending on the tumor’s stage and location. Surgery
is the main treatment for localized cancer, involving the removal of the affected
bowel section and nearby lymph nodes. Chemotherapy is often given before or
after surgery to target remaining cancer cells and lower the chances of recurrence.
Radiation therapy is more commonly used for rectal cancer, but can also be ap-
plied in some colon cancer cases to shrink tumors or ease symptoms. While these
treatments have improved survival rates, they often come with significant side
effects like fatigue, nausea, and immune suppression. Additionally, cancer cells
can become resistant to chemotherapy over time, making long-term treatment less

effective [6].

Targeted therapies and immunotherapies have become significant advances in colon
cancer treatment, offering more precise actions against specific cancer pathways.
Drugs that block certain growth factors have shown benefits for some patients,
and immune checkpoint inhibitors are promising for cancers with specific genetic
features. However, these treatments can be expensive and carry risks, includ-
ing cardiovascular issues and autoimmune reactions. The limitations of existing
treatments highlight the urgent need for safer, more effective options [7]. In re-
cent years, there has been growing interest in natural products as potential cancer
treatments. Many compounds from plants have shown promising biological activ-
ity. Some current cancer drugs, like paclitaxel and vincristine, are derived from
plants. Focusing on edible plants is particularly interesting because they pro-
vide both nutrition and therapeutic benefits. Unlike synthetic drugs, which can
be highly toxic, plant-based compounds are generally better tolerated and may

protect healthy tissues [8].

Apricot (Prunus armeniaca), part of the Rosaceae family, has attracted scientific
interest for its potential in cancer prevention and treatment. Grown in regions

from Central Asia to the Mediterranean, apricots have a long history in cooking
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and medicine. Their delicious taste and rich nutritional content make them a
staple in many diets. Beyond basic nutrition, apricots are rich in phytochemicals

like flavonoids, phenolic acids, carotenoids, and terpenes, all of which may offer

health benefits [9].

The diverse phytochemical composition of apricots allows them to target multiple
biological processes in the body. Flavonoids such as quercetin and kaempferol are
known for their antioxidant and anti-inflammatory properties, crucial in reducing
oxidative stress, a factor that leads to cancer. Phenolic acids like caffeic acid and
chlorogenic acid can inhibit cancer cell growth and enhance the effectiveness of
chemotherapy. Terpenes like limonene and geraniol may help slow tumor growth
by promoting cell death and influencing immune responses. Together, these com-

pounds can act on various pathways involved in colon cancer [10].

Another significant component of apricots, dietary fiber, is crucial in avoiding colon
cancer. By promoting regular bowel movements, fiber shortens the time that
dangerous compounds come into touch with the intestinal lining. Additionally,
it promotes the growth of good gut bacteria that generate butyrate and other
short-chain fatty acids, which have anti-inflammatory and anti-cancer properties.
By keeping the gut microbiome healthy, dietary fiber also strengthens immune

function and overall health, lowering cancer risk.

Apricot kernels also contain bioactive compounds studied for their possible anti-
cancer effects. Amygdalin, a compound found in the kernels, has been researched
for its ability to inhibit tumor growth, but its use is controversial due to safety
concerns. Other components from the kernels, like oils and proteins, have tradi-
tional medicinal uses for skin health and digestive issues. While not all these uses
have been scientifically proven, they highlight the cultural importance and versa-
tility of apricot products [11]. Research on apricot bioactives has shown strong
antioxidant activity, which is vital for countering the harmful effects of reactive
oxygen species. High oxidative stress can lead to DNA damage and cancer pro-
gression. By neutralizing free radicals, antioxidants in apricots help protect cells
and reduce mutation rates [12]. This protective effect is particularly relevant for

those exposed to chronic inflammation or environmental toxins.
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Flavonoids such as quercetin and hyperoside do more than just neutralize free
radicals; they also influence signaling pathways related to inflammation and cell
death. For instance, quercetin can inhibit a protein called NF-xB, which promotes
inflammation and cell survival. By reducing NF-xB activity, quercetin may help
suppress inflammation and make cancer cells more susceptible to dying. These
dual actions make flavonoids appealing candidates for cancer treatment strategies
[13]. Phenolic acids also enhance apricot’s anticancer potential. Caffeic acid can
interfere with DNA synthesis in cancer cells and stop the formation of new blood
vessels that tumors need to grow. Chlorogenic acid has similar effects and can
influence glucose metabolism, which may affect cancer cell survival due to their
high energy needs [14]. These findings suggest that apricot-derived phenolic com-
pounds could serve as multi-target agents in cancer prevention and treatment.
Terpenes like limonene and geraniol add another layer to apricot’s health ben-
efits. Limonene can enhance the body’s ability to detoxify harmful substances,
while geraniol can inhibit enzymes needed for cancer cell growth. By disrupting
these processes, geraniol may help slow tumor growth and reduce the chance of

spreading [15].

Apricots’ vitamins and minerals also promote health and help prevent cancer. Fo-
late is essential for DNA synthesis and repair, which helps stop cancer-causing
mutations. Vitamin E protects cell membranes from damage, and beta-carotene,
which the body turns into vitamin A, supports immune health. Together with apri-
cot’s phytochemical content, these nutrients make apricots a beneficial addition to
diets aimed at reducing chronic disease risk, including colon cancer [16]. Targeting
multiple pathways in colon cancer is an attractive approach because cancer usually
results from various genetic errors and malfunctioning cellular systems. A fruit
like apricot, which contains many compounds that act on different targets, might
interfere with various stages of cancer development. Some compounds may prevent
DNA damage, others could reduce inflammation, and some might enhance the ef-
fectiveness of chemotherapy. This multi-target approach aligns well with modern
cancer treatments, which increasingly recognize the need for combination thera-
pies to improve patient outcomes [17]. In silico methods in biomedical research

have speed up the process of screening plant compounds for potential therapeutic
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uses. Molecular docking allows researchers to simulate how a small molecule, like
a flavonoid, might interact with a protein involved in disease. This method gives
valuable insights into how these compounds might work, often before any lab ex-
periments are conducted [18]. For colon cancer, docking studies can help identify
which apricot metabolites are likely to bind to important proteins, guiding further

testing.

One such protein of interest is carbonic anhydrase IX, which is often found in low-
oxygen areas of tumors, including colorectal cancers. This enzyme helps cancer
cells survive in acidic environments. Inhibiting carbonic anhydrase IX can make
cancer cells more susceptible to treatments. Apricot compounds that can bind
to this enzyme may help disrupt the survival strategies of tumors [19]. Aldose
reductase is another important target. This enzyme converts glucose to sorbitol
and is linked to cancer progression by increasing oxidative stress and inflamma-
tion. High levels of aldose reductase have been found in colorectal cancer samples,
indicating aggressive disease. Inhibiting this enzyme could help reduce damage

and slow cancer growth [20].

Apricot bioactives that inhibit aldose reductase may address both metabolic and
inflammatory aspects of colon cancer. Estrogen receptor beta is another potential
target with protective effects against colorectal cancer. Unlike estrogen receptor
alpha, which can promote cancer growth, estrogen receptor beta may help reduce
cell growth and promote cell death in colon cells. Compounds in apricots can
act as phytoestrogens, influencing these receptors. By targeting estrogen receptor
beta, these compounds might help balance disrupted signaling pathways in cancer

21].

While the potential of apricot bioactives in cancer prevention and therapy is
promising, it’s important to understand how well these compounds can be ab-
sorbed and used by the body. Not all dietary compounds are effectively absorbed,
and some may be quickly broken down or eliminated before reaching their tar-
gets. Factors like food preparation and interactions with other foods can affect
how these compounds work. New techniques, like microencapsulation, are being

studied to improve the stability and absorption of plant compounds, which could
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lead to more effective apricot-based supplements [22]. Apart from their direct
effects on cancer, apricots can improve overall health in ways that may lower can-
cer risk. For instance, maintaining a healthy weight is a known protective factor
against colon cancer, and the low-calorie, high-fiber nature of apricots supports
weight management. Their natural sweetness can satisfy cravings for sweets while
providing essential nutrients [11]. By helping manage appetite and blood sugar
levels, apricots may prevent obesity and related metabolic issues, both of which

increase the risk of colon cancer.

Research has shown that populations eating diets rich in fruits and vegetables tend
to have lower rates of many cancers, including colorectal cancer. While these stud-
ies don’t prove direct cause-and-effect relationships, they highlight the importance
of diet in disease prevention. In this context, apricots stand out for their nutrient
density and unique combination of phytochemicals. Adding apricots to daily meals
can be simple, like swapping processed desserts for fresh or dried apricots. Over
time, these small dietary changes can lead to significant reductions in cancer risk
[23]. Another benefit of focusing on apricots is their availability and adaptability
to different climates. Unlike some medicinal plants that are restricted to specific
regions, apricots are cultivated all throughout the planet making them accessible
to diverse populations. Their short growth cycle and established market presence
also make apricots suitable for fresh consumption and products like juices and
jams. From a public health perspective, including apricots in cancer prevention
strategies could be especially effective in low-resource settings. These areas of-
ten lack the means for large-scale screening and advanced treatments. Therefore,
population-level dietary interventions become crucial. Encouraging the cultiva-
tion and consumption of locally grown apricots can improve community nutrition,
boost local economies, and reduce cancer risk. This approach aligns with sustain-
able development goals that connect health, food security, and economic stability

[24].

Historically, apricots and other stone fruits have been used in traditional medicine
across various cultures. For instance, in traditional Chinese medicine, apricot seeds

are used for respiratory issues, while in Middle Eastern cultures, apricot-based
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remedies are suggested for digestive health. Ancient Egyptians used apricots to
relieve constipation and promote vitality. Although not all these uses have been
scientifically proven, they provide a foundation for further research into apricot’s
health benefits. Apricots also have a pleasant taste that encourages regular con-
sumption, which is important for dietary interventions. Unlike some medicinal
plants that may taste bitter, apricots can be enjoyed in many ways, whether fresh,
dried, or in various recipes. This versatility makes it easy to include them in every-
day diets, enhancing long-term adherence to healthy eating. Exploring apricot’s
potential against cancer also helps us understand how plants interact with humans
on a molecular level. For example, studying how gut bacteria process apricot phy-
tochemicals could reveal new health benefits. The regulation of immunological
responses and inflammation is significantly influenced by the gut microbiota [16].
Apricot fibers and polyphenols may have a variety of impacts outside of the colon

via affecting gut microbes [16].

Another important factor is the potential for different compounds in apricots to
work together. Isolated phytochemicals may show limited effects, but when com-
bined as they naturally occur in the fruit, they can produce stronger results. For
instance, antioxidants from different groups may support each other’s action after
neutralizing free radicals, extending their protective effect. This synergy empha-
sizes the value of studying whole foods rather than just individual compounds. The
safety of apricots, especially the fruit itself, is generally very good, making them a
great option for long-term diets. However, caution is needed with apricot kernels,
which can release cyanide and be toxic if eaten in large amounts. Public health
advice focuses on promoting safe consumption of apricot products while discour-
aging risky practices, ensuring the benefits of eating apricots are enjoyed without
unnecessary dangers. Creating apricot-based functional foods or supplements will
require teamwork between agricultural scientists, food technologists, and medical
researchers [25]. Choosing the right apricot varieties, perfecting processing meth-
ods to keep bioactive compounds intact, and conducting thorough clinical trials
are all vital steps. New techniques in metabolomics will help pinpoint the spe-
cific compounds with anticancer effects. Such collaborative research could lead to

better dietary recommendations and health-promoting apricot products.
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Incorporating apricots into colon cancer prevention strategies aligns with the
broader trend in nutrition science that emphasizes whole foods and plant-based
diets. Rather than just relying on drugs after disease occurs, these approaches
aim to create a body environment less prone to cancer from the start. By combin-
ing knowledge from various fields, researchers can create comprehensive models
for preventing disease. Apricots thus provide a strong example of how a widely

available fruit can be used for both nutrition and health benefits [16].

Apart from their potential in preventing cancer, apricots can also support patients
who are currently undergoing treatment. Their rich nutrient content can help
maintain health during therapy, especially when appetite is low. While fiber helps
with digestion and relieves constipation, a typical side effect of painkillers, natural

sugars provide mild energy.

Antioxidants may also lessen radiation and chemotherapy-induced oxidative stress,
which might lessen treatment-related weariness. Patients’ quality of life and treat-
ment compliance may both be enhanced by these supporting effects, which may

ultimately lead to improved outcomes.

As research on apricot phytochemicals advances, the role of diet alongside standard
medical care becomes clearer. Nutrition has traditionally been seen as a way
to maintain general health, but modern cancer care recognizes its potential to
influence disease progression directly. This shift opens up opportunities for more
integrated care models where dietary advice is tailored to a patient’s specific cancer
type and treatment plan. For colon cancer, where the disease is directly affected

by what we eat, the impact of food-derived compounds can be significant.

Apricots, with their mix of beneficial compounds, fit well into this integrated
approach. The growing research on plant-based compounds for cancer therapy
highlights the need for well-designed studies. While laboratory and animal stud-
ies provide important insights, human trials are essential to confirm safety and
effectiveness [26]. For apricots, these trials should consider factors like ripeness
and preparation, which can affect the phytochemical content. Standardizing these

variables is crucial for producing reliable results that can inform public health
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guidelines. Without rigorous research, promising findings risk being confined to

the lab instead of benefiting patients.

Future research should also explore how apricot bioactives interact with standard
cancer treatments. Some compounds may enhance the effects of chemotherapy,
while others might interfere with drug metabolism. Understanding these interac-
tions is essential to ensure dietary changes support, rather than hinder, medical
treatments. Early evidence suggests that some apricot compounds could work well
with standard drugs, potentially allowing for lower doses and less toxicity. Con-
firming these interactions could significantly improve personalized cancer care.
The sustainability of producing apricot-based products is another important fac-
tor to consider. Apricots grow well in temperate climates, and improvements in
farming techniques have expanded their growing regions [27]. However, increasing
production for health purposes requires careful management to maintain quality
and ensure fair distribution. Using sustainable farming practices would help pro-
tect the environment while supporting local economies. The increasing need for

efficient and environmentally friendly health solutions is in line with these factors.

Beyond the fruit, apricot leaves, flowers, and bark may contain bioactive com-
pounds worth studying. Traditional medicine has used various parts of the apricot
tree for many health issues. While research has mainly focused on the fruit and
seeds, looking into these other parts could uncover new therapeutic benefits. This
holistic approach to using plants maximizes what we can gain from each harvest
while reducing waste. When considering apricots in cancer prevention, it’s impor-
tant to remember that no single food can eliminate the risk of disease. The aim
is to create dietary patterns that together reduce exposure to harmful substances,
boost immune health, and maintain metabolic balance [28].Public education is
essential for promoting apricots as part of a diet that helps prevent cancer. While
scientific evidence supports their benefits, it must be communicated clearly and
in a culturally relevant way. Nutrition campaigns should focus on practical tips
for including apricots in everyday meals, highlighting their freshness, serving sizes,
and safe preparation methods. Collaborating with local chefs, community lead-

ers, and healthcare providers can help tailor these messages to different audiences,
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making them more effective. Educating people is a key step in changing eating

habits toward healthier choices.

Research on apricots and colon cancer illustrates the growing field of nutritional
oncology. This area combines knowledge from molecular biology, pharmacology,
epidemiology, and food science to understand how diet affects cancer risk and
development. It connects general dietary recommendations with personalized
treatment strategies. Studying the bioactive compounds in Prunus armeniaca
can enhance both scientific knowledge and practical health solutions. As this
field progresses, such research is likely to play a bigger role in cancer prevention
and treatment. Advances in technology are expanding the tools available for re-
searching plant-based compounds. Methods like high-throughput screening and
metabolomic profiling allow for quick identification and analysis of bioactive com-
pounds in complex mixtures. These techniques can help map the full range of
phytochemicals in apricots, identifying both major and minor compounds with
potential health benefits. Combining these methods with computational modeling
creates an effective platform for discovering and optimizing natural cancer-fighting
agents. This integration of technology and plant science is helping to unlock the

full health benefits of everyday foods [29].

The idea of using food as medicine is gaining renewed attention in cancer care.
This approach focuses on using dietary components to prevent disease or support
treatment, rather than relying solely on medical interventions. Apricots serve as
a great example of how a common food can be re-evaluated through modern re-
search to uncover new health benefits. By basing dietary recommendations on
solid science, healthcare providers can give patients evidence-based advice that
complements traditional treatments and fits their preferences. Including apri-
cots in strategies for preventing colon cancer aligns with global health priorities
that stress the importance of nutrition in controlling non-communicable diseases.
Organizations like the World Health Organization promote increased fruit and
vegetable consumption as a key part of health promotion. Integrating research
on foods like apricots into broader health initiatives could refine guidelines and

inspire targeted actions. By emphasizing both the nutritional and health benefits
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of such foods, public health campaigns can effectively encourage dietary changes

at both individual and community levels [30].

Promoting apricot cultivation and consumption can have multiple economic ben-
efits. For farming communities, especially those that grow apricots, increased de-
mand from health-conscious consumers can boost local economies. For healthcare
systems, dietary prevention strategies could lower the rates of expensive diseases
like colon cancer. Although quantifying short-term savings can be challenging, the
long-term impact on public health budgets could be significant. These economic
factors support the need for research and policies that promote nutrient-rich foods
in daily diets. Exploring the role of Prunus armeniaca in preventing and treating
colon cancer is a promising intersection of nutrition science, oncology, and public
health. By using the natural complexity of plant compounds, researchers can de-
velop strategies that are both scientifically sound and widely accessible. Focusing
on whole foods ensures that these strategies provide additional health benefits,
supporting overall well-being. While there are still challenges with standardiza-
tion and clinical validation, current research suggests that effective solutions are
within reach. Ongoing collaboration across disciplines will be crucial to maximiz-

ing apricots’ potential in cancer care [31].

This research aims to identify and thoroughly understand the specific bioactive
substances present in apricots that exhibit anticancer effects, particularly in the
context of colon cancer treatment. By systematically reviewing existing studies
and conducting in silico-based research, the goal of this thesis is to identify the
processes by which these substances carry out their preventative anti-cancer ac-
tions. This approach can lead to better health outcomes for individuals who are

at risk of colon cancer.

1.1 Problem Statement

Colon cancer is a growing health concern worldwide, with increasing prevalence,
especially in developing countries. Traditional treatments often come with signif-

icant side effects, leading to a need for safer, more effective alternatives.
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1.2 Hypothesis

The Prunus armeniaca bioactive metabolites might have an active anti-cancerous

role in the context of colon cancer.

1.3 Aim and Objectives

This research aims to explore potential bioactive metabolites from apricot showing

anti-cancer properties to combat colon cancer.

This research entails the following objectives:

e To screen apricot metabolites with anti-cancerous properties.

e To analyze the interaction between specific apricot metabolites and the de-
sired target proteins i.e., carbonic anhydrase, aldose reductase and estrogen

receptor beta.

e To identify the best docked metabolite as an inhibitory molecule having

colon cancer.



Chapter 2

Literature Review

Colon cancer, also known as colorectal cancer, represents a major public health
challenge globally. It is distinguished by the uncontrolled growth of colon or rec-
tum cells, often commencing as benign adenomatous polyps that can progressively
develop into malignant tumors. The World Health Organization (WHO) has called
attention to the growing prevalence of colon cancer as a serious health issue, es-
pecially in developing countries where the illness is more common due to dietary
changes, lifestyle changes, and a lack of early screening. Treatment methods need
to be reevaluated in light of the rising prevalence of colon cancer. Although tradi-
tional therapies like radiation, chemotherapy, and surgery are frequently employed,
they often come with significant side effects and limitations. Consequently, inter-
est in investigating alternative medicines is increasing, particularly those derived
from natural products. This literature review focuses on apricot (Prunus armeni-
aca), a fruit traditionally valued for its nutritional benefits, as a potential source
of bioactive substances that may possess anticancer properties, especially against
colon cancer. Recent studies have indicated that apricot phytochemicals may be
essential for modifying cancer pathways, thereby offering an alternative approach

to traditional cancer therapies.

14
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2.1 Colon Cancer

Colon cancer is defined as a malignant tumor that originates in the epithelial lin-
ing of the colon or rectum. The tumor can develop from various types of polyps,
mostly adenomatous polyps, which are cancer-precursors. These polyps may ex-
perience a number of genetic alterations if treatment is not received, leading to

the transformation from benign to malignant status.

The progression of colon cancer is often asymptomatic in its early stages, which
underscores the importance of routine screening, especially for individuals over the

age of 45 or those with a family history of colorectal cancer [32].

The disease can infiltrate deeper layers of the colon, including the muscularis
propria and serosa, potentially spreading to adjacent tissues and distant organs
through lymphatic and hematogenous routes. Late-stage colon cancer significantly
complicates treatment and adversely affects patient prognosis, Improving survival

rates requires early identification and management [33].

2.2 Prevalence

About 10% of all cancer cases worldwide are colorectal cancer, making it the third
most frequent kind of cancer. In 2020, over 1.9 million new cases were reported,
with estimates of 935,000 deaths attributed to the disease. The incidence of col-
orectal cancer varies significantly across different regions, influenced by factors

such as lifestyle, diet, genetic predisposition, and access to healthcare services

[34].

In Pakistan, the prevalence of colon cancer has been on the rise, particularly among
urban populations. A recent study reported an incidence rate of approximately 8.8
per 100,000 individuals, with a notable increase among younger populations due to
changing dietary patterns and lifestyle choices. The lack of awareness regarding
screening and preventive measures further exacerbates the situation, leading to

late diagnoses and poorer outcomes [35].
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2.3 Normal Mechanism of the Colon

The colon, or large intestine, is vital for several physiological processes that con-
tribute to digestive health and overall homeostasis, as shown in figure 2.1. Un-
derstanding its various functions helps underscore its importance in maintaining

bodily balance.

FIGURE 2.1: Anatomy of Colon. The image shows the human large intestine,

including the cecum, ascending colon, transverse colon, sigmoid colon, rectum,

and anus. It functions mainly to absorb water and nutrients, compact waste

into feces, and enable its removal from the body. Each section is crucial for
effective digestion and waste management.

2.3.1 Water Absorption

The colon’s primary function is to reabsorb water from indigestible food matter.
As the contents of the digestive tract move from the small intestine to the colon,
they contain a significant amount of fluid, approximately 1.5 to 2 liters daily.
The colon has specialized epithelial cells that facilitate the absorption of water
and electrolytes. Water absorption occurs via osmosis, driven by the osmotic
gradient created by solutes such as sodium and chloride ions. The presence of water
channels in the colon’s epithelial cells enhances this process, allowing for efficient
water reabsorption. By reabsorbing water, the colon helps maintain hydration and

electrolyte balance, which are crucial for various physiological functions, including
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temperature regulation, nerve conduction, and muscle function. Dehydration can
lead to complications such as constipation or fecal impaction, emphasizing the

colon’s role in fluid balance [36].

2.3.2 Waste Formation

The colon is responsible for compaction and storage of waste products, which
consist of undigested food, bacteria, and sloughed-off cells from the intestinal
lining. Feces are primarily composed of water about 75%, with the remainder
consisting of bacteria, dietary fiber, and other organic and inorganic substances.
The colon absorbs water and electrolytes from this material, transforming it into
a solid or semi-solid state. The colon serves as a reservoir for fecal matter until
defecation. The rectum, the final section of the colon, stores feces temporarily
until the anal sphincters relax, allowing for controlled elimination. This process
is coordinated by neural signals and reflects the colon’s role in maintaining bodily

waste management [37].

2.3.3 Gut Flora Maintenance

The colon is home to a diverse microbiome, comprising trillions of microbes that
are important for digesting and general well-being. The gut microbiota includes
various species of bacteria, fungi, and viruses, with a diversity that can be influ-
enced by diet, age, and health status. A balanced microbiome is crucial for optimal
digestive function and overall health. Human enzymes cannot digest many food
fibers, However, they can be fermented by intestinal microbes. This fermentation
process produces short-chain fatty acids, such as butyrate, which provide anti-
inflammatory and energy-giving qualities to colon cells. Additionally, they main-
tain intestinal health and regulate metabolism. Gut bacteria synthesize essential
vitamins, such as vitamin K and certain B vitamins (like B12 and folate). These
vitamins are important for blood coagulation and various metabolic processes,
highlighting the critical relationship between gut flora and nutrient absorption

38).
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2.3.4 Immune Function

The colon plays a vital role in the immune system, acting as a barrier against
pathogens and helping to regulate immune responses. The epithelial lining of the
colon forms a physical barrier that prevents harmful substances and pathogens
from entering the bloodstream. Tight junctions between epithelial cells maintain

this barrier’s integrity.

The gut-associated lymphoid tissue (GALT) within the colon is a crucial compo-
nent of the immune system. It helps recognize and respond to pathogens while
maintaining tolerance to non-harmful antigens, such as food proteins and com-

mensal bacteria. This balance is vital for preventing inflammatory diseases [39].

2.3.5 Gas Production and Elimination

Gases including carbon dioxide, methane, and hydrogen are produced by gut bac-
teria when they ferment undigested carbohydrates. Bloating and flatulence can
result from the buildup of these gasses. While gas production is a normal part of

digestion, excessive gas can indicate imbalances in gut flora or dietary issues.

The colon has mechanisms to regulate gas expulsion, which involves the relaxation
of the anal sphincter and coordinated muscular contractions of the colon. This

process helps maintain comfort and digestive efficiency [40].

2.4 Diseases of the Colon

The colon is susceptible to a range of diseases that can lead to significant health
complications. Each condition has unique characteristics, symptoms, and manage-
ment strategies. The most prevalent diseases affecting the colon include Inflam-
matory Bowel Disease, diverticulitis, colorectal cancer, irritable bowel syndrome,

ischemic colitis, and others.
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2.4.1 Inflammatory Bowel Disease

Inflammatory Bowel Disease comprises chronic inflammatory conditions primarily
affecting the gastrointestinal tract, with Crohn’s disease and ulcerative colitis being
the two main types. Both conditions are characterized by an inappropriate immune

response, leading to inflammation of the intestinal lining as shown in figure 2.2.

2.4.2 Crohn’s Disease

Crohn’s disease can affect any part of the gastrointestinal tract, although it most
commonly involves the ileum, the last section of the small intestine and the colon.
The inflammation can penetrate the entire thickness of the intestinal wall, lead-
ing to complications such as narrowing of the intestine, abscesses, and abnormal
connections between organs. Symptoms often include recurrent abdominal pain,

bloody diarrhea, weight loss, and fatigue.

Patients may also experience extraintestinal manifestations, such as arthritis, skin
rashes, and eye inflammation, due to the systemic effects of chronic inflammation.
Management of Crohn’s disease typically involves anti-inflammatory medications,
immunosuppressants, and biologics that target specific components of the immune
response. In extreme situations, surgery could be required to remove intestinal

segments that are impacted or to treat issues like strictures or fistulas [41].

2.4.3 Ulcerative Colitis

Ulcerative colitis primarily affects the colon and rectum, with inflammation con-
fined to the mucosal layer. Symptoms include abdominal cramping, bloody di-
arrhea, and urgency to defecate, which can significantly impact quality of life.
The disease often presents in episodes, with periods of remission interspersed with
flare-ups. Long-term ulcerative colitis increases the risk of developing colorectal
cancer, particularly after ten years of disease duration. Management strategies

typically include anti-inflammatory drugs, immunosuppressants, and biologics. In
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cases where medical therapy fails, surgical options such as colectomy may be con-

sidered as a curative approach [42].

Inflammatory Bowel Disease (18D)

Ulcarzine

FIGURE 2.2: Inflammatory bowel disease. The figure depicts inflammatory

bowel disease, highlighting two types: Crohn’s disease and ulcerative colitis.

Crohn’s disease can affect any part of the gastrointestinal tract with deeper

inflammation, while ulcerative colitis primarily targets the colon and rectum,

causing inflammation in the inner lining. Both conditions lead to symptoms
like abdominal pain & diarrhea.

2.4.4 Diverticulitis

Diverticulitis occurs when diverticula, small pouches that can form in the colon
wall, become inflamed or infected. This condition has become increasingly com-
mon, especially in Western countries where diets are often low in fiber. The patho-
physiology of diverticulitis involves increased pressure within the colon, leading to
the formation of these pouches. Symptoms typically include left lower quadrant
abdominal pain, fever, and changes in bowel habits, such as diarrhea or consti-
pation. Complications of diverticulitis can be severe and include abscess forma-
tion, perforation, and peritonitis. The treatment may include antibiotics for mild
cases, while severe or recurrent cases might necessitate surgical intervention to
remove the affected segment of the colon. Post-operative management often in-
volves dietary modifications to prevent recurrence, such as increasing fiber intake

and maintaining adequate hydration [43].
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2.4.5 Colorectal Cancer

Colorectal cancer is a leading cause of cancer-related deaths worldwide, arising
from adenomatous polyps that undergo malignant transformation. Risk factors
include age, family history, genetic syndromes, However, they can be fermented
by intestinal microbes. This fermentation process produces short-chain fatty acids,
such as butyrate, which provide anti-inflammatory and energy-giving qualities to
colon cells. Additionally, they maintain intestinal health and regulate metabolism.
Changes in bowel patterns, blood in the stool, inexplicable weight loss, and dis-
comfort in the abdomen are some of the symptoms. Since colorectal cancer is very
curable when detected early, routine screening, including colonoscopies, is essential
for improving results. Depending on the disease’s stage, treatment options usually

consist of radiation therapy, chemotherapy, and surgical resection [44].

2.4.6 Irritable Bowel Syndrome

Irritable Bowel Syndrome is a functional gastrointestinal disorder characterized
by abdominal pain and altered bowel habits, including diarrhea and constipa-
tion, without any identifiable organic cause. The exact etiology of Irritable Bowel
Syndrome remains unclear, but it is thought to involve a combination of genetic
predisposition, gut-brain interactions, and dysbiosis of the gut microbiota. Bloat-
ing, gas, and a feeling of incomplete evacuation following bowel motions are some
of the symptoms, which can differ greatly from patient to patient. Management
of Irritable Bowel Syndrome focuses on symptom relief and may include dietary
changes such as increasing fiber intake, stress management techniques, and medi-

cations to address specific symptoms like antispasmodics or laxatives [45].

2.4.7 Ischemic Colitis

Ischemic colitis occurs when blood flow to a portion of the colon is reduced, often
due to narrowed or blocked blood vessels. This condition is more common in

older adults and can be precipitated by factors such as atherosclerosis, low blood
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pressure, or certain medical procedures. Symptoms typically include sudden onset

of abdominal pain, cramping, and bloody diarrhea.

If blood flow is not restored, ischemic colitis can lead to tissue death and per-
foration of the colon, necessitating urgent medical intervention. Treatment may
involve hospitalization, intravenous fluids, and sometimes surgery to remove the

affected portion of the colon [46].

2.4.8 Colonic Polyps

Colonic polyps are growths that can form on the lining of the colon. While many
polyps are benign, certain types such as adenomatous polyps have the potential to
become cancerous over time. Regular screening through colonoscopy is essential

for the early detection and removal of polyps to prevent colorectal cancer [47].

2.4.9 Celiac Disease

Celiac disease is an autoimmune disorder triggered by the ingestion of gluten,

leading to inflammation and damage to the small intestine.

While primarily affecting the small intestine, it can also have secondary effects
on the colon, resulting in symptoms such as weight loss, diarrhea, and nutritional

deficiencies.

Diagnosis is made through serological tests and intestinal biopsy, and management

involves strict adherence to a gluten-free diet [48].

2.4.10 Colon Infections

Infections of the colon can be caused by various pathogens, including bacteria
such as Clostridium difficile, viruses, and parasites. These infections can result in
symptoms including fever, diarrhea, and stomach ache. Treatment often includes

antibiotics or antiparasitic medications, depending on the causative agent [49].
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2.5 Formation of Colon Cancer

Colon cancer typically evolves through a series of genetic and epigenetic changes
that transform normal colonic epithelial cells into malignant tumor cells. This pro-
gression is often gradual, taking years to decades, and is influenced by both genetic
predispositions and environmental factors. Understanding this multi-step process
is crucial for developing preventive strategies and targeted therapies. The ma-
jority of colon cancers arise from adenomatous polyps through a well-documented
sequence known as the adenoma-carcinoma sequence [50]. The figure 2.3 illustrates

the progression from benign to malignant states and involves several critical stages.

Hyperproliferation

Benign Malignant

FIGURE 2.3: Formation of colon cancer. The figure outlines the progression
of colon cancer, beginning with hyperproliferation of cells. It illustrates the
formation of adenomatous polyps, which can grow larger and lead to severe
dysplasia. This process can ultimately result in adenocarcinoma, marking the
transition from benign conditions to malignant cancer in the colon.

2.5.1 Formation of Adenomatous Polyps

The initial step in this progression is often a mutation in the APC (Adenomatous
Polyposis Coli) gene, a key tumor suppressor gene that regulates cell adhesion
and growth. Mutations in APC disrupt this regulation, leading to unchecked cell
proliferation and the formation of adenomatous polyps. As these polyps develop,
they may undergo dysplasia, characterized by abnormal cell morphology and in-
creased proliferation rates. Dysplastic cells exhibit a loss of normal architectural

organization, which is a precursor to carcinoma [51].
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2.5.2 Progression to Carcinoma

As polyps grow, they can accumulate additional mutations in other key genes,
notably KRAS. This oncogene is frequently mutated in colorectal cancers and
promotes cell division and survival. KRAS mutations often occur in early ade-
nomas and are associated with the progression to malignant tumors. The tumor
suppressor gene TP53 is critical for regulating the cell cycle and apoptosis. Mu-
tations in TP53 typically arise in advanced adenomas and are linked to genomic
instability, facilitating further tumor progression. Eventually, the combination of
mutations and dysregulation of growth pathways leads to the invasion of the base-
ment membrane, marking the transition from carcinoma in situ to invasive cancer

[52].
2.5.3 Molecular Mechanisms and Pathways

The transition from normal colonic epithelium to invasive cancer involves several
molecular mechanisms and pathways. Many colorectal cancers exhibit chromo-
somal instability, characterized by an increased rate of chromosomal gains and
losses. This instability leads to further genetic mutations and promotes tumor
progression [53]. Some colorectal cancers, especially those associated with Lynch
syndrome, exhibit microsatellite instability due to defects in DNA mismatch re-
pair. This leads to the accumulation of mutations in repetitive DNA sequences,
contributing to tumorigenesis. The epidermal growth factor receptor (EGFR)
pathway is involved in cell proliferation and survival. Overactivation of this path-
way due to mutations or overexpression of EGFR can contribute to tumor growth

and resistance to targeted therapies [54].

2.5.4 Carbonic Anhydrase 9

Several specific proteins and enzymes play pivotal roles in the development and
progression of colon cancer. Carbonic anhydrase (CA 9) is an enzyme that cat-
alyzes the reversible hydration of carbon dioxide, playing a crucial role in main-

taining acid-base balance, particularly in the tumor microenvironment. CA 9 is
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often upregulated in hypoxic conditions, which are common in rapidly growing tu-
mors. By facilitating the conversion of carbon dioxide to bicarbonate, CA 9 helps

maintain a favorable pH, allowing cancer cells to survive in acidic environments.

Overexpression of CA 9 has been associated with poor prognosis in colorectal can-
cer, as it correlates with increased tumor aggressiveness and metastatic potential

[55).

2.5.5 Aldose Reductase

Aldose reductase is an enzyme in the polyol pathway that converts glucose into
sorbitol. Its role in cancer biology is becoming increasingly recognized. Aldose
reductase can contribute to oxidative stress by depleting NADPH, which is crucial

for cellular antioxidant defenses.

Increased oxidative stress can lead to DNA damage and promote tumorigenesis.
Aldose reductase is frequently overexpressed in colorectal cancer tissues, accord-
ing to studies enhancing the survival and proliferation of cancer cells in adverse

environments [56].

2.5.6 Estrogen Receptor Beta

Estrogen Receptor Beta is one of the two main estrogen receptors, and its role
in colorectal cancer is complex. Its activation has been shown to exert protective
effects against colorectal cancer by promoting apoptosis and inhibiting cell prolif-
eration. Its expression is often reduced in cancerous tissues, suggesting a potential

tumor-suppressive role.

Estrogen Receptor Beta can regulate the expression of genes involved in cell cycle
control and apoptosis. Dysregulation of Estrogen Receptor Beta signaling may
contribute to the increased risk of colorectal cancer, particularly in postmenopausal

women [57].
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2.6 Symptoms of Colon Cancer

Colon cancer often develops silently, especially in its early stages, which is why
regular screening is critical. As the disease progresses, various symptoms may
emerge, indicating the presence of cancer. Recognizing these symptoms early can

significantly impact prognosis and treatment outcomes.

2.6.1 Changes in Bowel Habits

One of the earliest and most common symptoms of colon cancer is changes in
bowel habits. Patients may experience diarrhea, which manifests as frequent loose
stools often accompanied by an urgent need to defecate. This symptom can be
intermittent or persistent, sometimes misattributed to other gastrointestinal issues

like irritable bowel syndrome.

Conversely, some individuals may encounter prolonged periods of constipation,
which can occur when a tumor obstructs the passage of stool through the colon.
Additionally, patients may notice that their stools have changed in shape, becom-
ing narrower or ribbon-like, which can indicate a narrowing of the colon due to a

tumor [58].

2.6.2 Blood in Stool

Blood in the stool is a serious sign that should never be disregarded. Blood can
appear in different forms; bright red blood typically suggests bleeding from the
lower sections of the colon or rectum, while dark or tarry stools may indicate

bleeding higher up in the gastrointestinal tract.

Bright red blood can be associated with conditions such as hemorrhoids, but it
can also signal more serious issues, including colorectal cancer. Dark stools, on the
other hand, suggest the presence of digested blood and require immediate medical

evaluation, as they may indicate an advanced stage of the disease [59].
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2.6.3 Abdominal Discomfort

Abdominal pain or discomfort is another significant symptom of colon cancer.
Patients may experience cramping, which can be continuous or intermittent as the
tumor disrupts normal bowel function. This discomfort is often localized to the
lower abdomen, particularly if the tumor is located in the sigmoid colon or rectum.
Bloating is also common, characterized by a feeling of fullness or swelling in the
abdomen. This sensation can result from gas buildup and is often exacerbated by
dietary factors or changes in bowel habits. Persistent or severe abdominal pain

that does not improve may indicate an underlying issue, such as a tumor [60].

2.6.4 Unexplained Weight Loss

Unintentional weight loss is a concerning symptom that can be associated with
many types of cancer, including colon cancer. Patients may find themselves losing
weight without trying, which can be attributed to several factors. Decreased
appetite is a common contributor, as cancer can affect appetite due to metabolic
changes or psychological factors, leading individuals to feel less inclined to eat.
Additionally, if the tumor obstructs the colon, it may result in malabsorption of
nutrients, exacerbating weight loss. This symptom warrants attention, particularly

when accompanied by other gastrointestinal signs [61].

2.6.5 Fatigue and Weakness

Fatigue is a prevalent symptom experienced by many cancer patients, including
those with colon cancer. This fatigue may manifest as chronic tiredness or weak-
ness that persists despite adequate rest. Patients often report feeling drained of
energy, which can significantly impact their daily activities and overall quality of
life. Chronic blood loss from the tumor can lead to anemia, further contributing to
feelings of fatigue. A reduction in red blood cells causes anemia, which exacerbates

the feeling of weariness by causing weakness and shortness of breath [62].
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2.6.6 Tenesmus

Tenesmus is the sensation of incomplete evacuation after a bowel movement, ac-
companied by a persistent urge to defecate. This symptom can be particularly
distressing for patients and may occur due to tumors located in the rectum, which

can irritate the surrounding tissue.

The feeling of needing to go to the bathroom without producing significant stool
can lead to frequent restroom visits. This uncomfortable sensation often causes

anxiety and may affect a patient’s social interactions and daily routines [63].

2.6.7 Additional Symptoms

While the previously mentioned symptoms are the most common, colon cancer can
also present with additional signs. Nausea and vomiting may occur, particularly if
the tumor causes a blockage in the colon, leading to a backup of intestinal contents.
Changes in appetite are also common, as patients may experience a general decline

in their desire to eat, often accompanied by weight loss.

Persistent low-grade fever may be present, especially if there is an associated infec-
tion or inflammation related to the tumor. These additional symptoms highlight
the complex nature of colon cancer and the importance of comprehensive evalua-

tion [60].

2.7 Treatments for Colon Cancer

Treatment for colon cancer is complex and usually includes a mix of immunother-
apy, targeted treatments, radiation therapy, chemotherapy, and surgery. The lo-
cation and size of the tumor, the patient’s general health, the stage of the ma-
lignancy, and personal preferences all influence the treatment decision. Here’s a

detailed look at the primary treatment options available for colon cancer.
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2.7.1 Surgery

For localized colon cancer, surgery is frequently the primary course of treatment
and, if caught early, can be curative. The primary surgical technique is a colec-
tomy, which involves the removal of the part of the colon containing the tumor
along with a margin of healthy tissue. The location of the tumor determines the

type of colectomy that is done.

A total colectomy, which is typically recommended for more advanced illness,
entails removing the whole colon, whereas a partial colectomy eliminates the tumor
along with a small amount of the surrounding healthy tissue. In some cases,
particularly when reattachment is impossible, a colostomy may be performed,
which creates an opening in the abdominal wall for waste to exit into a colostomy
bag. During surgery, nearby lymph nodes are often removed and examined for
cancer spread, aiding in determining the stage of cancer and guiding subsequent

treatment decisions [64].

2.7.2 Chemotherapy

Chemotherapy employs drugs to kill cancer cells or slow their growth and is fre-
quently used alongside surgery, especially when cancer has metastasized beyond
the colon. Chemotherapy can be used as a neoadjuvant before surgery to reduce
tumor size and facilitate removal, or as an adjuvant after surgery to eradicate any
cancer cells that may still be present. Combinations like 5-Fluorouracil (5-FU),
which is frequently used with leucovorin and oxaliplatin in a regimen known as
FOLFOX, are common chemotherapy regimens for colon cancer. Another popular

medicine is capecitabine, an oral prodrug that the body transforms into 5-FU.

Another choice is irinotecan, which is frequently combined with leucovorin and
5-FU in the FOLFIRI regimen. Although chemotherapy is successful, it can have
negative side effects such as tiredness, nausea, vomiting, hair loss, and an increased
risk of infection. However, improvements in supportive care have made it easier

to manage these side effects [65].
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2.7.3 Radiation Therapy

Although it is not usually the main treatment for colon cancer, radiation ther-
apy, which utilizes high-energy rays to destroy cancer cells, can be helpful in some
circumstances. While postoperative radiation can aid in the removal of any re-
maining cancer cells, particularly in cases where there is a significant risk of local
recurrence, preoperative radiation may be used to reduce tumors prior to surgery,
especially for rectal cancer. Palliative radiation therapy may be performed in more
advanced situations to alleviate tumor-related symptoms including pain or block-
age. Depending on the area being treated, radiation treatment side effects may

include gastrointestinal distress, skin irritation, and exhaustion [66].

2.7.4 Targeted Therapy

The goal of targeted therapy is to minimize harm to healthy cells while precisely
addressing the traits of cancer cells. Patients who have certain genetic alterations
linked to their cancers may benefit most from these treatments. For example,
EGFR inhibitors, such as cetuximab and panitumumab, are usually utilized in
situations of metastases and target the epidermal growth factor receptor on cancer
cells, although they are effective only in tumors that do not have mutations in the
KRAS gene. Additionally, VEGF inhibitors, such as bevacizumab, prevent the
formation of new blood vessels that tumors need to grow, often used in combination

with chemotherapy for advanced colon cancer [67].

2.7.5 Immunotherapy

Immunotherapy harnesses the body’s immune system to combat cancer. While
its effectiveness in colon cancer has been limited compared to other cancers, spe-
cific subsets of colon cancer patients may benefit from this approach. Immune
checkpoints like PD-1 are targeted by checkpoint inhibitors like pembrolizumab
and nivolumab, which can be especially useful in patients with cancers that have

a high level of microsatellite instability or that lack mismatch repair. Because of
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the distinct features of their malignancies, these individuals usually have a better
chance of responding to immunotherapy. Although they are still mostly experi-
mental, research is being done on cancer vaccines that aim to activate the immune

system to combat colon cancer cells [68].

2.7.6 Clinical Trials

By giving patients the chance to take part in studies evaluating new medications,
combination treatments, or innovative techniques, clinical trials are essential to
improving the treatment of colon cancer. These studies may provide access to
innovative treatments that are not yet generally accessible and are crucial for

assessing the safety and effectiveness of new therapeutic approaches.

2.8 Side Effects of Available Treatments

Although many treatments are available for colon cancer treatment but they have

side effects associated with them, which are discussed below.

2.8.1 Pain at the Surgical Site

After surgery for colon cancer, patients often experience pain at the surgical site.
This pain can vary in intensity and may require medication for relief. The dis-
comfort may persist for several weeks as the body heals, and some patients may

also experience referred pain in the abdomen or back [69].

2.8.2 Changes in Bowel Habits

Surgery and chemotherapy can lead to major changes in bowel habits. Constipa-
tion, diarrhea, or changes in stool consistency are possible side effects for patients.

These changes can be temporary, but some individuals may face long-term bowel
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dysfunction, particularly if a significant portion of the colon has been removed

[58).

2.8.3 Nausea and Vomiting

Chemotherapy is commonly associated with nausea and vomiting, which can occur
shortly after treatment or persist for several days. This side effect can severely
affect a patient’s standard of living and might result in dehydration or malnutrition

if not managed effectively [70].

2.8.4 Fatigue

Fatigue is a prevalent side effect experienced by patients undergoing chemotherapy,
radiation therapy, and immunotherapy. This overwhelming sense of tiredness can

interfere with daily activities and may persist even after treatment has ended [71].

2.8.5 Hair Loss

One well-known adverse effect of many chemotherapy treatments is hair loss. Pa-
tients may suffer from total hair loss or thinning hair, which can be upsetting and

have an impact on their self-esteem.

Hair typically begins to regrow after the completion of treatment, although it may

change in texture or color [72].

2.8.6 Diarrhea

Diarrhea can occur as a side effect of chemotherapy, radiation therapy, and tar-
geted therapies. It can lead to dehydration and electrolyte imbalances if not man-
aged properly. Patients experiencing diarrhea may require dietary adjustments

and medications to alleviate their symptoms [73].
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2.8.7 Skin Rashes

Targeted therapies and immunotherapy can lead to skin rashes, which may mani-
fest as redness, irritation, or acne-like lesions. Targeted therapies and immunother-
apy can lead to skin rashes, which may manifest as redness, irritation, or acne-like
lesions. These rashes can be uncomfortable and may require topical or systemic

treatments to manage [74].

2.8.8 Peripheral Neuropathy

A common adverse effect of several chemotherapy medications, especially oxali-
platin, is peripheral neuropathy. Patients may suffer from discomfort, tingling, or

numbness in their hands and feet, which can interfere with day-to-day tasks.

This side effect may improve after treatment ends, but some patients experience

lingering symptoms [75].

2.8.9 Increased Risk of Infections

Chemotherapy can suppress bone marrow function, leading to a decreased produc-
tion of white blood cells. This suppression increases the risk of infections, making
patients more susceptible to illnesses. To control this risk during therapy, routine

monitoring and preventative steps are crucial [76].

2.8.10 Immune-related Adverse Events

Immunotherapy can trigger immune-related adverse events, where the immune

system attacks healthy organs and tissues.

Common issues include colitis, pneumonitis, and hepatitis. These side effects can

be serious and require prompt medical intervention to manage effectively [77].
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2.8.11 Fatigue from Radiation Therapy

Patients undergoing radiation therapy often experience fatigue that can accumu-
late over the course of treatment. This fatigue can last for weeks or even months

after completing therapy, impacting overall well-being and daily functioning [78].

2.8.12 Long-term Bowel Dysfunction

Long-term bowel dysfunction can result from surgery or radiation therapy, leading
to issues such as incontinence, urgency, or strictures. These complications can
significantly affect a patient’s quality of life and may require ongoing management

[79).

2.8.13 Constipation

Constipation can occur as a side effect of surgery, chemotherapy, and certain pain
medications. Patients may experience infrequent bowel movements, straining, and
discomfort. Dietary changes, increased fluid intake, and medications may be nec-

essary to manage this condition effectively [80].

2.8.14 Dehydration

Side effects including nausea, vomiting, and diarrhea can cause dehydration, es-
pecially during chemotherapy and radiation treatment. It can lead to symptoms
like dry mouth, dizziness, and fatigue. Maintaining hydration through fluids and

electrolytes is crucial, especially during treatment [81].

2.8.15 Mouth Sores

Chemotherapy can lead to mucositis, which manifests as painful sores in the

mouth. These sores can make eating and swallowing difficult and may increase
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the risk of infections. Good oral hygiene and topical treatments can help manage

this side effect [82].

2.8.16 Changes in Appetite

Many patients undergoing chemotherapy experience changes in appetite, which
can lead to weight loss or malnutrition. Taste alterations and nausea can con-
tribute to decreased food intake. Nutrition counseling and appetite stimulants

may be helpful in addressing these changes [83].

2.8.17 Liver Function Abnormalities

Targeted therapies, particularly those that affect the liver, can lead to elevated liver
enzymes and other abnormalities. Monitoring liver function tests during treatment
is essential, as significant changes may require dose adjustments or discontinuation

of therapy [84].

2.8.18 Infusion Reactions

Some patients may experience infusion reactions during chemotherapy or targeted
therapy administration, leading to symptoms such as fever, chills, rash, or difficulty
breathing. These reactions can often be managed with premedication and close

monitoring during infusions [85].

2.8.19 Fluid Retention

Certain targeted therapies and corticosteroids used for managing side effects can
cause fluid retention, leading to swelling in the legs, abdomen, or face. This side

effect may require dietary adjustments and diuretics to manage effectively [86].
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2.8.20 Cognitive Changes

Some patients report cognitive changes, often referred to as ”chemo brain,” which
may include difficulties with concentration, memory, and mental clarity during and
after chemotherapy. These changes can affect daily functioning and may persist

for some time post-treatment [87].

2.8.21 Hormonal Changes

Immunotherapy and certain targeted therapies can lead to hormonal changes,

particularly if they affect the endocrine system.

Patients may experience symptoms such as weight gain, mood swings, or changes

in libido, requiring careful management [88].

2.8.22 Hot Flashes

Patients undergoing certain treatments may experience hot flashes as a side effect.

Patients undergoing certain treatments may experience hot flashes as a side effect.

This is particularly common in those receiving hormonal therapies or immunother-
apies that affect hormone levels, leading to discomfort and interruptions in daily

activities [89)].

2.8.23 Secondary Cancers

While rare, some patients may develop secondary cancers as a long-term conse-
quence of chemotherapy or radiation therapy. Ongoing monitoring and screenings

are essential to detect any new malignancies early [90].
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2.9 Herbal Treatments for Colon Cancer: Po-

tential Benefits and Bioactive Metabolites

Conventional therapies including radiation therapy, chemotherapy, and surgery
are important in the management of colon cancer, but they have serious adverse
effects. Colon cancer is a major global health problem. There is growing interest in
complementary therapies, particularly from herbal sources. Many plants contain
bioactive metabolites that may offer protective or therapeutic effects against colon
cancer. Several herbs and their active compounds have been explored that have

shown promise in this area as shown in figure 2.4.

Turmeric (Curcuma longa) is perhaps one of the most studied herbs in relation to
cancer treatment. Its primary active component, curcumin, has garnered attention
because to its potent anti-inflammatory and antioxidant properties. It has been
shown that curcumin slows the development of tumors by altering many signaling
pathways linked to the onset of cancer, cause apoptosis, or programmed cell death,
and prevent the growth of colon cancer cells. Curcumin is a useful adjuvant
treatment since preclinical research has shown that it can also increase the efficacy
of traditional chemotherapy drugs. Its capacity to enhance the gastrointestinal
tract’s general health emphasizes its importance in the treatment of colon cancer

91].

FIGURE 2.4: Herbal treatments for colon cancer
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Green tea (Camellia sinensis) is another herbal remedy that has been linked to
cancer prevention, particularly due to its high concentration of catechins, with epi-
gallocatechin gallate (EGCG) being the most prominent. Numerous studies have
shown that EGCG has strong anticancer effects, including the capacity to stop
colon cancer cells from growing and lessen metastasis. Its antioxidant properties
may help protect cells from oxidative damage, which is a contributing factor in
cancer development. Regular consumption of green tea has been associated with a
lower risk of developing colon cancer, making it a simple yet effective addition to a
cancer-preventive diet [92]. Ginger (Zingiber officinale), widely recognized for its
culinary uses, also holds therapeutic potential in cancer treatment. Gingerol, the
primary ingredient, has anti-inflammatory and anti-cancer qualities. According to
research, ginger extracts can help lower gastrointestinal tract inflammation and
stop the development of colon cancer cells, which is especially advantageous for
patients receiving chemotherapy. Ginger may help patients’ quality of life during

treatment by reducing nausea, a sometimes crippling adverse effect of chemother-

apy [93].

Milk thistle (Silybum marianum) is renowned for its liver-protective properties,
primarily due to its active compound, silymarin. Cancer patients may benefit from
the antioxidant and anti-inflammatory properties of this flavonoid compound. Ac-
cording to studies, silymarin can help in functioning of liver and prevent colon
cancer cells from proliferating, which would help with detoxification during cancer
therapy. Milk thistle may help lessen some of the negative side effects of traditional
treatments by promoting liver function [94]. Aloe vera (Aloe barbadensis miller) is
another herb that has shown potential in cancer management. Aloin and aceman-
nan, two substances found in aloe vera gel and juice, have anti-inflammatory and
immunomodulatory properties. Aloe vera may improve the immune system and
slow the growth of tumors in colon cancer patients, according to some research. It
is a helpful supplement to cancer treatment because of its calming qualities, which

can also reduce gastrointestinal pain [95].

Broccoli (Brassica oleracea) and other cruciferous vegetables are rich in glucosi-

nolates, which are converted into bioactive compounds like sulforaphane during
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digestion. The anticancer properties of sulforaphane, especially in colon cancer,
have been well investigated. According to research, sulforaphane may lower the
risk of cancer by enhancing detoxifying enzymes, causing apoptosis, and inhibiting
the formation of cancer cells. Broccoli and other similar vegetables may help pre-
vent colon cancer if consumed regularly [96]. The well-known adaptogen ginseng
(Panaz ginseng) has being investigated for possible anticancer effects. The active
ingredients, called ginsenosides, have a number of biological properties, such as
apoptosis induction and colon cancer cell growth suppression. Ginseng may also
enhance the effectiveness of chemotherapy, making it a worthy consideration for
patients seeking complementary therapies. Furthermore, its immune-enhancing

effects can help support overall health during cancer treatment [97].

Lignans, which are abundant in flaxseed (Linum usitatissimum), have been linked
to anticancer properties. Flaxseed is a good addition to a diet that fights cancer
since studies have shown that it may help limit tumor development and enhance
intestinal health. Additionally, its high fiber content helps support regular bowel
motions and digestive health, which is especially crucial for individuals with colon
cancer [98]. Another substance being researched for its potential anticancer effects
is resveratrol, which is present in red wine and grapes. It has been demonstrated
to cause apoptosis and stop colon cancer cells from growing. Resveratrol’s ability
to modulate various signaling pathways involved in cancer progression makes it a
compelling subject of ongoing research, and it may offer additional benefits when
combined with conventional treatments [99]. Neem (Azadirachta indica) has a long
history of use in traditional medicine. The active compound azadirachtin exhibits
anticancer properties by inhibiting cell proliferation and inducing apoptosis in
cancer cells. Neem’s potential to support immune function further emphasizes its

role in holistic cancer care [100].

2.10 Prunus armeniaca

Prunus armeniaca (apricot) are small, orange-colored fruits belonging to the Rosa-

ceae family. They are native to Armenia and have been cultivated for thousands
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of years, spreading across various regions, including the Mediterranean, Central
Asia, and eventually to Europe and the Americas. Apricots are valued for their
nutritional and therapeutic qualities in addition to their sweet and tart flavor.
Apricots, which are high in vitamins, minerals, and bioactive substances, have
been shown to offer possible health advantages, such as helping to prevent and

cure cancer [101].

FI1GURE 2.5: Apricot plant morphology

2.10.1 Morphology and Taxonomy

The apricot tree is a deciduous species that typically reaches heights of 8 to 12
meters. Its structure is characterized by a rounded canopy, which becomes lush
with foliage during the growing season as shown in figure 2.5. The branches are
often thick and slightly twisted, providing a sturdy framework for the tree. In early
spring, apricot trees produce fragrant white to pink flowers that bloom before the
leaves emerge. These blossoms are not only beautiful but also attract a variety
of pollinators, including bees, which are essential for fruit set. The leaves of the
apricot tree are broad, ovate, and serrated, measuring about 5 to 10 centimeters
in length. They display a vibrant green color in the summer, contributing to the
tree’s aesthetic appeal. The leaf arrangement is alternate, with each leaf attached
to the stem by a short petiole. The foliage plays a critical role in photosynthesis,

allowing the tree to produce the energy needed for fruit development [102].



Literature Review 41

The fruit itself is classified as a drupe, which is a type of fruit characterized by
a hard stone or pit that encloses the seed. Apricots have a smooth skin that
can range in color from pale yellow to deep orange, depending on the variety and
ripeness. The flesh of the apricot is juicy and sweet, with a slightly tart undertone.
Because of their rich flavor, apricots are popular both when eaten raw and in a
range of culinary preparations, such as jams, jellies, and desserts. Apricots are
typically harvested in late spring to early summer, with the timing dependent on
the climate and specific cultivar. The harvesting process requires careful handling
to avoid bruising the delicate fruit. Once harvested, apricots can be consumed
fresh or processed into various products, such as dried apricots, which have a
concentrated flavor and longer shelf life. Taxonomically, apricots belong to the
genus Prunus, which includes other stone fruits like cherries, plums, and peaches
[103]. This genus is part of the Rosaceae family, which is known for its diverse

range of fruit-bearing plants. The scientific classification of apricots is as follows.

Kingdom Plantae
Division  Angiosperms
Class Eudicots
Order Rosales

Family Rosaceae
Genus Prunus
Species P. armeniaca

The genus Prunus is further divided into several sections, with apricots classified
under the section Prunus. This section also includes other economically important
fruits. Within the species P. armeniaca, there are numerous cultivars and varieties,
each differing in size, color, flavor, and adaptability to various climates. Some of
the most well-known apricot varieties include "Katy,” "Tilton,” and 'Blenheim,’ each
prized for its unique flavor profile and culinary uses. Apricot trees thrive in well-
drained soils and prefer a climate with warm summers and cold winters. They
require a certain number of chilling hours for proper fruit development, making
them suitable for temperate regions. The trees are sensitive to late frosts, which

can damage blossoms and significantly reduce fruit yield. As a result, careful
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consideration of planting location and climate is essential for successful apricot

cultivation [104].

2.10.2 Traditional and Ethnomedical Uses of Apricot

Historically, apricots have held a significant place in the traditional medicine prac-
tices of various cultures. The fruit’s origins can be traced back to ancient Arme-
nia, where it was recognized for its nutritional and medicinal properties. Ancient
Egyptians recognized the healing potential of apricots and utilized them to treat
digestive issues, often consuming them to alleviate constipation and promote over-
all digestive health. They believed that the fruit’s high fiber content could aid in
maintaining a healthy gut. In traditional chinese medicine, apricots, particularly
the seeds, were employed to promote lung health and alleviate respiratory con-
ditions. The seeds, known as ”bitter almonds,” were used for their expectorant
properties, helping to relieve coughs and respiratory ailments. Traditional chinese
medicine practitioners valued apricots for their ability to nourish the lungs and
improve overall respiratory function, making them a staple in herbal formulations

aimed at treating coughs and colds [105].

In addition to digestive and respiratory health, apricots have been used in various
folk remedies. In some cultures, the fruit was believed to have cooling properties
that could help relieve fevers and inflammation. Apricot leaves and flowers were
sometimes brewed into teas or used in poultices to manage skin irritations and
promote healing. This historical use of apricots underscores their longstanding role

in traditional medicine, reflecting the fruit’s versatility and therapeutic potential

[106].

The ethnomedical uses of apricots extend beyond their nutritional value. The fruit
and its components have been utilized to treat a multitude of health conditions.
The rich content of vitamins A and C in apricots contributes to their reputation for
promoting skin health and improving vision. Vitamin A is essential for maintaining
healthy skin and eyes, while vitamin C plays a critical role in collagen synthesis and

acts as a powerful antioxidant. Apricots are also known for their ability to alleviate
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digestive disorders, such as constipation and indigestion, due to their high fiber
content. Apricots are also known for their ability to alleviate digestive disorders,
such as constipation and indigestion, due to their high fiber content. The fruit
has been traditionally used for its laxative properties, helping to promote regular

bowel movements and support gastrointestinal health [107].

Apricot kernels, which contain amygdalin, have been controversially promoted as
a treatment for cancer. While some proponents claim that amygdalin can inhibit
tumor growth, scientific support for this assertion is limited, and caution is advised
due to potential toxicity. Because of its purported capacity to improve respiratory
health and alleviate coughs, the kernels are occasionally utilized in traditional

medicine.

However, due to the presence of cyanogenic compounds in the seeds, which can
release toxic cyanide when metabolized, consumers must approach this treatment
with caution and seek guidance from healthcare professionals. Moreover, apricot
extracts have been used in skincare products for their moisturizing and healing
properties. The antioxidants in apricots can help protect the skin from oxidative

damage caused by environmental factors, promoting a healthy complexion.

In some cultures, apricot oil derived from the seeds is used for massage and skin

treatments, highlighting the fruit’s versatility beyond dietary applications [31].

2.10.3 Bioactive Compounds in Apricots

Apricots are rich in bioactive compounds, as shown in figure 2.6. These compounds
contribute to their potential health benefits, particularly in the context of cancer

prevention and treatment.

These compounds play critical roles in combating oxidative stress and inflamma-
tion, both of which are key factors in cancer development. Several key bioactive
compounds found in apricots, emphasizing their anticancer properties, are dis-

cussed below.
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FIGURE 2.6: Bioactive compounds in apricot

2.10.3.1 Quercetin

Quercetin is one of the most notable flavonoids present in apricots, renowned for
its powerful antioxidant and anti-inflammatory properties. This compound has
been shown to inhibit the growth of cancer cells and induce apoptosis, making it

a significant player in cancer prevention strategies.

By scavenging free radicals, quercetin helps reduce oxidative stress, which can
damage cellular structures and lead to cancer progression. In studies focused
on cancer, quercetin has demonstrated the ability to inhibit tumor growth and
enhance the efficacy of conventional chemotherapy agents. Its multifaceted action

makes quercetin a valuable compound in the fight against colon cancer [108].

2.10.3.2 Hyperoside

Hyperoside, a glycoside of quercetin, shares many of its parent compound’s bene-
ficial properties. Research indicates that hyperoside may enhance the anticancer
effects of quercetin. It has been found to modulate various signaling pathways
involved in cell proliferation and apoptosis, reinforcing its potential role as a pre-
ventive agent against cancer. Hyperoside’s ability to reduce inflammation also
contributes to its effectiveness in supporting colon health, making it a promising

compound for further exploration in cancer therapies [109].
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2.10.3.3 Kaempferol

Another flavonoid found in apricots, kaempferol has demonstrated significant an-
ticancer properties. Studies indicate that kaempferol can inhibit the proliferation
of cancer cells and induce apoptosis. Its anti-inflammatory effects are crucial in
preventing cancer development, as chronic inflammation is often linked to tumor
formation. By reducing inflammation and supporting cellular health, kaempferol
presents a compelling argument for its inclusion in a diet aimed at cancer preven-

tion [110).

2.10.3.4 Caffeic Acid

Caffeic acid is a phenolic compound known for its antioxidant and anti-inflammatory
properties. Research shows that caffeic acid can inhibit the growth of cancer cells,
including those in the colon. Its ability to enhance the efficacy of other anti-
cancer agents makes it a valuable component in treatment strategies. Caffeic acid
strengthens apricots’ anti-cancer properties by shielding cells from oxidative stress

and inflammation [110].

2.10.3.5 Limonene

The terpene limonene, which is present in the essential oils of many fruits, has
anti-inflammatory and anti-cancer effects. According to studies, limonene may
improve the body’s immunological response against cancer and slow the growth
of tumors, potentially improving patient outcomes. Its presence in apricots adds

another layer of complexity to the fruit’s cancer-fighting potential [111].

2.10.3.6 Catechins

Catechins are a class of flavonoids with strong antioxidant properties that have
been shown to inhibit cancer cell growth and promote apoptosis. Their presence

in apricots contributes to the fruit’s overall anticancer potential, making them
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valuable components in a health-promoting diet. Catechins help combat oxidative
stress in the body, thereby supporting cellular integrity and reducing cancer risk

[112].

2.10.3.7 Geraniol

Another terpene that has been shown to have anti-inflammatory and anti-cancer

effects is geraniol, which is present in apricots.

According to research, geraniol can improve the efficacy of traditional cancer thera-
pies by preventing the growth of cancer cells. Its function in lowering inflammation

and boosting immunity offers a thorough method of treating cancer [113].

2.10.3.8 Folate

Folate, also referred to as vitamin B9, is necessary for the creation and repair
of DNA. Consuming enough folate has been associated with a lower chance of

developing several types of cancer, such as colon cancer.

The fruit’s ability to promote cellular health and lower the risk of cancer is high-
lighted by the folate found in apricots. Folate aids in preventing cancer-causing

mutations by encouraging healthy DNA synthesis [114].

2.10.3.9 Cyanidin

Cyanidin, a type of anthocyanin responsible for the deep color in many fruits,
possesses strong antioxidant properties. According to studies, cyanidin may lessen
inflammation and stop the growth of cancer cells, further contributing to apricots’
health benefits. According to studies, cyanidin may lessen inflammation and stop
the growth of cancer cells, further contributing to apricots’ health benefits. Its
ability to combat oxidative stress makes cyanidin a noteworthy compound for

cancer prevention [115].
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2.10.3.10 Chlorogenic Acid

The anti-inflammatory and antioxidant properties of chlorogenic acid are well-
known. According to research, chlorogenic acid can lower the risk of cancer by
preventing the formation of cancer cells and fostering normal cellular processes.
In the battle against cancer, chlorogenic acid provides another layer of synergy by

enhancing the preventive benefits of apricots [116].

2.10.3.11 Beta-carotene

Beta-carotene, a carotenoid that is converted into vitamin A in the body. Beta-
carotene is well-known for its antioxidant properties, which help protect cells from
oxidative damage caused by free radicals. This preventive effect is essential for
lowering the risk of several types of cancer. Beta-carotene is a vital ally in the
fight against cancer because it preserves the integrity of cellular structures and

encourages healthy cell activity [117].

2.10.3.12 Vitamin E

This fat-soluble vitamin is recognized for its strong antioxidant properties, helping
to safeguard cell membranes from oxidative stress. Research indicates that con-
suming enough vitamin E may lower your chance of developing several types of
cancer, including colon cancer. Its role in protecting cells from damage and pro-
moting overall health makes vitamin E a vital component of a cancer-preventive

diet [118].

2.10.3.13 Magnesium

Magnesium is another essential mineral present in apricots that plays a critical
role in numerous biochemical reactions in the body. It is particularly important
for DNA repair and synthesis, processes that are vital for maintaining cellular

health. Adequate magnesium levels have been linked to a lower risk of certain
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cancers, including colon cancer, as it supports healthy cell division and function.
This mineral’s involvement in DNA maintenance underscores the importance of
apricots as a source of nutrients that contribute to overall cellular integrity and

cancer prevention [118].

2.10.3.14 Dietary Fibers

In addition to the above compounds, apricots contain a variety of dietary fibers,
which not only aid in digestion but also play a role in reducing the risk of colorectal
cancer. Fiber helps to promote regular bowel movements and may assist in the
elimination of potential carcinogens from the gut, thereby lowering the risk of

cancer development in the colon [119].

2.10.3.15 Medical Uses of Apricot

Apricots have a long history of use in traditional medicine, and modern research
continues to explore their potential therapeutic applications as shown in figure 2.7.

Some notable medical uses of apricots are discussed below.

2.10.3.16 Digestive Health

Apricots are rich in dietary fiber, which promotes healthy digestion and regular
bowel movements. The high fiber content helps alleviate constipation and sup-
ports overall gastrointestinal health. Consuming apricots can aid in maintaining
a healthy gut microbiome, which is crucial for nutrient absorption and digestive

efficiency [16].

2.10.3.17 Antioxidant Properties

The bioactive substances found in apricots, including quercetin, vitamin C, and
beta-carotene, possess strong antioxidant properties. These antioxidants help com-

bat oxidative stress in the body, reducing the risk of chronic diseases, including
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cancer. By neutralizing free radicals, apricots may protect cells from damage and

support overall health [120].

2.10.3.18 Skin Health

Apricots are well known for their capacity to improve the health of the skin. The
vitamins A and E present in apricots help maintain skin integrity and promote
healing. Apricot oil, derived from the seeds, is often used in cosmetics and skincare

products for its moisturizing and nourishing properties.

The vitamins A and E present in apricots help maintain skin integrity and promote
healing. Apricot oil, derived from the seeds, is often used in cosmetics and skincare
products for its moisturizing and nourishing properties. It may help improve skin

elasticity and reduce signs of aging [121].

2.10.3.19 Vision Support

The high levels of beta-carotene in apricots can contribute to improved vision
health. Beta-carotene is converted into vitamin A in the body, which is essential

for maintaining good eyesight and preventing night blindness.

Regular consumption of apricots may help protect against age-related macular

degeneration and other vision-related issues [101].

2.10.3.20 Weight Management

With their low calorie and high fiber content, apricots can be a beneficial addition
to a weight management plan. The fiber helps promote feelings of fullness, which
may aid in reducing overall calorie intake. Including apricots in a balanced diet

can support healthy weight loss and maintenance [122].
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FIGURE 2.7: Medical uses of apricot

2.10.3.21 Heart Health

Apricots contain potassium, which is essential for maintaining healthy blood pres-
sure levels. Potassium helps counteract the effects of sodium and supports proper
heart function. Additionally, the antioxidants in apricots may help reduce inflam-
mation and oxidative stress in the cardiovascular system, contributing to overall

heart health [16].

2.10.3.22 Cancer Prevention

The possible anticancer effects of the bioactive substances in apricots, especially
flavonoids and phenolic acids, have been investigated. According to research,
these substances may cause apoptosis and stop the development of cancer cells,
particularly those in the colon. The anti-inflammatory effects of apricots also play

a role in reducing cancer risk [11].

2.10.3.23 Respiratory Health

In traditional medicine, apricot seeds have been used for their expectorant prop-
erties, helping to relieve coughs and support respiratory health. While caution is
advised due to potential toxicity from amygdalin in the seeds, the fruit itself can

promote lung health due to its overall nutrient profile [16].
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2.10.3.24 Boosting Immunity

The vitamins and antioxidants in apricots help strengthen the immune system.
Vitamin C, in particular, is known for its role in enhancing immune function,
helping the body defend against infections and diseases. Regular consumption of

apricots may contribute to improved immune response [123].

2.10.3.25 Blood Sugar Regulation

Some research suggests that apricots may help regulate blood sugar levels due to
their low glycemic index and high fiber content. The fiber slows the absorption
of sugar, helping to prevent spikes in blood glucose levels. This makes apricots a
suitable fruit option for individuals with diabetes or those looking to manage their

blood sugar levels [124].

Although Prunus armeniaca shows promising potential in managing medical prob-
lems, further research is needed to explicitly link its effects to the specific proteins
associated with colon cancer. The existing studies primarily focus on broader
health outcomes rather than direct interactions with the target proteins. The
present study aims to identify possible anti-cancerous phytocompounds from the

Prunus armeniaca plant for healthy colon functioning.
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FiGure 3.1: The Methodology Flowchart

3.1 Selection of Problem

A complicated medical condition, colon cancer is impacted by environmental fac-
tors, genetic predispositions, and lifestyle decisions.
sometimes lead to unintended physiological consequences, making safer and more
effective strategies crucial. Proteins like carbonic anhydrase, aldose reductase and

estrogen receptor beta have emerged as important targets in understanding colon

52

Alternative therapies can
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cancer mechanisms. Investigating these proteins could lead to novel treatments

and improved patient outcomes [125].

3.2 Selection of Target Proteins

The selection of specific proteins in colon cancer research focuses on their critical
roles in regulating cell differentiation, signaling pathways, and metabolic processes.
Carbonic anhydrase 9 (CA9), aldose reductase (AR), and estrogen receptor beta
(ERB) were chosen for their significant contributions to tumor biology. Carbonic
anhydrase 9 is pivotal in the adaptation of cancer cells to hypoxic environments,
facilitating tumor growth. Aldose reductase participates in metabolic processes
that affect the survival and growth of cells, while estrogen receptor beta plays a
complex role in modulating cellular responses to estrogen, which can affect cancer
progression. Together, these proteins represent essential targets for understanding

and potentially managing colon cancer [126].

3.3 Target Proteins FASTA Sequence Retrieval

& Structure Prediction

The 3D structures can be predicted through PDB (https://www.rcsb.org/) [127].
Alternatively, - TASSER can be used if some structures are not available on PDB.
[-TASSER (https://zhanglab.ccmb.med.umich.edu/I-TASSER/) stands for Inter-
active Threading Assembly Refinement. This software is available online and it
predicts the three-dimensional structure and function of proteins. First of all, it
identifies the structural model of the PDB through various strategies which include
the atomic models of full length and they are built by using simulations of the dif-
ferent threading fragments [55]. The 3D structure of proteins is also predicted
by the I-TASSER service and this server gives us five 3D structures of proteins
so based on C-score we can select the best 3D structure of the protein [128]. Al-

phafold (https://alphafold.com/) is another reliable source for the prediction of
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the 3D structure of proteins [129]. The FASTA sequence of the selected the pro-
tein sequence database provided the target proteins. PDB. Alternatively, Uniprot
(http://www.uniprot.org/) or NCBI (https://www.ncbi.nlm.nih.gov/) databases

can also be used for sequence retrieval of target proteins [130].

3.4 Target Proteins Physicochemical Properties
Analysis

The function of the proteins is significantly influenced by their physicochemical
characteristics. ProtParam expasy tool (https://web.expasy.org/protparam/) was
used for the prediction of these features of carbonic anhydrase 9, aldose reductase
and estrogen receptor beta. ProtParam was used to calculate the number of neg-
atively charged residues (Asp+ Glu) and positively charged residues (Arg+ Lys),
theoretical pl, molecular weight, aliphatic index, grand average of hydrophobicity,
instability index, Ext coefficient (with Cys) and Ext coefficient (excluding Cys
[131]).

3.5 Protein Structure Analysis and Refinement

by Use of PyMol

PyMOL (https://pymol.org/) is an open-source molecular graphics application
that has been widely used all over the world to examine and portray various
proteins and tiny chemicals in three dimensions including nucleic acids, densities
of different electrons and varying surfaces, and also the trajectories. It is also
used for editing the molecules, tracing the ray, and also to make animations and
movies. This is software that is based on Python and also contains many plugin
tools to enhance its use and facilitate drug targeting and designing by the use of
PyMol software. The excess components linked to the protein must be deleted
after downloading the protein structure which was done by the use of an open-

source system PyMol [132].
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3.6 Functional Domain Identification of Targeted

Proteins

Interpro (http://www.interpro.com/) is a database that was utilized to determine
the targeted proteins carbonic anhydrase 9, aldose reductase and estrogen receptor
beta’s functional domains. Sequence, structure, and relationships are all involved

in conserved domains [133].

3.7 Active Site Identification

The area in which the target protein’s active site is located is where the lig-
and exhibits the greatest or maximal interaction with the protein. Amino acids
have a major role in the ligand-protein complex building process. Dogsitescorer
(https://proteins.plus/help/dogsite) software was used for the detection of protein
binding pockets [134].

3.8 Selection of Active Metabolic Ligands

After an extensive literature review, those ligands were selected that have pre-
viously shown some anticancer properties. These include quercetin, hyperoside,
kaempferol, caffeic acid, limonene, catechins, geraniol, folate, cyanidin and chloro-

genic acid [135].

3.9 Retrieval of Chemical Structure of Ligands

PubChem (https://pubchem.ncbi.nlm.nih.gov/) is the world’s largest repository
of easily accessible chemical information databases. So the chemical compounds
that were selected as potential ligands were taken from the PubChem database in

SDF format [136]. If in case the selected ligand structure is not available then our
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next attempt would be to download the canonical smiles from PubChem and then

insert them in the software Chem Draw to obtaining the 3D structure [137].

3.10 Energy Minimization of Ligands

Ligands energy was minimized by using Chem3D ultra. It is a necessary step to
refine the ligands before performing docking otherwise, there will be unreliable

docking scores [138].

3.11 Virtual Screening of Ligands by Applica-
tion of Lipinski Rule of Five

An essential criterion for determining whether ligands are likely to be drugs is the
Lipinski rule. Certain chemicals are likely to be utilized as active pharmaceuticals
in humans if they adhere to the lipinski rule of five. pkCSM (https://omictools.com
/pkesm-tool) is an online tool that helps to check whether ligands obey lipinski

rule or not [139]. The rules are described as under:
1. The log P value should be in the range of five.
2. Maximum number of H-bond acceptor should be limited to ten.
3. Maximum number of H-bond donor should be limited to five.

4. The molecular weight should be below five hundred grams.

5. Rotatable bonds should be limited to five.

3.12 Ligands ADMET Analysis

After filtering the ligands by applying the lipinski rule, the next step of the
study was the prediction of pharmacokinetic and toxicity properties. pkCSM
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(https://omictools.com/pkesm-tool) was used for the prediction of the pharma-
cokinetic properties of selected ligands. The weak candidates of the drug would
be eliminated during ADMET analysis. The remaining candidates can be selected
as potential drugs against the disease. The target proteins were used to optimize

the ADMET properties associated with the human body [140].

3.13 Molecular Docking

For performing the molecular docking between the protein and the ligand, CB-dock
(Cavity detection guided blind docking) was used. CB-dock (http://clab.labshare.
cn/cbdock/php/blinddock.php) finds the sites of docking automatically. CB-Dock
is a method of protein and ligand docking that indicates the sites of bonding, the
size, and the center calculated. The box size is adjusted according to the ligand
and then docking is performed. The docking is performed through AutoDock Vina.
Its accuracy ratio is greater because the docking process is more focused on cavity
binding [141]. We uploaded the proteins to do docking, use the 3D structure in
pdb format and the ligand’s 3D structure in SDF format. After this docking is
performed, the result would be 5 different poses of interaction. To select the best
pose, we would look at the lowest docking score which is given in KJ/m~! CB-
Dock will provide an interactive 3D visualization of results in 5 different poses.
Based on the lowest vina score expressed in (kJ/m1), the optimal position was

chosen [142].

3.14 Analysis of Docked Complexes via Discov-

ery Studio

To interpret docking findings, the interaction between the ligand and the protein’s
active pockets was calculated. Different types of interactions were examined in-
cluding hydrophobic and hydrogen bonding. Discovery studio 2025 Client was used

to analyze the protein-ligand interactions. The protein-ligand interactions for the
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designated ligands in the PDB file are automatically schematically diagrammed

by this application [143].

3.15 Lead Compound Identification

The most active inhibitor was found after a thorough examination of docking
scores, pharmacokinetic studies, toxicity features, and protein and ligand interac-

tions. Our lead compound was the one that followed all these parameters.

3.16 Reference Anti-cancer Drug Selection

The purpose of this step is to identify the commercial drugs that are already in use
for anticancer disease treatment purposes. Drug Bank (https://go.drugbank.com/)
database was used for this purpose because it provides details about drugs and

their pathways [144].

3.17 Comparison between Lead Compound and

Reference Drug

Docking values, molecular interactions, and pharmacokinetic features were com-

pared between the reference anti-cancer drug and the suggested lead molecule.
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Chapter 4

Results

4.1 3D Structure Prediction and Refinement of

Selected Proteins

3D structures of target proteins carbonic anhydrase 9, aldose reductase and estro-
gen receptor beta were taken from PDB under pdb IDs 8Q1A, 1ABN and 112J
respectively. Using PyMol, the protein structures were refined by eliminating
any ligands and water molecules. To obtain stable conformation the absent polar
hydrogens were added, and other atoms were removed to prevent overlaps and
modified file was saved in PDB format. The refined structures of target proteins

are shown in figure 4.1 below.

FIGURE 4.1: Structures of refined target proteins (a) Carbonic anhydrase 9 (b)
Aldose reductase (c) Estrogen receptor beta

59
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4.2 Primary Sequence Retrieval

FASTA sequences were obtained by using PDB. The FASTA sequence of carbonic
anhydrase 9, aldose reductase and estrogen receptor beta was downloaded from

PDB under IDs 8Q1A, 1ABN and 112J as shown in figure 4.2.

>8Q1A_1|Chains A| Carbonic anhydrase 9| Homo sapiens (9606)
GPDQSHWRYGGDPPWPRVSPACAGRFQSPVDIRPQLAAFSPALRPLELLGFQLPPLPELRLRNNGHSVQLTLPPGLEMALGPGREYRALQLHL
HWGAAGRPGSEHTVEGHRFPAEIHVVHLSTAFARVDEALGRPGGLAVLAAFLEEGPEENSAYEQLLSRLEEIAEEGSETQVPGLDISALLPSDFSR
YFQYEGSLTTPPCAQGVIWTVFQATVMLSAKQLHTLSDTLWGPGDSRLOLNFRATQPLNGRVIEASFP

>1ABN_1|Chain A|ALDOSE REDUCTASE |Homo sapiens (9606)
ASRLLLNNGAKMPILGLGTWKSPPGQVTEAVKVAIDVGYRHIDCAHVYQNENEVGVAIQEKLREQVVKREELFIVSKLWCTYHEKGLVKGACQK
TLSDLKLDYLDLYLIHWPTGFKPGKEFFPLDESGNVVPSDTNILDTWAAMEELVDEGLVKAIGISNFNHLOVEMILNKPGLKYKPAVNQIECHPYL
TQEKLIQYCQSKGIVVTAYSPLGSPDRPWAKPEDPSLLEDPRIKAIAAKHNKTTAQVLIRFPMQRNLVVIPKSVTPERIAENFKVFDFELSSQDMTT
LLSYNRNWRVSALLSCTSHKDYPFHEEF

>1L2)_1|Chains A, B|ESTROGEN RECEPTOR BETA| Homo sapiens (9606)
MGSSHHHHHHSSGLVPRGSHMRELLLDALSPEQLVLTLLEAEPPHVLISRPSAPFTEASMMMSLTKLADKELVHMISWAKKIPGFVELSLFDQ
VRLLESCWMEVLMMGLMWRSIDHPGKLIFAPDLVLDRDEGKCVEGILEIFDMLLATTSRFRELKLOHKEYLCVKAMILLNSSMYPLVTATQD
ADSSRKLAHLLNAVTDALVWVIAKSGISSQQQASMRLANLLMLLSHVRHASNKGMEHLLNMKCKNVVPVYDLLLEMLNAHVLRGCKS

FIGURE 4.2: FASTA sequence of carbonic anhydrase 9, aldose reductase and
estrogen receptor beta

4.3 Physicochemical Characterization of Proteins

We utilized an online tool called ProtParam to forecast a variety of parameters,
including the molecular and structural properties of specific proteins [75]. Table 4.1
lists the physiochemical characteristics of carbonic anhydrase 9, aldose reductase

and estrogen receptor beta.

TABLE 4.1: The physicochemical properties of carbonic anhydrase 9, aldose
reductase and estrogen receptor beta

Target Proteins MW PI NR PR Ext Ext Instability Aliphatic GRAVY
Col. Co2. Index Index

Carbonic anhy-  28158.8 5.46 28 19 35075 34950 39.41 85.84 -0.274

drase 9

Aldose reductase 35706.14 6.55 38 36 49765 49390  36.27 93.43 -0.27

Estrogen receptor 30528.04 6.97 28 27 26720 26470 37.3 109 -0.121

B

All proteins exhibit molecular weights ranging from approximately 28 kDa to 36
kDa, with isoelectric points varying from 5.46 to 6.97, suggesting they are likely sol-

uble under physiological conditions. The instability index values are relatively low,
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indicating that these proteins are likely stable in physiological environments. Fur-
thermore, the relative volume of aliphatic side chains is reflected by the aliphatic
index is high for all proteins, suggesting a tendency for thermal stability. The
GRAVY scores are negative, implying that these proteins are hydrophilic, which is
beneficial for interactions with aqueous environments in biological systems. Over-
all, these properties suggest that the proteins are well-suited for their biological

roles.

4.4 Functional Domain Identification of Proteins

In order to ascertain the domains and functional sites of specific proteins, Interpro
was utilized. It is a useful tool for functional study of protein sequences. Sequence,
structure, and relationships are all involved in conserved domains. Proteins can
have many functional domains, each of which carries out a distinct task. The
functional domain of a protein is the active region that engages in interactions

between proteins and other substances.
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FIGURE 4.3: Domains of carbonic anhydrase 9
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Figure 4.3 shows the functional domains of the protein The domains of Carbonic
Anhydrase 9 are essential for its structure and functionality. Key among them is

the ALPHA_CA_2 domain, characteristic of alpha-class carbonic anhydrases.

It is essential to the catalytic mechanism of the enzyme and helps convert carbon
dioxide to bicarbonate. Another important domain is CA_domin, which further
characterizes the enzyme’s function within the carbonic anhydrase family, con-

tributing to its overall stability and catalytic activity.
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FIGURE 4.4: Domains of aldose reductase

The figure 4.4 depicts the structural domains of Aldose Reductase, highlight-
ing key components that define its functionality. The prominent domain, NADP
_oxidoreductase _dom, is crucial for the enzyme’s role in catalyzing the reduction
of glucose to sorbitol using NADPH as a cofactor. This domain is characteristic
of enzymes that depend on NADP and is essential for the redox reactions facili-
tated by Aldose Reductase. Additionally, there is ALDO_reductase domain, which
is fundamental to the enzyme’s catalytic activity within the aldo-keto reductase

family.
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FIGURE 4.5: Domains of estrogen receptor beta

The figure 4.5 illustrates the structural domains of Estrogen Receptor Beta, high-
lighting crucial components that define its functionality. At the top, the Nuclear
Hormone Receptor family is represented, emphasizing ERS’s role in hormone sig-
naling. The primary domain, Nuclear Receptor Ligand Binding Domain (LBD),
is essential for binding estrogen, allowing the receptor to mediate its effects on
gene expression. Another key domain is the DNA Binding Domain (DBD), which
facilitates the receptor’s interaction with specific DNA sequences, enabling the reg-
ulation of target genes. The ER-like domain further characterizes the receptor’s

functionality within the nuclear hormone receptor superfamily.

4.5 Active Site Identification

The dogsitescorer software, which determines the number of pockets that can be
bound and gives details on their surface area and volume, was utilized to determine
the active sites of the protein. Figure 4.6 below illustrates the areas and volumes
of target proteins carbonic anhydrase 9, aldose reductase and estrogen receptor

beta. The coloured areas depict the active sites available for a particular protein.
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FIGURE 4.6: Active sites of (a) carbonic anhydrase 9 (b) aldose reductase (c)
estrogen receptor beta

Dogsitescorer data depicts different numbers of pockets for each protein. Accord-
ing to this data, the carbonic anhydrase 9 consists of ten pockets while aldose
reductase consists of seven pockets and estrogen receptor beta consist of 12 pock-

ets. The number of pockets with size and volume is shown in table 4.2 below.

TABLE 4.2: Area and volume of binding pockets of carbonic anhydrase 9, aldose
reductase and estrogen receptor beta

Pockets Carbonic anhydrase Pockets Aldose reductase Pockets Estrogen receptor
name Volume Surface name Volume Surface name Volume Surface
A3 area A2 A3 area A2 A3 area A2
P1 433.73 407.91 P1 825.02 2098.75 P1 1360.22  1539.96
P2 240.38 364.67 P2 573.18 1910.73 P2 1045.02  1123.22
P3 216.06 338.76 P3 176.13 576.95 P3 391.06 602.74
P4 210.43 432.58 P4 169.92 549.71 P4 319.3 528.55
P5 148.42 101.23 P5 139.78 528.37 P5 237.61 633.35
P6 133.06 235.02 P6 121.28 456.58 P6 223.87 538.87
p7 123.71 308.95 pP7 112 427.57 p7 220.44 474.33
P8 116.8 306.84 P8 144.38 506.16
P9 107.71 242.89 P9 110.98 303.41
P10 102.21 348.48 P10 105.83 238.12
P11 101.63 295.68

P12 100.87 232.21
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4.6 Retrieval of Chemical Structure of the Lig-

ands

The ligand to be selected should be on the best resolution structure with that based
on crystal-chemical class and their binding affinities. With that what matters is
the conformational selection of the ligand. A ligand preferentially binds to one of
the conformers in this selection process, boosting its numbers in comparison to the
overall population and fortifying it of that protein. The largest chemical databank
in the world, PubChem, was searched for ligands. These ligands’ 3D structures
were extracted in SDF format from the PubChem database. Table 4.3 shows all

the selected ligands with the information regarding their structure.

TABLE 4.3: Chemical structure of ligands

Ligand Molecular Molecular Molecular structure Smiles
name weight formula
g/mol
Quercetin 302.23 Ci15H1007 j 0 C1=CC(=C(C=C1C2=C(C(=0)C3
f Y —C(C=C(C=C302)0)0)0)0)0
07 N 07 N
Hyperoside 464.4 C21H20012 .. CIZCC(:C(C:(HC?:C(C(:O)C?)
O =C(C=C(C=C302)0)0)0[CQH]4]
A AN
Y Ca@H]([CaH]([C@H]([CQH](04)C
NN 0)0)0)0)0)0
AT
Kaempferol — 286.24 Ci15H100s6 ) C1=CC(=CC=C1C2=C(C(=0)C3

=C(C=C(C=C302)0)0)0)0

Caffeic acid  180.16 CoHgO4 0 0 C1=CC(=C(C=C1/C=C/C(=0)0)

T 0)0
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Table 4.3 continued from previous page

Ligand Molecular Molecular Molecular structure Smiles
name weight formula
g/mol
Limonene 136.23 CioHie = CC1=CCC(CC1)C(=C)C

catechins 290.27 Ci15H1406 - C1C(C(0C2=CC(=CC(=C21)0)0)
' C3=CC(=C(C=C3)0)0)0

Geraniol 154.25 C10H180 f CC(=CCC/Cc(=Cc/co)/C)C
0 A A,
\/\\|/\,/\\,/
Folate 441.4 C19H19N7O¢g UL ClzCC(:CC:ClC(:O)N[C@H](C
CAAA . CC(=0)0)C(=0)0)NCC2=CN=C
SAMA, 3C(=N2)C(=0)NC(=N3)N
'\4‘-'
Cyanidin 287.24 C15H11 06" "o C1=CC(=C(C=C1C2=[0+]C3=C
/L\/\I/\v” C(=CC(=C3C=C20)0)0)0)0
YA SAVEN
.
0
0
Chlorogenic ~ 354.31 C16H1500 AW C1[C@H]([CaH](|[CaaH](C[caa]l
acid \ (C(=0)0)0)0C(=0)/C=C/C2=C
a f“'\

C(=C(C=C2)0)0)0)0

4.7 Energy Minimization of Ligands

After downloading the structures of the ligands that were selected the next step
that was performed was minimizing the energy of these ligands. This step is an
important one as we can’t use simply the downloaded structure as the ligands are
unstable and it can directly affect the docking vina scores. The refined structures

of ligand obtained after energy minimization is given in figure 4.7.
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FIGURE 4.7: Energy minimization of ligands

4.8 Virtual Screening of Ligands

For compounds to be separated as both drug-like and nondrug-like virtual screen-
ing and pharmacokinetic properties are followed. The Lipinski rule deals with
certain parameters like Molecular weight which should be < 500, log P < 5, H-
bond donors < 5, H-bond acceptors < 10, and rotatable bonds < 5. Orally active
chemicals must adhere to these guidelines. The manner of administration affects
the drug-like. When a chemical satisfies three or more requirements, it is classi-
fied as a drug; if it violates more than two, its absorption is poor [145]. Virtual

screening of ligands is shown is table 4.4.

TABLE 4.4: Virtual screening of ligands

S.No Ligand name Molecular Log P Rotatable H-bond H-bond

weight value bonds acceptors donors
1 Quercetin 302.238 1.988 1 7 5
2 Hyperoside 464.379 -0.5389 4 10 8
3 Kaempferol 286.239 2.2824 1 6 4
4 Caffeic acid 180.159 1.1956 2 3 3
5 Limonene 136.238 3.3089 1 0 0
6 Catechins 290.271 1.5461 1 6 5
7 Geraniol 154.253 2.6714 4 1 1
8 Folate 441.404 -0.0448 9 9 6
9 Cyanidin 287.247 2.9089 1 5 5
10 Chlorogenic acid  354.311 -0.6459 4 8 6
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All ligands adhere to the Lipinski rule, as Table 4.4 demonstrates. All ligands
have log P values less than 5 and the molecular weight of all is also below 500.
The hydrogen bond donor, acceptor, and rotatable bonds are also in range for all

ligands.

4.9 ADMET Analysis of Ligands

A second investigation was conducted utilizing the online program pkCSM to as-
certain ligands” ADMET characteristics as a pharmacokinetic metric following the
Lipinski rule. There are two general words in pharmacology: pharmacodynamics

and pharmacokinetics.

Within the field of pharmacology, pharmacodynamics examines how medications
affect the body. In pharmacokinetics, we investigate how medications are ab-

sorbed, distributed, metabolized, and excreted [146].

4.9.1 Absorption Properties of Ligands

The absorption parameters reveal important criteria for evaluating the bioavail-
ability of compounds. For water solubility, values greater than -2 indicate better
solubility, which can enhance absorption. In terms of Caco2 permeability, a good
value is considered to be greater than 0, with values exceeding 1 suggesting high
permeability and excellent absorption potential. Intestinal absorption is deemed

favorable when values are above 50%, indicating good absorption in humans.

For skin permeability, values greater than -2 suggest better permeability, which
is advantageous for topical applications. Lastly, regarding P-glycoprotein sub-
strates, a ”Yes” indicates that the compound can be actively transported by P-

glycoprotein, which may be beneficial or not depending on the context.

Ideally, for P-glycoprotein inhibitors, a ”No” status is preferred to avoid potential
drug interactions that could compromise therapeutic efficacy [147]. The absorption

properties of ligands are given in table 4.5.
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TABLE 4.5: Absorption values of ligands

T
Q
[
$ 3 % 2
z . 8 g g E = £ g
D < o) 5 Q = = e %D
Q =~ o =1 3] =] [0} o— bt
2 ) g o 5 9 g < 2 o
9 2 © & g - & a9 ) =
5 > b ] S @ ) s > =
ADMET c as i O A ) <] 7 @) @)
Properties
Water solu- - - -3.04 -2.33 - - - -2.88 - -
- bility 2.925 2.925 3.568 3.117 2.866 2.935 2.449
;% Caco2 Per- - 0.242 0.032 0.634 1.401 - 1.49 -0.88 -0.35 -0.84
=}
§ meability 0.229 0.283
2 Intestinal 77.207 87.999 74.29 69.407 95.898 68.829 92.788 31.11 87.303 36.377
absorption
(human)
Skin  per- - - - - - - - -2.74 - -
meability 2.735 2.735 2.735 2.722 1.721 2.735 1.511 2.735 2.735
P- Yes No Yes No Yes Yes No Yes Yes Yes
glycoprotein
substrate
P- No No No No No No No No No No
glycoprotein

I inhibitor

P- No No No No No No No No No No
glycoprotein

II inhibitor

All ligands have good water solubility. Caco2 permeability is less for some ligands,
intestinal absorption is good for all ligands except folate and chlorogenic acid.
Skin permeability is also in range. No ligand is inhibitor of P-glycoprotein while
some ligands are identified as P-glycoprotein substrates, which could affect their

systemic availability.

4.9.2 Distribution Properties of Ligands

The theoretical volume or VDss indicates the entire dosage of the medication
that must be dispersed evenly to produce a concentration similar to that of blood
plasma. For VDss a good value is typically greater than 0.5 L/kg, indicating
favorable distribution in body tissues. The fraction unbound (Fu) should ideally

be above 0.1, which signifies a significant proportion of the drug is available for
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therapeutic action. The blood-brain barrier reduces the amount of exogenous
substances that can reach the brain directly while protecting it. Regarding BBB
permeability (log BB), values greater than 0 suggest the ability to cross the blood-
brain barrier. For CNS permeability (log PS), values closer to 0, ideally above -2
are preferred, as they indicate potential for penetration into the central nervous
system Table 4.6 shows the distribution properties of ligands [148]. The table
indicates all ligands have safe range which is given below.

TABLE 4.6: Distribution values of ligands

el
2
®
£ 3 F 2
1
O 3 g 2 3 E )
17 9o 2 3 ] < = e <)
3] 2 o c o - Qo
2 ) g 5 ) ) @ = g )
Q o) ] o] E e} [ E © —_
3 > o @ = @ 3 S > =<
ADMET c e e @) A @) o e o @)
Properties
g VDss  (hu-  1.559 1.846 1.274 1.098 0.396 1.027 0.17 0.046 0.952 0.581
2
.E man)
E Fraction un-  0.206 0.228 0.178 0.529 0.48 0.235 0.447 0.37 0.243 0.658
2]
A bound (hu-
man) Fu
BBB perme- - - - - - - - -1.62 - -
ability log  1.098 1.688 0.939 0.647 0.732 1.054 0.606 1.234 1.407
BB
CNS perme- - - - - -2.37 - - -4.26 - -
ability log 3.065 4.093 2.228 2.608 3.298 2.159 2.218 3.856
PS

VDSS and fraction unbound values are in range for all ligands. The BBB and
CNS value are negative indicating they cannot cross the blood brain barriers and

the CNS.

4.9.3 Metabolism Properties of Ligands

The enzyme cytochrome P450 is in charge of the liver’s detoxification process.
Many drugs get deactivated by this enzyme but certain drugs are capable of ac-
tivating. This enzyme’s inhibitors can directly affect the metabolism of the drug
hence should not be used. Similarly, CYP2D6 and CYP3A4 are responsible for the

drugs’ metabolism. Inhibition of these affects the pharmacokinetics of the drug
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in use [149]. The ligand metabolism prediction is shown below. The metabolic

characteristics of ligands are displayed in Table 4.7.

TABLE 4.7: Metabolism values of ligands

T

i3

[>]

L T 3 2

£ 7 & & & £ 5 g 0§

Q I 2, © e = = o o)

QO ot g © o Q ot &

[ v E Q =} o) < + g 15)

Q & a = g8 = 5 @ —~

= > D « = a Q S > =

ADMET Properties @ = M 0O 8 0O U ®m O O

CYP2D6 sub- No No No No No No No No No No
c strate

£ CYP3A4 sub- No No No No No No No No No No

o)
"C% strate
5!

S CYP1A2 in- Yes No Yes No No No No No Yes No
hibitor

CYP2C19 in- No No No No No No No No No No
hibitor

CYP2C9 in- No No No No No No No No No No
hibitor

CYP2D6 in- No No No No No No No No No No
hibitor

CYP3A4 in- No No No No No No No No No No
hibitor

The metabolic properties of the ligands indicate that none of the compounds
are substrates for the CYP2D6 or CYP3A4 enzymes, which suggests they are
not metabolized by these pathways. This is beneficial as it reduces potential
drug interactions that could arise from competition for these important metabolic
enzymes. Quercetin, keampferol and cyanidin show inhibition of the CYP1A2

enzyme, which can lead to increased levels of drugs metabolized by this enzyme.

4.9.4 Excretion Properties of Ligands

Two organs are involved in drug excretion, the liver, which is engaged in biliary

excretion, and the kidneys, which are involved in renal excretion. Excretion may
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also include other organs, such as the lungs in the case of volatile or gaseous sub-
stances. Moreover, drugs can be expelled through tears, saliva, and perspiration

[150]. The excretion values of the ligands are given in table 4.8.

TABLE 4.8: Excretion values of ligands

e
3]
(5]
$ 3 F 2
=
g 3 & & & E 4 R
o o 2, o Q = = o o
Q o= =} O <] [0} 1 o
: 0§ 0§ £ : ¢ ¢ f % &
= > o T £ k| 8 s > =
ADMET Properties C ] X O — O ) < O O
g Total Clear- 0.407 0.494 0.477 0.508 0.213 0.183 0.437 0.527 0.532 0.307
% ance
8
é Renal OCT2 No No No No No No No No No No

substrate

The total clearance values for the compounds are in range. Notably, all compounds
are classified as non-substrates for renal OCT2, which implies that they do not rely
on this renal transport mechanism for excretion. This is beneficial as it minimizes

the risk of interactions with other drugs that may utilize the same pathway.

4.9.5 Toxicity Properties of Ligands

By using pkCSM we determined the toxicity of the ligands. AMES toxicity test
is used to test the mutagenic potential of the compound by using bacteria. If
it shows a positive response, then the ligand is mutagenic which can also act as
a carcinogen. The toxicity of T. Pyriformis (protozoa bacterium) is used as a
toxic endpoint in the T. Pyriformis toxicity method. Any value ;-0.5 log ug/L
is considered toxic. The values predicted in the Minnow toxicity test are used
to represent the concentration at which the compound could cause the death of
50% of the minnows. The value below 0.5 mM is regarded as acute toxic [151].
The anticipated log value of the lowest observed adverse effect in the oral rat
chronic toxicity test impact is correlated with the drug concentration that requires
a specific duration of treatment, expressed in log mg/kg bw/day. A hepatotoxicity

test predicts that if a compound could affect liver functioning or not. Higher
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maximum tolerated dose (MRTD) values indicate better safety [152]. The toxicity

values of all ligands are given in table 4.9.

TABLE 4.9: Toxicity values of ligands

e
3)
(5]
3 F 2
St
g % & & g & 4 £ g
15} 0 a, 0 9 = = © <)
0 - o =] 3] c (o) o &
o ) g ) o ] ] = = 5
9 2 © =t g ) & R @ =
3 > Q 5 = © o S > =
ADMET Properties C as X @] = O &} = @) @]
AMES toxicity No No No No No No No No No No
Max tolerated 0.499 0.569 0.531 1.145 0.777 0.438 0.65 0.586 0.497 0.134
,, ~dose (human)
:S hERG 1 in- No No No No No No No No No No
%
) o
£ hibitor
hERG 1II in- No No No No No No No No No No
hibitor

Oral rat acute 2471 2541 0.449 2.383 1.88 2.428 1.636 2.67 2.464 1.973
toxicity (LD50)

Oral rat 2.612 4.417 2.505 2.092 2336 2.5 2.03 3.153 2.542 2.982
chronic toxic-

ity (LOAEL)

Hepatotoxicity No No No No No No No No No No
Skin sensitiza- No No No No No No No No No No

tion

No inhibition of hERG I or hERG II was seen in any ligand. None of the ligands
demonstrated hepatotoxicity, AMES toxicity and skin sensitivity. Every ligand’s
MRTD value is within the range. T. pyriformis activity was seen in all ligands at
least 0.5 log pg/L. The tolerable threshold of 0.5 mM was exceeded by the minnow

toxicity levels of all ligands.

4.10 Molecular Docking

To carry out docking, the three-dimensional structures of the protein and ligands
are used. An online blind auto docking program called CB dock is utilized for this.
CB Dock computes the cavity sizes and predicts the protein binding locations.
CB Dock provides us with the top five possess and receptor models upon docking.

Based on the cavity size and the vina score, the optimal position was chosen among
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these five [153]. Molecular docking was performed by using carbonic anhydrase 9,
aldose reductase and estrogen receptor beta as the receptor proteins and quercetin,
hyperoside, kaempferol, caffeic acid, limonene, catechins, geraniol, folate, cyanidin
and chlorogenic acid as ligands. The ligands are in SDF format, while the proteins
are in PDB format. After verifying the input files, CB Dock uses Open Babel and
MGL tools to transform them into files in the pdbqt format. Next, CB dock
determines the receptor’s cavities as well as the diameters and centers of the top
five cavities. The protein-ligand interaction’s high-affinity score determines which
of the five optimal conformations is the best [154]. The scores obtained after the

docking of proteins and ligands are shown in tables 4.10.

TABLE 4.10: Docking score of ligand-protein complexes

Target Proteins Ligands

Quercetin
Hyperoside
Kaempferol
Caffeic acid
Limonene
Catechins
Geraniol

Folate

Cyanidin
Chlorogenic acid

81 -74 -76
-6.1 -10.2 -99 -94
-6.1 -77 -85 -82
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-94 -73 -6.5
-8.7 -6.2 -5.9
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o

Aldose reductase

1
%%
Nej
1
1%
0¢]

Estrogen receptor 3 -8.9

Table 4.10 shows the docking result of receptors with ligands. It shows that
carbonic anhydrase has the highest binding score of -8.2 with hyperoside. Aldose
reductase has a binding score of -10.5 with hyperoside whereas estrogen receptor

beta has a binding score of -8.9 with quercetin.

4.11 Analysis of Docked Complexes via Discov-
ery Studio
To understand docking data, ligand and protein interaction was estimated. Hy-

drogen bonding, alkyl and van der waals interactions are the main types of inter-

actions that were investigated. Discovery Studio 2025 Client was used to analyze
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these interactions between proteins and ligands. The saved conformations for the
ligand-receptor complex of each molecule were analyzed in detail. This program
creates schematic representations of the protein-ligand interactions between the
specified ligands in the PDB file automatically. The docked files were uploaded in
PDB format and a significant number of interactions were observed between the
ten ligands and the three target proteins [155]. The following diagrams show the

docked complexes along with ligand-receptor interactions.
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(a)

FIGURE 4.8: Analysis of dock complexes of carbonic anhydrase with caffeic acid

Figure 4.8 shows the interaction of carbonic anhydrase with caffeic acid. It shows
that there is one hydrogen bond with Serine 237, four van der waals interactions

and two covalent connections.
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FIGURE 4.9: Analysis of dock complexes of carbonic anhydrase with catechins
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Figure 4.9 shows the interaction of carbonic anhydrase with catechins. It shows

that there are three alkyl bonds and two unfavorable interactions. Moreover, there

are ten van der waals interactions.
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FIGURE 4.10: Analysis of dock complexes of carbonic anhydrase with chloro-
genic acid

Figure 4.10 shows the interaction of carbonic anhydrase with chlorogenic acid. It

demonstrates that there are twelve van der waals interactions and five hydrogen

bonds.
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FIGURE 4.11: Analysis of dock complexes of carbonic anhydrase with cyanidin

Figure 4.11 shows the interaction of carbonic anhydrase with cyanidin. It shows

that there are nine van der waals contacts and three hydrogen bonds together.
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FIGURE 4.12: Analysis of dock complexes of carbonic anhydrase with folate

Figure 4.12 shows the interaction of carbonic anhydrase with folate. It shows
that there are two hydrogen bonds, one covalent bond and five van der waals

interactions.
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FI1GURE 4.13: Analysis of dock complexes of carbonic anhydrase with geraniol

Figure 4.13 shows the interaction of carbonic anhydrase with geraniol. It shows

that there is one hydrogen bond, eight van der waals and five alkyl interactions.
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FIGURE 4.14: Analysis of dock complexes of carbonic anhydrase with hypero-
side

Figure 4.14 shows the interaction of carbonic anhydrase with hyperoside. It shows

that there are twelve van der waals contacts and three hydrogen bonds together.
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FIGURE 4.15: Analysis of dock complexes of carbonic anhydrase with
kaempferol

Figure 4.15 shows the interaction of carbonic anhydrase with kaempferol. It shows

that there are ten van der waals contacts and two hydrogen bonds together.
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FIGURE 4.16: Analysis of dock complexes of carbonic anhydrase with limonene

Figure 4.16 shows the interaction of carbonic anhydrase with limonene. It shows

that there are four van der waals interactions and five alkyl bonds are present.
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FIGURE 4.17: Analysis of dock complexes of carbonic anhydrase with quercetin

Figure 4.17 shows the interaction of carbonic anhydrase with quercetin. It shows

that there are twelve van der waals contacts and two hydrogen bonds.
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FIGURE 4.18: Analysis of dock complexes of aldose reductase with caffeic acid

Figure 4.18 shows the interaction of aldose reductase with caffeic acid. It shows

that there is one hydrogen bond and nine van der waals interactions.
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FIGURE 4.19: Analysis of dock complexes of aldose reductase with catechins

Figure 4.19 shows the interaction of aldose reductase with catechins. It shows that

there is one hydrogen bond and ten van der waals interactions.



Results 81
AR
at5th RP LYS
. s E’;ﬁ m o~
> TY,
o) . A:4§ G
A% o ®
@ 0 (0] On A
K
O o AHP
A58 A:AZS:B AR Ayfb Aol
AT
Interactions
:l van der Waals - Unfavorable Donor-Donor
I Conventional Hydrogen Bond I Fi-Pi Stacked
[ ] carbon Hydregen Bond
(c)
FIGURE 4.20: Analysis of dock complexes of aldose reductase with chlorogenic
acid
Figure 4.20 shows the interaction of aldose reductase with chlorogenic acid. It

shows that there are ten van der waals interactions and five hydrogen bonds.
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FIGURE 4.21: Analysis of dock complexes of aldose reductase with cyanidin

Figure 4.21 shows the interaction of aldose reductase with cyanidin. It shows that

there is one hydrogen bond and eleven van der waals interactions.
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FIGURE 4.22: Analysis of dock complexes of aldose reductase with folate

Figure 4.22 shows the interaction of aldose reductase with folate. It shows that

there is one hydrogen bond, one covalent bond and sixteen van der waals interac-

tions.
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FIGURE 4.23: Analysis of dock complexes of aldose reductase with geraniol

Figure 4.23 shows the interaction of aldose reductase with geraniol. It shows that

there are two hydrogen bonds, three alkyl and seven van der waals interactions.
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FIGURE 4.24: Analysis of dock complexes of aldose reductase with hyperoside

Figure 4.24 shows the interaction of aldose reductase with hyperoside. It shows

that there are sixteen van der waals contacts and three hydrogen bonds.
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FIGURE 4.25: Analysis of dock complexes of aldose reductase with kaempferol

Figure 4.25 shows the interaction of aldose reductase with kaempferol. It shows

that there is one hydrogen bond, nine van der waals contacts and two covalent

connections.
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FIGURE 4.26: Analysis of dock complexes of aldose reductase with limonene

Figure 4.26 shows the interaction of aldose reductase with limonene. It shows that
there are three alkyl and one sigma bond. Moreover, there are four van der waals

interactions.
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FIGURE 4.27: Analysis of dock complexes of aldose reductase with quercetin

Figure 4.27 shows the interaction of aldose reductase with quercetin. It shows that

there are eight van der waals contacts and four hydrogen bonds together.
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FIGURE 4.28: Analysis of dock complexes of Estrogen Receptor Beta with
caffeic acid

Figure 4.28 shows the interaction of Estrogen Receptor Beta with caffeic acid. It

shows that there is one hydrogen bond, five van der waals interactions and two

covalent connections.
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FIGURE 4.29: Analysis of dock complexes of Estrogen Receptor Beta with
catechins

Figure 4.29 shows the interaction of Estrogen Receptor Beta with catechins. It

shows that there are two hydrogen and five alkyl and seven van der waals contacts.
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FIGURE 4.30: Analysis of dock complexes of Estrogen Receptor Beta with

chlorogenic acid

Figure 4.30 shows the interaction of Estrogen Receptor Beta with chlorogenic

acid. It shows that there are two hydrogen bonds and fourteen van der waals

connections.

501 van e

SLEL o si%s

MET MeL 8872

\ Interactions
I:l van der Waals - Pi-Pi T-shaped
Bl conventional Hydrogen Bond [ Pi-alkyl

(d)

FIGURE 4.31: Analysis of dock complexes of Estrogen Receptor Beta with

cyanidin

Figure 4.31 shows the interaction of Estrogen Receptor Beta with cyanidin. It

shows that there is one hydrogen bond and twelve van der waals interactions.
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FIGURE 4.32: Analysis of dock complexes of Estrogen Receptor Beta with folate

Figure 4.32 shows the interaction of Estrogen Receptor Beta with folate. It shows

that there is one carbon hydrogen bond and fourteen van der waals interactions.

™

()

FIGURE 4.33:

geraniol

ey
B:g';ﬁ On
8S5s %5 . sS4t
1IN
ngﬂ BLE&BLE%
P
B:&% B:.J;EB

Interactions
[] van der waals [ Ay
I conventional Hydrogen Bond [ Pi-alky

Analysis of dock complexes of Estrogen Receptor Beta with

Figure 4.33 shows the interaction of Estrogen Receptor Beta with geraniol. It

shows that there is one hydrogen and eight alkyl and three van der waals connec-

tions.
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FIGURE 4.34: Analysis of dock complexes of Estrogen Receptor Beta with
hyperoside

Figure 4.34 shows the interaction of Estrogen Receptor Beta with hyperoside. It

shows that there is one hydrogen bond, two alkyl and nine van der waals interac-

tions.
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FIGURE 4.35: Analysis of dock complexes of Estrogen Receptor Beta with
kaempferol

Figure 4.35 shows the interaction of Estrogen Receptor Beta with kaempferol.

It shows that there are three hydrogen bonds, five alkyl and six van der waals

Interactions.
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FIGURE 4.36: Analysis of dock complexes of Estrogen Receptor Beta with
limonene

Figure 4.36 shows the interaction of Estrogen Receptor Beta with limonene. It

shows that there are seven alkyl and three van der waals interactions.
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F1GURE 4.37: Analysis of dock complexes of Estrogen Receptor Beta with
quercetin

Figure 4.37 shows the interaction of Estrogen Receptor Beta with quercetin. It
shows that there are three hydrogen bonds, three alkyl and nine van der waals

interactions.
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4.12 Lead Compound Identification

The ligands’ pharmacokinetic and physiochemical properties determine their fate
as for being drug or non-drug compounds. Lipinski’s rule is the first filter and
pharmacokinetics is the second filter for this identification. All ligands were seen
obeying the lipinski rule of five so they all get selected for docking. The next
knockout stage is pharmacokinetic screening and docking score. In this screening,
hyperoside was selected as it showed the best ADMET values concerning high
water solubility, good intestinal absorption, and minimal toxicity. Docking score of
hyperoside is good against all receptors. Additionally, hyperoside has a significant
quantity of residues having hydrogen bonding and van der waals connections, so

hyperoside was selected as the lead compound.

4.13 Reference Anti-cancer Drug Identification

Fluorouracil (5-FU) is chosen as a reference drug because of its multiple uses and
efficacy against cancer mechanisms. It is an antimetabolite that works primarily by
inhibiting the enzyme thymidylate synthase, which is crucial for DNA synthesis.
It gets converted into various active metabolites within the body, which mimic
uracil and interfere with the synthesis of thymidine, a building block of DNA. By
disrupting the production of thymidine, 5-FU effectively hampers DNA replication
and repair in rapidly dividing cancer cells, leading to cell death. Additionally,
it can induce misincorporation of its metabolites into RNA, further disrupting

cellular processes and contributing to its anticancer effects [156].

4.14 Fluorouracil and Lead Compound Compar-

ison

To identify the better treatment for colon cancer and the best bioactive metabolite

for controlling cancer mechanisms, The lead chemical hyperoside and the common
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medication fluorouracil were compared. The comparison was being performed
through parameters like ADMET properties, lipinski rule and docking complexes

analysis.

4.15 Fluorouracil Structure Prediction

First of all fluorouracil structure was downloaded in SDF format from PubChem.
Then its energy was minimized by using chem3D pro to get the refined structure.
The chemical formula of fluorouracil is C4H3FN5O, and its refined structure is

given in figure 4.38.

O~ N ~0

FIGURE 4.38: Structure of fluorouracil

4.16 Lipinski Rule Comparison

The fluorouracil and hyperoside were compared to observe their response to the lip-
inski rule and to evaluate their pharmacokinetic properties, to assess their bioavail-

ability, safety, efficacy, and drug-likeness. The comparison is given in table 4.11.

TABLE 4.11: The lipinski rule of five comparison

Ligands Log P Molecular H-bond H-bond Rotatable
value weight donor acceptor bonds

Fluorouracil -0.7977 130.078 2 2 0

Hyperoside  -0.5389 464.379 8 10 4
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4.17 ADMET Properties Comparison

The ADMET qualities were used to evaluate the drug’s and the lead chemical’s
absorption, distribution, metabolism, excretion, and toxicity to identify a better

drug candidate.

4.17.1 The Absorption Properties Comparison

A comparison between fluorouracil and hyperoside for checking absorbance models

is given in table 4.12.

TABLE 4.12: Absorption properties comparison

ADMET Properties Fluorouracil Hyperoside

Absorption Water solubility -1.555 -2.925
CaCO2 Permeability 0.559 0.242
Intestinal absorption(human) 91.698 87.999
Skin permeability -3.725 -2.735
P-glycoprotein substrate No No
P-glycoprotein I inhibitor No No
P-glycoprotein II inhibitor No No

Table 4.12 shows that absorption values for both fluorouracil and hyperoside are

in range.

Fluorouracil has better water solubility and Caco2 permeability. Both compounds
show high intestinal absorption. However, fluorouracil has lower skin permeability

making it less likely to penetrate the skin than hyperoside.

Neither drug acts as a substrate or inhibitor for P-glycoprotein, which is favorable

for their absorption.

4.17.2 Distribution Properties Comparison

The comparison between the distribution properties of fluorouracil and hyperoside

is given in table 4.13.
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TABLE 4.13: Distribution properties comparison

ADMET Properties Fluorouracil Hyperoside
Distribution VDss (human) -0.23 1.846
Fraction unbound (human) Fu 0.756 0.228
BBB permeability log BB -0.388 -1.688
CNS permeability log PS -3.039 -4.093

The above table 4.13 shows the comparative distribution properties of fluorouracil
and hyperoside. Fluorouracil has a lower volume of distribution, indicating limited
tissue distribution, while hyperoside shows a significantly higher volume, suggest-
ing it spreads more widely in the body. Fluorouracil also has a higher fraction
unbound meaning more of it is active in circulation compared to hyperoside, which
is more bound to plasma proteins. In terms of blood-brain barriernpermeability

and CNS, fluorouracil crosses the BBB and CNS easily than hyperoside.

4.17.3 Metabolism Properties Comparison

The comparison between the metabolism properties of fluorouracil and hyperoside

is given in table 4.14.

TABLE 4.14: Metabolic properties comparison

ADMET Properties Fluorouracil Hyperoside
Metabolism CYP2D6 substrate No No

CYP3A4 substrate  No No

CYP1A2 inhibitor =~ No No

CYP2C19 inhibitor No No

CYP2C9 inhibitor =~ No No

CYP2D6 inhibitor =~ No No

CYP3A4 inhibitor  No No

Table 4.14 shows that both fluorouracil and hyperoside share similar metabolism
profiles, as no compound is a substrate for key cytochrome P450 enzymes, nei-
ther drug acts as an inhibitor for these enzymes. This lack of interaction with

major metabolic pathways suggests that both fluorouracil and hyperoside may
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have a lower risk of drug-drug interactions related to metabolism, making them

potentially safer options when used in combination with other medications.

4.17.4 Excretion Properties Comparison

The comparison between the excretion properties of fluorouracil and hyperoside is

given in table 4.15.

properly

TABLE 4.15: Excretion properties comparison

ADMET Properties Fluorouracil Hyperoside
Excretion Total Clearance 0.639 0.494
Renal OCT2 substrate No No

Table 4.15 shows that fluorouracil has a higher total clearance rate compared to hy-
peroside, indicating that fluorouracil is eliminated from the body more efficiently.
Both drugs are not substrates for the renal OCT2 transporter, which suggests they

do not rely on this pathway for renal excretion.

4.17.5 Toxicity Properties Comparison

The comparison between the toxicity properties of fluorouracil and hyperoside is

given in table 4.16.

TABLE 4.16: Toxicity properties comparison

ADMET Properties Fluorouracil Hyperoside
Toxicity AMES toxicity No No

Max tolerated dose (human) 1.359 0.569

hERG I inhibitor No No

hERG II inhibitor No No

Oral rat acute toxicity (LD50) 1.939 2.541

Oral rat chronic toxicity (LOAEL) 1.587 4.417

Hepatotoxicity No No

Skin sensitization No No




Results 95

Table 4.16 continued from previous page

ADMET Properties Fluorouracil Hyperoside
T.Pyriformis toxicity -0.236 0.285
Minnow toxicity 3.152 8.061

Table 4.16 shows that fluorouracil and hyperoside have comparable toxicity pro-
files, as neither drug shows AMES toxicity or hepatotoxicity, and both are not
inhibitors of hERG channels. However, fluorouracil has a higher maximum tol-
erated dose compared to hyperoside, indicating it can be administered at greater
levels in humans. In terms of acute toxicity, fluorouracil has a lower oral rat LD50
than hyperoside, suggesting it may be more toxic at higher doses. Conversely,
fluorouracil has a lower oral rat chronic toxicity threshold compared to hypero-
side, indicating it can cause adverse effects at lower doses over time. Overall both

compounds exhibit low toxicity.

4.18 Docking Score Comparison

We docked the lead and standard compounds with the target proteins, aldose
reductase, estrogen receptor beta, and carbonic anhydrase 9, then we obtained the
binding value from the docking results. The docking score comparison between the
lead chemical hyperoside and the conventional medication fluorouracil is displayed

in table 4.17.

TABLE 4.17: Docking comparison of fluorouracil and hyperoside

Ligands
Target Proteins
Fluorouracil Hyperoside

Carbonic anhydrase 9  -5.6 -8.2
Aldose reductase -5.5 -10.5
Estrogen receptor beta -5.5 -8.9

As can be shown in table 4.17, the vina scores of the lead compound hyperoside

are significantly greater than those of the generic medication fluorouracil. The
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docking scores of the fluorouracil against target proteins carbonic anhydrase 9, al-
dose reductase and estrogen receptor beta are -5.6, -5.5 and -5.5 respectively while
for hyperoside these scores are -8.2, -10.5 and -8.9 respectively. These results show
that lead compound hyperoside can bind with target proteins carbonic anhydrase
9, aldose reductase and estrogen receptor beta more efficiently than the standard

drug fluorouracil.

4.19 Docking Analysis Comparison

Depending on the amount of van der Waals, alkyl, and hydrogen bonding, discov-
ery studio evaluated the docking results. The following figures show the docking

analysis of fluorouracil.

ILE
A:254
GLU
A:255
&)
ILE
A:254
ALA
A:40
ARG
A:252
ARG GLY
A:252 A:251
Interactions
I:| van der Waals I: Covalent bond

[ Alkyl

(a)

FI1GURE 4.39: Docking interaction of carbonic anhydrase 9 with fluorouracil

Figure 4.39 shows the docking interaction of carbonic anhydrase 9 with fluo-
rouracil. It shows that there are two covalent bonds and one alkyl and four van
der waals interactions. While in case of interaction of carbonic anhydrase with
hyperoside, twelve van der waals contacts and three hydrogen bonds are present.
The data demonstrate the hyperoside’s strong interaction profle in comparison to

fluorouracil.
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FIGURE 4.40: Docking interaction of aldose reductase with fluorouracil

The docking relationship between fluorouracil and aldose reductase is depicted in
Figure 4.40. It shows that there are two hydrogen bonds and four van der waals
interactions. There are some unfavourable interactions also. While in case of
interaction of aldose reductase with hyperoside, there are three hydrogen bonds
and sixteen van der waals connections. Results show strong interaction profile of

hyperoside in comparison to fluorouracil.
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FIGURE 4.41: Docking interaction of estrogen receptor beta with fluorouracil

The docking relationship between fluorouracil and the beta estrogen receptor is
depicted in figure 4.41. It demonstrates that there are five van der Waals inter-
actions and one hydrogen bond. In contrast, there is one hydrogen bond, two
alkyl, and nine van der Waals contacts when the beta estrogen receptor interacts
with the hyperoside. When compared to fluorouracil, the data demonstrate the

hyperoside’s robust interaction profile.
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Overall, the comparison of fluorouracil and hyperoside shows that both share com-
parable lipinski rules and ADMET analysis. But the docking scores and receptor-
ligand interaction profiles of the lead compound hyperoside are better than those
of the standard drug, fluorouracil. It shows that hyperoside can act as a promising

anti-cancer therapeutic candidate in the context of colon cancer in the future.
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Discussion

The present study investigates the inhibitory potential of Prunus armeniaca metabo-
lites against colon cancer targets through an in-silico approach, integrating molec-
ular docking with ADMET profiling. Being one of the top three most common
malignancies diagnosed globally, colon cancer continues to be a serious public
health problem [157]. Its multifactorial etiology involves genetic mutations such
as those in APC, KRAS, and TP53 epigenetic changes, chronic inflammation, and
environmental influences [158]. The limitations of conventional therapies, includ-
ing significant toxicity, resistance development, and high treatment costs, have
intensified the search for safe, affordable, and effective alternatives [159]. In this
context, plant-derived bioactives offer unique advantages, including multi-target

activity, lower side-effect profiles, and dietary accessibility [160].

Apricots (P. armeniaca) are a rich source of flavonoids, phenolic acids, terpenes,
vitamins, and minerals, all of which have been implicated in cancer prevention and
therapy. Previous research has documented the antioxidant and anti-inflammatory
effects of apricot phytochemicals, particularly quercetin, kaempferol, chlorogenic
acid, caffeic acid, hyperoside, and (§-carotene, which modulate key cancer-related
pathways [161]. For instance, quercetin inhibits the NF-xB pathway, thereby
reducing inflammation and promoting apoptosis in cancer cells, while chlorogenic
acid has been shown to regulate glucose metabolism and angiogenesis in colorectal
tumors. Similarly, kaempferol and caffeic acid are known to induce cell cycle arrest,

99



Discussion 100

suppress epithelial-to-mesenchymal transition, and enhance chemotherapy efficacy

[162].

In the present docking results, multiple apricot metabolites exhibited strong bind-
ing affinities toward colon cancer-related targets—carbonic anhydrase IX, aldose
reductase, and estrogen receptor beta. This finding is consistent with previous
studies reporting that inhibition of carbonic anhydrase IX disrupts tumor pH reg-
ulation, leading to reduced cancer cell survival in hypoxic environments [163].
Similarly, suppression of aldose reductase has been linked to decreased oxidative
stress and inflammatory signaling in cancer models. Estrogen receptor beta ac-
tivation is another promising strategy, as it has been associated with reduced
proliferation and enhanced apoptosis in colon epithelial cells. The observed high
docking scores of hyperoside, quercetin, and chlorogenic acid toward these proteins

provide a molecular rationale for their potential therapeutic use [164].

Importantly, the ADMET analysis in this study revealed favorable pharmacoki-
netic properties for several metabolites, particularly hyperoside, which showed
comparable drug-likeness to the standard chemotherapeutic agent 5-fluorouracil
but with a superior docking profile. This aligns with reports that hyperoside
exhibits potent antiproliferative activity against colon cancer cells in vitro and
possesses good oral bioavailability. Moreover, the multi-target nature of these
compounds supports the concept of ”polypharmacology” in oncology, where simul-
taneous modulation of multiple pathways can yield better outcomes and reduce

resistance development [140].

The anticancer potential of apricot extracts has also been validated in preclinical
models. It was seen that apricot kernel extracts reduced tumor size and oxidative
stress markers in murine cancer models. Similarly, amygdalin another apricot-
derived compound has shown apoptotic effects in colorectal cancer cell lines, al-
though its toxicity profile requires cautious application. Beyond apricots, related
studies on fruit polyphenols such as those from grapes, berries, and green tea
have demonstrated inhibition of angiogenesis, induction of autophagy, and modu-

lation of gut microbiota, all relevant to colorectal cancer prevention. This suggests
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that apricot metabolites may act synergistically with other dietary compounds to

provide a cumulative protective effect [16].

The present study also underscores the importance of integrating computational
approaches into early-stage drug discovery. In-silico docking offers rapid, cost-
effective screening of natural metabolites before committing to resource-intensive
laboratory experiments. This methodology has been successfully applied to iden-
tify promising anticancer leads from plant sources, including curcumin analogs,
resveratrol derivatives, and epigallocatechin gallate analogs [18]. Our findings
add to this growing body of evidence by highlighting hyperoside and quercetin as

strong candidates for further in vitro and in vivo validation.

While promising, these results must be interpreted with caution. Docking studies,
although predictive, cannot fully account for the complexity of living systems, in-
cluding metabolic transformations, tissue distribution, and immune modulation.
Therefore, future research should involve in vitro cytotoxicity assays, apoptosis de-
tection, and mechanistic pathway analyses, followed by in vivo studies in colorectal
cancer models. Additionally, synergistic effects between apricot metabolites and
standard chemotherapeutic agents should be explored, as some plant compounds
have been shown to sensitize cancer cells to chemotherapy while mitigating side
effects. From a public health perspective, dietary incorporation of apricots and
other phytochemical-rich fruits aligns with epidemiological data showing reduced
colorectal cancer risk among populations consuming high levels of fruits and veg-
etables. This study confirms and extends previous findings on the anticancer
potential of P. armeniaca metabolites, offering computational evidence for their
strong interactions with colon cancer-related targets and favorable drug-likeness.
These results support the further development of apricot-derived compounds as

complementary or alternative therapies for colorectal cancer.
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Conclusion and Future Prospects

This research has elucidated the promising anti-cancer properties of bioactive
metabolites derived from Prunus armeniaca, particularly in relation to colon can-
cer. The findings indicate that lead compound hyperoside may play a crucial role
in inhibiting key pathways involved in tumor progression, thereby opening new
avenues for therapeutic applications. The systematic review and in silico analy-
ses conducted in this study have highlighted the potential of compounds such as
quercetin, caffeic acid, and other phytochemicals in modulating cancer pathways,
suggesting a multifaceted approach to cancer treatment that leverages natural

products.

The molecular docking studies revealed significant binding affinities of these metabo-
lites with critical proteins associated with colon cancer, including carbonic anhy-
drase, aldose reductase, and estrogen receptor beta. These interactions suggest
that the metabolites can effectively disrupt the signaling pathways that contribute
to cancer progression. These chemicals’ advantageous ADMET characteristics fur-
ther support their potential as safe and effective alternatives to conventional ther-
apies, which often come with severe side effects. Given their bioactive character-
istics, these compounds could not only enhance the efficacy of existing treatments

but also mitigate the adverse effects associated with them.

The importance of validating these findings through comprehensive in vivo and
in vitro studies cannot be overstated. Experimental validation using cellular and
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animal models will be vital to confirm the safety and efficacy of these metabolites
as potential anti-cancer agents. Knowing the exact molecular processes by which
these substances influence the pathways leading to colon cancer will provide deeper
insights into their therapeutic potential and could lead to the development of
novel treatment strategies. Such research endeavors will not only enhance our
understanding of the mechanisms at play but will also pave the way for more
targeted therapeutic interventions that can be tailored to individual patient needs

[165).

Moreover, exploring the synergistic effects of apricot metabolites with other natu-
ral compounds may significantly enhance their anti-cancer efficacy. This approach
could lead to the formulation of more potent combinations that capitalize on the
strengths of multiple bioactive substances, thereby broadening the scope of natural
therapies available for cancer treatment. The interplay between these compounds
may create a synergistic effect that optimizes their individual benefits, potentially

improving patient outcomes [166].

Clinical trials will be crucial for assessing the safety, efficacy, and optimal dosing
of these metabolites in human subjects. The transition from laboratory research
to clinical application will help translate these findings into real-world benefits,
potentially offering new hope for patients facing the challenges of colon cancer.
By establishing a clear link between the laboratory results and clinical outcomes,
we can build a stronger case for the integration of these natural compounds into

standard treatment protocols [167].

Furthermore, the development of advanced drug delivery systems could improve
the bioavailability and targeted action of apricot metabolites, ensuring that these
compounds reach their intended sites of action within the body. Techniques such
as nanoencapsulation and controlled-release formulations could enhance their ther-
apeutic effects and minimize side effects. By optimizing how these metabolites are
delivered, we can maximize their potential benefits while reducing the likelihood

of adverse reactions, making them more viable options for patients.
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